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Polymeric Pedicle Rods and Methods of Manufacturing

BACKGROUND OF THE INVENTION

Metallic-based pedicle rod and screw systems are often used in spinal
surgeries to correct spinal deformities and intervertebral disc degeneration. Although
these systems have been shown to be useful, there has nonetheless been
documentation of a number of clinical problems with these systems. First, there are
reports of pedicle screw loosening due to a material stiffness that is significantly
higher than that of bone. There are reports of reduced postoperative visualization due
to artifacts incurred with radio-imaging of the metallic components. Low interbody
fusion rates are thought to be due to excessive load transfer through the posterior
column, again due to a material stiffness that is significantly higher than that of bone.
Lastly, adjacent level hypermotion, excessive loading and physiological breakdown
are also thought to be due to the use of metallic rods.

In response to these issues, spinal device companies have recently launched
polyetheretherketone (PEEK) polymer rod systems in an attempt to minimize the
imaging scatter associated with metallic implants and to increase anterior load
sharing at the operative level. Spinal companies have also developed posterior
pedicle-based motion systems in attempt to address these clinical problems as well.

US Patent No. 4,743, 260 discloses polymeric pedicle rods, and teaches the
use of polymers with carbon fiber reinforcements to enhance strength. In addition, a
1995 thesis compiled by Balli at the University of Akron specifically discloses the use
of chopped carbon fiber reinforced PEEK for pedicle-based spinal fixation systems.

PCT Patent Publication WO2006/118866 (Trieu) discloses composite
components for use in spinal fixation systems, wherein the composite components
comprise polyetheretherketone (PEEK) or another non-resorbable or resorbable
polymeric material and at least one metal. Incorporation of PEEK or another non-
resorbable or resorbable polymeric material into the components allows average or
mean physical properties (e.g., tensile strength, modulus of elasticity, etc.) of the
components to be modulated. The composition and orientation of the composite
components can be advantageously chosen to produce components with desired

physical characteristics.
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US Published Patent Application 2006/0229607 (Brumfield) discloses a
system, kit and method for treatment of the spinal column, including a plurality of
clongate support elements configured for placement across multiple levels of the
spinal column wherein at least one of the elongate support elements is formed of a
first material and at least one other of the elongate support elements is formed of a
second material different from the first material, with the first material having a
modulus of elasticity that is different from that of the second material. A plurality of
fixation elements are provided which are configured to engage a number of the
clongate support clements to the spinal column and which are formed of a third
material that is bio-compatible with each of the first and second materials. Further
disclosed is an operative kit with elongate support elements (Pedicle rods) with two or
more materials, i.e. a kit having metallic and polymeric rods.

Other patents and published patent applications related to this subject matter
include: US 2004/0225289 (Biedermann I); US2005/0154390 (Biedermann II);
European patent Publication 1579816 (Biedermann III); US 2005/0143823 (Boyd);
US2005/0182409 (Callahan); US 2004/0236329 (Panjabi I); US 2005/0222569
(Panjabi 1II); US 2004/0236327 (Paul TI); US 2004/0236328 (Paul II);
US2005/0171543 (Timm I); US 2005/0182401 (Timm II); US 2005/0177164
(Walters); and US 2005/0182400 (White).

SUMMARY OF THE INVENTION

The present invention involves innovative devices and methods of
manufacture of spinal stabilization systems with posterior pedicle rods and pedicle
screws. These devices utilize a rod having an internally reinforced polymeric core
that is at least partially encased within at least one polymeric coating. The preferred
embodiment utilizes a Carbon Fiber-Reinforced PEEK (CFRP) core that is at least
partially encased within at least one polymeric coating. The diameter and geometry
of the central core and external rod profile can be designed to adjust stiffness in
various planes of motion. The core or external rod profile can include ribs to increase
support in various planes. The number of carbon fiber layers, the percentage of
carbon fiber, and the diameter, construction and planes of fiber orientation can, via
various methods of manufacture, be adjusted to further customize rod stiffness in

varying planes. These devices can be further grouped into a family and provided as a
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kit, allowing intra-operative flexibility to select the desired geometry and level of
posterior stiffness/constraint supplementation.

Therefore, in accordance with the present invention, there is provided a spinal
pedicle rod comprising an internally reinforced polymeric core that is at least partially
encased within a polymeric coating.

Also in accordance with the present invention, there is provided a spinal
assembly comprising:

a. a spinal pedicle rod comprising an internally reinforced polymeric
core that is at least partially encased within at least one polymeric
coating, and

b. abone anchor having a recess for accepting the rod,

wherein the rod is fixed in the recess of the bone anchor.
Also in accordance with the present invention, there is provided a spinal pedicle
rod comprising a core comprising continuous carbon fiber, wherein the core is at least

partially encased within a polymeric coating.

The concepts of the present invention differ from prior art as they:

- disclose specific PEEK-coated CFRP pedicle rod designs that enhance fatigue
endurance and minimize wear at the set screw/rod interface;

- employ specific manufacturing methods to orient the reinforcement fibers in
desired directions and coat the core with neat PEEK;

- disclose embodiments that utilize continuous fiber internal reinforcement;

- disclose specific geometries of fiber orientation that balance stiffness and
strength in various planes of motion and fatigue endurance; and

- utilize the CFRP core for MIS inserter attachment.

DESCRIPTION OF THE FIGURES

FIG. la discloses a perspective view of a spinal assembly of the present invention.

FIGS. 1b-c discloses axial cross-sections of the rod of FIG. 1a, wherein the rod has an

internally reinforced polymeric core that is encased within a polymeric coating,

FIGS. 2a-d disclose various views of a rod utilizing a carbon fiber reinforced PEEK

(CFRP) core that is at least partially encased within at least one polymeric coating,
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wherein the diameter and geometry of the central core and external rod profile are

designed to adjust stiffness in various planes of motion.

FIGS. 3a-b disclose respective saggital and axial cross-sectional views of a rod

wherein the core or external rod profile includes a plurality of ribs to increase support

in various planes.

FIG. 4a discloses a rod having a pultruded core.

FIG. 4b discloses a longitudinal cross-section of the pultruded core of FIG. 4a

FIG. 4c discloses an axial cross-section of FIG. 4a.

FIG. 5a discloses a rod having a carbon fiber core that varies over the length of the

rod.

FIG. 5b discloses a longitudinal cross-section of the core of FIG. Sa.

FIG. 5S¢ discloses an axial cross-section of a pultruded core taken in the intermediate

section of the rod.

FIG. 5d discloses an axial cross-section of a pultruded core taken in an endportion of

the rod.

FIG. 6a discloses a rod having a CFRP core having continuous fibers, wherein a

helical portion of the core is made by filament winding.

FIG. 6b discloses a longitudinal view of the core of FIG. 6a.

FIG. 6¢ discloses an axial cross section of FIG. 6a.

FIGS. 7a-c disclose various views of a polymeric pedicle rod including features for

MIS insertion.
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FIG. 8 discloses a flexible rod of the present invention combined with a pair of

dynamic anchoring devices.

FIG. 9 through FIG. 18 disclose various flexible polymer rods having fiber cores.

FIGS. 19 and 20 each discloses a flexible rod of the present invention combined with

a pair of dynamic anchoring devices.

FIG. 21 shows an illustration in partial section of an embodiment of the anchoring

device in the unloaded state.

FIG. 22 shows an illustration in partial section of the anchoring device according to

FIG. 21 in the loaded state in the resting position.

FIG. 23 shows an illustration in partial section of the anchoring device of FIG. 21 in

the loaded state during the action of a force upon the anchoring element.

DETAILED DESCRIPTION OF THE INVENTION

Now referring to FIGS. la-c, there are provided devices utilizing an internally
reinforced polymeric core that is at least partially encased within at least one
polymeric coating. In particular, there is a spinal fixation assembly 1 comprising:

a) a spinal pedicle rod 3 comprising an internally reinforced polymeric
core 5 that is at least partially encased within at least one polymeric
coating 7, and

b) abone anchor 8 having a recess 9 for accepting the rod,

wherein the rod is fixed in the recess of the bone anchor.

FIG. la also shows that the rod may be bent (pre-lordosed) in order to
accommodate the curvature of the spine in the region of interest. FIGS. 1b-c¢ disclose
axial cross-sections of the rod of FIG. 1a, wherein the rod has an internally reinforced
polymeric core 5 that is encased within a polymeric coating 7. Whereas FIG. 1b

discloses a circular cross-section, FIG. 1¢ discloses an oval cross-section. Non-
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circular cross-sections will provide better stiffness in certain planes in torsion and/or
flexion-extension.

Now referring to FIGS. 2a-b, there are provided preferred embodiments of the
rod utilizing a carbon fiber reinforced PEEK (CFRP) core that is at least partially
encased within at least one polymeric coating, wherein the diameter and geometry of
the central core and external rod profile can be designed to adjust their stiffnesses in
various planes of motion. In some embodiments, the core has a non-circular axial
cross-section. In some embodiments, the axial cross-section has a height and a width,
wherein the height is greater than the width. In particular, FIG. 2¢ discloses a core 11
having a semi-oval axial cross-section. It is believed that the semi-oval shape of the
core will desirably increase the stiffness of the rod in the flexion/extension plane. In
other embodiments, such as in FIG. 2d, the core 13 has a frustoconical axial cross-
section. It is believed that the frustoconical shape of the core will impart the desirable
property of increased stiffness in a desired plane (flexion/extension shown) to the rod.

In these embodiments, the shape of the coating 7 mimics the cross-section of the core.

Now referring to FIGS. 3a-b, there are provided rods wherein the core or
external rod profile can include ribs to increase support in various planes. In
particular, FIGS. 3a-b disclose a rod having a pair of end portions 19, and an
intermediate section 20 therebetween, wherein the core of the intermediate section has
a base section 21 and a rib 23 extending from the base section. It is believed that the
rib of FIG. 3a-b will desirably increase the stiffness of the rod in the flexion/extension
plane. FIG. 3b also discloses outer coating 7.

Now referring to FIGS. 4a-5d, there are provided rods wherein the number of
carbon fiber layers, the percentage of carbon fiber, diameter(s), construction and
planes of fiber orientation is adjusted, via various methods of manufacture, to further
customize rod stiffness in varying planes.

In particular, FIG. 4a discloses a rod having a pultruded core. Continuous
carbon fiber is impregnated with PEEK and pulled through an extruder, thereby
producing the pultruded core. Pull-off speed, fiber geometry, fiber bundle numbers
and orientation are adjusted to optimize tensile, flexural and compressive endurance.
Hence, as shown in FIG. 4b (which discloses only the core), the carbon fibers 25 align
themselves within the core 27 along the longitudinal axis of the rod. FIG. 4c shows an

axial cross-section of the entire rod. It is believed that this embodiment in FIGS. 4a-c
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has the advantage of increased flexural stiffness, thereby allowing for a reduced cross-
section and rod size that provides a flexural stiffness substantially equivalent to a
solid PEEK device of similar size. FIG. 4c also discloses outer coating 7.

FIG. Sa discloses a rod having a variable carbon fiber core. In particular, as
shown in FIG. 5b (which discloses the core only), the core of this rod has a pair of end
portions 31, and an intermediate section therebetween 35, wherein the intermediate
section has a high packing density of continuous carbon fiber and the end portions
have a low packing density of continuous carbon fiber. Also, as shown in FIG. 5b, the
carbon fibers 25 throughout the core align themselves along the longitudinal axis of
the rod. FIG. 5c discloses an axial cross-section of the pultruded core taken in the
intermediate section of the rod, while FIG. 5d discloses an axial cross-section of the
pultruded core taken in an endportion of the rod. It is believed that this embodiment
in FIG. 5a-d has the advantage of providing customizable flexural and compressive
stiffness at desired locations. FIGS. 5c-d also disclose outer coating 7.

Now referring to FIG. 6a, there is provided a rod having a CFRP core having
continuous fibers, wherein the core is made by filament winding. A continuous carbon
fiber mandrel is concentrically wrapped with continuous carbon fiber that has been
impregnated with base resin (PEEK). Thus, as shown in FIG. 6b, the core of the rod
comprises 1) a continuous carbon fiber center 41 extending along the longitudinal axis
of the core, and ii) a filament 43 wrapped in a helical manner around the continuous
carbon fiber center, wherein the filament comprises carbon fibers loaded in a polymer
matrix. Preferably, the carbon fibers loaded in the polymer matrix are chopped. FIG.
6c shows an axial cross-section of FIG. 6a. It is believed that this embodiment in FIG.
6a-c has the advantage of providing increased compressive and flexural stiffness for a
given cross-sectional area when compared to PEEK or CFRP.. FIG. 6¢ also discloses
outer coating 7.

Now referring to FIGS. 7a-c, there is provided a polymeric pedicle rod
including features for insertion during minimally invasive surgery (MIS). These
features can be on the outer coating 57, although in the preferred embodiment the
features are on continuous carbon fiber core, as the core provides increased strength,
stiffness, and resistance to damage upon insertion. In this particular set of FIGS. 7a-c,
the rod has a pair of end portions 51, and an intermediate section 53 therebetween,

and an MIS insertion feature including at least one notch 55 (for example, a plurality
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of notches) perpendicular to the longitudinal axis. In other embodiments, the MIS
insertion feature is a tapered end portion.

In some embodiments, the CFRP core of the present invention is manufactured
with the carbon fibers either in the form of chopped carbon fibers or in the form of
continuous carbon fibers.

When chopped carbon fibers are selected to be in the core, carbon fiber
segments of consistent or variable diameters and lengths are blended into the PEEK
resin formed into pedicle rods. This process can include either direct machining from
CFRP extruded rod stock or molded form, or net shape compression or injection
molding of blended CFRP resin. The orientation of the fibers can be generally aligned

into the loaded direction.

Continuous carbon fibers increase the fabricated form stiffness in the plane of
fiber orientation. The continuous carbon fibers are generally oriented in the axial
plane of the device, thereby increasing the compressive strength of the spinal
construct. When continuous carbon fibers are selected to be in the core, the
continuous carbon fibers can be multiple strands, braids, bundles, or weaved forms
including sheets. The continuous carbon fibers can be coated and impregnated with
PEEK and fabricated into pedicle rods via methods such as hot pressing, filament
winding and pultrusion.

When hot pressing is selected, continuous carbon fibers are heat pressed with
PEEK into a machining blank or a net rod form.

When filament winding is selected, a continuous carbon fiber mandrel is
concentrically wrapped with continuous carbon fiber that has been impregnated with
base resin (PEEK). Manufacturing variables such as wrapping geometry, fiber bundle
number and orientation may be adjusted to optimize tensile, flexural and compressive
endurance. FEither blanks or net shape forms can be produced.

When pultrusion is selected, continuous carbon fiber is impregnated with PEEK
and pulled through an extruder. Manufacturing variables such as pull-off speed, fiber
geometry, fiber bundle numbers and orientation are adjusted to optimize tensile,
flexural and compressive endurance. Added fiber orientation and external rod
lordotic shape can be varied via take-off rolls or subsequent heat bending.

Broadly, any non-resorbable, biocompatible polymer may be used as the neat

coating of the present invention. In preferred embodiments, the carbon fiber/polymer
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matrix core is coated with a PEEK coating. The polymer coating prevents direct set
screw contact upon the core, thereby minimizing carbon fiber wear in the rod during
use. The polymer coating thickness can range from microns to millimeters. This
thickness also provides a substrate for set screw impingement and/or compression into
the rod, thereby enhancing attachment as well as providing a container to capture any
debris that maybe formed at the inner boundaries of the core. Coating attachment can
be increased by surface modifications to or pretreatment of the core, including surface
machining, blasting, chemical/laser etching, dipping, priming, adhesive applications,
and inclusion of surface features such as dovetails and undercut rings.

In some embodiments, the coating is applied by hot pressing, wherein the
carbon fiber core can be coated with direct compression or roll coating under thermal
exposure. In some embodiments, the coating is applied by sputtering or hot spray
coating, wherein a spray of molten PEEK can coat the carbon fiber core. In some
embodiments, the coating is applied by overmolding, wherein the carbon fiber core is
overmolded with PEEK resin with or without core centralization features. In some
embodiments, the coating is applied by coextrusion, wherein a continuous carbon
fiber/polymer matrix core is co-extruded with a coating of PEEK. In some
embodiments, the coating is applied by inner-molding (Filled PEEK Sleeve), wherein
a tubular form of PEEK is injected with CFRP or continuous carbon fiber PEEK via
standard injection or Continuous Flow Molding (CFM).

In preferred embodiments, radiographic markers can be added to the rods of the
present invention. This can be accomplished by press fitting, heat staking, adhesives,
overmoldingof radiopaque items (tantalum or titanium beads, rods, or fibers) into the
ends of the rods, or metallic threads that are fabricated with or weaved within the
CFRP core. Alternative means of providing radiopaque markers also include printing
a radiopaque medium onto a polymer surface. The polymer can be loaded with non-
metallic, radiopaque fillers such as barium sulfate, calcium sulfate and zirconia.

In addition, metallic set screws are typically used to fix the rods of the present
invention into the recess of the screws of the assembly. These set screws can be fitted
with a non-metallic insert or liner to avoid metal-to-polymer contact between the set
screw and the rod of the present invention, hereby minimizing wear and slip potential,
as well as minimizing rod damage from screw compression.

These components of the present invention may be made from any non-

resorbable material appropriate for human surgical implantation, including but not
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limited to, surgically appropriate metals, and non-metallic materials, such as carbon
fiber composites, polymers and ceramics. In particular, the spinal rods preferably have
CFRP cores and polymer coatings. The bone anchors are generally made from metals
and/or ceramics.

If a polymer is chosen as a material of construction for a component, then the
polymer is preferably selected from the group consisting of polyesters, (particularly
aromatic esters such as polyalkylenc terephthalates, polyamides; polyalkenes;
poly(vinyl fluoride); PTFE; polyarylethyl ketone PAEK; and mixtures thereof.

If a ceramic is chosen as the material of construction for a component, then the
ceramic i3 preferably selected from the group consisting of alumina, zirconia and
mixtures thereof. It is preferred to select an alumina-zirconia ceramic, such as
BIOLOX delta ™ | available from CeramTec of Plochingen, Germany. Depending
on the material chosen, a smooth surface coating may be provided thereon to improve
performance and reduce particulate wear debris.

In some embodiments, the bone anchor consists essentially of a metallic
material, preferably a titanium alloy or a chrome-cobalt alloy. In some embodiments,
the bone anchor may be coated with a wear-resistant coating, such as diamond film, in
order to reduce wear.

In some embodiments, the rod core is made from a composite comprising
carbon fiber. Composites comprising carbon fiber are advantageous in that they
typically have a strength and stiffness that is superior to neat polymer materials such
as a polyarylethyl ketone PAEK. In some embodiments, the rod is made from a
polymer composite such as a PEEK-carbon fiber composite.

Preferably, the composite comprising carbon fiber further comprises a
polymer. Preferably, the polymer is a polyarylethyl ketone PAEK. More preferably,
the PAEK is selected from the group consisting of polyetherether ketone PEEK,
polyether ketone ketone PEKK and polyether ketone PEK. In preferred embodiments,
the PAEK is PEEK.

In some embodiments, the carbon fiber comprises between 1 vol% and 60
vol% (more preferably, between 10 vol% and 50 vol%) of the composite. In some
embodiments, the polymer and carbon fibers are homogeneously mixed. In others, the
material 18 a laminate. In some embodiments, the carbon fiber is present as chopped

state. Preferably, the chopped carbon fibers have a median length of between 1 mm

10
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and 12 mm, more preferably between 4.5 mm and 7.5 mm. In some embodiments, the
carbon fiber is present as continuous strands.

In especially preferred embodiments, the composite comprises:

a) 40-99% (more preferably, 60-80 vol%) polyarylethyl ketone PAEK, and

b) 1-60% (more preferably, 20-40 vol%) carbon fiber,

wherein the polyarylethyl ketone PAEK is selected from the group consisting of
polyetherether ketone PEEK, polyether ketone ketone PEKK and polyether ketone
PEK.

In some embodiments, the composite consists essentially of PAEK and carbon
fiber. More preferably, the composite comprises 60-80 wt% PAEK and 20-40 wt%
carbon fiber. Still more preferably the composite comprises 65-75 wt% PAEK and
25-35 wt% carbon fiber.

The preferred embodiment of the rod employs a neat PEEK coating but
alternate coatings including polyurethanes, UHMWPE, and ceramics can be utilized.

Although carbon fiber is currently the preferred reinforcement material of the
present invention, other internal reinforcement materials known to industry may also
be utilized (such as glass, PET, KEVLAR™ (tradename?), clay, pararamid, self-
reinforced polyphenylene, polysulfones, polyethersulfones, PMMA, DYNEEMA™,
ultra high molecular weight polyethylene (UHMWPE), and talc).

In use, the reinforced polymeric rod is implanted in a similar manner to that
known in the art of implantation of metallic rods and screw systems including open
procedures and MIS insertion means.

The flexible rods of the present invention can also be used advantageously
with mobile screw concepts. In some embodiments (shown in FIG. 8, 19 and 20), the
mobile screw includes a mobile bearing element disposed between the screw head and
the rod, wherein the mobile element forms a ball and socket connection with the
screw head. In other embodiments (as in FIGS. 21-23), the mobile screw uses a
resilient pressure element acting on the head, wherein upon movement of the element
from a first angular position of the shank relative to said receiving part into a second
angular position, the pressure element exerts a return force onto the head to urge the
element towards the first angular position.

In the embodiments wherein the mobile screws use a mobile bearing element
between the screw head and the rod (wherein the mobile element forms a ball and

socket connection with the screw head), various embodiments of such a dynamic
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screw are disclosed herein shown in FIG. 8, 19 and 20. Similar embodiments of the
mobile bearing element forming a ball and socket bearing connection with the screw
head are disclosed in US Patent Publications Nos. 2008/0161863 (Amold I) and
2008/0161853 (Arnold II), the specifications of which are hereby incorporated by
references in their entireties.

In one embodiment wherein the mobile bearing element forms a ball and
socket connection with the screw head, and now referring to FIG. 8, a dynamic screw
for a spine stabilization system comprises at least one bone anchor assembly 103
comprising a bone engaging member 105 and a receiver member 109. The bone
engaging member may comprise a bone screw including a screw head retained within
the receiver member and a screw shank extending from the receiver member. Mobile
bearing element 111 disposed within the receiving member allows the screw head to
be pivotably retained thereon. A flexible elongated connecting member 101 is
connected to the receiving member. The elongated connecting member may be
provided as a rod spanning between two or more bone anchor assemblies. The
elongated connecting member is pivotably connected to the receiver member of the
bone anchor assembly.

In another embodiment, a pivotable connection between the flexible elongated
connection member and the receiver member is provided by a ball-shaped pivot
member on the rod which engages a bearing surface provided within a cavity of the
receiver member. Accordingly, the pivot point for the rod may be provided within the
cavity in the receiver member. In one such embodiment, the rod may define an axis
wherein the axis pivots about a pivot point on the axis when the rod pivots relative to
the receiver member. In other embodiments, the pivot point of the rod is offset from
the axis defined by the rod.

The flexible rod may be a fixed length or adjustable to accommodate different
segmental units and patients of different sizes. In the adjustable embodiment, the rod
comprises a shaft with a flexible central portion and at least one adjustable end. The
adjustable end may be provided by various means. For example, the adjustable end
may include a post configured to slide within the shaft of the rod. In one embodiment,
the adjustable end is configured to threadably engage the shaft. In another
embodiment, the adjustable end is comprised of a shape memory alloy.

When assembled, the spine stabilization system generally comprises at least

two bone anchors with a rod extending between the two bone anchors. As mentioned
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above, each bone anchor includes a bone screw and a receiver member configured to
retain the bone screw. The rod extends between the two receiver members. In one
embodiment where the rod is fixed relative to the receiver members, the rod is
adapted to bend when the receiver members move relative to one another. In another
embodiment, the rod is pivotably connected to both the receiver members, and the rod
is adapted to extend or compress when the receiver members move relative to one
another.

In an alternative embodiment, one or more bone anchors of the spine
stabilization system include an insert in the form of a retention member that acts to
lock a bearing for the bone screw within the receiver member. To this end, the
receiver member includes a screw head cavity and a rod cavity with an insert
positioned between the screw head cavity and the rod cavity. The screw head cavity is
configured to receive a bearing that engages the head of the bone screw with the
screw shank extending from the receiver member. In one embodiment, the bone screw
bearing is a split bearing. The insert is positioned between the rod cavity and the
bearing member and is configured to secure the split bearing within the receiver
member. The insert may be provided to fit within a groove formed in an interior
sidewall of the receiver member. In this embodiment, the insert comprises a retaining
ring that secures the split bearing within the screw cavity. In another embodiment, the
insert is comprised of a compressible material positioned between the bearing
member and the rod cavity. When the rod is positioned in the rod cavity, the insert is
compressed against the bearing member, thus locking the bearing member within the
screw cavity.

In yet another embodiment, the bone anchor assembly is configured with a
low profile, wherein the rod is locked within the receiver member without the use of a
fixation screw. In this embodiment, the bone anchor assembly includes a head and a
screw shank extending from the head. The screw shank is pivotable with respect to
the head. Furthermore, a rod cavity is formed within the head. The end of the rod
includes features that lock the rod within the rod cavity when the rod is inserted into
the rod cavity, thus connecting the rod to the head. For example, in one embodiment,
the end of the rod comprises a plurality of fingers that may be flared to lock the rod
within the rod cavity. The rod may also include a plurality of teeth that grasp or mesh

with the rod cavity to further secure the rod within the cavity.

13

PCT/US2008/086979



WO 2009/085749

10

15

20

25

30

Therefore, in accordance with the present invention, there is provided a spine
stabilization system comprising: a) a bone engaging member; b) a receiver member
pivotably connected to the bone engaging member, the receiver member including a
connecting member cavity and a bearing in contact with the bone engaging member;
c) a flexible, elongated connecting member extending into the connecting member
cavity of the receiver member; and d) a retention member positioned between the
clongated connecting member and the bearing within the receiver member, the
retention member configured to secure the bearing in place within the retention
member.

The dynamic stabilization device, in particular for vertebrae, comprises a pair
of mobile head polyaxial pedicle screws connected by a flexible rod disclosed herein.
Mobile head polyaxial screws will toggle allowing motion, while preventing torque
transmission to the screw bone interface. The flexible rod will be made of a material
(such as a polymer such as PEEK) that is more compliant than traditional stiff metal
rods in order to allow some bending, and will preferably include some internal
reinforcement.  Together the components will function as a complete dynamic
stabilization system. Additionally, a modular system is also disclosed, which
provides a surgical implant set containing a compliant polymer rod and a pair of
mobile head polyaxial screws. Depending on the indications, the surgeon may choose
to use one or both components to create a dynamic fusion or dynamic stabilization
construct.

Therefore, the present invention contemplates the pairing of mobile head
polyaxial screws with a reinforced flexible polymer rod to create a posterior dynamic
stabilization (PDS) system. The toggle of the dynamic pedicle screws allows for
change in the interpedicular distance during flexion and extension, and the flexible
polymer rod flexes to accommodate vertebral body motion.

The dynamic polyaxial screw of the present invention prevents torque
transmission to the screw-bone interface. A ball-and-socket (preferably, polymeric)
component within the screw allows the shank to toggle with respect to the screw head,
while the flexible rod locks to the receiving part

The flexible polymer rod is generally a flexible composite rod, and in some
embodiments, is reinforced for strength, with reinforcing fibers. The flexible polymer
rod can be made from a number of flexible, biocompatible materials. Polymers such

as PEEK, polycarbonate-urethane (PCU) and CFRP are among the preferred choices.
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The flexible polymer rod can be made from either neat polymers or from polymers
supplemented with reinforcing fibers. However, in other embodiments the flexible
rod may be made of metals, such as nitinol or titanium. The flexible polymer rod can
be constructed with a variety of different cross-sections, which may be of constant or
variable dimension. The reinforcement material can be located anywhere throughout
the cross section of the flexible polymer rod to create the desired strength and
flexibility. The flexibility may also vary depending on the axis of bend to provide
stiffness in different ranges of motion. For example, a flexible polymer rod may be
made stiffer in rotation than in flexion.

Composite flexible polymer rods having fiber reinforcements can be
constructed in a variety of configurations to fine-tune strength and flexibility
requirements of a particular device. The rod 113 shown in FIG. 9 may be constructed
of various materials, including biocompatible polymers, metals or a combination
thereof.

The geometry shown here in FIG. 9 is not intended to limit the scope of the
invention, but rather to show that flexible polymer rods can be created in a variety of
configurations that allow bending and flexibility without fracture during a PDS
device’s life. The diameter of the central core reinforcement and the size of the
reinforcement weave may be adjusted to change the rod’s performance characteristics.
The weave feature may also be accomplished by a waffle-like matrix or any other
shape or orientation of fibers that would provide the same function without deviating
from the concept. The weave and longitudinal fibers, although centered around the
axis here in FIG. 9, may also be biased towards one side of the rod.

In preferred embodiments, the rod 113 of FIG. 9 comprises a polymer shell
115 typically made of PEEK) surrounding the central fiber core 117. FIG. 10
discloses a side view of the rod 113 of FIG. 9, detailing the weave of longitudinal
fibers 117.

Now referring to FIG. 11, there is provided another embodiment in which rod
119 has longitudinal fiber core 121 in the absence of a weave.

FIGS . 12-18 disclose examples of the different orientations of the
reinforcement material used to create the composite rod. The PEEK polymer material
may be injection molded around the reinforcement material, or a polymer may be

thermoset around the reinforcement matrix. Although a round rod cross-section 1s
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shown here in these FIGS., there is no limit to the type of rod cross section which
could be used.

Now referring to FIGS. 12 and 13, there are provided various view of a rod
123 of the present invention having weaved fibers 125 located at an intermediate
depth of the rod, thereby providing strength in flexion (tension). The fibers form a
helical pattern, thereby forms an annular ring of fiber in cross section. The polymer
jacket surrounding the fiber core allows flexibility and provides a clamping surface.
Therefore, the cross section of the rod displays a polymer central portion 131, a fiber
intermediate portion 133 and a polymer outer portion 133.

Now referring to FIG. 14, there is provided another embodiment of the rod of
the present invention, wherein the fibers form a central braided core 137.

Now referring to FIGS. 15 and 16, there is provided another embodiment of
the rod of the present invention, wherein the fibers form an annular ring 139 located
just below the outer surface 141 of the rod. The fiber location is driven by the desired
rod characteristics.

Now referring to FIGS. 17 and 18, there is provided another embodiment of
the rod of the present invention, wherein the rod has a plane 143 of fibers oriented
along the center of the rod to provide greater stiffness in response to certain motions,
For example, this rod may allow more movement in flexion/extension, but less motion
in lateral bending.

The two images provided in FIGS. 19 and 20 show translucency to better
describe their functions: The bulk rod material 151 is semi-transparent to allow
visualization of the internal reinforcement fibers, which provide strength. The top
dynamic screw 153 shows translucency to allow better description of the internal
function. The polymer insert bearing 155 surrounds the shank screw head 157
providing a mobile surface for the motion to occur. The rod locks to the titanium
head. The rod 151 and screw 153 function together to allow posterior dynamic
stabilization. The flexible polymer rod 151 bends as the screw head toggles, allowing
for change in interpedicular distance.

The flexibility of the PDS system can be tweaked by changing the rod design

and the range of motion within the dynamic polyaxial screw.

In some embodiments, the PDS system of the present invention improves torsional

stability, as the mobile screw heads may only allow uniplanar motion/toggle. The
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mobile head screws also provide reduced screw-bone interface stresses as torque on
the rod is not transferred to the screw shank.

In some embodimentsthe mobile head component of the present invention is
substantially similar to the resilient mobile head component described in US
Published Patent Application No. 2004/0225289 (Biedermann), the specification of
which is incorporated by reference in its entirety.

Now referring to FIGS. 21-23, in some embodiments of the present invention,
the flexible rods 300 of the present invention are combined with a pair of dynamic
anchoring devices 201. Preferably, each of these dynamic anchoring devices
comprises 1) a shank 203 for anchoring into a bone or a vertebra, i1) a head connected
to the shank, iii) a receiving part 205 for the head and iv) a resilient (preferably,
elastomeric) pressure element 220 acting on the head. The pressure element is formed
and located in such a way that, upon a movement of the element from a first angular
position of the shank relative to the receiving part into a second angular position, it
exerts a return force on the head. Accordingly, the present invention includes a
dynamic stabilization device , in particular for vertebraec. In such a stabilization
device, the flexible rod is connected to two anchoring devices. At least one of the
anchoring devices is constructed as a dynamic anchoring element.

Therefore, the present invention provides an anchoring device comprising an
element having a shank for anchoring in a bone or a vertebra and a head connected to
the shank, a receiving part for receiving the head, and a pressure element acting on the
head, wherein the pressure element is resilient so that upon a movement of the
element from a first angular position of the shank relative to said receiving part into a
second angular position the pressure element exerts a return force onto the head to
urge the element towards the first angular position.

Preferred embodiments of a bone anchoring element in accordance with the

invention have one or more of the following features:

Preferably, -the resilient pressure element acts on the side of the head facing
away from the shank and is formed of an elastomer. Preferably, the resilient pressure
element comprises at least one spring element.

The device may also include a rigid element acting on the pressure element on a side

of the pressure element opposite to the head. Preferably, the pressure element is
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substantially cylindrical and comprises a first section which is resilient and a second
section which is rigid and which is located on a side opposite to the head; Typically,
this second section comprises a U-shaped recess to receive a rod to be received in the
receiving part, the recess forming two free legs and wherein a depth of the recess is
greater than the diameter of the rod; Typically, the first section and the second section
of the pressure element are separate parts. Preferably, the pressure element is formed
by an insert made of an clastomer and has a support surface for the head to rest
against. Preferably, the pressure element is pre-compressed by the rod when the rod
lies on the bottom of the U-shaped recess. Preferably, the pressure element is arranged
in the receiving part under pre-stress.

In some embodiments, there is a second eclastic pressure element
encompassing the head in a ring shape. This second pressure element may be shaped
as O-ring or as a molded ring.

Preferably, the head comprises a flat surface on the side facing away from the
shank and the resilient pressure element comprises a flat surface cooperating
therewith. The head may comprise a spherical segment-shaped section adjacent to the
shank and a collar on the side facing away from the shank. Preferably, the head and
the shank are separate parts, wherein the head has a central axis and the shank is
connectable to the head at a predetermined angle o to the central axis.

Preferably, the receiving part comprises a support surface to support the head,
the support surface and/or the head being polished or coated to reduce friction.
Preferably, the receiving part comprises a U-shaped recess for inserting a rod and the
pressure element is arranged between the head and the rod when the rod is inserted

into the receiving part.

The invention also provides a dynamic stabilization device for bones, in
particular for vertebrae, having at least two anchoring devices connected to a flexible
polymer rod, wherein one of the anchoring devices is formed as the anchoring device
described above.

Additionally, the invention provides a method for using the dynamic anchoring
device and a method for stabilizing bones, in particular for stabilizing vertebrae,

wherein the anchoring device is formed as the anchoring device described above.
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As can be seen in particular from FIGS. 21 to 23, in accord with one
embodiment of the invention, the dynamic anchoring element 201 is formed as a
polyaxial screw. It comprises a screw element 202 with a threaded shank part 203 and
a head 204 formed in one piece therewith and a receiving part 205. The head 204 is
substantially formed in the shape of a segment of a sphere and has on its end opposite
to the shank part 203 a widened edge or collar 206, so that a flat front face 207 is
formed which has a diameter which is larger than the diameter of the spherical
segment-shaped section of the head. A recess for bringing into engagement with a
screwing-in tool is further formed in the front face 207.

The receiving part 205 is substantially formed cylindrically symmetric and has
on one of its ends a coaxial first bore 210 the diameter of which is larger than that of
the threaded section of the shank 203 and smaller than the spherical diameter of the
spherical segment-shaped section of the head 204. It further has a coaxial second bore
211 which is open at the end opposite the first bore 210 and the diameter of which is
large enough for the screw element 202 to be inserted through the open end with its
threaded section through the first bore 210 and with the spherical segment-shaped
section of the head 204 to the bottom of the second bore. In the receiving part,
adjacent to the first bore 210 a section 212 is provided, shaped like a segment of a
hollow sphere, the radius of which is substantially identical to the radius of the section
of the spherical segment-shaped head 204. The receiving part further has a U-shaped
recess 213, extending from the open end towards the first bore 210, the bottom of
which is directed towards the first bore 210 and by which two open legs 214 are
formed, only one of which is illustrated in the figures. An inner thread 215 is formed
in the receiving part adjacent to the open end of the legs 214. The width of the U-
shaped recess 213 is minimally larger than the diameter of a rod 300 to be received
therein which connects several such polyaxial screws. The depth of the U-shaped
recess is dimensioned in such a way that when the rod is inserted a fixing screw 216
can be screwed in between the legs.

The section 212 of the receiving part which is shaped like a segment of a
hollow sphere is preferably polished smooth or coated with a material which increases
the sliding capacity, so the head 204 can casily be swiveled in the section 212 of the
receiving part. Alternatively, or additionally the head 204 is polished smooth or

coated.
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Between the inserted rod 300 and the head 204 of the screw element a pressure
element 220 is provided. The pressure element 220 is formed in the shape of a
cylinder and has a diameter which is smaller than the inner diameter of the second
bore 211 of the receiving part and which is preferably identical to the diameter of the
front face 207 of the head. The axial length of the pressure element 220 is slightly
larger than or identical to the distance between the front face 207 of the head 204 and
the bottom of the U-shaped recess 213 in the inserted state. The pressure element is
resilient, in the illustrated embodiment it is formed from an elastomer, e.g., from
polyurethanes or polysiloxanes. However, any suitable biocompatible material can be
used.

Between the pressure element 220 and the inserted rod 300 a cap 221 is
provided, which covers the pressure element on the side facing the rod and which is
constructed from an inflexible material, for example a synthetic material or a body-
compatible metal. The outer diameter of the cap 221 is dimensioned in such a way
that the cap is displaceable by sliding in the second bore of the receiving part and the
inner diameter of the cap substantially corresponds to the outer diameter of the
pressure element 220 when this is in an unloaded state. The cap overlaps the pressure
element to such an extent that the pressure element is able to expand in the radial
direction when put under load.

FIG. 21 shows the unloaded state in which the screw element 202, the pressure
clement 220 and the cap 221 are inserted into the receiving part and the rod 300 is
placed into the U-shaped recess 213, but the inner screw has not yet been screwed
down. In this state the side 222 of the cap 221 facing away from the pressure element
213 is at a slightly higher position than the bottom of the U-shaped recess 213, so that
the rod rests with its lower side on the surface 222 of the cap and thus a gap 213 is

formed between the lower side of the rod and the bottom of the U-shaped recess 213.

In operation, as shown in FIG. 21, first the screw element 202 is inserted into the
receiving part 205 from the open end thereof until the head rests against the section
212 of the receiving part shaped like a segment of a hollow sphere. The screw element
is then screwed into the vertebra. Then, the pressure element 220 together with the
cap 221 placed thereon is inserted into the receiving part, the receiving part is aligned

and the rod inserted. Finally, the inner screw 216 is screwed into the receiving part.
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As illustrated in FIG. 22, the inner screw is screwed in until it presses the rod
against the bottom of the U-shaped recess and thus fixes the rod. At the same time, the
rod presses on the cap 221, which serves for even distribution of the force of pressure
exerted by the rod on to the entire surface of the pressure element. Due to the
elasticity of the pressure element it is pre-compressed via the force exerted by the rod.
At the same time, the pressure element takes on a shape curved outwards in the radial
direction, shown in FIG. 22. In the state shown in FIG. 22 the pressure element 220 is
under bias in respect of the screw head 204 and due to the return force it presses with
its lower side evenly on the front face 207 of the head. In this way, the head is pressed
against the section 212 of the receiving part.

The screw clement 202 screwed into the vertebral body is moved out of its
resting position by a self-movement of the vertebral column. When the vertebra
moves towards the rod at an angle of 90° to the rod axis there is uniform compression
of the pressure element and the angle of the shank relative to the receiving part does
not change. When the vertebra moves at an angle other than 90° to the rod axis, as
shown in FIG. 23, there is a swiveling of the head, which easily slides in the section
212 of the receiving part. Thereby, the front face 207 of the screw head exerts a
compression force on to the pressure element on one side which compresses it on one
side near the edge. On the other hand, on the opposite side, the pressure element
standing under pre-stress expands owing to the relief of pressure. Thus, the pressure
element always remains in contact with the screw head.

Due to the elasticity of the pressure element, the compression effects a return
force onto the screw head. In this way, a movement of the vertebra back into its

original position in which it has been placed by the surgeon is supported.

By the choice of an elastomer material for the pressure element with a desired
compressibility a limitation of motion of the vertebra can be adjusted. If the material
is only slightly compressible, the device allows only a small deflection out of the
resting position. If the material properties are changed, larger swivel ranges are
possible. Those skilled in the art can readily substitute materials using routine
experimentation. Body-compatible elastomer can be used as elastomer material, e.g.,

polyurethanes or polysiloxanes.

21

PCT/US2008/086979



WO 2009/085749 PCT/US2008/086979

The swivel range can also or additionally be set by the selection of the diameter
of the collar 206 of the screw head relative to the diameter of the second bore 211 of
the receiving part. When the collar 206 abuts on the wall of the receiving part in the

5  swiveled position of the screw element 202, no further swiveling is possible.
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We Claim:

1. A spinal pedicle rod comprising an internally reinforced polymeric core that

is at least partially encased within a polymeric coating.

2. The rod of claim 1 wherein the core has a non-circular axial cross-section.

3. The rod of claim 2 wherein the core has a semi-oval axial cross-section.

4, The rod of claim 2 wherein the core has a frustoconical axial cross-section.

5. The rod of claim 2 wherein the core has an axial cross-section having a height
and a width, wherein the height is greater than the width.

6. The rod of claim 1 wherein the core is substantially fully encased within the
polymeric coating.

7. The rod of claim 1 having a pair of end portions, and an intermediate section
therebetween, wherein the core of the intermediate section has a base section
and a rib extending from the base section.

8. The rod of claim 1 wherein the core comprises chopped fiber reinforcements,

9. The rod of claim 1, wherein the core comprises continuous fiber
reinforcements.

10. The rod of claim 9 having a longitudinal axis, wherein the continuous carbon
fibers align themselves within the core along the longitudinal axis of the rod.

11. The rod of claim 1 wherein the core comprises continuous fiber
reinforcements, wherein the core has a pair of end portions, and an
intermediate section therebetween, wherein the intermediate section has a high
packing density of continuous carbon fiber and the end portions have a low
packing density of continuous carbon fiber.

12. The rod of claim 11 having a longitudinal axis, wherein the carbon fibers
throughout the core align themselves within the core along the longitudinal
axis of the rod.

13. The rod of claim 1 wherein the core comprises i) a continuous carbon fiber
center and ii) a filament wrapped around the continuous carbon fiber center.

14. The rod of claim 13 wherein the filament comprises carbon fibers loaded in a
polymer matrix.

15. The rod of claim 14 wherein the carbon fibers loaded in the polymer matrix

are chopped.

23

PCT/US2008/086979



WO 2009/085749 PCT/US2008/086979

10

15

20

25

30

16. The rod of claim 1 wherein the rod has a pair of end portions, and an
intermediate section therebetween, wherein at least one end portion has an
MIS insertion feature.

17. The rod of claim 16 wherein the MIS insertion feature includes a notch
perpendicular to an axis of the rod.

18. The rod of claim 16 wherein the MIS insertion feature is a tapered end portion.

19.A spinal pedicle rod comprising a core comprising continuous carbon fiber,

wherein the core is at least partially encased within a polymeric coating.

20. A spinal assembly comprising:

a. a spinal pedicle rod comprising an internally reinforced polymeric
core that is at least partially encased within at least one polymeric
coating, and

b. abone anchor having a recess for accepting the rod,

wherein the rod is fixed in the recess of the bone anchor.

21. A dynamic stabilization device for bones, in particular for vertebrae, comprising;
a) at least two anchoring devices, wherein at least one of the anchoring devices
comprises:

1) a shank for anchoring in a bone or a vertebra,

ii) a head connected to the shank,

1i1)  areceiving part for receiving the head, and

iv)  a mobile element acting on the head,
b) a flexible polymer rod,

wherein the at least two anchoring devices are connected to the rod.

22. The device of claim 21 wherein the flexible polymer rod is a composite.

23. The device of claim 22 wherein the composite comprises a fiber reinforcement
comprising a plurality of fibers.

24, The device of claim 23 wherein the fiber reinforcement comprises fibers oriented

substantially along a longitudinal axis of the rod.
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25. The device of claim 24 wherein the fiber reinforcement further comprises a weave
of fibers surrounding the fibers oriented substantially along the longitudinal axis of
the rod.

26. The device of claim 23 wherein the fiber reinforcement further comprises a weave
of fibers.

27. The device of claim 26 wherein the weave of fibers is located substantially at a
core of the rod.

28. The device of claim 26 wherein the weave of fibers is located substantially just
below an outer surface of the rod.

29. The device of claim 26 wherein the weave of fibers is located substantially at an
intermediate depth.

30. The device of claim 23 wherein the weave of fibers forms an annulus.

31. The device of claim 23 wherein the fiber reinforcement comprises a plane of

fibers providing a greater stiffness in a predetermined direction.

32. The device of claim 23 wherein the fiber reinforcement further comprises braided

fibers.

33. The device of claim 23 wherein the fibers form helices.

34. The device of claim 21 wherein the mobile element is a mobile bearing element.

35. The device of claim 34 wherein the mobile bearing element forms a ball and

socket connection with the head.

36. The device of claim 21 wherein the mobile element is a resilient pressure element.
37. The device of claim 36 wherein upon movement of the element from a first
angular position of the shank relative to said receiving part into a second angular

position, the pressure element exerts a return force onto the head to urge the element

towards the first angular position, and
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38. A method for stabilizing bones, in particular for stabilizing vertebrae, the method

comprising the steps of:

a) providing a first bone anchoring device comprising: an clement having a
shank for anchoring in a bone or a vertebra and a head connected to the shank,
a receiving part for receiving the head, and a mobile element acting on the
head,; anchoring the shank in a first bone segment or a first vertebra;
anchoring a second bone anchoring device in a second bone segment or a
second vertebra; and

b) connecting the first and the second bone anchoring device to an external

device with a flexible polymer rod.

39. The method of claim 38 wherein the mobile element is a mobile bearing element.

40. The method of claim 39 wherein the mobile bearing element forms a ball and

socket connection with the head.

41, The method of claim 38 wherein the mobile element is a resilient pressure

element.

42. The device of claim 41 wherein upon movement of the element from a first
angular position of the shank relative to said receiving part into a second angular
position, the pressure element exerts a return force onto the head to urge the element

towards the first angular position, and

43. A dynamic stabilization device for bones, in particular for vertebrae, comprising:

a) at least two anchoring devices connected to a flexible polymer rod, wherein at least
one of the anchoring devices comprises: an element having a shank for anchoring in a
bone or a vertebra and a head connected to the shank, a receiving part for receiving
the head, and a mobile element acting on the head, wherein the pressure element is

located between the rod and the head when the devices are connected to the rod.

44. The device of claim 43 wherein the mobile element is a mobile bearing element.
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45. The device of claim 44 wherein the mobile bearing element forms a ball and

socket connection with the head.

46. The method of claim 43 wherein the mobile element is a resilient pressure

element.

47. The device of claim 46 wherein upon movement of the element from a first
angular position of the shank relative to said receiving part into a second angular
position, the pressure element exerts a return force onto the head to urge the element

towards the first angular position, and

27



WO 2009/085749 PCT/US2008/086979




WO 2009/085749 PCT/US2008/086979

FIG. 2D

13



WO 2009/085749 PCT/US2008/086979

3/16

FIG. 3A

3B
20 ——
%\§ 19
19
3B

21



WO 2009/085749 PCT/US2008/086979

FIG. 4B

FIG. 4C

27



WO 2009/085749 PCT/US2008/086979

5/16
B FIG. 5A
l% 50 F’@E’C 9B
S 5C
L 5D
+ FlG. 5B 31
% 535 25 %
FIG. 5C
1 35
FIG. 5D
35



PCT/US2008/086979

WO 2009/085749

6/16

FIG. 6A

j6B

6C

=

6B

FIG. 6C

4

43



WO 2009/085749 PCT/US2008/086979




WO 2009/085749

PCT/US2008/086979




PCT/US2008/086979

9/16

WO 2009/085749

S

i

113
e

\ 119

117

/

FIG. 9
FIG. 10
FIG. 11

117

>




PCT/US2008/086979

WO 2009/085749

10/16

.12

FIG

o™
N
~—

.13

FIG




WO 2009/085749 PCT/US2008/086979

11/16

FIG. 14




00000000000000000000000000000

12/16

a0




13/16

FIG. 17

FIG. 18




WO 2009/085749 PCT/US2008/086979




PCT/US2008/086979

WO 2009/085749

15/16

€02
012
— 202
902
022 R 102
e (e ~—_ Nz
12— /A/\oom
12

802
0Lz
rA¥4 ~ a
N 902
D/ 111
oNN\\ \/»/. AL 2 I
e \_ | e
wzz—1| & g 4
. 1z
—————— _/ 617
A /SN
102



WO 2009/085749 PCT/US2008/086979

16/16
FIG. 23
204\
/ 216
14— Z
300 | ot
222 _'-_"_/,/\213
207_§ Lo 20
206 p i
211
205 212



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings

