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57 ABSTRACT

A spinal implant is provided having an elongate member with
a longitudinal axis and threads extending over at least a por-
tion of the outer surface thereof. The implant includes a
stabilization feature associated with the elongate member that
is selectively configurable between a delivery configuration
and a deployed configuration in which the stabilization fea-
ture is oriented at an angle with respect to the longitudinal
axis of the elongate member. Also, at least a portion of the
implant can include a fusion-promoting bioactive material. In
another aspect, the invention includes methods for providing
stabilization within a facet joint by delivery of an articulating

intra-facet screw.
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ARTICULATING FACET FUSION SCREW

FIELD OF THE INVENTION

[0001] 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

[0002] The vertebrae in a patient’s spinal column are linked
to one another by the disc and the facet joints, which control
movement of the vertebrae relative to one another. Each ver-
tebra 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.

[0003] Diseased, degenerated, impaired, or otherwise pain-
ful 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.

[0004] 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 dif-
ficult 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.

[0005] 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, 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.

[0006] Accordingly, there is a need for instrumentation and
techniques that facilitate the safe and effective stabilization of
facet joints.

SUMMARY OF THE INVENTION

[0007] The devices and methods disclosed herein relate to
stabilization and/or fusion of a facet joint via intra-facet
placement of a screw or screw-like device including an addi-
tional stabilization feature. The intra-facet fixation and fusion
screw can be adapted to include various configurations for the
efficient and safe placement of the screw within the facet
joint. In addition, the articulating feature of the screw takes
advantage of additional anchoring available from the external
features of the screw shaft. In general, the device functions as
a sort of mechanical key that prevents sliding motion between
the diarthroidal surfaces of the facet joint as external anchor-
ing features of the device are placed so as to oppose the
natural motion of the facet joint and provide stabilization.
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Additionally, the intra-facet screw can be formed of or
include a fusion-promoting bioactive material thereby pro-
viding a single device and method capable of both fixation
and fusion of the facet joint.

[0008] A spinal implant is provided having an elongate
member with a longitudinal axis and threads extending over
at least a portion of the outer surface thereof. The implant
includes a stabilization feature associated with the elongate
member that is selectively configurable between a delivery
configuration and a deployed configuration in which the sta-
bilization feature is oriented at an angle with respect to the
longitudinal axis of the elongate member. The stabilization
feature can be coupled to the elongate member by a joint,
hinge, or pivot which is configured to allow the stabilization
feature to move between the delivery configuration and the
deployed configuration.

[0009] Inoneaspect, the implant can include a stabilization
feature in the form of an articulating member pivotably con-
nected to a proximal portion of the elongate member. The
articulating member can include motion resisting plates
which extend over at least a portion thereof and which are
configured to provide frictional opposition to motion in the
deployed configuration.

[0010] Inanother aspect, the implant can include a stabili-
zation feature in the form of two distinct articulating members
pivotably connected to a proximal portion of the elongate
member and which are capable of rotating relative to one
another in the deployed configuration.

[0011] In a further aspect, the implant can include a stabi-
lization feature in the form of at least one prong that is sub-
stantially recessed within the elongate member in the delivery
configuration. An actuator is effective to move the prong to
the deployed configuration in which the prong extends from
the elongate member at an angle relative to the longitudinal
axis of the elongate member. A lumen is formed within the
elongate member and configured to receive the actuator.
[0012] Theimplant can alternatively include a stabilization
feature in the form of an expanding sleeve that is positioned
over at least a portion of an outer surface of the elongate
member. The sleeve can have proximal and distal ends and at
least one hinged arm at a location between the distal and
proximal ends. An actuation member, such as a nut which is
threadably mated to the elongate member, can be mated to the
implant proximal to the proximal end of the sleeve. Distal
movement of the actuation member is effective to compress
the sleeve and move the hinged arm to an expanded configu-
ration. In the delivery configuration, the sleeve is not
expanded and in the deployed configuration, the sleeve is
expanded.

[0013] Additionally, at least a portion of the implant can
include a fusion-promoting bioactive material. For example,
the implant (or at least a portion of the thread) can be formed
of the fusion promoting material, the implant can include a
coating comprising the fusion promoting material, and/or the
implant can have a “cage-like” configuration wherein the
fusion-promoting bioactive material is housed within a non-
fusion promoting material. For example, the fusion-promot-
ing material can be cortical allograft bone or a bioceramic-
loaded bioabsorbable material.

[0014] The invention also relates to methods for facet joint
fixation and fusion. In one embodiment, the method can
include surgically delivering at least one implant to a facet
joint in an intra-facet orientation. The implant can have at
least one selectively deployable stabilization feature formed
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therein such that deploying the stabilization feature allows it
to extend from the implant and engage a bony surface of the
facet joint to oppose the natural motion of the facet joint. In
addition, delivering the implant can include inserting a
threaded distal tip of the implant so that it assumes a non-
linear trajectory and follows a curvilinear pathway to be
embedded in the bony surface of the facet joint.

[0015] In one exemplary method, the stabilization feature
can be deployed so that a proximal portion of the implant is
re-oriented relative to an embedded tip. In another embodi-
ment, deploying the stabilization feature includes splitting or
bifurcating two distinct articulating portions of a proximal or
distal portion of the implant and allowing them to rotate
relative to one another. In yet another exemplary method, the
stabilization feature can be deployed by protracting at least
one prong recessed within a lumen formed in the implant so as
to embed the prong in the bony surface of the facet joint. In
protracting the prong, it can be moved distally through the
lumen so that it follows a predefined pathway to protrude
through an opening in the implant. In a further exemplary
method, deploying the stabilization feature includes com-
pressing an expandable sleeve, thereby causing a hinged arm
of the sleeve to extend outwards from the implant to engage
the bony surface of the facet joint. The stabilization feature
can also be deployed such that inserting the implant in
osteoporotic bone using a threaded fit can prevent retraction
or pull-out of the implant.

[0016] These and other aspects of the presently disclosed
embodiments will be described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The invention will be more fully understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

[0018] FIG.1is arepresentation of a human spinal column;
[0019] FIG. 2 is a representation of a lumbar vertebra;
[0020] FIG. 3 is a representation of a first facet joint and a

corresponding second facet joint formed as a result of a first
vertebra stacked on a second vertebra;

[0021] FIG. 4A is a representation of prior art trans-facet
delivery of fixation screws;

[0022] FIG. 4B is a representation of prior art trans-facet
delivery of fixation screws wherein one of the trans-facet
screws has impinged the spinal column;

[0023] FIG. 4C is a representation of prior art trans-facet
delivery of fixation screw wherein incorrect placement of the
trans-laminar screws results in rotational distortion of the
joint;

[0024] FIG. 5 is arepresentation of two presently disclosed
articulating intra-facet screws placed within a facet joint;
[0025] FIG. 6A is a front view of an embodiment of an
articulating intra-facet screw in a deployed configuration;
[0026] FIG. 6B is a front view of the articulating intra-facet
screw of FIG. 6A in a delivery configuration;

[0027] FIG. 6C is a side view of the articulating intra-facet
screw of FIG. 6A in a delivery configuration;

[0028] FIG. 6D is a representation of a deployed articulat-
ing intra-facet screw of FIG. 6 A when placed within the facet
joint to resist motion and provide stabilization;

[0029] FIG. 7A is a front view of an embodiment of an
articulating intra-facet screw in the delivery configuration
wherein a top portion is solid;

[0030] FIG. 7B is a side view of the articulating intra-facet
screw of FIG. 7A;
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[0031] FIG. 7C is a front view of the articulating intra-facet
screw of FIG. 7A in the deployed configuration wherein the
top portion is bifurcated;

[0032] FIG. 7D is a side view of the articulating intra-facet
screw of FIG. 7A in the deployed configuration wherein the
top portion is bifurcated;

[0033] FIG. 7E is a representation of the articulating intra-
facet screw of FIG. 7A when placed within the facet joint in
the deployed configuration to resist motion and provide sta-
bilization;

[0034] FIG. 8A is a perspective view of an embodiment of
an articulating intra-facet screw in the delivery configuration;
[0035] FIG. 8B is a front view the articulating intra-facet
screw of FIG. 8A in the delivery configuration;

[0036] FIG. 8C is a front view of the articulating intra-facet
screw of FIG. 8A in the deployed configuration;

[0037] FIG. 8D is a representation of the articulating intra-
facet screw of FIG. 8 A when placed within the facet joint in
the deployed configuration to resist motion and provide sta-
bilization;

[0038] FIG. 9A is a perspective view of an embodiment of
an articulating intra-facet screw in the delivery configuration;
[0039] FIG. 9B is a perspective view of the articulating
intra-facet screw of FIG. 9A in the deployed configuration;
and

[0040] FIG. 9C is a representation of the articulating intra-
facet screw of FIG. 9A when placed within the facet joint in
the deployed configuration to resist motion and provide sta-
bilization.

DETAILED DESCRIPTION OF THE INVENTION

[0041] Certain exemplary embodiments will now be
described to provide an overall understanding of the prin-
ciples 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 illus-
trated in the accompanying drawings are non-limiting exem-
plary 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.

[0042] FIGS. 1-3 provide an overview of the spinal column
structure and location of associated facet joints. As FIG. 1
shows, the human spinal column 20 is comprised of a series of
thirty-three stacked vertebrae 22 divided into five regions.
The cervical region includes seven vertebrae 22, known as
C1-C7. The thoracic region includes twelve vertebrae 22,
known as T1-T12. The lumbar region contains five vertebrae
22, known as T1-TS5. The sacral region is comprised of five
vertebrae 22, known as S1-S5. The coccygeal region contains
four vertebrae 22, known as Col-Co4.

[0043] FIG. 2 shows a normal human lumbar vertebra 22.
Although the lumbar vertebrae 22 vary somewhat according
to location, they share many features common to most verte-
brae 22. Each vertebra 22 includes a vertebral body 24. Two
short bones, the pedicles 26, extend posteriorly from each
side of the vertebral body 24 to form a vertebral arch 28. At the
posterior end of each pedicle 26 the vertebral arch 28 flares
out into broad plates of bone known as the laminae 30. The
laminae 30 fuse with each other to form a spinous process 32,
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to which muscle and ligaments attach. A smooth transition
from the pedicles 26 into the laminae 30 is interrupted by the
formation of a series of processes.

[0044] Two transverse processes 34 thrust out laterally on
each side from the junction of the pedicle 26 with the lamina
30. The transverse processes 34 serve as levers for the attach-
ment of muscles to the vertebrae 22. Four articular processes,
two superior 36 and two inferior 38, also rise from the junc-
tions of the pedicles 26 and the laminae 30. The superior
articular processes 36 are sharp oval plates of bone rising
upward on each side from the union of the pedicle 26 with the
lamina 30. The inferior processes 38 are oval plates of bone
that jut downward on each side. The superior and inferior
articular processes 36 and 38 each have a natural bony struc-
ture known as a facet. The superior articular facet 40 faces
upward, while the inferior articular facet 42 faces downward.
As shown in FIG. 3, when adjacent vertebrae 22, 22' are
aligned (i.e., stacked), the facets interlock to form corre-
sponding facet joints 50, 50" positioned at the same level of
the spine.

[0045] Looking in more detail at FIG. 3, the spinous pro-
cess 32 and inferior articular processes 38 of the top vertebrae
22 are positioned adjacent to the superior articular processes
36 of the bottom vertebrae 22' and form facetjoints 50, 50'. As
shown in FIG. 4A, prior art trans-facet fixation procedure
includes the insertion of trans-facet screws 52, 54 through
bone and across the facet joints 50, 50'. However, such a
procedure has been known to result in various problems. For
example, FIG. 4B shows that a minor miscalculation in screw
placement can result in a trans-facet screw 52 impinging upon
the spinal column (as indicated by (1)) and/or surrounding
nerves (as indicated by (2)), thereby resulting in patient
injury. Additionally, trans-facet screw placement procedures
can result in unwanted and/or unpredictable rotational distor-
tion (or lateral offset) of the facet joint because of the diffi-
culty of approximating the final position of the trans-facet
screws 52, 54 in these procedures. As shown in FIG. 4C,
trans-facet placement of the screws 52, 54 can result in sig-
nificantly different gap sizes in corresponding facet joints 50,
50", thereby resulting in unwanted tension on the spine and
ultimately injury to the patient.

[0046] In contrast to trans-facet screw placement tech-
niques, the articulating facet fusion screws disclosed herein
are configured to allow for intra-facet placement of the screw
within the joint. FIG. 5 is an illustrative representation of
articulating facet fusion screws 10, 10" positioned within cor-
responding facet joints 50, 50' at the same level of the spine in
anintra-facet orientation. As shown, the intra-facet placement
eliminates the need to pass the screw 10 through bone, but
rather allows for delivery (in a minimally invasive manner, for
example) along the plane (i.e., in an intra-facet orientation) of
the facet joint 50, 50' such that the screw 10 engages and is
positioned between the opposed superior and inferior faces of
the facet joint. As represented in FIG. 5, an intra-facet screw
10 can be delivered bilaterally to both a first facet joint 50 and
adjacent, second 50' facet joint at the same level of the spine.
[0047] In general, the presently disclosed embodiments
relate to methods for intra-facet fixation and stabilization and
to articulating and/or deformable intra-facet fusion screws or
screw-like devices. The articulating fixation and fusion
screws disclosed herein are configured for intra-facet delivery
to the facet joint. That is, the screw is configured to be placed
in the plane of the facet joint, between the diarthroidal sur-
faces of the facet joint. As such, the device functions as a sort
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of mechanical key that prevents sliding motion between the
diarthroidal joint surfaces as external anchoring features of
the device are placed so as to oppose the natural motion of the
facet joint and provide stabilization. The intra-facet screw
devices 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 alle-
viating intervertebral foraminal stenosis. Further, intra-facet
screws of the type disclosed herein include a selectively
deployable articulating stabilization feature which allows the
screw to take advantage of additional anchoring available
from external features of the screw shaft.

[0048] The intra-facet screw can generally include an elon-
gate member having a longitudinal axis and threads extending
over at least a portion thereof. A common feature ofthe device
is that the screw is articulatable and/or conformable between
a delivery configuration and a deployed configuration. This
can happen in many ways, but in general in the deployed
configuration, the implant is able to serve the purpose of
providing additional stabilization and resistance to motion in
the facet joint via an articulating stabilization feature. The
articulating stabilization feature is coupled to the elongate
member via a joint, a pivot point, or any other coupling
mechanism known in the art. The stabilization feature can be
selectively configurable between a delivery configuration and
a deployed configuration in which the stabilization feature is
oriented at an angle with respect to the longitudinal axis of the
elongate member. The screw can also accommodate a washer
and nut assembly and at least a portion of the screw can
include a fusion-promoting bioactive material formed
thereon. In one embodiment, the screw can be cannulated,
having an inner lumen extending through the screw, along the
longitudinal axis thereof. These and other embodiments will
be discussed below.

[0049] FIGS. 6A-6C illustrate one embodiment of an intra-
facet screw having an articulating stabilization feature con-
figurable between a delivery configuration and a deployed
configuration and providing additional anchoring for the
screw within a facet joint. In the illustrated embodiment, an
intra-facet screw 60 is provided having an elongate member
62 with a conical distal tip 64. The elongate member 62 can
include threads 66, such as cantilever threads, extending
around at least a portion thereof, allowing it to be rotationally
inserted between the superior and inferior surfaces of the
facet joint. As shown, a stabilization feature 70 is mated with
the elongate member 62 by a hinge or pivot 72. A person
skilled in the art will appreciate that a variety of other tech-
nologies can be used to mate the elongate member 62 and the
stabilization feature 70. The hinge 72 can be located at any
point along a length of the screw 60, and in the illustrated
embodiment, the hinge 72 is located approximately midway
along the length of the screw 60.

[0050] The stabilization feature 70 can include an articu-
lating member 74 having a distal end 76 coupled to the elon-
gate member 62, as well as a proximal end 78 configured for
receiving a drive tool. A person skilled in the art will appre-
ciate that any drive tool which can be received by or applied
to the screw 60 can be used. The articulating member 74 can
have threads 80 extending around at least a portion thereof, as
shown in FIG. 6A. Alternatively, motion resisting plates 82
can be formed along at least a portion of an exterior surface of
the articulating member 74, as shown in FIG. 6C. The motion
resisting plates 82 can be thin, rectangularly-shaped features
which extend perpendicularly out from the articulating mem-
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ber 74. Both the cantilever threads 80 and the motion resisting
plates 82 act to prevent the natural motion of the facet joint 84
when they are oriented in the direction of facet motion, as
shown in FIG. 6D. The cantilever threads 80 and the motion
resisting plates 82 are designed to embed in a bony surface of
the facet joint 84, providing additional anchoring. A person
skilled in the art will appreciate that any motion resisting
surface, such as a knurled or grit blasted surface, can be
formed along an exterior surface of the articulating member
74 to provide frictional opposition to the motion of the facet
joint 84.

[0051] In use, the illustrated intra-facet screw 60 can ini-
tially be ina delivery configuration, as shown in FIGS. 6B and
6C. In such a configuration, the elongate member 62 and
articulating member 74 are in line with one another during the
delivery stage of a surgical procedure. A drive tool is applied
to the proximal end 78 of the articulating member 74 and the
screw 60 is rotationally inserted between the superior and
inferior surfaces of the facet joint 84. As the screw 60 is
inserted, the articulating member 74 can pivotably rotate
relative to a longitudinal axis of the elongate member 62,
allowing the screw 60 to follow a pathway or natural contour
into the facet joint 84. Once positioned within the facet joint
84, the stabilization feature 70 can be deployed by re-orient-
ing the articulating member 74 at an angle relative to the
elongate member 62 which resists the natural motion of the
facet joint 84. As shown in FIG. 6D, this allows the cantilever
threads 80 or the motion resisting plates 82 to engage with and
embed in the bony surface of the facet joint 84 and provide
stabilization between the joints.

[0052] FIGS. 7A-7D illustrate another exemplary embodi-
ment for an intra-facet screw having an articulating stabiliza-
tion feature configurable between a delivery configuration
and a deployed configuration and providing additional
anchoring for the screw within a facet joint. In the illustrated
embodiment, an intra-facet screw 100 is provided having an
elongate member 102 with a conical distal tip 104. The elon-
gate member 102 can include threads 106 extending over at
least a portion thereof so that it can be rotationally inserted
between the superior and inferior surfaces of the facet joint.
As shown, a stabilization feature 110 is mated to the elongate
member 102 by way of a hinge or pivot 112. A person skilled
in the art will appreciate that a variety of other technologies
can be used to mate the elongate member 102 and the stabi-
lization feature 110. The hinge 112 can be located at any point
along a length of the screw 100, and in the illustrated embodi-
ment, the hinge 112 is located approximately midway along
the length of the screw 100, which is also midway along a
length of the stabilization feature 110 as well.

[0053] In the illustrated embodiment shown in FIGS. 7A
and 7B, the stabilization feature 110 can include an articulat-
ing member 114 which can be divided into a solid proximal
portion 124 and a bifurcated distal portion 126. The elongate
member 102 can include a tongue 128 which extends proxi-
mally between the bifurcated distal portion 126 of the articu-
lating member 114 to mate with the articulating member 114
at the hinge 112. Alternatively, as shown in FIGS. 7C and 7D,
the stabilization feature 110 can include two distinct articu-
lating members 114'a and 114'5 which are mated to each
other and to the elongate member 102 at the hinge 112.
Articulating members 114 and 114'a, 114'6 can include a
proximal-most end 130 configured for receiving a drive tool.
A person skilled in the art will appreciate that any drive tool
which can be received by or applied to the screw can be used.

Oct. 16, 2008

[0054] As shown in FIGS. 7A-7D, articulating members
114 and 114'a, 114'b can also have motion resisting plates 122
extending over at least a portion of an exterior surface thereof.
The motion resisting plates 122 can be thin, rectangularly-
shaped features which extend perpendicularly out from
articulating members 114 and 114'e, 114'6. The motion
resisting plates 122 act to prevent the natural motion of the
facet joint 84 when they are oriented in the direction of facet
motion, as shown in FIG. 7E. A person skilled in the art will
appreciate that any motion resisting surface, such as a knurled
or grit blasted surface, can be formed along an exterior sur-
face of articulating members 114 and 114'a, 114'b to provide
frictional opposition to the motion of the facet joint 84.

[0055] In use, the elongate member 102 and articulating
members 114 and 114'a, 114'6 can be initially in-line with
each other for the delivery stage of a surgical procedure. A
drive tool is used on the proximal-most end 130 of the stabi-
lization feature 110 and the screw 100 is rotationally inserted
between the superior and inferior surfaces of the facet joint.
As the screw 100 is inserted, the hinge which connects the
elongate member 102 and articulating members 114 and
114'a, 114'6 allows the stabilization feature 110 to rotate
relative to a longitudinal axis of the elongate member 102. In
the embodiment shown in FIGS. 7C and 7D, the articulating
member 114 can be rotated to any angle as needed with
respect to the elongate member 102. In the embodiment
shown in FIG. 7B, the two articulating members 114'a, 114'6
can be bifurcated and rotated to any angle in different direc-
tions relative to each other to form the shape of an “X” as
shown. In both embodiments, the rotation allows the screw
100 to follow a pathway or natural contour into the facet joint
84 as it is inserted. Once positioned within the facet joint 84,
articulating members 114 and 114'a, 114'b can be pivotably
rotated as needed so that the motion resisting plates 122 can
engage with and embed in the bony surface of the facet joint
84 and provide stabilization and resist motion, as shown in
FIG. 7E. A person skilled in the art will appreciate that the
articulating members 114 and 114'a, 114'6 can be rotated to
any angle relative to the elongate member 102 as required by
the procedure.

[0056] FIGS.8A and 8B illustrate still another embodiment
of an intra-facet screw having an articulating stabilization
feature configurable between a delivery configuration and a
deployed configuration and providing additional anchoring
for the screw within a facet joint. In the illustrated embodi-
ment, an intra-facet screw 200 is provided having a threaded
elongate member 202 and a stabilization feature 210 which
can include a conical distal tip 204 and threads 206 extending
around at least a portion of an exterior surface thereof, allow-
ing the screw 200 to be rotationally inserted between the
superior and inferior surfaces of the facet joint. As shown, the
stabilization feature 210 can include a compressible expan-
sion sleeve 214 which encircles all or a portion of the elongate
member 202. The sleeve 214 can have proximal and distal
ends, and at least one hinged arm or a flexing point disposed
at a location between the proximal and distal ends. In the
illustrated embodiment shown in FIGS. 8A-8C, the sleeve
214 includes two hinged arms 2264, 2265 extending between
the proximal and distal ends of the sleeve 214 which allow the
sleeve 214 to expand outward when compressed. A person
skilled in the art will appreciate that a variety of other tech-
nologies can be used to allow the sleeve 214 to expand when
compressed.



US 2008/0255618 Al

[0057] An actuation member can be mated to the screw 200
proximal to the proximal end of the sleeve 214 so that distal
movement of the actuation member is effective to compress
the sleeve 214 and cause it to expand outwardly. In the illus-
trated embodiment shown in FIGS. 8A-8C, the actuation
member is a nut 224 which is threadably mated to the elongate
member 202. In use, the nut 224 is initially at a proximal end
228 of the screw 200 as shown in FIG. 8A, and the sleeve 214
is uncompressed so that the sleeve 214 and the clongate
member 202 are in-line with one another. A drive tool is
applied to the proximal end 228 of the screw 200 and the
screw 200 is rotationally inserted between the superior and
inferior surfaces of the facet joint 84. Once the screw 200 is
positioned within the facet joint 84, the nut 224 can be
threaded distally along the threaded elongate member 202
(using the same or a different drive tool) thereby compressing
the sleeve 214 and causing the hinged arms 226a, 2265 to
extend outward, as shown in FIGS. 8C and 8D. A person
skilled in the art will appreciate that the nut 224 can be
threaded distally to any place along the threaded elongate
member 202 and that correspondingly, the sleeve 214 can be
compressed and expanded to any position to provide anchor-
ing as needed. The threads 206 located on the sleeve 214 can
thus engage the bony surface as the hinged arms 226a, 2265
are expanded outwards at an angle relative to the threaded
elongate member 202, providing anchoring and resisting
facet motion.

[0058] FIGS.9A and 9B illustrate a further embodiment for
an intra-facet screw having an articulating stabilization fea-
ture configurable between a delivery configuration and a
deployed configuration and providing additional anchoring
for the screw within a facet joint. In the illustrated embodi-
ment, an intra-facet screw 300 is provided having an elongate
member 302 with a conical distal tip 304. The elongate mem-
ber 302 can include threads 306 extending over at least a
portion of an exterior surface thereof so that the screw 300 can
be rotationally inserted between the superior and inferior
surfaces of the facet joint. The elongate member 302 can
include a lumen 308 formed therein and configured to house
all or at least a part of a stabilization feature.

[0059] In the illustrated embodiment, the stabilization fea-
ture can include a spike-shaped prong system 312 which can
be substantially recessed within the lumen 308 formed in the
elongate member 302. Alternatively, at least a portion of the
spike-shaped prongs 312 are recessed within lumen 308 and
a portion of prongs 312 are recessed with respect to threads
306.

[0060] In use, a drive mechanism is applied to a proximal
end 316 of the elongate member 302 and the screw 300 is
rotationally inserted between the superior and inferior sur-
faces of the facet joint. During insertion, the screw 300 is in
the delivery configuration so that the prongs 312 remain sub-
stantially recessed within the elongate member 302. Once
positioned within the facet joint 84, a secondary drive mecha-
nism (which can be the same as or different than a primary
drive mechanism) can be applied to the lumen 308 to move
the prongs 312 distally through the lumen 308 so that they
follow a predefined path to protrude through corresponding
openings 314 in the elongate member 302, as shown in FIGS.
9B and 9C. As the prongs 312 protrude from the elongate
member 302, they can embed in the surface of the facet joint
84 to provide additional anchoring and prevent facet motion.
A person skilled in the art will appreciate that any drive
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mechanism known in the art can be used to insert the screw
300 and deploy the prong system 312.

[0061] The methods and devices disclosed herein are also
useful with poor quality bone, such as osteoporotic bone, as
the threaded fit and stabilization features combine to prevent
or resist retraction or pull-out of the device.

[0062] Intra-facet delivery provides physicians with a safe
and efficient alternative to common trans-facet screw place-
ment procedures. The selection of a suitable fixation device is
simplified in that if an articulating intra-facet screw is not
appropriately sized (e.g., too big, too small), it can be easily
removed and replaced with an alternative device. Such a
removal procedure can be effected by removing the screw
from the plane of the facet joint as opposed to drilling a
second passageway through bone (as would be required in
trans-facet delivery). Further, intra-facet delivery requires
less instrumentation (e.g., devices to drill bone) as compared
to trans-facet stabilization procedures, thereby reducing the
likelihood of contamination and/or infection resulting from
the procedure. Furthermore, the simple nature of the intra-
facet procedure results in significantly less trauma to the
patient.

[0063] As an added benefit, the intra-facet screw and pro-
cedures disclosed herein are particularly well suited for mini-
mally 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 opera-
tive 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.

[0064] In addition to the various features discussed above,
the articulating intra-facet fusion screw can be adapted so as
to allow for spinal fusion as well as spinal fixation. Any of the
screw designs disclosed herein can include or be formed of a
fusion-promoting bioactive material so that the screw actively
participates in spinal fusion. In an exemplary embodiment,
the screw is made from the bioactive material. In another
embodiment, a bioactive material can be formed as a coating
on a non-bioactive material from which the screw is formed.
For example, the screw can be formed of a metal and be
coated with a fusion-promoting bioactive material. Exem-
plary fusion promoting bioactive materials can include
allograft bone, tricalcium phosphates (TCP), hydroxyapatite,
Biocryl™ hydroxyapatite, bioglass, and polymer compos-
ites. Exemplary materials from which the screw can be
formed include titanium, titanium alloys, ceramics, and poly-
mers.

[0065] 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 refer-
ences cited herein are expressly incorporated herein by ref-
erence in their entirety.

What is claimed is:

1. A spinal implant, comprising:

an elongate member having a longitudinal axis and threads
extending over at least a portion of the outer surface
thereof, and
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astabilization feature associated with the elongate member
that is selectively configurable between a delivery con-
figuration and a deployed configuration in which the
stabilization feature is oriented at an angle with respect
to the longitudinal axis of the elongate member.

2. The implant of claim 1, wherein the stabilization feature
is coupled to the elongate member by a joint that is configured
to allow the stabilization feature to move between the delivery
configuration and the deployed configuration.

3. The implant of claim 2, wherein the joint is selected from
the group consisting of a pivot, a hinge, and a flexing-point.

4. The implant of claim 1, wherein the stabilization feature
comprises an articulating member pivotably connected to a
proximal portion of the elongate member.

5. The implant of claim 4, wherein the articulating member
includes motion resisting plates extending over at least a
portion of an exterior surface thereof and configured to pro-
vide frictional opposition to motion in the deployed configu-
ration.

6. The implant of claim 1, wherein the stabilization feature
comprises two distinct articulating members pivotably con-
nected to a proximal portion of the elongate member and
which are capable of rotating relative to one another in the
deployed configuration.

7. The implant of claim 1, wherein the stabilization feature
comprises at least one prong which is substantially recessed
within the elongate member in the delivery configuration.

8. The implant of claim 7, further comprising an actuator
effective to move the at least one prong to the deployed
configuration in which the at least one prong extends from the
elongate member at an angle relative to the longitudinal axis
of the elongate member.

9. The implant of claim 8, wherein a lumen formed within
the elongate member is configured to receive the actuator
which is effective to move the at least one prong to the
deployed configuration.

10. The implant of claim 1, wherein the stabilization fea-
ture is an expanding sleeve that is positioned over at least a
portion of an outer surface of the elongate member, the sleeve
having proximal and distal ends, and at least one hinged arm
located between the proximal and distal ends.

11. The implant of claim 10, wherein an actuation member
is mated to the implant proximal to the proximal end of the
sleeve, and distal movement of the actuation member is effec-
tive to compress the sleeve and move the hinged arm to an
expanded configuration.

12. The implant of claim 11, wherein the sleeve is not
expanded in the delivery configuration and is expanded in the
deployed configuration.
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13. The implant of claim 11, wherein the actuation member
is a nut threadably mated to the elongate member.

14. The implant of claim 1, wherein the implant includes a
fusion-promoting bioactive material.

15. The implant of claim 14, wherein the fusion-promoting
bioactive material is selected from the group consisting of
cortical allograft bone and bioceramic-loaded bioabsorbable
material.

16. A method for facet joint fixation and fusion, compris-
ing:

surgically delivering at least one implant to a facet joint in

an intrafacet orientation, the implant having at least one
selectively deployable stabilization feature formed
therein; and

deploying the stabilization feature such that it extends from

the implant to engage a bony surface of the facet joint to
oppose the natural motion of the facet joint.

17. The method of claim 16, wherein delivering the implant
includes inserting a threaded distal tip of the implant into the
facet joint so that it assumes a non-linear trajectory and fol-
lows a curvilinear pathway to embed in the bony surface of
the facet joint.

18. The method of claim 16, wherein deploying the stabi-
lization feature includes re-orienting a proximal portion of
the implant relative to the embedded tip.

19. The method of claim 16, wherein deploying the stabi-
lization feature includes bifurcating two distinct articulating
portions of a proximal or distal portion of the implant, allow-
ing them to rotate relative to one another.

20. The method of claim 16, wherein deploying the stabi-
lization feature includes protracting at least one prong
recessed within the implant so as to embed the at least one
prong in the bony surface of the facet joint.

21. The method of claim 20, wherein protracting the at least
one prong includes moving the at least one prong distally
through the lumen so that it follows a predefined pathway to
protrude through an opening in the implant.

22. The method of claim 16, wherein deploying the stabi-
lization feature includes compressing an expandable sleeve
distally, thereby causing a hinged arm of the sleeve to extend
outwards from the implant to engage the bony surface of the
facet joint.

23. The method of claim 16, wherein the surgically deliv-
ering step is performed in a minimally invasive procedure.

24. The method of claim 16, wherein deploying the stabi-
lization feature includes inserting the implant in osteoporotic
bone using a threaded fit so as to prevent retraction or pull-out
of'the implant.



