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SYSTEMS AND METHODS FOR POSTERIOR DYNAMIC STABILIZATION OF THE SPINE

Cross-Reference to Related Applications
This application claims priority to U.S. Patent Application Serial No. 11/033,452, filed
on January 10, 2005, which is a continuation-in-part of U.S. Patent Application Serial No.
11/006,495, filed on December 6, 2004, which is a continuation-in-part of U.S. Patent
Application Serial No. 10/970,366, filed on October 20, 2004, incorporated herein by reference.

Field of the Invention
The present invention is directed towards the treatment of spinal disorders and pain.
More particularly, the present invention is directed to systems and methods of treating the spine,
which eliminate pain and enable spinal motion, which effectively mimics that of a normally

functioning spine.

Background of the Invention

Fig. 1A illustrates a portion of the human spine having a superior vertebra 2 and an
inferior vertebra 4, with an intervertebral disc 6 located in between the two vertebral bodies.
The superior vertebra 2 has superior facet joints 8a and 8b, inferior facet joints 10a and 10b,
posterior arch 16 and spinous process 18. Pedicles 3a and 3b interconnect the respective
superior facet joints 8a, 8b to the vertebral body 2. Extending laterally from superior facet
joints 8a, 8b are transverse processes 7a and 7b, respectively. Extending between each inferior
facet joints 10a and 10b and the spinous process 18 are lamina 5a and 5b, respectively.
Similarly, inferior vertebra 4 has superior facet joints 12a and 12b, superior pedicles 9a and 9b,
transverse processes 11a and 11b, inferior facet joints 14a and 14b, lamina 15a and 15b,
posterior arch 20, spinous process 22.

The superior vertebra with its inferior facets, the inferior vertebra with its superior
facets, the intervertebral disc, and seven spinal ligaments (not shown) extending between the
superior and inferior vertebrae together comprise a spinal motion segment or functional spine
unit. Each spinal motion segment enables motion along three orthogonal axis, both in rotation
and in translation. The various spinal motions are illustrated in Figs. 2A-2C. In particular, Fig.
2A illustrates flexion and extension motions and axial loading, Fig. 2B illustrates lateral

bending motion and Fig. 2C illustrated axial rotational motion. A normally functioning spinal
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motion segment provides physiological limits and stiffness in each rotational and translational
direction to create a stable and strong column structure to support physiological loads.

[0005] Traumatic, inflammatory, metabolic, synovial, neoplastic and degenerative disorders of
the spine can produce debilitating pain that can affect a spinal motion segment’s ability to
properly function. The specific location or source of spinal pain is most often an affected
intervertebral disc or facet joint. Often, a disorder in one location or spinal component can lead
to eventual deterioration or disorder, and ultimately, pain in the other.

[0006}) Spine fusion (arthrodesis) is a procedure in which two or more adjacent vertebral bodies
are fused together. It is one of the most common approaches to alleviating various types of
spinal pain, particularly pain associated with one or more affected intervertebral discs. While
spine fusion generally helps to eliminate certain types of pain, it has been shown to decrease
function by limiting the range of motion for patients in flexion, extension, rotation and lateral
bending. Furthermore, the fusion creates increased stresses on adjacent non-fused motion
segments and accelerated degeneration of the motion segments. Additionally, pseudarthrosis
(resulting from an incomplete or ineffective fusion) may not provide the expected pain-relief for
the patient. Also, the device(s) used for fusion, whether artificial or biological, may migrate out
of the fusion site creating significant new problems for the patient.

[0007] Various technologies and approaches have been developed to treat spinal pain without
fusion in order to maintain or recreate the natural biomechanics of the spine. To this end,
significant efforts are being made in the use of implantable artificial intervertebral discs.
Artificial discs are intended to restore articulation between vertebral bodies so as to recreate the
full range of motion normally allowed by the elastic properties of the natural disc.
Unfortunately, the currently available artificial discs do not adequately address all of the
mechanics of motion for the spinal column. ‘

[0008] Tt has been found that the facet joints can also be a significant source of spinal disorders
and debilitating pain. For example, a patient may suffer from arthritic facet joints, severe facet
joint tropism, otherwise deformed facet joints, facet joint injuries, etc. These disorders lead to
spinal stenosis, degenerative spondylolithesis, and/or isthmic spondylotlisthesis, pinching the
nerves which extend between the affected vertebrae.

[0009] _Current interventions for the treatment of facet joint disorders have not been found to
provide completely successful results. Facetectomy (removal of the facet joints) may provide
some pain relief; but as the facet joints help to support axial, torsional, and shear loads that act

on the spinal column in addition to providing a sliding articulation and mechanism for load
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transmussion, their removal inhibits natural spinal function. Laminectomy (removal of the
lamina, including the spinal arch and the spinous process) may also provide pain relief
associated with facet joint disorders; however, the spine is made less stable and subject to
hypermobility. Problems with the facet joints can also complicate treatments associated with
other portions of the spine. In fact, contraindications for disc replacement include arthritic facet
joints, absent facet joints, severe facet joint tropism, or otherwise deformed facet joints due to
the inability of the artificial disc (when used with compromised or missing facet joints) to
properly restore the natural biomechanics of the spinal motion segment.

[0010] While various attempts have been made at facet joint replacement, they have been
inadequate. This is due to the fact that prosthetic facet joints preserve existing bony structures
and therefore do not address pathologies which affect facet joints themselves. Certain facet joint
prostheses, such as those disclosed in U.S. Pat. No. 6,132,464, are intended to be supported on
the lamina or the posterior arch. As the lamina is a very complex and highly variable
anatomical structure, it is very difficult to design a prosthesis that provides reproducible
positioning against the lamina to correctly locate the prosthetic facet joints. In addition, when
facet joint replacement involves complete removal and replacement of the natural facet joint, as
disclosed in U.S. Patent No. 6,579,319, the prosthesis is unlikely to endure the loads and
cycling experienced by the vertebra. Thus, the facet joint replacement may be subject to long-
term displacement. Furthermore, when facet joint disorders are accompanied by disease or
trauma to other structures of a vertebra (such as the lamina, spinous process, and/or transverse
processes) facet joint replacement is insufficient to treat the problem(s).

[0011] Most recently, surgical-based technologies, referred to as “dynamic posterior
stabilization,” have been developed to address spinal pain resulting from more than one
disorder, when more than one structure of the spine have been compromised. An objective of
such technologies is to provide the support of fusion-based implants while maximizing the
natural biomechanics of the spine. Dynamic posterior stabilization systems typically fall into
one of two general categories: (1) interspinous spacers and (2) posterior pedicle screw-based
systems.

[0012] Examples of interspinous spacers are disclosed in U.S. Patent Nos. Re. 36,211,
5,645,599, 6,695,842, 6,716,245 and 6,761,720. The spacers, which are made of either a hard
or compliant material, are placed between adjacent spinous processes. Because the interspinous
spacers involve attachment to the spinous processes, use of these types of systems is limited to

applications where the spinous processes are uncompromised and healthy.
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[0013] Examples of pedicle screw-based systems are disclosed in U.S. Patent Nos. 5,015,247,
5,484,437, 5,489,308, 5,609,636 and 5,658,337, 5,741,253, 6,080,155, 6,096,038, 6,264,656
and 6,270,498. These types of systems involve the use of screws which are positioned in the
vertebral body through the pedicle. Certain types of these pedicle screw-based systems may be
used to augment compromised facet joints, while others require removal of the spinous process
and/or the facet joints for implantation. One such system, the Zimmer Spine Dynesys®
employs a cord which is extended between the pedicle screws and a fairly rigid spacer which is
passed over the cord and positioned between the screws. While this system is able to provide
load sharing and restoration of disc height, because it is so rigid, it does not effective in
preserving the natural motion of the spinal segment into which it is implanted. Other pedicle
screw-based systems employ articulating joints between the pedicle screws.

[0014] With the limitations of current spine stabilization technologies, there is clearly a need
for an improved means and method for dynamic posterior stabilization of the spine which
address the drawbacks of prior devices. In particular, it would be highly beneficial to have a
dynamic stabilization system that enables the spine to mimic the motion of one or more healthy,
uncompromised vertebral segments without limiting natural extension/flexion and lateral
bending movement. It would be additionally beneficial if such a system could be used to treat
all spinal indications regardless of pain source, prevent or slow the deterioration of the

intervertebral discs, and be used in conjunction with prosthetic intervertebral discs.

Summary of the Invention

[0015] The present invention provides methods, systems and devices for dynamically
stabilizing the spine are provided. The systems include a superior component for attachment to
a superior vertebra of a spinal motion segment and an inferior component for attachment to an
inferior vertebra of a spinal motion segment. The interconnection between the two components
enables the spinal motion segment to move in a manner that mimics the natural motion of the
spinal motion segment. In various embodiments, the superior and/or inferior components
includes a strut member for interfacing or adjustably interconnecting between the two
components wherein forward translation of the superior vertebra relative to the inferior vertebra
is prevented. In certain embodiments, the strut or struts include at least one joint which may be
compressible and/or distractable. In other embodiments, the length, stiffness or shape of the
strut may be adjustable. The systems may be configured to include additional components for

the treatment of more than one spinal segment. Moreover, they may be configured for
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implantation without the removal of any portion of the spinal motion segment. Still yet, certain
of the systems include a prosthetic intervertebral disk member interconnected to the strut.

[0016] The present invention also includes methods for stabilizing at least one spinal motion
segment where the methods involve implantation of the subject systems. Implantation of the
systems usually requires the use of one or more pedicle screws for attaching the components to
the vertebrae. Certain of the implantation methods may be performed without resecting any
portion of the spinal motion segment.

[0017] These and other objects, advantages, and features of the invention will become apparent
to those persons skilled in the art upon reading the details of the invention as more fully

described below.

Brief Description of the Drawings

[0018] The invention is best understood from the following detailed description when read in
conjunction with the accompanying drawings. It is emphasized that, according to common
practice, the various features of the drawings are not to-scale. On the contrary, the dimensions
of the various features are arbitrarily expanded or reduced for clarity. Included in the drawings
are the following figures:

[0019] Figs. 1A and 1B illustrate perspective views of a portion of the human spine having two
vertebral segments, where the spinous process and the lamina of the superior vertebra have been
resected in Fig. 1B.

[0020] Figs. 2A, 2B and 2C illustrate left side, dorsal and top views, respectively, of the spinal
segments of Fig. 1A under going various motions.

[0021] Figs. 3A, 3B and 3C illustrate perspective, dorsal and top views, respectively, of one
embodiment of a dynamic stabilization system of the present invention implanted in the

vertebral segments of Fig. 1B.

[0022] Figs. 4A and 4B are perspective and side views, respectively, of the left side of the
system of Figs. 3A-3C.

[0023] Fig. 5 illustrates the system of Figs. 3A-3C in a multi-segment application.

[0024] Figs. 6A and 6B illustrate another embodiment of superior component of the systems of
Figs. 3-5. |

[0025] Figs. 7A, 7B, 7C and 7D illustrate the systems of Figs. 3-5 undergoing flexion,

extension, left lateral pending and right lateral bending motions, respectively.
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[0026] Fig. 8 illustrates a dorsal view of another embodiment of a dynamic stabilization system
of the present invention implanted in the vertebral segments of Fig. 1B, where the system
employs a ligament component.

[0027] Fig. 9 illustrates the system of Fig. 8 in a multi-segment application.

[0028] Figs. 10A, 10B and 10C are perspective, exploded and top views, respectively, of the
left side of the system of Figs. 8 and 9.

[0029] Fig. 11 illustrates another embodiment of a dynamic stabilization system of the present
invention implanted within a portion of the spine.

[0030] Figs. 12A, 12B and 12C are perspective, side and top views, respectively, of the system
of Fig. 11. ,

[0031] Figs. 13A and 13B illustrate dorsal and side views, respectively, of another embodiment
of dynamic stabilization system of the present invention implanted within a portion of the spine.

[0032] Fig. 14 illustrates uncompressed and compressed states of a ball-and-socket joint of the
system of Figs. 13A and 13B.

[0033] Figs. 15A and 15B illustrate another variation of a ball-and-socket-joint of the system of
Figs. 13A and 13B

[0034] Figs. 16A and 16B illustrate dorsal and side views, respectivély, of another embodiment
of dynamic stabilization system of the present invention implanted within a portion of the spine.

[0035] Figs. 17A and 17B illustrate dorsal and side views, respectively, of another embodiment
of dynamic stabilization system of the present invention implanted within a portion of the spine.

[0036] Figs. 18A and 18B illustrate uncompressed and compressed states of the strut, ligament
or band of the system of Figs. 17A and 17B.

[0037] Figs. 19A, 19B and 19C illustrate various states of another embodiment of a strut,
ligament or band usable with the system of Figs. 17A and 17B.

[0038] Figs. 20A and 20B illustrate uncompressed and compressed states of another
embodiment of a strut, ligament or band usable with the system of Figs. 17A and 17B.

[0039] Figs. 21A and 21B illustrate dorsal and side views of another variation of a system of
the present invention.

[0040] Fig. 22 illustrates the member interconnecting the superior and inferior components of
the system of Figs. 21A and 21B.

[0041] Fig. 23A illustrates a perspective view of another variation of a system of the

present invention. Fig. 23B illustrates a central joint of the system of Fig. 23A.
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[0042] Figs. 24A and 24B illustrate dorsal views of the system of Fig. 23A in flexion and
extension motion, respectively.

[0043] Figs. 25A and 25B illustrate perspective views of other variations of systems of the
present invention. Fig. 25C illustrates a joint of the systems of Figs. 25A and 25B.

[0044] Figs. 26A and 26B illustrate the system of Fig. 25B in flexion and extension motions,
respectively.

[0045] Figs. 27A, 27B, 27C and 27D illustrate the joint of Fig. 25C in flexion, extension, and
left and right lateral bending motions, respectively.

[0046] Figs. 28A, 28B and 28C illustrate a dorsal, top and side views of another system of the
present invention incorporating a prosthetic replacement intervertebral disk.

[0047] Fig. 29 illustrates a perspective view of the prosthetic intervertebral disk of the system
of Figs. 28A-28C.

[0048] Figs. 30A and 30B illustrate perspective and dorsal views of the system of Figs. 28 and
29 implanted within a spinal motion segment.

[0049] Fig. 31 illustrates an interfacing strut for use with various of the systems of the present
invention.

[0050] Figs. 32A, 32B and 32C are perspective and side views of an implanted system of the
present invention employing the interfacing strut of Fig. 31.

[0051] Figs. 33A and 33B are dorsal views of other implanted systems employing the
interfacing strut of Fig. 32 in a lateral coriﬁguration and a medial configuration, respectively.

[0052] Figs. 34A-34E illustrate a pair or set of another embodiment of interfacing struts usable
with various systems of the present invention.

[0053] Fig. 35A and 35B illustrate an embodiment of a pedicle screw usable with the systems
of the present invention.

[0054] Figs. 36 A-36C illustrate perspective, side and top views, respectively, of another
embodiment of a dynamic stabilization system of the present invention.

[0055] Figs. 37A-37C illustrate perspective, side and top views, respectively, of the system of
Figs. 36 A-36C in a multi-level application.

[0056] Figs. 38A-38C illustrate perspective, side and top views, respectively, of another
embodiment of a dynamic stabilization system of the present invention.

[0057] Figs. 39A-39C illustrate perspective, side and top views, respectively, of the system of
Figs. 38A-38C in a multi-level application.
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[0058] Figs. 40A and 40B illustrate another embodiment of a strut, ligament or band usable
with the systems of the present invention.

[0059] Fig. 41A illustrates a multilevel embodiment of the strut of Figs. 40A and 40B. Fig.
41B illustrates the multilevel strut of Fig. 41A employed within a system of the present
invention.

[0060] Fig. 42 illustrates an embodiment of a joint construction of the strut members of Figs.
40A and 40B and Figs. 41A and 41B.

[0061] Figs. 43A and 43B illustrate another embodiment of a strut, ligament or band usable

with the systems of the present invention.

[0062] Figs. 44A-44D illustrate the strut of Figs. 43A and 43B undergoing flexion, extension,
right lateral bending and rotational motions, respectively.

[0063] Figs. 45A and 45B illustrate a multilevel embodiment of the strut of Figs. 43A and 43B
and Figs. 44A-44D.

[0064] Figs. 46A and 46B illustrate another embodiment of an interconnecting member of the
present invention.

[0065] Fig. 47A illustrates a materials having honeycomb configurations suitable for use with

an interconnecting member of the present invention. Figs. 47B and 47C illustrate
interconnecting members employing the material of Fig. 47A.

[0066] Fig. 48A illustrates another material having another honeycomb configuration suitable
for use with an interconnecting member of the present invention. Figs. 48B and 48C illustrate
interconnecting members employing the material of Fig. 48A.

[0067] Fig. 49A and 49B illustrate another embodiment of an interconnecting member of the
present invention utilizing a fiber structure.

[0068] Fig. 50 illustrates another embodiment of an interconnecting member of the present
invention utilizing a fiber structure.

[0069] Fig. 51A illustrates another embodiment of compression structure which may be
employed with the interconnecting members of the present invention. Figs. 51B, 5 1C and 51D
illustrate the compression structure of Fig. 51A in flexion, extension and lateral bending
motions, respectively.

[0070] Fig. 52 illustrates another interconnecting strut of the present invention utilizing the
compression structure of Fig. S1A.

[0071] Figs. 53A-53C illustrate the steps of implanting a dynamic stabilization system of the

present invention employing balloon type interconnecting struts.
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[0072] Figs. 54A-54C illustrate superior and inferior components of dynamic stabilization
system of the present invention employing a bonding member.

[0073] Figs. 55A-55C illustrate the components of Figs. 54A-54C having a securement
mechanism in cooperation with the bonding member.

[0074] Fig. 56 illustrates lateral bending motion of spinal motion segment having the system of
Figs. 55A-55C implanted therein.

[0075] Fig. 57 illustrates a system of the present invention incorporating damping elements
within superior and inferior components thereof.

[0076] Figs. 58A and 58B illustrate the inferior component of the system of Fig. 57.

[0077] Fig. 59 illustrates the inferior component of Figs. 58A and 58B undergoing vertebral

motion.

Detailed Description of the Invention

[0078] Before the subject devices, systems and methods are described, it is to be understood
that this invention is not limited to particular embodiments described, as such may, of course,
vary. Itis also to be understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to be limiting, since the scope of
the present invention will be limited only by the appended claims.

[0079] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs.

[0080] It must be noted that as used herein and in the appended claims, the singular forms “a”,
“an”, and “the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to “a spinal segment” may include a plurality of such spinal segments and
reference to “the screw” includes reference to one or more screws and equivalents thereof
known to those skilled in the art, and so forth.

[0081] Where a range of values is provided, it is understood that each intervening value, to the
tenth of the unit of the lower limit unless the context clearly dictates otherwise, between the
upper and lower limits of that range is also specifically disclosed. Each smaller range between
any stated value or intervening value in a stated range and any other stated or intervening value
in that stated range is encompassed within the invention. The upper and lower limits of these
smaller ranges may independently be included or excluded in the range, and each range where

either, neither or both limits are included in the smaller ranges is also encompassed within the
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invention, subject to any specifically excluded limit in the stated range. Where the stated range
includes one or both of the limits, ranges excluding either or both of those included limits are
also included in the invention.

[0082] All publications mentioned herein are incorporated herein by reference to disclose and
describe the methods and/or materials in connection with which the publications are cited. The
publications discussed herein are provided solely for their disclosure prior to the filing date of
the present application. Nothing herein is to be construed as an admission that the present
invention is not entitled to antedate such publication by virtue of prior invention. Further, the
dates of publication provided may be different from the actual publication dates which may
need to be independently confirmed.

[0083] The present invention will now be described in greater detail by way of the following
description of exemplary embodiments and variations of the systems and methods of the present
invention. While more fully described in the context of the description of the subject methods
of implanting the subject systems, it should be initially noted that in certain applications where
the natural facet joints are compromised, as illustrated in Fig. 1B, inferior facets 10a and 10b,
lamina 5a and 5b, posterior arch 16 and spinous process 18 of superior vertebra 2 of Fig. 1A
may be resected for purposes of implantation of certain of the dynamic stabilization systems of
the present invention. In other applications, where possible, the natural facet joints, lamina
and/or spinous are spared and left intact for implantation of other dynamic stabilization systems
of the present invention.

[0084] Tt should also be understood that the term “system”, when referring to a system of the
present invention, most typically refers to a set of components which includes a superior,
cephalad or rostral (towards the head) component configured for implantation into a superior
vertebra of a vertebral motion segment and an inferior or caudal (towards the feet) component
configured for implantation into an inferior vertebra of a vertebral motion segment. A pair of
such component sets includes one set of components configured for implantation into and
stabilization of the left side of a vertebral segment and another set configured for the
implantation into and stabilization of the right side of a vertebral segment. Where multiple
spinal segments or units are being treated, the term “system” may refer to two or more pairs of
component sets, i.e., two or more left sets and/or two or more right sets of components. Such a
multilevel system involves stacking of component sets in which each set includes a superior

component, an inferior component, and one or more medial components therebetween.

10
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[0086]

[0087]

WO 2006/045091 PCT/US2005/038021

Lhe superior and interior components (and any medial components therebetween), when
operatively implanted, are engaged or interface with each other in a manner that enables the
treated spinal motion segment to mimic the function and movement of a healthy segment. The
interconnecting or interface means include one or more structures or members which enables,
limits and/or otherwise selectively controls spinal motion. The structures may perform such
functions by exerting various forces on the system components, and thus on the target vertebrae.
The manner of coupling, interfacing, engagement or interconnection between the subject system
components may involve compression, distraction, rotation or torsion, or a combination thereof.
In certain embodiments, the extent or degree of these forces or motions between the
components may be intraoperatively selected and/or adjusted to address the condition being
treated, to accommodate the particular spinal anatomy into which the system is implanted, and
to achieve the desired therapeutic result.

In certain embodiments, the superior and inferior components are mechanically coupled
to each other by one or more interconnection or interfacing means. In other embodiments, the
superior and inferior components interface in an engaging manner which does not necessary
mechanically coupled or fixed the components together but rather constrains their relative
movement and also enables the treated spinal motion segment to mimic the function and
movement of a healthy segment. Typically, the interconnecting means is a dorsally positioned
component, i.e., positioned posteriorly of the superior and inferior components, or may be a
laterally positioned component, i.e., positioned to the outer side of the posterior and inferior
components. The structures may involve one or more struts and/or joints which provide for
stabilized spinal motion. The various system embodiments may further include a band,
interchangeably referred to as a ligament, which provides a tensioned relationship between the
superior and inferior components and helps to maintain the proper relationship between the
components.

Referring now to Figs. 3A-3C, there is illustrated a dynamic stabilization system 30
operatively implanted into the vertebral segment of Fig. 1B and having left and right sets 32, 34
of stabilization components where each set includes a superior portion or component 40 and an
inferior portion or component 50. As further illustrated in Figs. 4A and 4B, superior component
40 includes a base member 42 configured for receiving a screw 44 and having an anterior
portion having a surface (that surface facing in the anterior direction of the spine) for placement
against a portion of the superior pedicle of vertebra 2. Extending medially from screw 44 and

downward and substantially transverse to base 42 is a post, stem or strut 46. Stem 46 includes a

11
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proximal portion 46a, an elongated central portion 46b and a distal portion 46¢. Inferior
component 50 includes a base member 52 similarly configured to base member 42 of superior
portion 40 for receiving a screw 54 and having an anterior portion having a surface (that surface
facing in the anterior direction of the spine) for placement against a portion of the superior
pedicle of vertebra 4. Extending medially of screw 54, base 52 is configured to receive and
engage with distal portion 46¢ of superior portion 40. The stem receiving portion 56 of inferior
component 50 and stem distal portion 46¢ are mutually configured to engage with each other in
a manner that allows flexion, extension, axial rotation and lateral bending motions which mimic
that of the natural spine segment, while preventing or limiting anterior and lateral translation of
vertebrae 2 and 4 relative to each other.

[0088] Certain disorders of the spine, such as isthmic spondylolisthesis, destabilize the spine to
where there is undesirable anterior translation of a superior vertebra relative to an inferior
vertebra. The positioning and engagement of the superior component relative to the inferior
component, and particularly of the positioning of the strut relative to engaging portion of the
inferior component, helps to prevent such undesirable anterior or forward translation of the
superior vertebra. In particular, the abutment of the distal portion of the strut against the
surface of the engagement portion of the inferior component resists, and may partially or
completely prevent, the forward or anterior translational motion of the superior vertebra relative
to the inferior vertebra.

[0089] The effects of flexion, extension, and left and right lateral bending motions on the
implanted system of Figs. 3A-3C are graphically illustrated in Figs. 7A-7C, respectively.
Flexion of the spine, as illustrated in Fig. 7A, results in slightly upward and forward rotational
movement of distal strut portion 46¢, while the relative positioning or juxtaposition of the
superior component 40 and inferior component 50 is such that the engaging or mating surfaces
of distal strut portion 46¢ and engaging portion 56 preferably maintain contact throughout the
motion. This is also the case during extension of the spine, as illustrated in Fig. 7B, which
results in a slightly downward and forward rotational movement of distal port portion 46¢c. Still
yet, contact is maintained between the components during lateral bending, as illustrated in Figs.
7C and 7D, where there is translation movement of the respective posts along the y-axis with
minimal or no rotational movement of the posts. As such, the subject systems enable or mimic
the motion of the natural spine segment while preventing or limiting anterior and lateral

translation of vertebrae 2 and 4 relative to each other.
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[00Y0] Additionally, the mating surfaces of the distal strut and the engaging portion of the
inferior component may be selectively configured to control the amount of axial rotational
movement. Where the engaging surfaces are more spherical or rounded, greater axial rotation is
permitted between the two; however, where the engaging surfaces are more angular, axial
rotation and lateral bending may be semi-constrained or completely constrained. For example,
in the embodiment of Figs. 3A-3C, stem distal portion 46¢ and inferior engaging portion 56
have a modified or open ball-and-socket configuration. More specifically, as best seen in the
cross-sectional views of Fig. 4B and of Fig. 3C (the latter taken through line C-C of Fig. 3B),
distal portion 46c¢ has an outer convex surface 47 and engaging portion 56 has an inner concave
surface 57 for mating engagement with each other. Alternatively, as illustrated in F igs. 6A and
6B, the superior component 70 has a base portion 72 and a strut 76 extending therefrom and
having proximal and distal strut end portions 76a and 76c, respectively, having convex and
concave mating surfaces which are more angular or flattened.

[0091] As mentioned above, any number of sets of stabilization components of the present
invention may be employed as necessary for treating back pain. For example, where two
adjacent spine segments or units are affected, a stacked version of the above-described
stabilization system may be employed. As illustrated in Fig. 5, a portion of the spine including
vertebrae 2 and 4 and a third vertebra 24 situated immediately inferior to vertebra 4, in between
which is intervertebral disc 26, is stabilized with such a stacked system. Here, left and right
superior and inferior components, 40, 50 are identical to that of the system of Figs. 3A-3C,
however, an additional median component 60 is provided implanted on a vertebra positioned
between the two. As such, superior and median components 40 and 60 each have a stem
extending from the base member 42, 62 respectively. Distal stem portion 66¢ is similarly
configured to distal portion 46¢ to engage with an engaging portion 56 of inferior component 50
which does not include a stem.

[0092] It should be noted that while the most inferior of the components of the subject systems
are illustrated having a configuration different from that of all of the other (superior or median)
components, all of the components may have identical configurations such that the proximal
portion of the stem is configured to engage the distal portion of the stem of an adjacent superior
component and visa versa. As such, the distal portion of the stem of the most inferiorly
implanted component is not in contact with another system component (i.e., it is not operatively
used). However, so as to minimize the bulk of the system and to prevent inadvertent

interference of spinal motion, the most inferior of the components implanted preferably does
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not have a stem. Similarly, the most superiorly positioned of the implanted components, e.g.,
superior component 40, need not have a proximal portion 46a configured for engaging a distal
stem portion.

[0093] Referring now to Figs. 8 and 9, there is illustrated single-segment and multi-segment
embodiments, respectively, of another system of the present invention. The system of Fig. 8
includes left and right sets of superior component 40 and inferior component 50 as described
above with respect to the embodiment of Figs. 3 and 4. However, this embodiment further
includes a ligament member or tension band 80 extending substantially vertical between base
portions 42 and 52, respectively, of the superior and inferior components 40 and 50, and
substantially parallel to stem 46 of superior component 40. The multi-segment system of Fig. 9
includes left and right sets of superior component 40, inferior component 50 and an additional
median component 60, as described above with respect to the embodiment of Fig. 5. Aswith
the single segment configuration of Fig. 8, this system further includes ligament members 80
and 90, the former extending substantially vertically between the base portions 42 and 62 of
superior and median components 40 and 60, respectively, and the latter extending substantially
vertically between base portions 62 and 52 of the median and inferior components 60 and 50,
respectively. Each ligament member is substantially parallel to the corresponding strut of the
same component.

[0094] A portion of the systems of Figs. 8 and 9 is further illustrated in Figs. 10A-10C.
Ligament 80 includes superior and inferior ends 82 and 84, respectively, which are captured
within screw holes 41 and 51, respectively, of the superior and inferior base portions. Each
ligament end is held between an insert 43, 53 and a threaded nut 45, 55 which are collectively
positioned within screw holes 41 and 51, respectively. Inserts 43 and 53 are cupped to receive
the disc-shaped ligament ends 82 and 84. The ligament ends and inserts are seated within the
screw holes on top of the screw heads of screws 44 and 54, respectively. Threaded nuts 45 and
55 are then threadedly inserted on top of the ligament ends 82 and 84, respectively, to securely
hold ligament 80.

[0095] Tension band 80 is made of a semi-elastic material which helps maintain the necessary
distraction between the interconnected vertebrae while allowing for controlled compression, for
example, during lateral bending, i.e., while the ligament of one side of a left-right system pair is
experiencing distraction, the other ligament is experiencing compression. Additionally, the
ligaments are marginally flexible to enable axial rotation and subluxation with limitations

corresponding to that of a normally functioning spine segment. Suitable materials for the
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ligaments of the present invention include but are not limited to polymers and elastomers. The
ligaments may also be made in the form of a nitinol cable. Additionally, the ligaments may be
provided with a covering, such as a polyeurathane cover, to prevent tissue ingrowth which may
interfere with the proper functioning of the ligaments.

Figs. 11 and 12A-12C illustrate another variation of a system of the present invention.
Superior and inferior components 100, 110 have generally similar constructs to corresponding
components discussed above, however, the base portions 102, 112, respectively, each have
posterior portions 106a, 116a, respectively, spaced from anterior portions 106b, 116b,
respectively, defining a groove or slot therebetween. This slot provides a space in which the
distal portion, such as distal portion 106d, of the strut 106¢ of a superior component is received.
The interior configuration 108 of the slot spacing and the external surface of distal portion 106d
may have any suitable corresponding configurations, e.g., rounded, angular, etc. The posterior
portions of the slot further retain the distal strut portion during flexion motion as well as ensure
against posterior translation of vertebrae 2 relative to vertebra 4. This system has pedicle
screws 104, 114 which are similar to that of the other previously discussed systems and may
optionally include a tension band or ligament 120.

Figs. 13A and 13B illustrate another variation of a system of the present invention in
which the interface between superior component 120 and inferior component 130, and
specifically between the distal strut portion 126¢ of superior component 120 and the engaging
portion 132 of inferior component 130 (shown as a cut-out), is an enclosed ball-and-socket
design. The proximal or superior portion (not shown) of the strut 126b and corresponding
engaging portion (not shown) may also have a ball-and-socket configuration to provide
additional range of motion. As is best illustrated in Fig. 14, the socket portion has a spherical
configuration having a diameter that is slightly larger than that of the ball. In between the distal
most portion of the ball and the opposing wall or surface of the socket is positioned a
compressible member 135, such as a spring or an elastomer, polymer or metal ring or washer.
Spring 135, which provides shock absorbency between the ball and socket, particularly upon
compression of the spine in the axial direction, allows for a smoother interface and motion.

Figs 15A and 15B illustrate a varjation of a ball-and-socket joint usable with the system
of Figs. 13A and 13B having dual opposing compressible members to provide shock
absorbency during both compression and extension of the spine. Here, distal portion 126¢ has a
semi-spherical configuration and provides a ledge 139 upon which a second compressible

member 137 is provided in addition to first compressible member 135. The two members work
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In tandem such that when first compressible member 135 is in an expanded condition, as shown
in Fig. 15A, the second compressible member 137 is in a compressed condition, and visa versa
as shown in Fig. 15B.

[0099] Figs. 16A and 16B illustrate another embodiment of a system of the present invention
having a ball-and-socket interface between the superior and inferior components which is
similar to those previously described, however, an adjustment means 144 is provided in base
portion 142 of superior component 140 to allow for the intraoperative adjustment of the length
of strut 146b. Adjustment means 144 may be a pin or the like, the shaft of which has an eye or
opening (not shown) through which the proximal portion 146a of the strut is position, and
axially adjusted to accommodate the vertebral spacing of the patient. Upon achieving the
desired strut length or vertebral separation, the pin is inserted or otherwise adjusted to cinch
down on and hold the proximal portion of the post. As such, the physician to selectively adjust
the length of the strut or strut intraoperatively to accommodate a range of intervertebral spacing
distances. Additionally, the adjustability of the strut allows the physician to selective distract
the vertebrae to restore sagital alignment of the vertebral segment and the natural lordosis, as
well, if applicable, to reverse herniation suffered by the intervertebral disk. Such a
configuration eliminates the need to provide or stock a multiple system components having
varying strut lengths. The strut or at least the proximal end 146a thereof may be made of a
material that is removable or otherwise may be removed, e.g., cut or clipped, so as to remove
extraneous material. As with any of the systems of the present invention, a ligament 160 may
be additionally employed to couple between the superior and inferior components 140, 150.

[00100] Figs. 17A and 17B illustrate another variation of a system of the present invention in
which an adjustable, flexible strut 170 is provided, the length and shape of which may be
adjusted and subsequently fixed intraoperatively. Flexible strut 170 includes a plurality of
joints or segments 172 strung on a wire, cable, thread or filament 176. Segments 172 may have
any suitable shape and configuration but are preferably configured to resist slippage with
adjacent segments upon compression. For example, as shown in F ig. 18A, segments 172 are
cylindrically shaped and have a concave proximal end 172a and a convex distal end 172b so as
to enable a nesting arrangement between the plurality of segments when compressed together.
Moreover, the engaging surfaces between adjacent segments 172 allow off-axis positioning of
the segments, as shown in Fig. 18B, to optimize or customize the axial shape of the strut 170.
For example, the desired fixed shape of strut 170 may have a single bend or curve (i.e., C-

shaped) or a double bend or curve (i.e., S-shaped). Upon achieving the desired shape, the
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segments 172 can be compressed against each other and locked into place to provide a
substantially rigid rod. The segments are preferably made of a substantially hard material, such
a metal or plastic, to provide the desired rigidity upon permanent fixation of the rod. Although
substantially rigid, the rod may still be slightly flexible to accommodate bending motions. To
facilitate manipulation and positioning of segments 172, one or more proximal and distal
segments, 174a, 174b, 175a, 175b may be particularly configured. In particular, segments 174a,
174b may have a means for locking or cinching on to filament 176. As with certain of the
above-described systems, flexible strut 170 may be selectively fixed to superior and inferior
components 180, 190 by pins 184 and 194, respectively, or the like, such the length of the
portion of the strut between the components may be adjusted thereof to accommodate the
natural and/or desired vertebral spacing.

[00101] Figs. 19A-19C illustrate a variation of a flexible strut 200 usable with the subject
systems. Strut 200 includes segments 202 and spacers or washers 204 which are positioned
between segments 202. Unlike segments 172, segments 202 have proximal and distal surfaces
which are identically shaped to each other. Specifically, the segment ends are both concave or
beveled to accommodate the spacers 204 which have a convex disk shape. The segments and
the spacers may be made of the same or different material. In one embodiment, the spacers 204
are made of a compressible material to provide a spring function while the segments are made
of a harder material, as described above. This configuration allows the most flexibility in strut
shape and configuration while minimizing the risk of slippage between the segments once fixed
in place. Various strut shapes are illustrated where Fig. 19A illustrates strut 200 in an
uncompressed, straight configuration; Fig. 19B illustrates strut 200 in a compressed, straight
configuration; and Fig. 19C illustrates strut 200 in a semi-compressed, curved configuration.
The materials discussed above with respect to strut 170 may also be employed with strut 200.

[00102] Figs. 20A and 20B illustrate another embodiment of strut or interconnecting member or
strut 210 which is usable with the system of Figs. 16A and 16B. Interconnecting member 210
includes a spring 212 extending between and affixed to cylindrically shaped superior and
inferior ends 214a and 214b. As with the struts discussed above, ends 214a and 214b are fixed
to superior and inferior components by pins 184 and 194, respectively. Upon implant, strut 210
can be selectively distracted or compressed to achieve the desired intervertebral spacing or
distraction. The desired length, once achieved, is locked into place by locking the strut ends to
the superior and inferior components such as by a pin mechanism as described above. As such,

the length of the portion of the strut between the components may be adjusted to accommodate
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the natural and/or desired vertebral spacing, and provides sufficient flexibility, compression and
distraction to accommodate and facilitate spinal motion.

[00103] Another variation of a system of the present invention is illustrated in Figs. 21A and
21B having superior components 220 and inferior components 230. Instead of employing ball-
and-socket joints at the superior and/or distal end joints of strut 240, a ball-and-socket joint 244
and a compressible joint 252 are employed medially or centrally of strut 240. As shown in Fig.
22, strut 240 includes proximal, medial and distal segments 242, 250 and 248, respectively,
where ball-and-socket joint 244 interconnects the proximal and medial segments and
compressible joint 252 interconnects the medial and distal segments. The ball-and-socket joint
244 includes a proximal socket and a distal ball which may allow for rotational movement alone
(to facilitate flexion, extension and lateral bending motions) or may additionally provide for
some limited compression and/or distraction between superior and inferior components 220,
230 by the inclusion of one or more spring members to address axial loading experienced by the
spine. Compression joint 252 includes a spring member (not shown) such that joint 252

provides for shock absorbency, both during compression and during distraction, of the spine.

[00104] Fig. 23A illustrates another embodiment of a system of the present invention having
superior component 260 and inferior component 270. Superior component 260 includes a base
262 configured to received pedicle screw 264. Inferior component 270 includes a base 272
configured to receive pedicle screw 274. Extending from each of the base portions is a strut
segment or portion 266 and 276, respectively. The proximal ends of screws 264 and 274 have a
cross-bore (not shown) to receive the proximal ends of corresponding strut segments 266 and
276 in a transverse fashion. The distal end of superior strut segment 266 terminates in a
compression member 268 and the distal end 278 of inferior strut segment 276 has a
configuration for engaging with compression member 268. Here, inferior distal end 278 has a
ball configuration and is received at the distal end of spring 268 to provide a central ball-and-
socket joint. As illustrated in Figs. 24A and 24B, the central joint provides shock absorbency
during axial loading of the spine (Fig. 24A) and facilitates semi-constrained flexion, extension
and lateral bending motions (Fig. 24B). A covering 280, which is fixed to either superior strut
segment 266 or inferior strut segment 268, axially surrounds the central joint to prevent tissue in
growth.

[00105] Figs. 25A and 25B illustrate variations of the immediately above-described system in

that these systems provide for similarly functioning joints except for the joints are employed as
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end joints. Specitically, the system of Fig. 25A incorporates such a joint in the inferior
component 300 from which the free end, here the distal end of interface member or strut 296, is
received and retained. The proximal end strut 296 is adjustably retained within a transverse
'bore within superior pedicle screw 292 as described above. The system of Fig. 25B
incorporates such joint in both the superior component 310 and the inferior component 320 with
both the proximal and distal ends of interface strut 316 being received in the respective base
portions of the components. As illustrated in Fig. 26, which features the joint of superior
component 310 of Fig. 25B, the joints have ball-and-socket configuration similar to the joint of
Figs. 15A and 15B. Strut end 318 has a semi-spherical configuration and is received between
distal spring 314a and proximal spring 324a which provide a semi-constrained relationship
between the superior and inferior components. A similar configuration is provided within
inferior base portion 320 as illustrated in Figs. 27A and 27B.

[00106] Figs. 26A, 26B, 27A, 27B, 27C and 27D illustrate the semi-constrained motions
facilitated by the joints of system of Fig. 25B. Fig. 26A illustrates the system in flexion motion
and Fig. 27A illustrates the corresponding motion of the inferior joint housed within base
portion 320 in which spring 314b is in an expanded or uncompressed state and spring 324b is in
a compressed state. Fig. 26B illustrates the system in extension motion and Fig. 27B illustrates
the corresponding motion of the inferior joint in which spring 314b is in a compressed state and
spring 324b is in an uncompressed state. Figs. 27C and 27D illustrate to motion of the superior
joint of the system of Fig. 25B undergoing left and right lateral bending motions, respectively.
The extent of compression/extension of springs 314a and 324a are comparable to each other
while strut 316 undergoes a slight radial rotation (to the right upon left lateral bending (Fig.
27C) and to the left upon right lateral bending (Fig. 27D)).

[00107] Figs. 28A, 28B, 28C and 29 illustrate another system of the present invention. The
system includes superior and inferior components 330 and 340, respectively, each having a base
portion 332 and 342, respectively, and pedicle screw 334 and 344, respectively, as with many of
the systems thus far described. The ends of interface member or strut 335 are adjustably
received within the superior and inferior components as described above. Medially positioned
between superior and inferior components 330 and 340 is a central joint 350 having a base
portion.352 similar to that described above with respect to F igs. 23A and 23B. Base member
352 has a medially extending portion 354 having a bore therein for receiving a rod 356 having a
portion of a prosthetic intervertebral disk 358a, 358b pivotally coupled to a distal end thereof.

Rod 356 may be provided fixed to base portion 352 or may be provided as a separate member
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which mserted, adjusted and locked into place intraoperatively, similar to the manner in which
interface strut 335 interconnects with the superior and inferior components 330 and 340,
respectively.

[00108] Left replacement disk portion 358a and right replacement disk portion 358b each have a
shape, size and thickness which is suitable for implantation between the respective left and right
sides of the intervertebral disk spacing. Preferably, they are mirror images of each other such
that, when both are operatively implanted within the invertebral spacing, a substantial portion of
the spacing is occupied with the prostheses to provide a complete disk replacement in the
intervertebral spacing of the targeted spinal motion unit. Each disk portion 358a, 358b includes
medial keels or fins 360a, 360b and lateral keels 362a, 362b, respectively, for anchoring into the
superior and inferior surfaces defining the intervertebral spacing. As illustrated in Fig. 29, each
disk portion 358a, 358b (only 358b is shown), is pivotally connect to the distal end of rod 356
to accommodate varying axial loads experienced by the spinal motion unit into which the disk
portions are implanted.

[00109] Figs. 30A and 30B illustrate the system of Figs. 28 and 29 implanted within a spinal
motion segment. The procedure for implanting this system first involves performing a
laminotomy or laminectomy from a posterior approach. After the posterior elements are
removed and ample space is made posteriorly, identification of the thecal sac and exiting nerve
roots is made. These structures are then retracted medially. With minimal retraction, the
natural disc annulus is dissected out and entered using a scalpel. The annulus and nucleus of
the disc is removed, i.e., a disectomy, using multiple pituitary rongeurs, curettes, and Kerrison
punches. After the discectomy, the endplates of the superior and inferior vertebrae are removed
using a high-speed drill, curettes or chisels. The prosthetic disc member or body graft 358a,
358b. Once the disc members are properly implanted, the superior and inferior components
may be implanted. While disc members 358a, 358b are shown connected or secured to the
dynamic stabilization system by way of rod 356, such is not required.

[00110] Fig. 31 illustrates an interface member or strut 370 for interconnecting the superior and
inferior components of certain systems of the present invention. Interface member 370 includes
superior and inferior strut portions 372, 374 for coupling to superior and inferior components
380, 390 respectively. Interface member further includes compression or spring member 376
having a U-shaped configuration having end portions sandwiched between interface strut
portions 372, 374. The end portions of compression member 376 define a gap therebetween in

the range from about 2 mm to about 3 mm but could be narrower or wider depending on the
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particular application, and the curved body portion of compression member 376 extends
anteroposteriorly, or transversely to strut portions 372, 374. The direction in which the body of
the compression member extends may be varied according to the particular application at hand.
For example, Figs. 32A-32C illustrate interface member 370 utilized in a system implanted
within a spinal motion segment where strut portions 372, 374 are interconnected to superior and
inferior components 380, 390, respectively, where the U-shaped compression member 376 is
positioned so as to extend towards the posterior side of the motion segment. Figs. 33A and 33B
illustrate similar systems in which compression member 376 is positioned laterally and
medially, respectively. Typically, an anteroposteriorly positioned compression member allows
for a greater degree of flexion and extension while the laterally and medially positioned
compression members allow for a greater degree of lateral bending. All three positions,
however, will allow for a slight amount of axial rotation. Figs. 32B and 32C illustrate side
views of the implanted system of Fig. 32A undergoing flexion and extension motions,
respectively.

[00111] Figs. 34A-34E illustrate another embodiment of an interface member 400 that is usable
with various systems of the present invention. Interface member 400 employs two stacked U-
shaped compression members, superior compression member 406 and inferior compression
member 408. While only two stacked compression segments are shown, any suitable number
may be used to optimize the ability of the subject spinal motion segment to mimic the motion of
the a healthy natural spine segment.

[00112] The bottom end of superior compression member 406 and the top end of inferior
compression member 408 are joined together, where the gap between each pair of ends is about
2 mm to about 4mm. Further, the stacked compression members are positioned relative to each
other such that there extending bodies define an angle of at least about 4° therebetween but may
be as great as about 10°, depending on the application at hand, where the greater the angle,
greater degree the degree of flexibility. Preferably, however, one compression member lies
within the plane defined by flexion and extension motion of the spine and the other lies within
the plane defined by lateral bending motion of the spine. The role of the compression members
is illustrated in Figs. 34B-34E in which a pair of interface member is illustrated undergoing
various spinal motions. For example, during flexion (Fig. 34B), the ends of both upper
compression members 406 spread apart, while during extension (Fig. 34C), the ends close
together. During both clockwise (right) and counterclockwise (left) lateral bending, the lower

compression members 408 are subject to compressive and extension forces, however, when the
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right lower compression member is under compression (Fig. 34D), the left lower compression
member undergoes extension, and visa-versa (Fig. 34E).

[00113] Figs. 36 A-36C and Figs. 37A-37C illustrate single-segment and multi-segment
embodiments, respectively, of another system of the present invention. This system includes
superior component 440, inferior component 450 and ligament band 460. Superior component
440 includes a base member 442 configured for receiving a screw 444 and having an anterior
portion having a surface (that surface facing in the anterior direction of the spine) for placement
against a portion of the superior pedicle of a vertebra. Extending downward from base 442
(rather than medially) is a post, stem or strut 446 having an elongated central portion 446a and a
distal portion 446b. Inferior component 450 includes a base member 452 similarly configured
to base member 442 of superior portion 440 for receiving a screw 454 and having an anterior
portion having a surface (that surface facing in the anterior direction of the spine) for placement
against a portion of the superior pedicle of a vertebra. Extending upward from base 452 (rather
than medially) is a stem portion 456a having a distal end 456b configured to receive and engage
with distal portion 446b of superior component 440. In this embodiment, engagement between
the superior and inferior components is at a location centrally positioned between the two rather
than at a location more distal to the superior component and more proximal to the inferior
component. This arrangement provides additional balance to the system and stabilization to the
treated spinal motion segment that allows flexion, extension, axial rotation and lateral bending
motions which mimic that of the natural spine segment, while preventing or limiting anterior
and lateral translation of the vertebrae relative to each other.

[00114] Ligament band 460 extends between the base portions of the superior and inferior
components and is posteriorly positioned relative to stems 446a and 456a. However, it should
be noted that the ligament band, as with any of the embodiments of the present invention, may
alternatively be positioned either medially (inward) or laterally (outward) of the primary axis of
the superior and inferior components.

[00115] Figs. 37A-37C illustrate the multilevel employment of the system of Figs. 36A36C
wherein a medial component 470 is employed between superior component 440 and inferior
component 450. Medial component 470 includes a base 472 having a superiorly extending
stem 478a having a distal end 478b configured for receiving and engaging the distal end 446b
of stem 446a of superior component 440. Medial component 470 also has an inferiorly
extending stem 476a having a distal end 476b which is engaged with receiving portion 456b of
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456a of inferior component 450. An additional ligament band 465 is then positioned between
medial component 470 and inferior component 450.

[00116] Figs. 38A-38C and Figs. 39A-39C illustrate single-segment and multi-segment
embodiments, respectively, of another system of the present invention. This single-segment
system includes superior component 480, inferior component 490 and ligament band 500.
Superior component 480 includes a base member 482 configured for receiving a screw 484 and
having an anterior portion having a surface (that surface facing in the anterior direction of the
spine) for placement against a portion of the superior pedicle of a vertebra. Extending medially
or laterally inward from base 482 (rather than downward) is a post, stem or strut 486 having an
elongated central portion 486a and a distal portion 486b. Inferior component 490 includes a
base member 492 configured for receiving a screw 494 and having an anterior portion having a
surface (that surface facing in the anterior direction of the spine) for placement against a portion
of the superior pedicle of a vertebra. Extending medially or laterally inward from base 492
(rather than upward) is a stem portion 496a having a distal end 496b configured to receive and
engage with distal portion 486b of superior component 480. Ligament band 500 extends
between the base portions of the superior and inferior components and is laterally (rather than
posteriorly) positioned relative to stems 486a and 496a. As with the above-described
embodiment, engagement between the superior and inferior components is at a location
centrally positioned between the two rather than at a location more distal to the superior
component and more proximal to the inferior component.

[00117] Figs. 39A-39C illustrate the multilevel employment of the system of Figs. 38A-38C
wherein a medial component 510 is employed between superior component 480 and inferior
component 490. Medial component 510 includes a base 512 having a superiorly extending
stem 508a having a distal end 508b configured for receiving and engaging the distal end 486b
of stem 486a of superior component 480. Medial component 510 also has an inferiorly
extending stem 506a having a distal end 506b which is engaged with receiving portion 496b of
stem 496a inferior component 490. An additional ligament band 505 is then positioned
between medial component 510 and inferior component 490.

[00118] With respect to the embodiments of the present invention where the engagement
between the superior and inferior components of the present invention involves engagement
surfaces that facilitates articulation between the two components, a member or component or

spacer having a thickness in the range from about 1 mm to about 3 mm may be provided
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between apposing surfaces of the two components in order to maintain constant, substantial
apposition without direct engagement between the two surfaces.

[00119] Such a spacer is illustrated in the embodiment of Figs. 54A-54C having a superior
component 700 and an inferior component 704. A strut 708 provides interconnection between
the two components where strut 708 has a superior portion 708a configured as a shaft which is
slibably receivable within base portion 702 of superior component 700, and has an inferior
portion 708b having an apposition surface 710 for apposition with apposition surface 706 of
base portion 716 of inferior component 704. A locking mechanism or screw 714 is received
within base portion 702 to engage with strut portion 708a, where strut portion 708a is
configured to allow for adjustability in its axial position within base portion 702 and thereby
adjust the length of the portion of strut 708 extending to inferior component 704. A spacer 712
is provided between and bonded to apposition surfaces 706, 710 to maintain constant apposition
between the two surfaces whereby there is not a discrete articulation or contact surface between
the two. Spacer 712 may include one or more layers of one or more materials or may be
configured as spring washer. Spacer 712 may have a compliancy, 1.e., a durometer value,
which allows for an amount of translational and/or angular displacement between the two
apposition surfaces sufficient such that the spacer undergoes or experiences a slight shearing
motion and which to allow motion which mimics that of the natural spine segment. Suitable
materials for spacer 712 include polymers and the like.

[00120] Figs. 55A-55C illustrate a system similar to that of Figs. 54A-54C. Here, however,
spacer 715, which may have the same properties and be made of the same materials as spacer
712, is not bonded to the components. Instead, spacer 715 is free-floating or free-standing and
held between the apposition surfaces by a securement mechanism without bonding spacer 715
to the apposition surfaces of the components. Base portion 716 of inferior component 704 has
pinhole 722 and both inferior end 708a of strut 708 as well as spacer 715 have slots 722, 724,
respectively, in the axial direction for receiving a pin 718 therein. The strut and spacer slots
allow for a marginal amount of vertical and lateral translation (the lateral to accommodate
rotational movement) between strut apposition surface 710 and inferior component apposition
surface 706 provided by spacer 715. For example, as illustrated in Fig. 56, during left lateral
bending of the vertebrae, strut 708 of the left-side portion of the stabilization system translates
downward and, as such, the top or superior end of slot 724 engages or approaches pin 718,
while strut 708 of the right-side portion of the stabilization system translates upward and, as
such, the bottom or inferior end of slot 724 engages or approaches pin 718. Spacer 715 may
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also be bonded to the apposition surfaces in which case it ensures continued and constant
substantial apposition between strut 708 and apposition surface 706 of inferior component 704
if the bond should loosen.

[00121] With any of the above-described embodiments employing a spacer or the like, whether
bonded, secured or both, the bonding and/or securing of the apposition surfaces may be
performed prior to (i.e., be provided preassembled) or subsequent to (i.e., be assembled during
the surgical procedure) attaching the superior and inferior components to the vertebrae.

[00122] After many cycles of motion, there may be a greater likelihood for pedicle screws to
become loose within the vertebral bone. Figs. 57-59 illustrate a damping element 730 of the
present invention to address such. The damping element, which may be incorporated into either
or both of the inferior and superior components 732, 736 of a dynamic stabilization system,
helps to reduce this risk by damping the torque undergone by the components during vertebral
motion. As illustrated in Figs. 58A and 58B, a damping element 730 is provided within an
inferior component 732. In one embodiment, damping element 730 is in the form of a polymer
or metallic disk or ring which functions as a washer between a posterior component 732a and an
anterior component 732b of inferior component 732. A similar construct may also be provided
with respect to superior component 736. A top view of inferior component 732 having damping
member 730 undergoing vertebral motion is illustrated in Fig. 59. While damping member 730
provides a damping effect, it also enables hinging motion of component 732 within about 1° to
about 3° of rotation.

[00123] Any of the above described features of Figs. 54A-54C, 55A-55C, 56, 57, 58A and 58B
and 59 may be combined in any combination and incorporated into any of the systems disclosed
herein and are particularly suitable for use with the single and mutli-level systems of Figs. 3A-
3C, 4A,4B, 5, 6A, 6B, 7A-7D, 8, 9, 10A-10C, 11, 12A-12C, 36A-36C, 37A-37C, 38A-38C and
39A-39C. For example, any of these features may be employed in a system which employs a
tension band.

[00124] Figs. 40A and 40B illustrate another embodiment of an interconnecting member or strut
520 similar to that of Figs. 20A and 20B. Interconnecting member 520 includes a compression
member or spring 522 extending between and affixed to cylindrically shaped superior and
inferior ends 524a and 524b. As with the struts discussed above, ends 524a and 524b are fixed
to superior and inferior components, respectively, by way of pins or screws. Extending within
the lumen defined by spring 522 is a shock absorber 526 made of suitable material such as a

polymer. Upon implant, the length of the portion of the strut between the superior and inferior
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components may be adjusted to accommodate the natural and/or desired vertebral spacing, and
provides sufficient flexibility, compression and distraction to accommodate and facilitate spinal
motion. -‘

[00125)] Fig. 41A illustrates the interconnecting member of Figs. 40A and 40B in a multilevel
arrangement having superior end 524a, superior compression member 522a, central portion
524b, inferior compression member 522b and inferior end 524c. Within the cores of the
compression members are shock absorbers 526a and 526b, respectively. Fig. 41B illustrates the
interconnecting member employed within a multilevel stabilization system having superior
component 525a having pedicle screw 528a, medial component 525b having pedicle screw
528b, and inferior component 525¢ having pedicle screw 528c.

[00126] Fig. 42 illustrates a possible end joint construction of the interconnecting member 520 of
Figs. 40A and 40B. Superior end 524a defines a cylindrical chamber within its walls having a
distal positioned compression spring 530 sandwiched between its end wall and end 526a of
polymer core 526. During extension and flexion motions, spring 522 and 530 provide the
necessary compression and while polymer core 526 has very little effect on the motion.
However, as polymer core 526 is stiffer than springs 522, 530, polymer core 526 dictates the
extent of lateral bending and rotational movements of the spine.

[00127] Figs. 43 A and 43B illustrate another interconnecting member 540 having central joint
544 interconnecting superior and inferior ends 542a and 542b, respectively. Ends 542a and
542b each terminate distally at bulbous end portion 543a and 543b, respectively, which are
retained within joint 544. Joint 544 includes a superior compression member 546a between end
portion 543a and the superior inside end of joint 544, a central compression member 546b
positioned between end portions 543a and 543b, and an inferior compression member 546¢
positioned between end portion 543b and the inferior inside end of joint 544. An advantage of
this dual ball joint configuration is that it allows rotational movement of the spine that mimics
natural rotational movement of the spine, as shown in Fig. 44D, in addition to flexion, extension
and lateral bending movements, as illustrated in Figs. 44A, 44B and 44C, respectively.

[00128] Fig. 45A illustrates a multilevel application of the interconnecting member of Figs. 43A
and 43B. Interconnecting member 550 has superior end 552a, superior joint 554a, central
portion 552b, inferior compression member 554b and inferior end 552¢. Fig. 45B illustrates
interconnecting member 550 employed within a multilevel stabilization system having superior
component 560a having pedicle screw 528a, medial component 560b having pedicle screw

562b, and inferior component 560c having pedicle screw 562c.
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[00129] Figs. 46A and 46B illustrate the joint of Figs. 43A and 43B employed as end joints
572a, 572b of interconnecting member 570 which includes a strut 576 terminating in superior
and inferior ends 574a, 574b, respectively, having ball configurations. Each ball end is
positioned between an outer spring 578a, 578b and an inner spring 580a, 580b, respectively,
which are retained within the walls of joint 572a, 572b, respectively. As illustrated in Fig. 46A,
interconnecting member 570 is employed in a dynamic stabilization system having superior
component 582a having pedicle screw 584a and having inferior component 582b having pedicle
screw 584b.

[00130] In addition to springs and the like, the present invention further provides for
interconnecting members and struts made of other materials and having alternate
configurations. For example, Fig. 47A illustrates a polymeric material 590 having a
honeycomb structure. Such a structure is ideally suited for use with the interconnecting
members of the present invention due its natural compression characteristics. The entire length
or a portion thereof, as illustrated in Fig. 47B, may be comprised of the honeycomb structure.
Here, interconnecting strut 600 has a central portion comprised of the honeycomb structure
which extends between end portions 602a, 602b. Fig. 47C shows a variation of an
interconnecting member 610 having a central honeycomb structure 614 extending between end
portions 612a, 612b and further having another compression component in the form of spring
614 about the polymeric core 616.

[00131] Fig. 48A illustrates a polymeric material 620 having a two-part honeycomb structure in
which the honeycomb cells of a top portion 622 are at substantially right angles (or some other
angle) to the honeycomb cells of the bottom portion 624. As illustrated in Fig. 48B, the
honeycomb structure of Fig. 48A is employed in s a central portion 628 of interconnecting strut
626 having end rigid or solid end portions 630a and 630b. Fig. 48C shows a variation of an
interconnecting member 632 having a central honeycomb structure 634 extending between end
portions 632a, 632b and further having another compression component in the form of spring
636 about the polymeric core 634.

[00132] Figs. 49A and 49B illustrate another interconnecting strut 640 of the present invention
employing a fiber bundle 646 as a compression member extending between rigid ends 642a and
642b. Under compression, as illustrated in Fig. 49B, the fibers bow radially outward. Fig. 50
illustrates a variation of a fiber compression member 654 extending between rigid end portions
652a and 652b of interconnecting strut 650. Here, stays 656 are used circumferentially about

fiber bundle 654 to provide additional stability to the compression member.
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[00133] Fig. 51 illustrates another structure 660 suitable for use as a compression member for
the interconnecting struts of the present invention. Structure 660 includes two interconnected
components 662a, 662b each comprises of interconnected moving links 664. Within each
component 662a, 662b is a tongue and groove mating structure 668 which limits and controls
the degree or extent of motion undergone by that component. For example, during flexion
motion, as illustrated in Fig. 51B, both components 662a, 662b extend axially until their
respective motion limiting structures 668 are fully extended. During extension motion, as
illustrated in Fig. 51C, both components 662a, 662b compress radially until their respective
motion limiting structures 668 are fully engaged. During lateral bending motion, as illustrated
in Fig. 51D, both components 662a, 662b rotate laterally, but in opposite directions until their
respective motion limiting structures 668 have reached their full angular rotation. As such,
structure 660 may be employed as a compression member within an interconnecting strut 670,
as illustrated in Fig. 52. Here structure 660 is positioned centrally at its ends between end
portions 672a and 672b and within a secondary compression member or spring 674.

[00134] Figs. 53A-53C illustrate another dynamic stabilization system of the present invention
which is implantable in a minimally invasive manner. The system includes an expandable
member (or two if doing a bilateral approach) 684a, 684b which may take the form of a
compliant or non-compliant balloon which is fillable with an inflation or expansion medium,
such as air, saline or a flowable, curable fluid. Each balloon 684a,bis configured to engage with
and extend between a pair of pedicle screws 680 that are inserted into the pedicle 3a,b of the
superior facet joint 8a,b of superior vertebra 2 and into the pedicle 5a,b of the superior facet
joint 12a;b of inferior vertebra 4.

[00135] As illustrated in Fig. 53A, using a bilateral approach (although an ipsalateral approach
may also be used), pedicle screws 680a,b are inserted into the superior facet joints.
Subsequently, cannulas 682a and 682b are inserted on opposing sides of the spinal motion
segment being treated. Balloons 684a and 684b are then simultaneously or serially delivered
through a respective cannula to between the designated pedicle screws. Once positioned, the
balloons are expanded by way of inflation lumens within the respective cannula until the
desired level of distraction is achieved between vertebrae 2 and 4. The cannulas may then be
removed from the operative field.

[00136] The pedicle screws used with the present invention may have any suitable
configuration, size and length. For example, the screws may have a polyaxial configuration, as

is commonly used in affixing implanted devices within the spine - e.g., rods and plates for
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fusion. These types of screw allow for customizing the position of the implants for the
particular spinal anatomy. While conventional pedicle screws are suitable for use with the
systems of the present invention, use of such screws may result in complications when used
with dynamic stabilization systems that may not otherwise occur with fusion based systems
since the former allows motion which, when repetitive, may result in complications at the screw
bone interface, along the screw itself, or at the screw rod interface. To circumvent this problem,
the present invention also provides a novel pedicle screw for use with the subject systems.
[00137] Such a pedicle screw is illustrated in Figs. 35A and 35B. Pedicle screw 420 includes an
outer screw member 422 and an inner screw member 424. Outer screw member 422 has a fixed
proximal portion 422a and an expandable distal portion 422b which includes a plurality of
expandable petals or segments. The segments are each interconnected to proximal portion 422a
by a hinge segment 426. The external surfaces of both the proximal and distal portions of outer
member 422 are threaded along their lengths for anchoring within the vertebral body. The
internal surface 428 of the proximal portion 422a is also threaded but with a tighter pitch to
threadably receive inner screw member 424. The internal surface 430 of distal portion 422b,
however, is not threaded but distally tapers. Inner screw member 424 has a threaded proximal
portion 424a and an unthreaded distal portion 424b. Outer screw member 422 has an internal
diameter and inner screw member 424 has outer diameter such that inner screw member 424 is
insertable or threaded into the open proximal end of outer screw member 422. Upon distal
translation of inner screw member 424 into outer screw member 422, the distal end of distal
portion 424b abuts the tapered interior walls 430 of the distal portion of outer screw member
422 and flares or dilates the petal segments of outer screw distal portion 422b radially outward
and into the bony structure into which it is implanted. The radial anchoring of the screw
enables it to better resist loosening as the result of repetitive motions of the system components.
[00138] The subject devices and systems may be provided in the form of a kit which includes at
least one left-right pair of components of the above described dynamic stabilization systems.
As numerous applications require the treatment of more than one spinal segment or unit, the
subject kits may include as many sets of components of the subject systems that may be used to
treat the application hand. Typically, however, no more than about two to three sets are
implanted in any one surgical application. The kits may further include pedicle screws for
securing the above-described systems to the vertebral bodies as well as other instrumentation
for implanting the systems. The screws may be pre-fixed to the respective superior and inferior

components, or may be provided separate from these components and subsequently fixed to the
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components upon implantation into the vertebrae. Instructions for implanting the various
devices and systems may also be provided with the kits. Such instructions may included, for
example, the manner in which the interconnecting members of the system components are
secured to the respective base members, and may further provide protocols in determining the
most suitable length, stiffness/flexibility, shape or the compressive/distractive forces imposed
on a strut member of the various system, and making adjustments to these characteristics
accordingly.

[00139] The devices and systems of the present invention may be implanted through open
surgical approaches, minimally invasive approaches as well as percutaneous approaches.
Generally, open placement or implantation of pedicle screw-based systems involves dissection
of the posterior elements of the affected spinal segments — including the lamina, the spinous
process, facet complex, and transverse processes. However, removal of some or all of these
parts may not be necessary and is determined by the physician on a case-by-case basis.

[00140] In an open procedure, an entry point adjacent to the junction of the transverse process
and the pars interarticularis, for each of the pedicle screws of the subject system is drilled.
After an entry point is defined, a probe is placed into the pedicle to define the trajectory or
angle at which the drill hole is to be formed. Once the desired trajectory is selected, a screw
channel is drilled. Each of the system components (typically at least one of the left and right
superior components and at least one of the left and right inferior components) is positioned
accordingly and a pedicle screw is inserted through the pedicle screw bore within each of the
components and into the formed channel.

[00141] A percutaneous approach to implanting the subject systems is accomplished by first
placing a Kirschner wire within the target pedicle to define the trajectory of the channel to be
formed therein. Using a cannulated tap which is translated over the wire, the channel is formed.
A cannulated pedicle screw is then placed over the Kirschner wire and delivered inserted
through the pedicle screw bore within each of the components and into the formed channel.
The lumens of the cannulated screws may be injected with methylmethacrylate or
hydroxyappetite to further secure the screw within the vertebrae. It should be noted that any or
all of the steps of a minimally invasive or percutaneous approach may be facilitated by
endoscopy or fluoroscopy.

[00142] With any approach, e.g., open, minimally invasive or percutaneous approach, after
insertion of the pedicle screws, the dorsal portion of the dynamic stabilization system is

inserted. The engagement between the system components and their respective screws may be
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accomplished in one of two ways. The connection between the screw and the system
components may be prefabricated where the two are provided as an integral unit or the screws
may be provided as modular components discrete from the system components.

[00143] For systems in which the length, stiffness, shape and/or positioning of the interface or
strut member are not adjustable, fixation of the superior and inferior components to the
vertebrae on both the left and right sides of the spinal motion segment substantially completes
the implantation procedure. For those systems including such an adjustable interconnecting or
strut member, the member is engaged with the superior and inferior components (as described
above in the respective descriptions of these various systems) and its length, stiffness, shape
and/or position is adjusted accordingly. A separate tool may be used to facilitate the
adjustments. For example, a device may be employed to selectively tighten he strut segments
of the systems of Figs. 17-19. After the strut characteristics and features are confirmed, the
strut is locked into place.

[00144] For embodiments of the present invention involving the use of ligament or extension
band, such as the embodiments of Figs. 8-12 and 16, the ligament or band may be implanted
and adjustably (in certain variations) coupled with the superior and inferior components by
means of the pedicle screw as discussed above. The length or amount of traction/distraction
which is placed on the components by the ligament may be selected and adjusted either prior to
implantation of the system or subsequently to implantation. In either case, an end portion of the
tension band may be cut to size. The proximal end of the ligament is inserted into the superior
or rostral component and the distal end of the inferior or dorsal component is inserted into the
inferior or dorsal component. Before securing the ends of the ligament, the ligament may be
distracted a selected amount by pulling on one or both of the ligament ends. While distracted or
stretched, the ends are secured and locked into place by insertion or further tightening of the
pedicle screws with the respective components.

[00145] The preceding merely illustrates the principles of the invention. It will be appreciated
that those skilled in the art will be able to devise various arrangements which, although not
explicitly described or shown herein, embody the principles of the invention and are included
within its spirit and scope. Furthermore, all examples and conditional language recited herein
are principally intended to aid the reader in understanding the principles of the invention and
the concepts contributed by the inventors to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and conditions. Moreover, all

statements herein reciting principles, aspects, and embodiments of the invention as well as
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speciiic examples thereot, are mtended to encompass both structural and tunctional equivalents
thereof. Additionally, it is intended that such equivalents include both currently known
equivalents and equivalents developed in the future, i.e., any elements developed that perform
the same function, regardless of structure. The scope of the present invention, therefore, is not
intended to be limited to the exemplary embodiments shown and described herein. Rather, the

scope and spirit of present invention is embodied by the appended claims.
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CLAIMS

That which is claimed is:

1. A system for stabilizing at least one spinal motion segment comprising a
superior vertebra and an inferior vertebra, the system comprising:

a superior component configured for attachment to the superior vertebra and having
an apposition surface;

an inferior component configured for attachment to the inferior vertebra and having
an apposition surface for engaging with the superior component apposition surface, wherein
forward translation of the superior vertebra relative to the inferior vertebra is prevented; and

a spacer positioned between the two apposition surfaces, wherein the spacer maintains

constant apposition between the two apposition surfaces.

2. A system for stabilizing at least one spinal motion segment comprising a
superior vertebra and an inferior vertebra, the system comprising:

a strut having a proximal end and a distal end;

a superior component configured for attachment to the superior vertebra and for
adjustably receiving the proximal end of the strut wherein the length of a portion of the strut
extending inferiorly of the superior component is adjustable;

an inferior component configured for attachment to the inferior vertebra and having a
surface for engaging with the distal end of the strut, wherein forward translation of the

superior vertebra relative to the inferior vertebra is prevented.

3. The system of claim 2, further comprising a spacer positioned between the
distal end of the strut and the engaging surface of the inferior component, wherein the spacer

maintains constant apposition between the distal end of the strut and the engaging surface.

4. The system of claim 1 or 2, wherein the spacer is made of a compliant material

wherein the spacer experiences a shearing motion upon movement of the vertebrae.

5. A system for stabilizing at least one spinal motion segment comprising a
superior vertebra and an inferior vertebra, the system comprising:

a superior component configured for attachment to the superior vertebra;
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an inferior component configured for attachment to the inferior vertebra and for
engaging with the superior component, wherein forward translation of the superior vertebra
relative to the inferior vertebra is prevented;

means for attaching the superior component to the superior vertebra;

means for attaching the inferior component to the inferior vertebra; and

a damping element associated with at least one of the attachment means for

dampening the torque undergone by the at least one attachment means.

6. The system of claim 5, wherein the damping element comprises a disk made

of a polymer or a metal material.

7 A system for stabilizing at least one spinal motion segment comprising a
superior vertebra and an inferior vertebra, the system comprising:

a superior component configured for attachment to the superior vertebra;

an inferior component configured for attachment to the inferior vertebra; and

a strut configured for adjustably interconnecting the superior component and the
inferior component, wherein the strut comprises at least one of a spring, a fiber bundle, a

honeycomb structure and an interconnected link structure.

8. A system for stabilizing at least one spinal motion segment comprising a
superior vertebra and an inferior vertebra, the system comprising:

a superior component configured for attachment to the superior vertebra, the superior
component comprising a strut having a proximal end and a distal end; and

an inferior component configured for attachment to the inferior vertebra, the inferior
component comprising an engaging surface configured for engaging the distal end of the strut

wherein forward translation of the superior vertebra relative to the inferior vertebra is
prevented.

9. A system for stabilizing at least one spinal motion segment comprising a
superior vertebra and an inferior vertebra, the system comprising:

a superior component configured for attachment to the superior vertebra, the superior
component comprising a strut having a proximal end and a distal end; and

an inferior component configured for attachment to the inferior vertebra, the inferior

component comprising a strut having a proximal end and a distal end configured to
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operatively engage with the distal end of the strut of the superior component wherein forward

translation of the superior vertebra relative to the inferior vertebra is prevented.

10.  The system of claim 8 or 9, further comprising a tension band extending

between the superior component and the inferior component.
11. The system of claim 1, 2, 5, 7, 8 or 9, wherein the superior component is
configured for attachment at the pedicle of the superior vertebra and the inferior component is

configured for attachment to the pedicle of the inferior vertebra.

12. The system of claim 1, 2, 5, 7, 8 or 9, wherein the system is configured for

implantation without the removal of any portion of the spinal motion segment.
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