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ORTHOPEDIC FASTENER FOR STABILIZATION AND FIXATION
TECHNICAL FIELD OF THE INVENTION

The present invention relates in general to the field of fasteners and fastening methods for use in
orthopedic surgery, and more particularly, to fasteners and fastening methods for stabilization

and fixation of, e.g., vertebra, using a subcutancous orthopedic assembly.

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Application Serial No. 60/911,468 filed on

April 12, 2007, the contents of which is incorporated by reference herein in its entirety.
BACKGROUND OF THE INVENTION

Without limiting the scope of the invention, its background is described in connection with

spinal fixation assemblies to align vertebral bodies, as an example.

The successive positioning of the vertebral body allows the vertebral foramen to surround the
spinal cord, retain articulation of the vertebrac and extend posteriorly of the spinal canal. The
complicated vertebral structure, the degree of spinal articulation and the complicated network of
connective elements make the spine susceptible to many forms of damage, e.g., traumatic spinal
injuries, tumors, infections, surgeries, disease processes, aging processes and congenital
abnormalities. Various types of spinal column disorders are known and include degenerative
disc disease, excess lordosis (abnormal backward curvature of the spine), fractured vertebra,
kyphosis (abnormal forward curvature of the spine), ruptured discs, scoliosis (abnormal lateral
curvature of the spine), slipped discs, spondylolisthesis (abnormal forward displacement of

vertebra) and the like.

Bones may be damaged (i.e., fractured) as a result of accidents (e.g., long bone fractures being
the most common) or severed during a surgical procedure. The bone portions must be held
together and stabilized from movement to allow bonding and recalcification. Due to the
variation in the size, shape and location of the bone and to account for different function and
load requirements, many different types of stabilization devices have been developed. In order
to limit the movement of the bone plates, screws and pins are often used. Common internal
fixation devices include wires, intramedullary pins, rods, wiring, plates, screws, bone fasteners
and eclongated implants (e.g., nails, screws, pins, etc.). Bone fasteners are commonly used to
stabilize portions of the spine. Bone fasteners are inserted in the pedicles of a vertebra and used

in conjunction with rods or plates to stabilize the spine. Generally, an incision into the tissue
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surrounding the bone and the bone portions are clamped together so that holes may be drilled
into the bone. Pins or screws are then inserted through the holes to secure the bones. A cast or
splint is added to further reduce the movement and mechanical strain on the bone that may cause

bone separation.

Generally, spinal fixation assemblies are used to position the vertebrae in a desired spatial
relationship for treatment, e.g., healing, spinal fusion, support and so forth. Spinal fixation
assemblies include spinal fixation elements commonly anchored to the vertebrac via pedicle
screws that extend through the pedicle into the vertebral bodies or by spinal hooks that engage
about the vertebrac. The spinal fixation elements are coupled together with relatively rigid
fixation rods by generally yoke-shaped couplers that can be either integral with the spinal
fixation element or separate components from the spinal fixation element. The spinal fixation
elements are secured relative to the fixation rod by a compression member that is engages either
directly or indirectly the fixation rod. The fixation rods are secured to maintain the alignment

and position of the vertebral bodies.

For example, one such method of orthopedic fixation is taught in United States Patent Number
5,005,562 issued to Cotrel, and incorporated herein by reference, which teaches an implant for a
spinal osteosynthesis device, in particular in traumatology. The implant includes a body having
a channel defining two side branches that are open on both sides of the body in order to be able
to receive a rod, and a threaded plug contrived so that it can be screwed into a female thread
formed in the inner walls of the two branches so that its two diametrically opposed edges bear on
the rod and the face of the plug directed towards the rod, which can thus be clamped in

translation and rotation.

Another such method of orthopedic fixation is taught in United States Patent Number 6,623,485
issued to Doubler, et al., which teaches a split ring bone screw for a spinal fixation system. The
adjustable spinal fixation system includes anchoring assemblies attached to spine-stabilizing
rods. The anchoring assemblies include a linking member attached in a ball-and-socket fashion
to a bone-engaging member that is adapted to engage a spinal bone of a patient. The linking
member joins one of the included connectors to an associated bone-engaging member. The
connectors are attached selectively to one of the stabilizing rods. The anchoring assemblies each
include a support collar and a split retention ring that cooperate to allow adjustment of the bone-
engaging member and corresponding connector during surgery. When surgery is complete, a
securing nut and locking bolt cooperate with the support collar and split retention ring to
maintain the relative position of the entire fixation system, preventing unwanted movement

between the system components.
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An orthopedic fixation is taught in United States Patent Number 6,610,063 issued to Kumar, et

al., which teaches a spinal fixation system that is particularly useful in treatment of pediatric and
small-statured patients. The fastener assembly includes a fastener, an attachment member and a
locking member. The fastener has a lower portion for contacting a bone and an upper portion
integral with the lower portion and having two open channels. Each channel is configured and
dimensioned for receiving a portion of the longitudinal member along its circumference. The
attachment member is positionable on the fastener and at least partially covers the channel that
receives the longitudinal member. The attachment member is configured and dimensioned for
receiving another portion of the longitudinal member along its circumference. The locking
member is operatively associated with the upper portion of the fastener and secures the

attachment member and longitudinal member to the fastener.

Another such method of orthopedic fixation is taught in United States Patent Number 6,945,975
issued to Dalton, which teaches a bone plate for fixation of spaced vertebra. The bone plate has
at least one through passage for securing the plate to bone with a bone fixation screw. The
threaded shaft of a bone fixation screw is inserted through a bushing located in the through
passage of the bone plate and the screw is thereby threadably secured to the underlying bone.
Next, the bushing is compressed inward against the head of the screw with cams that are
actuated by rotating the bushing in the through passage, whereby the screw is locked relative to
the bone plate. The bushing is not only compressed inwardly against the head of the screw but is
also compressed downwardly by the cams into a seat to clamp separate elements of the bone

plate together.

Another approach is the orthopedic fixation taught in United States Patent Number 6,248,106
issued to Ferree, which teaches a spinal stabilization mechanism that acts to prevent lateral
bending, extension and rotation at the disc space. The patent teaches two or more anchors at
cach vertebral level and links at each vertebral level to both anchors at the other vertebral level

resulting in a cross-braced arrangement that enhances compression and promotes fusion.

In addition, a flexible stabilization system for a vertebral column is taught in United States
Patent Number 4,743,260, issued to Burton, which teaches a device that includes a strong, non-
metallic stabilization element or elements for providing flexibility. The stabilization elements
are secured to the vertebrae to stabilize the vertical column while still allowing for flexibility.
The stabilization elements are anchored to the vertebrae by a bone screw having an upper shank

portion and a lower threaded portion having a segmented area.

In some instances, there is a need for a spinal fixation assembly that provides a stronger and/or

more stable spatial relationship for the vertebrac. For example, a dual fixation rod assembly can
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be both strengthened and stabilized by the addition of a cross-brace that extends across the spine
to couple the two fixation rods. This is seen when the two fixation rods are geometrically
aligned, i.c., the two rods are parallel. However, in clinical situations, the two fixation rods are
rarely three-dimensionally geometrically aligned and are bent to accommodate the alignment,
¢.g., bending one or both of the two fixation rods and/or the cross-brace. The bending can
adversely affect the fixation to the spine and adversely affect the mechanical properties of the
fixation rods and/or cross-brace. Given the constrained size limitations imposed by the spinal
arca and the size and strength necessary for the spinal fixation assemblies, the alignment of non-
coplanar rods, convergence alignments, divergence alignments and augmented spinal fixation

assemblies 1s difficult.

The foregoing problems have been recognized for many years and while numerous solutions

have been proposed, none of them adequately address all of the problems in a single device.
SUMMARY OF THE INVENTION

The present inventor recognized a need for a subcutaneous orthopedic assembly for stabilization
and fixation of bones that is stable, supportive and provides a connection for multiple fixation
rods while reducing pain, discomfort, cost and the number and space of components associated

with open procedures.

A method, apparatus and kit are provided that stabilize fractured bones by securing the bone
with anchoring devices. More particularly, the present invention includes a bone fixation
assembly for alignment and stabilization of vertebraec. The fastener includes a threaded shank
for insertion into the bone and a screw head having a first aperture and a second aperture. The
first aperture has a basic “U” shape that extends from the top of the screw head and is open on
both sides of the screw head to receive a first longitudinal member and a set of female threads
formed in the inner walls of the first aperture. A first compression member screwably engages
the set of female threads of the first aperture and the face of the first compression member
contacts the first longitudinal member. The first compression member clamps the first
longitudinal member against translational and rotational movement. The second aperture has a
basic “C” shape that extends from one side (i.e., generally perpendicular to the first aperture) and
is open on both sides of the head to receive a second longitudinal member. The second aperture
also includes a second set of female threads that accommodate a second compression member
that screwably engages the second set of female threads and the face of the second compression
member contacts the second longitudinal member. The second compression member clamps the

second longitudinal member against translational and rotational movement.
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The present invention provides a bone fixation assembly that includes a screw having a screw
head and a threaded shank. The screw head includes a first aperture positioned about the screw
head to receive a first longitudinal member and a first compression member to engage the first
aperture to secure the first longitudinal member. The screw head includes a second aperture
positioned about the screw head to receive a second longitudinal member and a second
compression member to engage the second longitudinal member aperture to secure the second

longitudinal member.

A bone fixation assembly having augmented support is also provided by the present invention.
The bone fixation assembly includes two or more bone fixation assemblies inserted into two or
more bones. Each of the two or more bone fixation assemblies includes a threaded shank and a
screw head with a first aperture and a second aperture. The first aperture receives a first
longitudinal member and a first compression member engages the first aperture to secure the
first longitudinal member therein. The second aperture receives a second longitudinal member
and a second compression member engages the second aperture to secure the second

longitudinal member therein.

The bone fixation assembly includes a first longitudinal member that extends through the first
aperture of each of the two or more bone fixation assemblies. The bone fixation assembly
includes a second longitudinal member that extends through the second aperture of the two or
more bone fixation assemblies. The second longitudinal member augments the support of the

first longitudinal member.

The present invention provides a bone fixation assembly kit having two or more bone fixation
assemblies. Each of the two or more bone fixation assemblies includes a threaded shank and a
screw head with a first aperture that receives a first longitudinal member and a first compression
member. The first compression member secures the first longitudinal member into the first
aperture. The second aperture receives a second longitudinal member and a second compression
member, which engages the second aperture to secure the second longitudinal member therein.
The bone fixation assembly kit includes a first longitudinal member to extend through the first
longitudinal member aperture of the two or more bone fixation assemblies and a second
longitudinal member to extend through the second longitudinal member aperture of the two or

more bone fixation assemblies.

The present invention provides a method of assembling a bone screw assembly for fixation by
securing two or more bone fixation assemblies to one or more bones. Each of the two or more
bone fixation assemblies includes a threaded shank and a screw head. The screw head includes a

first aperture that receives a first longitudinal member and a second aperture that receives a
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second longitudinal member. A first compression member engages the first aperture to secure
the first longitudinal member therein, while a second compression member engages the second
aperture to secure the second longitudinal member therein. The two or more bone fixation
assemblies are aligned and the first longitudinal member is secured in the first aperture of each
of the two or more bone fixation assemblies. Similarly, the second longitudinal member is

secured in the second aperture of each of the two or more bone fixation assemblies.
The present invention also includes a method of constructing a platform using a fastener for
attachment to an object to provide support for the platform.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the features and advantages of the present invention,
reference is now made to the detailed description of the invention along with the accompanying

figures and in which:

FIGURE 1 illustrates an exploded view of the bone screw assembly according to an embodiment

of the invention,;

FIGURE 2 illustrates a perspective view of an embodiment of the bone screw assembly of the

present invention according to FIGURE 1;

FIGURE 3A illustrates a front view of an embodiment of the bone screw assembly of the present

invention according to FIGURE 1;

FIGURES 3B and 3C illustrate top views of different embodiment of the bone screw assembly
of the present invention according to FIGURE 1;

FIGURE 3D illustrates a cross-sectional side view cut along section A-A of the bone screw

assembly as seen in FIGURE 1A according to an embodiment of the invention;

FIGURE 3E illustrates a front view of an embodiment of the bone screw assembly of the present

invention according to FIGURE 1;

FIGURE 4 illustrates a perspective view of a portion of the bone screw assembly of the present

invention according to FIGURE 1;

FIGURE 5 illustrates a perspective view of the bone screw assembly according to an

embodiment of the invention;

FIGURE 6 illustrates a perspective view of a set of bone screw assemblies according to an

embodiment of the invention;
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FIGURE 7 illustrates a cross sectional view of the bone screw head according to one

embodiment of the present invention;

FIGURES 8A and 8B illustrate top views of sets of bone screw assemblies according to the

present invention;
FIGURES 9A illustrates a perspective view of one embodiment of the bone screw;

FIGURES 9B to 9G illustrate perspective views of the bone screw in context of a set of bone

screw assemblies according to the present invention.

FIGURES 10A to 10D illustrate the screw is a polyaxial screw which can receive the rod at any

direction; and

FIGURES 11 A to 11D illustrate the screw is a reduction screw which has long arms to receive

the rod and has a reduction function.
DETAILED DESCRIPTION OF THE INVENTION

While the making and using of various embodiments of the present invention are discussed in
detail below, it should be appreciated that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The terminology
used and specific embodiments discussed herein are merely illustrative of specific ways to make

and use the invention and do not delimit the scope of the invention.

To facilitate the understanding of this invention, a number of terms are defined below. Terms
defined herein have meanings as commonly understood by a person of ordinary skill in the areas

[P 1
a

relevant to the present invention. Terms such as an” and “the” are not intended to refer to
only a singular entity, but include the general class of which a specific example may be used for
illustration. The terminology herein is used to describe specific embodiments of the invention,

but their usage does not delimit the invention, except as outlined in the claims.

Generally, spinal injuries result in the displacement of all or part of one or more vertebrae from
the remainder of the vertebral column. The displaced vertebraec must be repositioned to their
normal position and fixed within the vertebral column. Generally, these fixation and positioning
methods rely on a variety of metal wires, screws, rods, plates and clamps to stabilize the bone

and/or bone fragments during the healing or fusing process.

The present invention includes a bone fixation assembly, kits and methods for the alignment and
stabilization of vertebrae. The threaded shank of the bone fixation assembly is inserted into the
bone with the screw head having a first aperture and a second aperture extending from the bone.

The first aperture has a basic “U” shape that extends from the top of the screw head and a set of
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female threads formed in the inner walls of the first aperture. Once the first longitudinal
member is positioned in the first aperture, a first compression member can be screwed into the
set of female threads of the first aperture. The first compression member can be tightened to
provide a friction fit between the surface of the first compression member, the first longitudinal
member and the surface of the first aperture. The first compression member clamps the first
longitudinal member against translational and rotational movement. A second longitudinal
member can be placed from the lateral side into the second aperture that has a basic “C” shape
that extends from one side (i.e., opening that is generally perpendicular to the first aperture) and
is open on both sides. A threaded second compression member aperture extends from the top of

the screw head into the second aperture.

Once a second longitudinal member is positioned in the second aperture, a second compression
member can be screwed into the threaded second compression member aperture to contact the
second longitudinal member. The second compression member can be tightened to provide a
friction fit between the surface of the second compression member, the second longitudinal
member and the surface of the second aperture. The second compression member clamps the

second longitudinal member against translational and rotational movement.

Refer now to FIGURE 1, an exploded view of a bone fastener assembly, generally designated by
reference numeral 10, according to one embodiment of the present invention. The bone fastener
assembly 10 includes a bone screw 12 having a screw head 14 connected to a shank 16 that
extends to a tapered tip 18. The screw head 14 includes a first longitudinal member aperture 20
designed and proportioned to fit a first longitudinal member 22 that is secured by a first
compression member 24 that fits the first longitudinal member aperture 20. The screw head 14
also includes a second longitudinal member aperture 26 designed and proportioned to fit a
second longitudinal member 28 that is secured by a second compression member 30. The
second compression member 30 extends through a second compression member aperture 32 and
into the second longitudinal member aperture 26 to secure the second longitudinal member 28.
The shank 16 of the bone screw 12 includes a threaded portion 34 having shank threads 36. The
shank 16 supports and positions the screw head 14 relative to the other components of the bone
fastener assembly 10 and the spinal anatomy (not shown). The threaded portion 34 secures the

bone screw 12 to the bones.

Once the bone screw 12 is inserted in the spinal anatomy (not shown), the first longitudinal
member 22 may be inserted into the first longitudinal member aperture 20 of the screw head 14
from top and secured by adjusting the first compression member 24 to contact the first

longitudinal member 22. The second longitudinal member 28 is positioned in the second
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longitudinal member aperture 26 from the lateral side and secured by adjusting the second

compression member 30 to contact the second longitudinal member 28.

FIGURE 2 illustrates a bone fastener assembly, generally designated by reference numeral 10,
according to one embodiment of the present invention. The screw head 14 provides strength and
attachment points in the form of a first longitudinal member aperture 20 and a second
longitudinal member aperture 26. The first longitudinal member aperture 20 lines up superior to
the shank 16. In the embodiment illustrated in FIGURE 2, the shank 12 of the bone fastener
assembly 10 has a threaded portion 34 having right-hand shank threads 36. The threaded portion
34 has a length 38 and a diameter 40. The threaded portion 34 may be a helical groove, a thread
formed on its surface or a segmented helical member having areas with and without the helical
member (not shown). In addition, the threaded portion 34 may include a non-grooved surface,
e.g., regions of differing diameters as a function of length, a relatively constant diameter and so

forth.

The axial distance from a point (usually the crest) on a thread to a corresponding point on an
adjacent thread defines the pitch 42. The pitch 42 and the spacing of the threads of the threaded
portion 34 may be varied to allow for easier insertion and/or better adhesion to the bone (not
shown). The threaded portion 34 may have a different length 38, diameter 40 and/or pitch 42 as
necessary for a particular purpose, particular size of bone, particular age, particular density of
bone, specific vertebra, etc. The thread angle may be between 15° and 90° depending on the
application. In addition, the tapered tip 18 may be sharp or blunt to allow better penetration.
Additionally, the length 24, the pitch 28, the diameter 26 of the threaded portion 20 and type of

threads may differ between applications.

The first longitudinal member aperture 20 and the second longitudinal member aperture 26 may
be of common sizes or standard size to accept the corresponding sized first longitudinal member
22 and/or second longitudinal member 28. The first longitudinal member aperture 20 and the
second longitudinal member aperture 26 may be of similar or different sizes, contours, profiles
and/or shapes to accommodate first longitudinal member 22 and second longitudinal member 28

of different sizes and shapes.

The components of the present invention may be constructed from any suitable similar or
dissimilar materials (e.g., titanium, a titanium alloy, a metal, an alloy, a stainless steel, a
composite, a polymer, a blend of polymers, a carbon fiber, a plastic, a thermoplastic, a ceramic,
carbon nanotubes, a synthetic material, a biodegradeable material or other material known to the
skilled artisan) depending on the particular application or procedure. In addition, combinations

and mixtures of material may be used, e.g., ceramic coated metal, carbon nanotube coated metal
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and/or ceramic, polymer coated metal and/or ceramic, a magnetic material combined with a
polymer, metal, plastic, etc and so-forth. For example, polymers and many lightweight and/or
strong materials may be used to reinforced two-phase material, carbon fiber reinforced plastic,

carbon fiber, titanium coated plastic, polymers or combinations thereof.

The screws may be made of a strong material (e.g., metal, alloys, titanium, alloys, magnamite
graphite fiber, carbon reinforced plastic) to prevent the screws from being sheared off by the
stress of the system and remain biocompatiable. Additionally, porous material or coatings may
be used to release bioactive or proactive compositions to aid in healing, promote growth, reduce
infection and so forth. The materials used are not limited to the above noted and may include

other suitable solid materials that have the above-noted properties.

FIGURE 3A illustrates a side view of the bone fastener assembly, generally designated by
reference numeral 10, according to one embodiment of the present invention. The bone fastener
assembly 10 includes the bone screw 12 having a screw head 14 connected to a shank 16
extending to a tapered tip 18. The screw head 14 includes a first longitudinal member aperture
20 designed and proportioned to fit a first longitudinal member (not shown). The first
longitudinal member aperture 20 includes a first set of aperture threads 44 positioned about the
first longitudinal member aperture 20 to accept the first compression member (not shown). The
screw head 14 also includes a second longitudinal member aperture 26 designed and
proportioned to fit a second longitudinal member (not shown). A second compression member
(not shown) extends through a second compression member aperture (not shown) and into the
second longitudinal member aperture 26 to secure the second longitudinal member (not shown).
A second set of aperture treads (not shown) are positioned about the top of the screw head 14
and extend into the second longitudinal member aperture 26. The shank 16 includes a threaded
portion 34 having shank threads 36 and length 38. When the bone fastener assembly is attached

to a bone, it may be referred to as a bone fastener assembly.

FIGURES 3B and 3C illustrate top views of the bone fastener assembly, according to different
embodiment of the present invention. The bone fastener assembly 10 includes a bone screw 12
having a screw head 14 connected to a shank (not shown). The screw head 14 includes a first set
of aperture threads 44 positioned on the sides of the first longitudinal member aperture 20 to
accept the first compression member (not shown). The first longitudinal member aperture 20 is
designed and proportioned to fit a first compression member (not shown). The screw head 14
also includes a second longitudinal member aperture (not shown) designed and proportioned to

fit a second longitudinal member (not shown). The screw head 14 includes a second
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compression member aperture 32 having a second set of aperture threads 46 that extends into the

second longitudinal member aperture (not shown).

FIGURES 3B illustrates a top view of the bone fastener assembly having a screw head 14 that is
rectangular in shape. FIGURES 3C illustrates a top view of the bone fastener assembly having a
screw head 14 that is oval in shape. The shapes illustrated in FIGURES 3B and 3C are intended
as illustrations of the numerous possible screw head 14 shapes (e.g., circular, triangular,
polygonal or free-formed) and combinations of shapes, ¢.g., one end of the screw head 14 may
be circular and the other end of the screw head 14 may be triangular. Other examples of head
shapes include heads that are circular-triangular, circular-polygonal, circular-square, circular-
oval, triangular-polygonal, triangular-square, triangular-oval, triangular-circular, polygonal-
triangular, polygonal-square, polygonal-oval, oval-polygonal, oval-square, oval-triangular, oval-

polygonal and so forth.

FIGURE 3D illustrates a cross-sectional side view cut along section A-A of FIGURE 3A. The
bone fastener assembly 10 includes a bone screw 12 having a screw head 14 connected to a
shank 16 extending to a tapered tip 18. The screw head 14 includes a first longitudinal member
aperture 20 designed and proportioned to fit a first longitudinal member (not shown). The first
longitudinal member aperture 20 includes a first set of aperture threads 44 positioned about the
first longitudinal member aperture 20 to accept and secure the first compression member (not
shown). The screw head 14 also includes a second longitudinal member aperture 26, which is
designed and proportioned to fit a second longitudinal member (not shown). A second
compression member (not shown) extends through a second compression member aperture 32
and into the second longitudinal member aperture 26 and secures the second longitudinal
member (not shown). The second compression member aperture 32 has a second set of aperture
treads 46 positioned about the top of the screw head 14 and extends into the second compression
member aperture 32. The shank 16 includes a threaded portion 34 having shank threads 36 with
a pitch 42.

FIGURE 3E illustrates a front view of the bone screw assembly, genecrally designated by
reference numeral 10, according to one embodiment of the present invention. The bone fastener
assembly 10 includes the bone screw 12 having a screw head 14 connected to a shank 16 that
extends to a tapered tip 18. The screw head 14 includes a first longitudinal member aperture 20
designed and proportioned to fit a first longitudinal member 22 and a first compression member
24. The first compression member 24 secures the first longitudinal member 22 within the first
longitudinal member aperture 20. The first longitudinal member aperture 20 includes a first set

of aperture threads 44 positioned about the first longitudinal member aperture 20 to accept the
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first compression member 24. The screw head 14 also includes a second longitudinal member
aperture 26 designed and proportioned to fit a second longitudinal member 28. The screw head
14 also has a second compression member aperture 32 with a second set of aperture treads 46
positioned about the top of the screw head 14 and extending into the second compression
member aperture 32 and into the second longitudinal member aperture 26. A second
compression member 30 extends through a second compression member aperture 32 and into the
second longitudinal member aperture 26 to secure the second longitudinal member 28. The
shank 16 of the bone screw 12 includes a threaded portion 34 having shank threads 36 with a
pitch 42.

FIGURE 4 illustrates a perspective view of the screw head 14 of the bone screw according to
one embodiment of the present invention. The screw head 14 is connected to a shank (not
shown). The screw head 14 provides a first longitudinal member aperture 20 and a second
longitudinal member aperture 26. The first longitudinal member aperture 20 is designed and
proportioned to fit a first longitudinal member (not shown). The first longitudinal member
aperture 20 includes a first set of compression aperture threads 44 positioned about the first
longitudinal member aperture 20 to accept the first compression member 24 and secure the first

longitudinal member (not shown).

The first compression member 24 includes a first set of compression member threads 48 that
mate to the first set of compression aperture threads 44. The first set of compression member
threads 48 and the first set of compression aperture threads 44 have complimentary thread pitch,
spacing and/or size to secure the first compression member 24 within the first longitudinal
member aperture 20 and secure the first longitudinal member (not shown) within the first
longitudinal member aperture 20. The first compression member 24 may be adjusted until there
is no (or very little) movement of the first compression member 24 in the first longitudinal
member aperture 20. The first compression member 24 includes a fitting 50 about the top that
corresponds to a tool used to insert, remove, adjust, tighten or loosen the first compression
member 24. The fitting may be a socket fitting, slotted fitting, Phillips fitting, Pozidriv fitting,
Torx fitting, hex fitting, Robertson fitting, tri-wing fitting, Torg-set fitting, spanner fitting or
specialized fitting. The size and shape of the fitting will be appropriate for the torque
application. The first compression member 24 may be inserted and tightened to the appropriate
position, which may protrude, resulting in the first compression member 24 being above the
screw head 14, being recessed below the screw head 14 or being substantially flush with the

screw head 14.
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In addition, the first compression member bottom surface 52 may have a flat shape, a pointed
shape, a rounded shape (e.g., concave or convex), a polygonal shape, free form shape or a
combination therecof. The first compression member bottom surface 52 may be constructed from
or coated with a malleable substance capable of deforming upon contact with the first
longitudinal member (not shown). In addition, the first compression member 24, the first
longitudinal member aperture 20, first longitudinal member 22, second longitudinal member 28,
second compression member aperture 32, and/or the second compression member 30 may be in-

part or entirely covered with a material or textured.

The screw head 14 also includes a second longitudinal member aperture 26 designed and
proportioned to fit a second longitudinal member (not shown). The top of the screw head 14
includes a second compression member aperture 32 that extends through the screw head 14 to
the second longitudinal member aperture 26. The second compression member aperture 32
includes a second set of aperture treads 46 that mate to fit a second set of compression member
threads 54. The second set of compression member threads 54 and the second set of aperture
treads 46 have complimentary thread pitch, spacing and/or size to secure the second compression
member 30 within the second compression member aperture 32 and in turn secure the second
longitudinal member (not shown) within the second longitudinal member aperture 26. The
second compression member 30 is positioned into the second longitudinal member aperture 26
and adjusted to extend through a second compression member aperture 32 to contact the second
longitudinal member (not shown). The second compression member 30 includes a second fitting
56 about the second compression member top surface 58 that corresponds to a tool (not shown)
used to insert, remove, adjust, tighten or loosen the second compression member 30. The second
compression member 30 may be adjusted to provide a friction fitting of the second compression
member 30 and the second longitudinal member (not shown) to secure the second longitudinal

member (not shown) and the screw head 14.

The second compression member top surface 58 may be in the shape of a pan head, button head,
dome head, round head, truss head, flat head, countersunk head, bugle head, oval head, raised
head, cheese head, fillister head, socket head or a combination therecof. The second fitting 56
may be a socket fitting, slotted fitting, Phillips fitting, Pozidriv fitting, Torx fitting, hex fitting,
Robertson fitting, tri-wing fitting, torg-set fitting, spanner fitting or specialized fitting. The size
and shape of the fitting will be appropriate for the torque application. The second compression
member 30 may be inserted and tightened to the appropriate position and may protrude above
the screw head 14, be recessed below the screw head 14 or be substantially flush with the screw

head 14. In addition, the second compression member bottom surface 60 may have a flat shape,
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a pointed shape, a rounded shape (e.g., concave or convex), a polygonal shape, free-formed
shape or a combination thereof. The second compression member bottom surface 60 may be
constructed from or coated with a malleable substance capable of deforming upon contact with

the second longitudinal member (not shown).

Refer now to FIGURE 5, there being shown a bone fastener assembly, generally designated by
reference numeral 10, according to one embodiment of the present invention. The bone fastener
assembly 10 includes the bone screw 12 having a screw head 14 connected to a shank 16
extending to a tapered tip 18. The screw head 14 includes a first longitudinal member aperture
20 designed and proportioned to secure a first longitudinal member 22 and a second longitudinal

member aperture 26 designed and proportioned to secure a second longitudinal member 28.

The first compression member 24 includes a first set of compression member threads (not
shown) that mate to a first set of compression aperture threads (not shown) with complimentary
thread pitch, spacing and/or size to secure the first compression member 24 within the first
longitudinal member aperture 20. The first compression member 24 secures the first
longitudinal member 22 within the first longitudinal member aperture 20. The first compression
member 24 includes a fitting 50 about the top that corresponds to an insertion tool used to insert,
remove, adjust, tighten or loosen the first compression member 24. The fitting may be a socket
head, slotted fitting, Phillips fitting, Pozidriv fitting, Torx fitting, hex fitting, Robertson fitting,
tri-wing fitting, Torq-set fitting, spanner fitting or specialized fitting. The first compression
member 24 may be inserted and tightened to the appropriate position, and may protrude above
the screw head 14, be recessed below the screw head 14 or be substantially flush with the screw
head 14. In addition, the first compression member bottom surface (not shown) may have a flat
shape, a pointed shape, a rounded shape (e.g., concave or convex), a polygonal shape, free-
formed shape or a combination thereof. The first compression member bottom surface (not
shown) may be constructed from or coated with a malleable substance capable of deforming

upon contact with the first longitudinal member 22.

The screw head 14 also includes a second longitudinal member aperture 26 designed and
proportioned to fit a second longitudinal member 28 that is secured by a second compression
member 30. The second compression member 30 extends through a second compression
member aperture 32 and into the second longitudinal member aperture 26 to secure the second
longitudinal member 28. The second compression member aperture 32 includes a second set of
aperture treads (not shown) that mate to a second set of compression member threads (not
shown) with complimentary thread pitch, spacing and/or size to secure the second compression

member 30 within the second compression member aperture 32 and secure the second
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longitudinal member 28 within the second longitudinal member aperture 26. The second
compression member 30 is positioned into the second longitudinal member aperture 26 and
adjusted to extend through a second compression member aperture 32 to contact and secure the
second longitudinal member 28 to the screw head 14. The second compression member 30
includes a second fitting 56 about the second compression member top surface 58 that
corresponds to a tool (not shown) used to insert, remove, adjust, tighten or loosen the second

compression member 30.

The shank 16 of the bone screw 12 includes a threaded portion 34 having shank threads 36 for
attachment to the bone (e.g., spinal anatomy (not shown)). The shank 16 is designed to position
the screw head 14 relative to the other components of the assembled device and the bones. The
threaded portion 34 may be a helical groove, a thread formed on its surface or a segmented
helical member having areas with and without the helical member (not shown). The pitch 42
and the spacing of the threads of the threaded portion 34 may be varied to allow for easier
insertion and/or better adhesion to the bone (not shown). Alternatively, the shank 16 may
include a non-grooved surface, a porous surface, a deformable surface, an undulating surface or
other surface known to the skilled artisan. The bone screw 12 may have different threaded
portion 34 lengths, diameter and/or pitch as necessary for a particular purpose, particular size of
bone, particular subject age, particular density of bone, specific vertebra, etc. In addition, the

tapered tip 18 may be sharp or blunt to allow better penetration into the bone (not shown).

Refer now to FIGURE 6 there being shown a set of bone screw assemblies according to one
embodiment of the present invention. FIGURE 6 includes five screws 62A-62E connected to
two bone screws 12A and 12B by a first longitudinal member 22 and a second longitudinal

member 28.

The bone screw 12A includes a screw head 14A connected to a shank 16A extending to a
tapered tip 18A. The screw head 14A includes a first longitudinal member aperture 20A
designed and proportioned to secure a first longitudinal member 22 and a second longitudinal

member aperture 26A designed and proportioned to secure a second longitudinal member 28.

The first compression member 24 A includes a first set of compression member threads 48A that
mate to a first set of compression aperture threads (not shown) and have a complimentary thread
pitch, spacing and/or size. The first compression member 24A is secured within the first
longitudinal member aperture 20A and in-turn secures the first longitudinal member 22 within
the first longitudinal member aperture 20A. The first compression member 24 A includes a first
fitting 50A (i.e., a Torx fitting or hex fitting) about the top that corresponds to a fitting on an

insertion tool (not shown) used to insert, remove, adjust, tighten or loosen the first compression
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member 24A. The first compression member 24A may be inserted and tightened to secure the
first longitudinal member 22 to the appropriate position. The first compression member 24A
may protrude above the screw head 14A, be recessed below the screw head 14A or be
substantially flush with the screw head 14A. In addition, the first compression member bottom
surface (not shown) may have a flat shape, a pointed shape, a rounded shape (e.g., concave or
convex), a polygonal shape, or a combination thereof. The first compression member bottom
surface (not shown) may also be constructed from or coated with a malleable substance capable
of deforming upon contact with the first longitudinal member 22 or a textured surface to increase

friction.

The screw head 14A also includes a second longitudinal member aperture 26A designed and
proportioned to fit a second longitudinal member 28 that is secured by a second compression
member 30A that extends through a second compression member aperture 32A and into the
second longitudinal member aperture 26A to secure the second longitudinal member 28. The
second compression member aperture 32A includes a second set of aperture treads (not shown)
that mate to fit a second set of compression member threads (not shown). The compression
member threads (not shown) and the second set of aperture treads (not shown) have
complimentary thread pitch, spacing and/or size to secure the second compression member 30A
within the second compression member aperture 32A and in-turn secure the second longitudinal
member 28 within the second longitudinal member aperture 26A. The second compression
member 30A is positioned into the second longitudinal member aperture 26A and adjusted to
extend through a second compression member aperture 32A to contact and secure the second
longitudinal member 28 to the screw head 14A. The second compression member 30A includes
a second fitting (not shown) about the second compression member top surface 58A that
corresponds to an insertion tool (not shown) used to insert, remove, adjust, tighten or loosen the

second compression member 30A.

The shank 16A of the bone screw 12A includes a threaded portion 34A having shank threads
36A for securing the pedicle screw 12A to the spinal anatomy (not shown). The shank 16A is
designed to position the screw head 14A relative to screws 62A-62E and bone screw 12B. The
threaded portion 34A includes a helical groove formed on its surface. The pitch 42 and the
spacing of the shank threads 36 may be varied to allow for easier insertion and/or better adhesion

to the bone (not shown).

The bone screw 12B includes a screw head 14B connected to a shank 16B extending to a tapered

tip 18B. The screw head 14B includes a first longitudinal member aperture 20B designed and
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proportioned to secure a first longitudinal member 22 and a second longitudinal member

aperture 26B designed and proportioned to secure a second longitudinal member 28.

The first compression member 24B includes a first set of compression member threads 48B that
mate to a first set of compression aperture threads (not shown) with complimentary thread pitch,
spacing and/or size to secure the first compression member 24B within the first longitudinal
member aperture 20B. The first longitudinal member 22 is secured within the first longitudinal
member aperture 20B. The first compression member 24B includes a first fitting 50B (i.c., a
Torx fitting or hex fitting) about the top that corresponds to a fitting on an insertion tool (not
shown) used to insert, remove, adjust, tighten or loosen the first compression member 24B. The
first compression member 24B may be inserted and tightened to the appropriate position, ¢.g.,
above the screw head 14B, below the screw head 14B or substantially flush with the screw head
14B. In addition, the first compression member bottom surface (not shown) may have a flat
shape, a pointed shape, a rounded shape (e.g., concave or convex), a polygonal shape, or a
combination thereof. The first compression member bottom surface (not shown) may be
constructed from or coated with a malleable substance capable of deforming upon contact with

the first longitudinal member 22.

The screw head 14B also includes a second longitudinal member aperture (not shown) designed
and proportioned to fit a second longitudinal member 28. A second compression member (not
shown) extends through a second compression member aperture (not shown) to the second
longitudinal member aperture (not shown) to secure the second longitudinal member 28. The
second compression member aperture (not shown) includes a second set of aperture treads (not
shown) that mate to fit a second set of compression member threads (not shown). The
compression member threads (not shown) and the second set of aperture treads (not shown) have
complimentary thread pitch, spacing and/or size to secure the second compression member (not
shown) within the second compression member aperture (not shown). The secured second
compression member (not shown) in-turn secures the second longitudinal member 28 within the
second longitudinal member aperture (not shown). The second compression member (not
shown) is positioned within the second compression member aperture (not shown) and adjusted
to extend through the second longitudinal member aperture (not shown) to contact and secure the
second longitudinal member 28 to the screw head 14B. The second compression member (not
shown) includes a second fitting (not shown) about the second compression member top surface
(not shown) that corresponds to an insertion tool (not shown) used to insert, remove, adjust,

tighten or loosen the second compression member (not shown).
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The shank 16B includes a threaded portion 34B having shank threads 36B to secure the bone

screw 12B to the spinal anatomy (not shown). The shank 16B is designed to position the screw
head 14B relative to screws 62A-62E and bone screw 12A. In one example, the threaded portion
34B is a helical groove about the surface of the shank 16B.

The screws 62A-62E independently include a head 64 and a shank 66. The shank 66 includes
threads to insert into the spinal anatomy (not shown) and positions the screw head 64. The
screw head 64 allows the screws 62A-62E to connect to a first longitudinal member 22 and/or a

second longitudinal member 28 for treatment.

FIGURE 7 illustrates a cross sectional view of the pedicle screw head, generally designated by
reference numeral 14, according to one embodiment of the present invention. The bone screw
12 includes a screw head 14 connected to a shank (not shown) extending to a tapered tip (not
shown). The screw head 14 includes a first longitudinal member aperture 20 designed and
proportioned to fit a first longitudinal member 22. A first compression member 24 also fits the
first longitudinal member aperture 20 to secure the first longitudinal member 22. The first
longitudinal member aperture 20 includes a first set of aperture threads 44 positioned about the
first longitudinal member aperture 20 to accept the first compression member 24. The first
compression member 24 includes a first fitting 50 (i.c., a Torx fitting or hex fitting) about the top
that corresponds to an insertion tool (not shown). The first compression member 24 may be
inserted and tightened to the appropriate position and may protrude above the screw head 14, be

recessed below the screw head 14 or be substantially flush with the screw head 14.

The screw head 14 also includes a second longitudinal member aperture 26 designed and
proportioned to fit a second longitudinal member 28. A second compression member 30 extends
through a second compression member aperture 32 and into the second longitudinal member
aperture 26 to secure the second longitudinal member 28. The second compression member
aperture 32 includes a second set of aperture treads 46 positioned about the top of the screw head
14 that extends through the second compression member aperture 32 to the second longitudinal

member aperture 26.

The present invention may be used to stabilize and position any bone. Generally, the bones
stabilized by the present invention are vertebrae and include the spinous process of the vertebra,
the transverse process of the vertebra, the pedicle of the vertebra, the posterior face of the
vertebral lamina, the posterior arch of the vertebra or a combination therecof. The vertebra may
be modified to accept the present invention, e.g., milling, grinding, removing segments of bone,

installing plates, spacers, adaptors, fittings or combinations thereof. Furthermore, the present
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invention may be installed on each side of the spinous process in similar or different

embodiments.

FIGURES 8A and 8B illustrate top views of sets of bone screw assemblies according to the
present invention. FIGURE 8§ includes five bone screws 62A-62E connected to two bone screws
12A and 12B by a first longitudinal member 22 and a second longitudinal member 28. The first
longitudinal member 22 and second longitudinal member 28 are shown with a bend or arc from
bone screw 62A to bone screw 62E. The curve may be gradual, progressive or free-formed as
necessary for the specific procedure. FIGURE 8A illustrates top view of a bone screw assembly
according to the present invention that is used to augment the apex segments. FIGURE §B
illustrates top view of a bone screw assembly according to the present invention that is used to

augment the apical/caundal segments.

FIGURE 9A illustrates a perspective view of the pedicle screw 12 having a screw head 14
connected to a non-grooved shank 16 extending to a tapered tip (not shown). The screw head 14
includes a first longitudinal member aperture 20 designed and proportioned to fit a first
longitudinal member (not shown). The first longitudinal member aperture 20 includes a first set
of aperture threads 44 positioned about the first longitudinal member aperture 20 to accept the
first compression member (not shown). The screw head 14 also includes a second longitudinal
member aperture 26 designed and proportioned to fit a second longitudinal member (not shown).
A second compression member 30 extends through a second compression member aperture (not
shown) and into the second longitudinal member aperture 26 to secure the second longitudinal

member (not shown).

FIGURE 9B includes two bone screws 62A-62B connected to a bone screw 12 by a first
longitudinal member 22 and a second longitudinal member 28. The first longitudinal member
22 and second longitudinal member 28 are shown with a bend or arc from bone screw 62A to
bone screw 62B. The bone screws 62A and 62B are connected to a first vertebra 68 and a third
vertebra 70. The bone screw 12 is attached to a second vertebra 72. The assembly connects the
first vertebra 68, the second vertebra 72 and the third vertebra 70 through the first longitudinal
member 22 and the second longitudinal member 28. The first longitudinal member aperture 20
accepts the first longitudinal member 22 and is secured by the first compression member 24.
The screw head 14 also includes a second longitudinal member aperture 26 designed and
proportioned to fit a second longitudinal member 28. The second longitudinal member 28 is
secured by a second compression member 30 extending through a second compression member
aperture (not shown) and into the second longitudinal member aperture 26. The shank (not

shown) of the bone screw 12 and bone screw 62A extend into the respective vertebrae.
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FIGURE 9C includes five bone screws 62A-62E connected to bone screws 12A and 12B by a

first longitudinal member 22. A second longitudinal member 28 is being positioned by the tool
88 to connect bone screw 12A and bone screw 12B. The bone screw 12A includes a first
longitudinal member aperture 20A that accepts the first longitudinal member 22 and is secured
by the first compression member 24A. The bone screw 12A also includes a second longitudinal
member aperture 26A designed and proportioned to fit a second longitudinal member 28. The
second longitudinal member 28 is secured by a second compression member 30A extending
through a second compression member aperture (not shown) and into the second longitudinal

member aperture 26A.

Similarly, the bone screw 12B includes a first longitudinal member aperture 20B that accepts the
first longitudinal member 22 and is secured by the first compression member 24B. The bone
screw 12B also includes a second longitudinal member aperture 26B designed and proportioned
to fit a second longitudinal member 28. The second longitudinal member 28 is secured by a
second compression member 30B extending through a second compression member aperture

(not shown) and into the second longitudinal member aperture 26B.

The five bone screws 62A-62E are secured in the respective vertebrae 74, 78, 80, 84 and 86,
while bone screw 12A is anchored to vertebra 76 and bone screw 12B is anchored to vertebra 82.
The first longitudinal member 22 and second longitudinal member 28 are shown with a bend,
curve or arc from bone screw 62A to bone screw 62E. The assembly connects the first vertebra
74 to the last vertebra 86 through the first longitudinal member 22. The vertebrae 76 through 82
are further supported by the second longitudinal member 28 that is connected to the bone screw

12A and the bone screw 12B.

FIGURE 9D includes five bone screws 62A-62E connected to bone screws 12A and 12B by a
first longitudinal member 22 and a second longitudinal member 28. The five bone screws 62A-
62E are secured in the respective vertebrac 74, 78, 80, 84 and 86, while bone screw 12A is
anchored to vertebra 76 and bone screw 12B is anchored to vertebra 82. The first longitudinal
member 22 and second longitudinal member 28 are shown with a bend, curve or arc from bone
screw 62A to bone screw 62E. The assembly connects the first vertebra 74 to the last vertebra
86 through the first longitudinal member 22. The vertebrae 76 through 82 are further supported
by the second longitudinal member 28 that is connected to the bone screw 12A and the bone

screw 12B.

FIGURE 9E includes five bone screws 62A-62E connected to bone screws 12A and 12B by a
first longitudinal member 22 and a second longitudinal member 28. The five bone screws 62A-

62E are secured in the respective vertebrac 74, 76, 80, 84 and 86, while bone screw 12A is
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anchored to vertebra 78 and bone screw 12B is anchored to vertebra 82. The first longitudinal
member 22 and second longitudinal member 28 are shown with a bend, curve or arc from bone
screw 62A to bone screw 62E. The assembly connects the first vertebra 74 to the last vertebra
86 through the first longitudinal member 22. The vertebrae 76 through 82 are further supported
by the second longitudinal member 28 that is connected to the bone screw 12A and the bone

screw 12B.

FIGURE 9F includes five bone screws 62A-62E connected to bone screws 12A and 12B by a
first longitudinal member 22 and a second longitudinal member 28. The five bone screws 62A-
62E are secured in the respective vertebrac 74, 78, 80, 82 and 86, while bone screw 12A is
anchored to vertebra 76 and bone screw 12B is anchored to vertebra 84. The first longitudinal
member 22 and second longitudinal member 28 are shown with a bend, curve or arc from bone
screw 62A to bone screw 62E. The assembly connects the first vertebra 74 to the last vertebra
86 through the first longitudinal member 22. The vertebrae 76 through 84 are further supported
by the second longitudinal member 28 that is connected to the bone screw 12A and the bone

screw 12B.

FIGURE 9G includes four bone screws 62A-62D connected to bone screws 12A, 12B and 12C
by a first longitudinal member 22 and a second longitudinal member 28. The four bone screws
62A-62D are secured in the respective vertebrac 74, 78, 82 and 86, while bone screw 12A is
anchored to vertebra 76, bone screw 12B is anchored to vertebra 80 and bone screw 12C is
anchored to vertebra 84. The first longitudinal member 22 and second longitudinal member 28
are shown with a bend, curve or arc from bone screw 62A to bone screw 62E. The assembly
connects the first vertebra 74 to the last vertebra 86 through the first longitudinal member 22.
The vertebrae 76 through 84 are further supported by the second longitudinal member 28 that is

connected to the bone screw 12A, the bone screw 12B and the bone screw 12C.

The bone screws 12A and 12B each have a first longitudinal member aperture 20A/20B that
accepts a first longitudinal member 22. The first longitudinal member 22 is secured by the first
compression member 24A/24B. The bone screws 12A/12B each include a second longitudinal
member aperture 26A/26B designed and proportioned to fit a second longitudinal member 28. A
second compression member 30A/30B extends through a second compression member aperture
(not shown) and into the second longitudinal member aperture 26A/26B to secure the second

longitudinal member 28.

FIGURES 10A to 10D illustrate an embodiment of the present invention, wherein the screw is a
polyaxial screw and can receive the rod at any direction. The screw may be made of, e.g.,

titanium, which is highly resistant to corrosion and fatigue, and is MRI compatible. In FIGURES
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10A to 10D, the screw head 14 and the shank 16 are two separate parts or components. The

shank 16 is threaded and the screw head 14 is mobile i.e., it swivels helping to defray vertebral
stress. Figure 10A 1is a cross section illustration of this embodiment without longitudinal member
attachments (rods). Figure 10B is a cross-section of such device with longitudinal member
attachments (rods); the shank 16 in FIGURE 10B demonstrates straight alignment. Figure 10C
shows the shank 16 with an angled alignment towards one direction (left). Figure 10D shows the
shank 16 with an angled alignment towards another direction (right). In certain embodiments,
the first longitudinal member 22 may act as a contact cushion to stabilize the screw head 14, the
first compression member 24 and the shank 16. The cushioning force may depend on the
material and the shape of the longitudinal member attachments 22 (i.e. rods or eclongated

rectangle), and how deep the first compression member 24 is screwed in.

FIGURES 11A to 11D illustrate the screw as a reduction screw, which has two long arms to
assist the reception and alignment of the first longitudinal member attachment (rod) 22 and has a
reduction function, in this embodiment show as including internal threading. The first arm 100
and the second arm 102 may be threaded inside, and both arms may be broken off with gentle
force (i.c., by hand or by hand using small tools) as shown in FIGURE 11C resulting in an
apparatus without the two long arms as shown in FIGURE 11D. In another embodiment, the first
and second arms 100 and 102 may be one circular hollow rod, with or without internal threads,
with dimensions matching the first longitudinal member aperture 20 on top of the screw head 14.
Both first and second arms 100 and 102 may also assist the reception and alignment of the first
compression member 24. Similar arms may also be present for the second compression member

aperture 32 on top of screw head 14 to assist the reception of the second fitting 56.

In certain embodiments, the apparatus of the present invention may act as pedicle screws
typically used for spinal surgery. A pedicle screw is a type of bone screw designed for
implantation into a vertebral pedicle. These screws are used to correct deformity, and/or treat
trauma. Similar to other bone screws, pedicle screws may be used in instrumentation procedures
to affix rods and plates to the spine. The screws may also be used to immobilize part of the spine

to assist fusion by holding bony structures together.

In certain embodiments, the present invention provides an apparatus acting as pedicle screws,
and methods to use such apparatus for the posterior approach in spinal surgery. The posterior
approach is done from the back of a patient. With a posterior approach, an incision is made in
the middle of the lower back over the area of the spine that requires attention. The muscles are
moved to the side so that the surgeon can see the backside of the vertebrae. Once the spine is

visible, the lamina of the vertebra is removed to take pressure off the dura and nerve roots, and
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the apparatus of the present invention may be inserted and attached. This allows the apparatus to
grab into the bone of the vertebral body, giving them a good solid hold on the vertebra. Once
everything is bolted together and tightened, this creates a stiff metal frame that holds the

vertebrae still so that healing can occur.

Additionally, the structure of the present invention may be scaled to treat patients of different
statures (e.g., midgets, men, women, children, elderly, etc). The present invention may be used
to treat patients of all ages, heights, weights, bone sizes, etc. The bone fastener assembly may be
scaled larger or smaller as needed. Alternatively, the individual components of the bone fastener
assembly may be scaled larger or smaller as needed. For example, the screw head 14 may be
enlarged to accommodate a longitudinal member of a larger diameter; the shank 16 may be
thicker or longer to position the longitudinal member. In addition to humans, the present

invention may be adapted for use on animals, e.g., dogs, cats, horses, etc.

In addition, the present invention may be of various lengths, diameters and having differing
numbers or orientations of slots and/or bores. Sets of washers, bolts, screws and nuts and
washer-nut combinations as disclosed herein can also be provided. Further, tools such as
wrenches, drills, drill bits, pliers, sockets and screwdrivers compatible with the parts of the
implant system of the present invention may also be included. It will be appreciated that the
parts of the present invention should be constructed of biocompatible materials such as stainless
steel, titanium, titanium alloys, certain plastics, or other known materials, e.g., titanium, a
titanium alloy, a metal, an alloy, a stainless steel, a steel, a composite, a polymer, a blend of
polymers, carbon fiber, a plastic, a thermoplastic, a synthetic material or other material known to
the skilled artisan. In addition, the material may be formed from one material and coated with

another biocompatible material.

Additionally the present invention may include a polymeric coating layer on part or all of the
surfaces that contain one or more bioactive substances, such as antibiotics, chemotherapeutic
substances, angiogenic growth factors, substances for accelerating the healing of the wound,

growth hormones, antithrombogenic agents, bone growth accelerators or agents, and the like.

The components of the present invention may be assembled in part or entirely external to the
patient and then implanted. However, the components may be assembled incrementally as
implanted into the patient. In some instances, specialized instruments may be necessary to
install the components; however, a cannula, a drill, a screwdriver, a hammer, pliers, wrench or
other tools commonly used in orthopedic surgery may be used. Specialized instruments includes
drivers having a socket fitting, slotted fitting, Phillips fitting, Pozidriv fitting, Torx fitting, hex
fitting, Robertson fitting, tri-wing fitting, torg-set fitting, spanner fitting or specialized fitting.
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The sized, shape and configuration of the fitting will mate to the corresponding fitting and be of

a size appropriate for the torque application.

It is contemplated that any embodiment discussed in this specification can be implemented with
respect to any method, kit, reagent, or apparatus of the invention, and vice versa. Furthermore,

the apparatus of the invention can be used to achieve the methods of the invention.

It will be understood that particular embodiments described herein are shown by way of
illustration and not as limitations of the invention. The principal features of this invention can
be employed in various embodiments without departing from the scope of the invention. Those
skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, numerous equivalents to the specific procedures described herein. Such

equivalents are considered to be within the scope of this invention and are covered by the claims.

All publications and patent applications mentioned in the specification are indicative of the level
of skill of those skilled in the art to which this invention pertains. All publications and patent
applications are herein incorporated by reference to the same extent as if each individual
publication or patent application was specifically and individually indicated to be incorporated

by reference.

The use of the word “a” or “an” when used in conjunction with the term “comprising” in the
claims and/or the specification may mean “one,” but it is also consistent with the meaning of

2% ¢

“one or more,” “at least one,” and “one or more than one.” The use of the term “or” in the
claims is used to mean “and/or” unless explicitly indicated to refer to alternatives only or the
alternatives are mutually exclusive, although the disclosure supports a definition that refers to
only alternatives and “and/or.” Throughout this application, the term “about” is used to indicate
that a value includes the inherent variation of error for the device, the method being employed to

determine the value, or the variation that exists among the study subjects.

As used in this specification and claim(s), the words “comprising” (and any form of comprising,
such as “comprise” and “comprises”), “having” (and any form of having, such as “have” and
“has”), “including” (and any form of including, such as “includes” and “include”) or
“containing” (and any form of containing, such as “contains” and “contain”) are inclusive or

open-ended and do not exclude additional, unrecited elements or method steps.

The term “or combinations thereof” as used herein refers to all permutations and combinations
of the listed items preceding the term. For example, “A, B, C, or combinations thereof” is
intended to include at least one of: A, B, C, AB, AC, BC, or ABC, and if order is important in a
particular context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB. Continuing with this
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example, expressly included are combinations that contain repeats of one or more item or term,
such as BB, AAA, MB, BBC, AAABCCCC, CBBAAA, CABABB, and so forth. The skilled
artisan will understand that typically there is no limit on the number of items or terms in any

combination, unless otherwise apparent from the context.

All of the compositions and/or methods disclosed and claimed herein can be made and executed
without undue experimentation in light of the present disclosure. While the apparatus, kit and
methods of this invention have been described in terms of certain preferred embodiments, it will
be apparent to those of skill in the art that variations may be applied to the apparatus, kit and/or
methods and in the steps or in the sequence of steps of the method described herein without
departing from the concept, spirit and scope of the invention. All such similar substitutes and
modifications apparent to those skilled in the art are deemed to be within the spirit, scope and

concept of the invention as defined by the appended claims.
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What 1s claimed is:

1. A bone fixation assembly that provides augmented support comprising;:

a screw having a screw head and a threaded shank;

a first aperture positioned about the screw head to receive a first longitudinal member;

the first aperture lines up superior to the threaded shank.

a first longitudinal member is inserted into the first aperture from top.

a first compression member that engages the first aperture to secure the first longitudinal
membetr;

a second aperture positioned about the screw head to receive a second longitudinal
membetr;

a second longitudinal member is inserted into the second aperture from lateral side, and

a second compression member that engages the second longitudinal member aperture to

secure the second longitudinal member and provide augmented support.

2. A bone fixation assembly that provides augmented support comprising;:

a screw having a screw head and a threaded shank;

a first aperture positioned about the screw head to receive a first longitudinal member;

a first compression member that engages the first aperture to secure the first longitudinal
membetr;

a second aperture positioned about the screw head to receive a second longitudinal
member; and

a second compression member that engages the second longitudinal member aperture to

secure the second longitudinal member and provide augmented support.

3. The apparatus of claim 2, further comprising a first longitudinal member, a second

longitudinal member or both.

4. The apparatus of claim 3, wherein the first longitudinal member, the second longitudinal
member or both comprise a wire, a tube, a solid tube, a square tube, a spring and a combination

thereof.

5. The apparatus of claim 2, further comprising a first set of threads formed on an inner wall of
the first aperture that mate to a complimentary first set of threads formed about the first

compression member.
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6. The apparatus of claim 5, wherein the first set of threads and the complimentary first set of
threads comprise a saw-tooth pitch in order to prevent the plug from loosening when clamped

against the first longitudinal member.

7. The apparatus of claim 2, further comprising a threaded compression member aperture
extending from a top surface of the screw head into the second aperture and a second set of
threads disposed about the second compression member that fit threadably the threaded

compression member aperture.

8. The apparatus of claim 2, wherein the first compression member, the second compression
member or both have a rough feature positioned towards the first compression member, second

compression member or both compression members.

9. The apparatus of claim 2, further comprising one or more active agents applied about the

bone fixation assembly.

10. An augmented bone fixation assembly comprising:

two or more bone screw assemblies to be inserted into two or more bones, wherein each
of the two or more bone fixation assemblies comprises a threaded shank and a screw head
comprising a first aperture able to receive a first longitudinal member, a first compression
member that engages the first aperture to secure the first longitudinal member therein, a second
aperture able to receive a second longitudinal member, and a second compression member that
engages the second aperture to secure the second longitudinal member therein;

a first longitudinal member that extends through the first aperture of each of the two or
more bone fixation assemblies; and

a second longitudinal member that extends through the second aperture of at least two of
the two or more bone screw assemblies, wherein the second longitudinal member augments the

support of the first longitudinal member.

11. The apparatus of claim 10, wherein one or more conventional bone screws are positioned
between the two or more bone fixation assemblies and connected by the first longitudinal
member, wherein each of the conventional bone screws comprise a screw having a screw head, a
threaded shank, and a first aperture positioned about the screw head to receive the first

longitudinal member.

12. The apparatus of claim 10, wherein the first longitudinal member, the second longitudinal
member or both comprise a wire, a tube, a solid tube, a square tube, a spring and a combination
thereof.

27



WO 2008/128105 PCT/US2008/060115

13. The apparatus of claim 10, further comprising a first set of threads formed on an inner wall
of the first aperture that mate to a complimentary first set of threads formed about the first

compression member.

14. The apparatus of claim 10, wherein the first set of threads and the complimentary first set of
threads comprise a saw-tooth pitch in order to prevent the plug from loosening when clamped

against the first longitudinal member.

15. The apparatus of claim 10, further comprising a threaded compression member aperture
extending from a top surface of the screw head into the second aperture and a second set of
threads disposed about the second compression member that fit threadably the threaded

compression member aperture.

16. A bone fixation assembly kit having augmented support comprising:

two or more bone fixation assemblies, wherein each of the two or more bone fixation
assemblies comprises a threaded shank and a screw head comprising a first aperture adapted to
receive a first longitudinal member, a first compression member that engages the first aperture to
secure the first longitudinal member therein, a second aperture adapted to receive a second
longitudinal member, and a second compression member that engages the second aperture to
secure the second longitudinal member therein;

a first longitudinal member to extend through the first longitudinal member aperture of
the two or more bone fixation assemblies; and

a second longitudinal member to extend through the second longitudinal member

aperture of at least two of the two or more bone fixation assemblies.

17. The kit of claim 16, wherein one or more conventional bone screws are positioned between
the two or more bone fixation assemblies and connected by the first longitudinal member,
wherein each of the conventional bone screws comprise a screw having a screw head, a threaded
shank, and a first aperture positioned about the screw head to receive the first longitudinal

member.

18. A method of assembling a bone screw assembly comprising the steps of:

securing two or more bone fixation assemblies to two or more bones, wherein each of the
two or more bone fixation assemblies comprises a threaded shank and a screw head comprising a
first aperture that receives a first longitudinal member, a first compression member that engages

the first aperture to secure the first longitudinal member therein, a second aperture that receives a
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second longitudinal member, and a second compression member that engages the second
aperture to secure the second longitudinal member therein;

aligning the two or more bone fixation assemblies;

securing a first longitudinal member in the first aperture of each of the two or more bone
fixation assemblies; and

securing a second longitudinal member in the second aperture of each of the two or more

bone fixation assemblies.

19. The method of claim 18, further comprising the step of securing one or more conventional
bone screws between the two or more bone fixation assemblies and connecting the first

longitudinal member to the one or more conventional bone screws.

20. The method of claim18, further comprising the step of securing one or more conventional
bone screws adjacent to at least one of the two or more bone fixation assemblies and connecting

the first longitudinal member to the one or more conventional bone screws.

21. The method of claim 18, wherein the one or more bones comprise a spinous process of a
vertebra, a transverse process of a vertebra, a pedicle of a vertebra, a posterior face of a vertebral

lamina, a posterior arch of a vertebra or a combination thereof.
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