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Dual Spring Posterior Dynamic Stabilization Device with Elongation Limiting
Elastomer

BACKGROUND OF THE INVENTION

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

Diseased, degenerated, impaired, or otherwise painful facet joints and/or discs can
require surgery to restore function to the three joint complex. Damaged, diseased levels in the
spine were traditionally fused to one another. While such a technique may relieve pain, it
effectively prevents motion between at least two vertebrae. As a result, additional stress may

be applied to the adjoining levels, thereby potentially leading to further damage.

More recently, techniques have been developed to restore normal function to the facet
joints. One such technique involves covering the facet joint with a cap to preserve the bony
and articular structure. Capping techniques, however, are limited in use as they will not
remove the source of the pain in osteoarthritic joints. Caps are also disadvantageous as they
must be available in a variety of sizes and shapes to accommodate the wide variability in the
anatomical morphology of the facets. Caps also have a tendency to loosen over time,
potentially resulting in additional damage to the joint and/or the bone support structure

containing the cap.

Other techniques for restoring the normal function to the posterior element involve

arch replacement, in which superior and inferior prosthetic arches are implanted to extend
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one another to replace the articulating function of the facet joints. One drawback of current
articulating facet replacement devices, however, is that they require the facet joints to be
resected. Moreover, alignment of the articulating surfaces with one another can be

challenging.

Accordingly, there remains a need for improved systems and methods that are adapted

to mimic the natural function of the facet joints.

US Patent Publication No. 2006/0142758 (“Petit”) discloses a linking element that
consists of a helical spring and a support member made out of a polymer material. The

helical spring is embedded in the support material.

US Patent Publication No. 2004/0215191 (“Kitchen”) discloses a flexible tube
comprising at least one lumen that extends the length of the tube. At least one rod of a
preformed curvature is present within said one lumen of the tube. As additional rods are
placed within the hollow flexible member, increased force is applied to the spine by the

device, thereby moving the spine towards the desired curvature.

US Patent Publication No. 2004/0049189 (“Le Couedic™) discloses a device that has
two rigid rod-forming parts made of a first material. A connecting body that is made entirely
from a second material that is more elastically deformable than said first material

interconnects the two rod-forming portions.

US Patent Publication No. 2005/0065514 (“Studer”) discloses a dampening element
comprising two spring elements coaxial with or parallel to a longitudinal axis, and two
axially end-side connectors. The end-side connectors can be linked to the spring elements
such that at least one of the spring elements is connected to the connectors. The two spring
elements have different spring rates and one sprint element is designed as a tension and

compression spring and comprises a spring coil, and the damping element is pre-stressed.

EP Patent Publication No. 0 677 277 (“Moreau 1) discloses a helically split oblong
rotating member attached to upper and lower parts. The hollow central part of said member

is filled at rest with a viscoelastic cushioning product cast in inter-thread overflow.
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stabilizing prosthesis comprising a hollow body of revolution that is radially and/or helically
slotted to make it axially flexible, whose internal spaces and slots are filled with a
viscoelastic product constituting an elastic shock-absorbing tensioner that is micrometrically
adjustable. Yoke systems allow the assembly to be embedded by nuts into anchors and

screwed into the bone.

GB Patent Publication No. 2 382 307 (“Sengupta”) discloses an assembly for soft
stabilization of the spine comprising a pair of pedicle screws and a helical spring member.
The helical spring member may be made from titanium or stainless steel. A plastic sleeve

may or may not cover the spring.

US Patent Publication No. 2005/0203517 (“Jahng”) discloses an elastomer cladding

on a wire.

US 6,989,011 (Paul) discloses a device containing a spring and two ends, where the

ends and the spring are integrally formed.

US 2006/0041259 (Paul) discloses a dynamic device containing at least one spring
integrally formed to the substantially solid ends.

US 2003/0109880 (Shirado) discloses a resilient PDS member with anchors.

US 6,761,719 (Justis) discloses a device for stabilizing at least a portion of the spinal
column, including a longitudinal member sized to span a distance between at least two
vertebral bodies and being at least partially formed of a shape-memory material exhibiting
pseudoelastic characteristics at about human body temperature. A number of bone anchors
are used to secure the longitudinal member to each of the vertebral bodies. The longitudinal
member is reformed from an initial configuration to a different configuration in response to
the imposition of stress caused by relative displacement between the vertebral bodies, and
recovers toward the initial configuration when the stress is removed to thereby provide
flexible stabilization to the spinal column. During reformation of the longitudinal member, at
least a portion of the shape-memory material transforms into stress-induced martensite. In a
particular aspect of the invention, the longitudinal member is a plate having a central portion
at least partially formed of the shape-memory material, and a pair of connection portions

disposed at opposite ends of the central portion for connection to each of the vertebral bodies.
3
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length thereof having an initial amplitude corresponding to the initial configuration and a

different amplitude corresponding to the different configuration.

US 2004/0236329 (Panjabi) discloses a dynamic rod device with greater resistance to
movement during the central zone and lower resistance to movement as it extends beyond the

central zone, i.e. neutral zone theory.
US 2005/0171543 (Timm) discloses a pedicle based dynamic stabilization system.

US 2006/0036240 (Colleran) discloses a dynamic device allowing controlled motion
and disc off loading.

US 2008/0033435 (Studer) discloses a dynamic device with two springs and a

dampening element where the two springs have different spring constants.
US 2006/0282080 (Albert) discloses a dynamic device with a spring element.
SUMMARY OF THE INVENTION

The present invention provides a Posterior Dynamic Stabilization (PDS) device that
regulates physiologic spinal elongation and compression. Regulation of e¢longation and
compression are critical requirements of Posterior Dynamic Stabilization devices. Elongation
and compression of the device allow the pedicles to travel naturally as the spine flexes and
extends. This interpedicular travel preserves a more natural center of rotation unlike some
conventional PDS devices that simply allow bending. The present invention incorporates
two components: 1) a spring that allows elongation/compression, and 2) a polymer core
component that serves to increase the stiffness of the device in shear, bending, and tension,

and also prevents soft tissue ingrowth.

Preferred embodiments of the device of the present invention feature a single-level device
used for Posterior Dynamic Stabilization that comprises a dual-helix titanium spring, a
polymer core component disposed within the spring, and a pair of bone anchor attachment
features.

The dual helix spring has numerous parameters that can be altered to adjust the overall
device stiffness, and which may include: wire diameter, spring overall diameter, spring pitch

and material of construction. The spring can take many forms that allow it to be linked to a
4
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terminate in linear sections running substantially parallel to the axis of the spring coil. This,
however, is not a requirement and the coil could terminate in any means that can attach to a
bone anchor.

The polymer core component regulates the response of the spring by limiting its
elongation. The polymer component also has numerous parameters that can be altered to
adjust the overall device stiffness, which may include: clearance of polymer core with inner
diameter of spring, length, and material of construction. In a preferred embodiment, the
polymer component fills the inner diameter of the spring. However, this component could
take many forms.

The attachment feature allows the spring component of the device to attach to a bone
anchor. An attachment feature is typically located at each end of the device and together they
flank the centrally located spring. The attachment feature can be integral to the spring or it
can be a separate component that allows it to mate to bone anchors such as a screw or a
hook. In some embodiments, the attachment feature is a rod, preferably having an open bore

opening from its inner end.

Therefore, in accordance with the present invention, there is provided a posterior dynamic

stabilization device comprising;
a) a first end attachment feature adapted for attachment to a first bone anchor,
b) a second end attachment feature adapted for attachment to a second bone anchor,

¢) an intermediate spring portion comprising first and second springs, each spring
having a helical intermediate portion, the helical intermediate portions oriented to form a

double helix.

Preferably, the double helix defines an internal space and the device further comprises:
d) a polymer core located at least within the internal space of the double helix.

DESCRIPTION OF THE FIGURES

FIG. 1 discloses a first embodiment of the device of the present invention.
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FIG. 3 discloses the device of FIG. 1 modified with a smaller diameter wire in the spring

section.

FIGS. 4a-b disclose side and cross-section views of the device of FIG. 1.

FIG. 5 discloses a multi-level embodiment of the device of the present invention.
FIG. 6 discloses a device of the present invention preferably used for topping off.

FIG. 7 discloses the device of FIG. 1 in which the spring unit is overmolded with a second

polymer component.

FIG. 8 discloses the device of FIG. 7 in which gaps are present between the attachment end

features and the central overmolded polymer component.
FIG. 9 discloses a cross-section of FIG. 8.

FIG. 10 discloses an exploded view of an embodiment of the present invention having a solid

component inserted into a spring end.

FIG. 11 discloses an embodiment in which a set screw locks semi-cylinder portions of an end

rod.

FIG. 12 discloses an embodiment in which the set screw locks the spring termination end into

the hollow rod.
FIGS. 13 and 14 disclose side and cross-section views of a device having compression caps.

FIG. 15 discloses an exploded view of a device of the present invention in which the dual

helix contains a polymer core and is flanked by a pair of compression caps.

FIGS. 16a-c disclose various views of a preferred embodiment of the present invention

containing an overmolded polymer component.
DETAILED DESCRIPTION OF THE INVENTION

Now referring to FIG.1, there is provided a posterior dynamic stabilization device

comprising;
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b) a second end attachment feature 3 adapted for attachment to a second bone

anchor, and

¢) an intermediate spring portion 5 comprising a first spring 7 and a second spring 9,
cach spring having a helical intermediate portion 11, the helical intermediate

portions oriented to form a double helix.

Now referring to FIGS. 2-3, there is provided a single level device 10 of the present
invention, wherein the device is attached to two bone anchors 13 by securing a set screw 15
to the respective attachment feature portions 1,3 of the device. As stated above, various
parameters of the device’s spring may be changed to modify and alter its stiffness. In this
FIG. 3, a smaller wire diameter on the springs 17 is shown. This feature may be combined
with other alterations (such as overall diameter of the spring, material, etc) to alter device
performance. In this case, the smaller wire diameter decreases the stiffness of the spring (and
thus the device). In some embodiments, a kit is provided with various spring geometries
and/or with various polymer properties to create a spectrum of rod stiffnesses that can be

selected by the surgeon to treat a variety of surgical indications.

Now referring to FIGS. 4a-4b, the polymer component 21 of the device offers some
resistance to device elongation as the spring stretches during physiologic spinal elongation
and squeezes the polymer core. Therefore, the polymer component contributes to device

performance by helping control both elongation and compression of the spring unit.

As shown best in FIG 4b, in some embodiments, the ends 23 of the springs 7,9 are
contained within the respective opposing attachment features (in this case, the rods). This
containment may be accomplished in a variety of ways. The dual spring ends may also be
captured within attachment features that possess geometries other than a rod geometry (such

as a square or a block).

Now referring to FIG. 5, multi-level devices of the present invention can be
constructed in a variety of configurations by using two or more spring sections. The
stiffness at each segment may be the same or it may vary depending on the indication being

treated.
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posterior dynamic stabilization device comprising;

a) a first end attachment feature 101 adapted for attachment to a first bone

anchor,

b) a second end attachment feature 103 adapted for attachment to a second bone

anchor,

¢) an intermediate attachment feature 105 adapted for attachment to a third bone

anchor

d) a first intermediate spring portion 111 located between the first end attachment
feature and the intermediate attachment feature, and comprising a first spring
113 and a second spring 115, each spring having a helical intermediate portion
117, the helical intermediate portions oriented to form a first double helix,

and

e) a second intermediate spring portion 121 located between the second end
attachment feature and the intermediate attachment feature, and comprising a
third spring 123 and a fourth spring 125, each spring having a helical
intermediate portion 127, the helical intermediate portions oriented to form a

second double helix.

Now referring to FIG. 6, another embodiment of the present invention features a first
long rod 25 and a short rod segment 27 attached to a central spring 26. This embodiment
may be used to address cases in which the surgeon would like to “top off” a fusion. In use,
both short rod 27 and the inner portion 31 of the long rod are attached to bone anchors at the
terminating level of the construct. The outer portion 33 of the long rod is attached to a bone
anchor at a fusion segment. Therefore, in accordance with the present invention, there is
provided the device of the present invention wherein the first rod has a first length and the
second rod has a second length, wherein the first length is greater than the second length.

Preferably, the first length is at least two times greater than the second length.

As mentioned above, various components of this device can be modified to achicve a

desired profile of stiffnesses in tension, shear, and bending. Now referring to FIGS. 7 and 8,
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Addition of this “overmolded” polymer component increases the stiffness of the device. This
“overmolded” polymer component is further advantageous because it also prevents tissue in-
growth, thereby preventing tissue from entering the springs when the spine moves and the

springs stretch.

Therefore, and now referring to FIGS. 7-9, in some embodiments, a first polymer core
41 is located within the internal space of the double helix and a second polymer component
35 extends through the double helix to overmold the helix. In some embodiments, the first
and second polymer components arc integral. In some embodiments, the overmolding
extends to only tangentially cover the helix. In other embodiments, the overmolding extends

past the helix.

Now referring to FIG. 8, the device may include a gap 37 present as a space between
the overmolded polymer component 35 and the inner ends 39 of the rod/anchor attachment
portion. Therefore, in some embodiments, the first end attachment feature comprises a first
rod, and the second end attachment feature comprises a second rod, and wherein the polymer
core and the first rod define a first gap therebetween, and wherein the polymer core and the

second rod define a second gap therebetween. The function of the gap is to prevent molding
of the rod.

Now referring to FIG. 9, the polymer component can be constructed as a single
integral component or as a plurality of separate components. In one embodiment, the
polymer core 41 is assembled and a separate outer polymer sheath 43 is either overmolded or
assembled. The core and outer sheath may also be manufactured as one integral component

using an overmold process.

Therefore, in some embodiments, the polymer core is located within the internal space

of the double helix and extends through the double helix to overmold the helix.

The polymer component may be selected from a range of polymers with a range of
durometers and stiffnesses. The polymer may be elastomer-based, thermoplastic- based, or
may be a composite of the two. In preferred embodiments, the polymer component is

selected from silicone rubber or polycarbonate urethane.
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manufacturing method, and now referring to FIG. 10, a first tube 51 is threaded over the dual
spring 53 to provide a clamping surface. A solid component 55 is then threaded into
terminating end 57 of the spring to prevent collapse and allow attachment to the clamping
end tube 59. The spring terminates into a tighter coil form 57. The polymer core 61 may be

passed through the tighter terminating end of coil in multiple pieces.

Therefore, in accordance with the present invention, in one embodiment, each spring
further comprises a first spring termination end 57 having a first diameter, and the device
further comprises d) a solid component 55 having a threaded outer surface 63, wherein the

solid component is located within the first spring termination end.

Now referring to FIG. 11, in some embodiments, the spring terminates in a linear rod

section 65 and mates with a rod end to clamp the spring in place.

Therefore, in accordance with the present invention, in one embodiment, each spring
further comprises a first end 65 having a linear rod configuration, and the linear rod fits into a

hollow bore (not shown) of the first end attachment feature 69.

In some embodiments, the first end attachment feature 69 comprises first 75 and
second 77 semi-cylinders, and the device further comprises d) a set screw 71 passing through
a first hole 72a in each of the outer surface 74 of the first semi-cylinder and a second hole

72b in the inner surface 76 of the second semi-cylinder.

Now referring to FIG 12, in some embodiments, a linear portion 78 of the terminating
spring end mates with parallel bores 79 in the inner end 81 of the rod 83 that are aligned with
the rod axis. A set screw 85 with a point 87 at its tip is passed through a transverse hole 89 in
the body of the rod to spread the wires away from each other and lock the spring ends in

place.

Also in accordance with the present invention, in one embodiment each spring further
comprises a first end 78 having a linear rod configuration, wherein the linear rod fits into a
hollow bore 79 in an inner end 81 of the first end attachment feature, and the device further
comprises d) a set screw 85 passing through the first attachment feature to lock the linear

rod. Preferably, an end of the set screw is frustoconical.

10
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assembly 91 (or compression cap) that has ends adapted to compress the spring unit. Tapered

compression ends of the cap serve to clamp the dual spring in place.

Therefore, also in accordance with the present invention, in one embodiment the
device further comprises: d) a compression cap 91 disposed between the first end attachment

feature 93 and the intermediate spring portion 95.

FIG. 15 discloses an exploded view of a device of the present invention in which the
dual helix contains a polymer core and is flanked by a pair of compression caps. Now
referring to FIG. 15, there is provided an exploded view of FIGS. 13 and 14, showing rod

ends 101, compression caps 103, a polymer core 105, and a spring 107.

The springs in the double helix may also terminate with a linear end section (not

shown), which would allow smaller attachment rod ends to be used.

Now referring to FIGS. 16a-c, there is provided a device of the present invention

constructed of five components:
a) two springs 111, 113 creating a double helix configuration,

b) two threaded rod ends 115, which are threaded through the helical terminations
117 of the spring on each end, and

¢) a final overmold structure 119 that creates a constant diameter and clamping

surface.

The two threaded rod ends could be made from any material and the split 121 in the center
allows the spring to somewhat stretch. This split could be located anywhere along the core
and have a variety of geometries. The threaded ends 115 of the rods 123 prevent
compression of spring during clamping and provide attachment means for the spring. The

overmold structure provides the device with a constant overall diameter.

Therefore, in preferred embodiments of the present invention, there is provided a PDS
device having a dual lead coil spring design forming a double helix, where the spring wire
has a circular cross section. This device achieves its axial stiffness primarily by way of the

double helix spring and secondly by way of the polymer core component. Shear and bending

11
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relatively low resistance to axial displacements at low loads, but will become increasingly
stiff as the double helix spring engages the polymer core component. Accordingly, there is
provided a comprehensive dynamic stabilization system with different devices having
different stiffnesses to serve a variety of patients’ needs. This system may be particularly

useful in multi-level cases, wherein the stiffnesses at adjacent flexible segments may vary.

One skilled in the art will appreciate that the rod of the device may be configured for
use with any type of bone anchor, e.g., bone screw or hook; mono-axial or polyaxial.
Typically, a bone anchor assembly includes a bone screw, such as a pedicle screw, having a
proximal head and a distal bone-engaging portion, which may be an externally threaded
screw shank. The bone screw assembly may also have a receiving member that is
configured to receive and couple a spinal fixation element, such as a spinal rod or spinal

plate, to the bone anchor assembly.

The receiving member may be coupled to the bone anchor in any well-known
conventional manner. For example, the bone anchor assembly may be poly-axial, as in the
present exemplary embodiment in which the bone anchor may be adjustable to multiple
angles relative to the receiving member, or the bone anchor assembly may be mono-axial,
e.g., the bone anchor is fixed relative to the receiving member. An exemplary poly-axial bone
screw is described U.S. Pat. No. 5,672,176, the specification of which is incorporated herein
by reference in its entirety. In mono-axial embodiments, the bone anchor and the receiving
member may be coaxial or may be oriented at angle with respect to one another. In poly-axial
embodiments, the bone anchor may biased to a particular angle or range of angles to provide
a favored angle the bone anchor. Exemplary favored-angle bone screws are described in U.S.
Patent Application Publication No. 2003/0055426 and U.S. Patent Application Publication
No. 2002/0058942, the specifications of which are incorporated herein by reference in their

entireties.

Therefore, in accordance with the present invention, there is provided a posterior

dynamic spinal stabilization system for use in a human spine, comprising:

a) first and second bone anchors, each anchor having a recess for receiving a
rod,

b) the device of the present invention.
12



10

15

20

25

WO 2010/093915 PCT/US2010/024091

Generally, in using the present invention, two bone anchors such as polyaxial screws
are inserted into adjacent pedicles within a functional spinal unit of a patient. The cylinder-
bumper-rod assembly of the present invention is then inserted into the patient between the
anchors. The first hollow cylinder is attached to the first bone anchor by laying the outer
annular surface of the first hollow cylinder into the first bone anchor recess and tightening an
appropriate set screw. Similarly, the second end of the first rod is attached to the second
bone anchor by laying the second end into the second bone anchor recess and tightening the

appropriate set screw. More preferably, this is achieved in a minimally invasive surgery.

In some embodiments, at least one end of the cylinder-bumper-rod assembly has a

bullet nose for ease of insertion.

In some embodiments, the assemble may be implanted in accordance with the
minimally invasive techniques and instruments disclosed in US Patent No. 7179261; and US
Patent Publication Nos. US2005/0131421; US2005/0131422; US 2005/0215999;
US2006/0149291;  US2005/0154389; US2007/0233097; and US2005/0192589, the

specifications of which are hereby incorporated by reference in their entireties.

Therefore, in accordance with the present invention, there is provided a method of

implanting a posterior dynamic spinal stabilization system, comprising the steps of:

a) inserting two bone anchors into adjacent pedicles within a functional spinal unit of a
patient, each bone anchor having a recess for receiving a rod,

b) providing a polyaxial dynamic stabilization DEVICE comprising:

Each component of the design may be made from biocompatible, implantable materials
known in the art such as stainless steel, titanium, nitinol, polyetheretherketone (PEEK) or
alternative polyarylketones, carbon fiber reinforced polymers, and high performance
clastomers such as silicones, dimethylsiloxanes, silicone-urethanes, polyether-urethanes,

silicone-polyether-urethanes, polycarbonate urethanes, and silicone-polycarbonate-urethanes.

Preferably, the coil and rod components are titanium alloy (Ti-6Al-4V) or cobalt-
chrome alloy (e.g. Co-Cr-Mo). If a cobalt-chrome alloy is selected, the alloy is preferably in

13
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with a set screw). Preferably, the solid rod component is either titanium alloy or PEEK.

If a metal is chosen as a material of construction, then the metal is preferably selected
from the group consisting of nitinol, titanium, titanium alloys (such as Ti-6Al-4V), cobalt-
chrome alloys (such as CrCo or Cr-Co-Mo) and stainless steel.

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

In some embodiments, the core polymer and/or rod component 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 core is made from a polymer

composite such as a PEKK-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 is a laminate. In
some embodiments, the carbon fiber is present in a chopped state. Preferably, the chopped
carbon fibers have a median length of between 1 mm 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).

14
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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 elastomer core component is preferably made of a thermoplastic, biocompatible,
high performance polycarbonate-urethance (PCU). The stiffness, or durometer of the PCU
can be tailored to meet the specifications for the dynamic device. In preferred embodiments,
the surface of the device components that will be attached to the elastomer are treated prior to
attaching the bumper using known surface treatment methods such as surface roughening
(e.g. grit blasting), chemical functionalization (e.g. primers), and plasma treatments know in
the art. Alternatively or in conjunction with using a surface treatment, an adhesive may be
used to enhance bonding, e.g. using cyanoacrylates. In one preferred embodiment, the
surfaces of the device components that will attached to the elastomer will first be roughened
using grit blasting, then chemically functionalized using primer, then the elastomer will be

overmolded onto the device components.
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A posterior dynamic stabilization device comprising;
a) a first end attachment feature adapted for attachment to a first bone anchor,

b) a second end attachment feature adapted for attachment to a second bone

anchor,

¢) an intermediate spring portion comprising first and second springs, each spring
having a helical intermediate portion, the helical intermediate portions oriented to

form a double helix.

The device of claim 1, wherein the double helix defines an internal space and the

device further comprises:
d) a polymer core located at least within the internal space of the double helix.

The device of claim 1 wherein the first and second end attachment features each
comprise an inner face, an outer face, and a blind recess opening onto the inner face to

form a hollow bore.

The device of claim 3 wherein each spring further comprises a first end and a second
end, wherein the first end of each spring is attached to the first end attachment feature,

and the second end of each spring is attached to the second end attachment feature.

The device of claim 4 wherein the first end of each spring is located in the hollow
bore of the first end attachment feature, and the second end of each spring is located

in the hollow bore of the second end attachment feature.

The device of claim 1 wherein the first end attachment feature comprises a first rod,

and the second end attachment feature comprises a second rod.

The device of claim 6 wherein the first rod has a first length and the second rod has a

second length, wherein the first length is greater than the second length.

The device of claim 7 wherein the first length is at least two times greater than the

second length.
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device further comprises:

d) a polymer core located within the internal space of the double helix and

extending through the double helix.

10. The device of claim 9 wherein the first end attachment feature comprises a first rod,
and the second end attachment feature comprises a second rod, and wherein the
polymer core and the first rod define a first gap therebetween, and wherein the

polymer core and the second rod define a second gap therebetween.

11. The device of claim 1 wherein each spring further comprises a first spring end having
a first diameter and a second end having a second diameter, wherein each helical
intermediate portion has a third diameter, and the third diameter is greater than the

first and second diameters.

12. The device of claim 1 wherein each spring further comprises a first spring end having

a first diameter, the device further comprising:

d) a solid component having a threaded outer surface, the solid component located

within the first spring end.

13. The device of claim 1 wherein each spring further comprises a first end having a

linear rod configuration.

14. The device of claim 13 wherein the linear rod fits into a hollow bore of the first end

attachment feature.

15. The device of claim 14 wherein the first end attachment feature comprises first and

second semi-cylinders, and wherein the device further comprises:
¢ d) a set screw passing through each of the first and second semi-cylinders.

16. The device of claim 1 wherein each spring further comprises a first end having a
linear rod configuration, wherein the linear rod fits into a hollow bore of the first end

attachment feature, and wherein the device further comprises:

d) a set screw passing through the first attachment feature to lock the linear rod.

17
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18. The device of claim 1 further comprising;:

d) a compression cap disposed between the first end attachment feature and the

intermediate spring portion.

5 19. A multi-level posterior dynamic stabilization device comprising;

a)

b)
10 c)

d)
15

e)
20

a first end attachment feature adapted for attachment to a first bone

anchor,

a second end attachment feature adapted for attachment to a second

bone anchor,

an intermediate attachment feature adapted for attachment to a

third bone anchor,

a first intermediate spring portion located between the first end
attachment feature and the intermediate attachment feature, and
comprising first and second springs, each spring having a helical
intermediate portion, the helical intermediate portions oriented to

form a first double helix, and

a second intermediate spring portion located between the second
end attachment feature and the intermediate attachment feature,
and comprising third and fourth springs, each spring having a
helical intermediate portion, the helical intermediate portions

oriented to form a second double helix.
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