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SURGICAL INSTRUMENTS AND TECHNIQUES FOR CONTROLLING SPINAL
MOTION SEGMENTS WITH POSITIONING OF SPINAL STABILIZATION
ELEMENTS

BACKGROUND

Various devices and methods for stabilizing bone structures have been used for many
vears. For example, one type of stabihization technique uses one or more elongated rods
extending between components of a bony structure and secured to the bony structure to
stabilize the components relative to one another. The components of the bony struciure are
exposed and one or more bone engaging fasteners are placed into each component. The
elongated rod 1s then secured to the bone engaging fasteners in order to stabilize the
components of the bony structure.

One problem assoctated with the above described stabilization structures is that the
stabilization structure can provide the same stabilization effect in all planes of motion ot a
spinal motion segment. In addition, skin and tissue surrounding the surgical site must be cut,
removed, and/or repositioned in order for the surgeon to access the location where the
stabilization device is to be installed. This repositioning of tissue causes trauma, damage,
and scarring to the tissue. There are also risks that the tissue will become nfected and that a
long recovery time will be required atter surgery for the tissue to heal. There remains a need
for further iraprovements in nstruoments and methods for stabilizing one or more motion

segments of the spinal column.

SUMMARY

Etongated connecting elements inchude bodies having anisotropic cross-sectional
shapes defining a first moment of inertia about a first bending axis and a second moment of
inertia about a second bending axis that is transverse to the first bending axis. The
connecting elements are positioned along one or more spinal motion segments and engaged
to vertebrae with anchors with the first and second bending axes in the desired orientation
refative 1o the spinal motion segments.

According to one aspect, a system for spinal stabilization includes g first anchor

engageable to a first vertebral body with a bone engaging portion for engaging the fst
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vertebral body along a first engagement axis and a second anchor engageable to a second
vertebral body with a bove engaging portion engaging the second vertebral body along a
second engagement axis. A connecting element includes an elongated body extending
between opposite first and second ends and s positionable between and engageable o each of
the first and second anchors. The elongated body includes an anisotropic cross-sectional
shape defining a first bending axis and a second bending axis transversely oriented to the first
bending axis, The body includes a first moment of inertia about the first bending axis and a
second moment of inertia about the second bending axis that differs from the first moment of
inertia. A selected one of the first and second bending axes is aligned in the direction of the
first and second engagement axes and the connecting element 15 engaged to the first and
second anchors in the aligned orientation,

According to another aspect, a system for spinal stabilization inclodes a first anchor
engageable to a first vertebral body with a bone engaging portion for engaging the first
vertebral body along a first engagement axis and a second anchor engageable to a second
vertebral body with a bone engaging portion for engaging the second vertebral body along a
second engagement axis. The svstem includes a first anchor extension including a distal end
refeasably engageable to the first anchor and an elongated body extending proximally from
the distal end to a proxsmal end.  The svstem also includes a second anchor extension
including a distal end releasably engageable to the second anchor and an elongated body
extending proximally from the distal end to a proximal end. The system further includes an
imserter instrument and a connecting element releasably engaged to the inserter instrument.
The connecting element includes an elongated body positionable between and engageable to
gach of the first and second anchors. The elongated body of the connecting element includes
an anisotropic cross-sectional shape defining a first bending axis and a second bending axis
transversely oriented to the first bending axis. The body of the connecting element includes a
first moment of inertia about the first bending axis and a second moment of inertia about the
second bending axis that differs from the first moment of ertta. The inserter instrument can
be engaged with the connecting element with a selected one of the first and second bending
axes in a predetermined orientation relative to the first and second engagement axes of the
first and second anchors. The inserter instrument is operable to move the connecting element

while maintaining the predetermined orientation from a location remote from the first and
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second anchors o a location adjacent the first and second anchors for engagement of the
connecting element to the first and second anchors in the predetermined onentation.

According to another aspect, a method for stabilizing at least one spinal motion
segment comprises. engaging a first anchor to a first vertebral body, engaging a second
anchor to a second vertebral body; providing a connecting element, wheretn the connecting
element includes an elongated body having a cross-sectional shape delining a first moment of
inertia about a first bending axis and a second moment of inertia about a second bending axis
that is transverse 1o the first bending axis; selecting an orientation of the first and second
bending axes relative to the first and second vertebral bodies; positioning the connecting
element in the selected orientation between the first and second anchors; and engaging the
connecting element to the first and second anchors with the connecting element positioned 1n
the orientation.

In another aspect, a connecting element for positioning along a spinal column includes
an elongated body extending along a longitudinal axis between a first end and an opposite
second end.  The body includes at least one stabilization portion extending along the
longitudinal axis that has an anisotropic cross-section orthogonally to the longitudinal axis.
The elongated body also includes at least one comnecting portion along the longitadinal axis
that has a areular cross-section orthogonally to the longitudinal axis. The connecting portion
has a length sized to engage a spinal anchor engageable 1o a spinal column and the
stabilization portion has a length sized to extend along at least one vertebra.

fn yet another aspect, a connecting element for positioning along a spinal column
includes an elongated body extending along a longitudinal axis between a first end and
an opposite second end. The body has a length sized to extend between at least two vertebrae
of the spinal column and includes a circular cross-section i a plane taken orthogonally to the
longitudinal axis. The body further includes a lumen extending at least partially along the
length of the body that has a non-circular cross-section orthogonal to the longitudinal axis.
The body includes a first moment of inertia abowt a first bending axis along the cross-section
and a second moment of inertia about & second bending axis along the cross-section that is
orthogonal to the first bending axis.

Related features, aspects, embodiments, objects and advantages of the present invention

will be apparent from the following description.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A, 1B, and 1C are diagrammatic views show various attachment arrangements
for securing a connecting element along the spinal column with an anchor.

Figs. 1D and 1E are perspective views of one embodiment connecting element in first
and second implantation ortentations, respectively.

Figs. 2A and 2B are perspective views of another embodiment connecting element in
first and second implantation orientations, respectively.
Figs. 3A and 3B are perspective views of another embodiment connecting element in
first and second implantation orientations, respectively.

Figs. 4A and 4B are perspective views of another embodiment connecting element in
first and second implantation orientations, respectively,

Figs. SA, 5B and 3C are perspective views of additional embodiments of connecting
elements in a first unplantation oriertation.

Figs. 6A and 6B are perspective views of another embodiment connecting element in
first and second implantation ovientations, respectively.

Figs. 7A and 7B are perspective views of another embodiment connecting element in
first and second implantation orlertations, respectively.

Figs. BA and 8B are perspective views of another embodiment connecting element in
first and second implantation orientations, respectively.

Fig. 9is a perspective view of another embodiment connecting element.

Fig. 10 1s a perspective view of another embodiment connecting element.

Fig. 11A 15 a perspective view of another embodiment connecting element.

Figs. 11B-11G are various embodiments of cross-sections for connecting elements.

Fig. 12 shows one embodiment of a system for positioning a connecting element in a
predetermined orientation along the spinal column in a minunally invasive surgical
procedure.

Fig. 13 shows another embodiment system for positioning a connecting element in a
predetermined ortentation along the spinal column in a minimally invasive surgical

procedure.
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Fig. 14 shows another embodiment system for positioning a connecting element in a
predetermined ortentation along the spinal column in a minumally imvasive surgical
procedure.

Fig. 1515 a view of the system of Fig. 14 looking in the direction of arrows 13-15,

DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

For the purposes of promoting an understanding of the principles of the invention,
reference will now be made to the embodiments illustrated in the drawings and specific
language will be used to describe the same. It will nevertheless be understood that no
limitation of the scope of the mvention is thereby intended. Any such alterations and further
modifications in the illustrated devices, and such further applications of the principles of the
invention as Ulustrated hergin are contemplated as would normally occur to one skilled in the
art to which the invention relates.

A connecting etement for connection with anchors engaged to one or more vertebral
bodies 1s provided with an anisotropic cross-section extending along all or a substantial
portion of a length of a body of the connecting element. The anisotropic cross-section can
provide a greater resistance to bending in a first direction than in a second direction. The
connecting element can include a moment of tnertia about a first bending axis along the
cross-section that extends i a first direction relative to a vertebral body when secured along
one or more spinal motion segments. The connecting element can also include a second
moment of inertia about a second bending axis along the cross-section that extends ina
second direction relative to the vertebral body when the connecling element is secured along
one or more spinal motion segments. The moments of inertia differ from one another to
provide the body of the connecting element with differing stiffness charactenistics about
different planes of motion of the spinal motion segment. Other moments of inertia about
other bending axes that are the same as or that differ from the first and second moments of
inertia are also contemplated.

In one example, the connecting element can be positioned along the spinal column so
that the first bending axis is orierted to resist lateral bending of one or more motion segments
of the spinal column, while the second bending axis is positioned to resist extension and

flexion of one or more motion segments of the spinal column. In another example, the
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connecting element can be positioned along the spimal column so that the first bending axis is
ovlented to resist extension and flexion of one or more motion segments of the spinal column,
while the second bending axis is positioned 1o resist lateral bending of one or more motion
segments of the spinal column. Other orientations of the bending axes relative to the planes
of motion of the spinal motion segment or segments are also contemplated.

The connecling element can be positioned info the patient in minimally invasive
surgical procedures with a system that percutaneously guides the connecting element into the
patient along a mintmally invasive insertion path to one or more anchors with the first and
second bending axes in a predetermined ortentation relative to the spinal motion segment.
The connecting element can be maintained in the predetermined orientation as if is inserted
and then secured in engagement with the spinal motion segment 1n the predetermined

orientation with anchors engaged to the spinal motion segment. Other embodiments

contemplate that the connecting element is inserted into the patient and thereafter aligned to
provide 3 predetermined orientation of the bending axis relative to the spinal motion segment.

As shown in Fig. 1A, an elongated connecting element 10 can be secured to vertebral
body V1 with one or more anchors 100 with the connecting element extending along one or
more spinal motion segments. Connecting element 10 s understood to be any of the
connecting element embodiments discussed heretn, and has an anisotropic cross-section
including a first bending axis 15 defining a first moment of inertia thereabout.  The cross-
section of connecting element 10 also includes a second bending axis 10 transverse to the
first bending axis 15 that defines a second moment of inertia thereabout that differs from the
first moment of inertia,

Anchor 100 includes a receiver 104 for receiving connecting element 10 therein, and a
bone engaging portion 106 for engaging a vertebral body V1. Bone engaging portion 106 can
be a threaded screw-like member that extends into and engages the bony structure of
vertebral body V1. Other embodiments contemplate that anchor 100 can include a bone
engaging portion in the form of a hook, staple, boly, cable, or other suitable bone engaging
device. Receiver 106 can include a pair of arms defining a passage therebetween for
receiving the connecting element. The arms can be top-loading as shown and internally
and/or externally threaded to engage a set screw or other engaging member. Other

embodiments contemplate receivers that are side-loading, bottom loading, end-loading,
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clamping members, or any other suitable arrangement for securing connecting element 10
along the spinal column.

In Fig. 1A anchor 100 includes an engagement axis 109 extending toward vertebral
body V1 in a generally posterior P to anterior A direction. Bone engaging portion 106
extends in the direction of an engagement axis 109 to engage vertebral body V1. Bone
engaging portion 106 is shown engaged through the pedicle of vertebral body V1. When
connecting element 10 is positioned in receiver 104, first bending axis 15 extends toward
vertebral body V1 in the same general direction as engagement axis 109, Second bending
axis 16 is transversely oriented to first bending axis 15, and extends tangentially to or along
the pedicles of vertebral body V1.

In Fig. 1B, connecting element 10 is engaged laterally along vertebral body V1 with
anchor 100 having engagement axis 109 extending into vertebral body V1 in a medial-lateral
direction. First bending axis 15 extends along engagement axis 109, and second bending axis
16 extends tangentially to vertebral body V1 along its tateral face. In Fig. 1C, counecting
element 10 is engaged anteriorly along vertebral body V1 with anchor 100 having
engagement axis 109 extending into vertebral body V1 in an anterior-posterior direction.
First bending axis 15 extends along engagement axis 109, and second bending axis 16
extends tangentially to vertebral body V1 along s antertor face. Other embodiments
contemplated that connecting element 10 could be engaged along an oblique face of the
vertebral body or to posterior elements of the vertebral body.

Fig. 1D shows one embodiment of connecting element 10 in the form of connecting
element 20a for engagement along one or more spimal motion segments with one or more
anchors 100. Connecting element 20a has an anisotropic cross-section provided by a non-
circular outer perimeter. Connecting element 20a includes an elongated body 21a extending
along longitudinal axis 29 between a first end 22a and an opposite second end 24a. Body
21a can also define a central lumen 23a extending longitudinally therethrough and opening at
ends 22a, 24a with a solid, uniform body extending about the central lumen. Other
embodiments with g sohd, uniform body not including a central lumen or other passage or
passages are also contemplated. Body 21a includes a cross-section transversely to
longitudinal axis 29a that includes a first bending axis 252 extending through longitudinal

axis 29a and transversely to the length of body 21a. Body 21a also imcludes a second bending

fos
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8
axis 26a extending through longitadinal axis 29a transversely to the length of body 214 and
orthogonally to {irst bending axis 23a. The cross-section of body 21a includes an oval shape
with the elongated portion of the oval shape extending along first bending axis 25a. This
provides a greater moment of inertia and thus a greater resistance 1o bending than is provided
about second bending axis 26a, which extends between the shorter sides of the oval shape.
The oval-shaped cross-section can be carned along substantially the entire length of
connecting element 20a between first and second ends 22a, 24a.

Connecting element 20a can be engaged by anchors 1o the vertebral bodies with first
bending axis 25a extending along ov in the generally same direction as the engagement axis
of the anchors. This provides resistance to bending of the spinal motion segment in a plane
of motion that includes bending axis 25a. For example, if connecting element 20a were
secured to the spinal motion segment in the position shown for connecting element 10 in Fig.
1A, the plane of motion mncluding first bending axis 235a includes extension and flexion of the
spinal motion segment, and the plane of motion including second bending axis 26a includes
lateral bending of the spinal motion segment.  Since connecting element 20a has a moment
of inertia that 1s less in the divection of bending axis 26a than in the direction of bending axis
254, connecting element 20a can pernut more motion of the spinal column segruent i lateral
bending than 1n spinal extension flexion.

In another embodiment, connecting element 20b shown in Fig. 1E includes a body 21b
extending along tongitudinal axis 29b. Body 21b includes an oval shaped cross-section like
connecting element 20a, but is oriented so that second bending axis 26b extends along or in
the general direction of engagement axis 109, First bending axis 25b is ortented to extend
tangentially to or along the vertebral body of the spinal motion segment to which connecting
element 20b 15 attached. Accordingly, if connecting element 20b were engaged posteriorty
along the spinal column in the position of connecting etement 10 as shown  Fig. 1A, second
bending axis 26b would extend in the general direction of engagement axis 109, Engagement
axis 250 would extend along vertebral body V1 and provide greater resistance to lateral
bending than would be provided about engagement axis 26b with respect to extension and
flexion of the spinal motion segment.

Figs. 2A and 2B show another embodiment connecting element in first and second

P

implantation onentations, respectively. Counecting element 30a inclodes a body 31a having



10

20

Tt
h

WO 2007/127604 PCT/US2007/066296

9

a hexagonally shaped cross-section extending aloug longitudinal axis 3% between a first end
32a and an opposite second end 34a. Body 31a includes a first bending axis 353 extending
through longitudinal axis 39a and opposing vertices of the hexagonal shape, and a second
bending axis 36a extending through fongitudinal axis 3%a and opposing planar surfaces 37a
of the hexagonal shape. First and second axes 35a, 36a are orthogounally ortented relative to
one another. Since a greater moment of inertia 1s defined about the first bending axis 354, a
greater resistance is bending is provided with respect to a plane of motion that includes
bending axis 354 than a plane of motion that includes bending axis 36a. Connecting element
30a can be secured to the spinal motion segment with first bending axis 35a extending along
or in the general direction of engagement axis 109,

In Fig. 2B a stmularly shaped connecting element 30b includes a body 31b with a
hexagonally shaped cross-section extending along longitudinal axis 39b between first end
32b and second end 34b. Body 31h 15 ortented so that second bending axis 36b extending
through longitudinal axis 39b and opposite planar surfaces 37b s oriented n the direction of
engagement axis 109 of the anchor mto the vertebral body when secured to the spinal motion
segment. First bending axis 35b extending through longitudinal axis 39b and opposing
vertices of the cross-section 1s ortented n the direction tangentially to or along the spinal
motion segment, and provides greater resistance to spinal motion 1 this direction than in the
direction in which bending axis 36b extends.

Figs. 3A and 3B show another embodiment connecting element in first and second
orientations, respectively. Connecting element 40a includes a body 41a having an I-beam
shaped cross-section extending between a first end 42a and an opposite second end 44a.
Body 41a includes a first bending axis 453 extending along a web 47a of body 41a and
through opposing tlanges 483, 49a. A second bending axis 46a extends transversely to web
47a and generally parallel to flanges 48a, 49a. First and second axes 45a, 46a are
orthogonally oriented relative to one another. A greater moment of inertia is defined about
the firgt bending axis 43a due to the greater height and the area of the flanges, and therefore a
rreater resistance to bending is provided with respect to a plane of motion that includes
bending axis 45a than a plane of motion that cludes bending axis 46a. First bending axis

453 can extend in the direction of engagement axis 109 when engaged to the spinal motion
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segment, and second beuding axis 46a extends tangentially to or along the vertebral bodies of
the spinal motion segment.

In Fig. 3B connecting element 40b includes a body 41b with an I-beam shaped cross-
section like connecting element 40a, but body 41b 13 onented s0 that second bending axis 46b
extending parallel to the flanges 1s onented in the direction along engagement axis 109 when
engaged to the spinal motion segment. First bending axis 45b extending along the web is
oriented along or tangentially to the vertebral bodies of the spinal motion segment, and
provides greater resistance to bending of the spinal motion segment in planes of motion that
include bending axis 45b than in planes of motion that extend toward the spinal column
motion segment along bending axis 46b.

Fig. 4A shows another embodiment connecting element 50a. Connecting element S0a
includes a body 51a having a diamond shaped cross-section extending along longitudinal axis
59a between a first end 52a and an opposite second end 54a. Body Sla includes a first
bending axis 55a extending through opposing vertices of the diamond shape and longitudinal
axis 59a, and a second bending axis 56a extending through the other opposing vertices of the
diamond shape and Jongitudinal axis 59a. First and second bending axes 55a, 56a are
orthogonally oriented relative to one another. When implanted, first bending axis 55a
extends toward the spinal motion segment to which connecting element 50a 18 attached, and
second bending axis 56a extends along the spinal motion segment. Since the same moment
of inertia is defined about the first bending axis 553 and second bending axis 56a, the same
resistance to bending is provided with respect to the plane of motion that includes bending
axis 552 and the plane of motion that includes bending axis 56a. However, the planar side
surfaces 57a extending between the vertices provide less resistance to bending in planes of
motion that include bending axes extending through the planar side surfaces 57a.
Accordingly, connecting element 50a provides a body Sla that is less stff in planes of motion
that are obliquely oriented 1o the planes of motion including bending axes 55a, Soa.

In Fig. 4B connecting element 50b includes a body $1b with a square-shaped cross-
section that is similar 1o the diamond-shaped cross-section of Fig. 4A but is rotated 90
degrees about longitudinal axis 59b relative to the Fig. 4A orientation. First bending axis 55b
and second bending axis 56b are oniented orthogonally to one another and extend through

longitudinal axis 39b and the planar sides 37b of body 51h. Connecting element S0b can be

=
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secured to the spinal motion segment 1 an orentation that is rotated 45 degrees about
longttudinal axis 59b from the orientation shown mn Fg. 4A. Since the moment of inertia
about the axes 55b, 56b is less than the moment of inertia about axes 53a, 56a, connecting
element 30b provides less stitfness to resist beading forces in plane of motions that includes
3 axes 55b, 56b. The stiffness increases in axes that are obliquely oriented to bending axes
55b, 56b to a maximum stiffness about axes that extend through the vertices of the cross-
sectional shape.
In Fig. 5A there is shown another embodiment connecting element 60a having a body
61a defining a triangularly-shaped cross-section extending along longitudinal axis 69a
10 between a first end 62a and a second end 64a. Body 6la includes an isosceles triangular
shape with a pair of equal, longer sides 67a meeting at a first vertex and a shorter side 68a
extending between long sides 67a opposite the first vertex. A first bending axis 65a extends
through the first vertex, longitudinal axis 69a and shorter side 68a. Body 61a 1s engageable
to vertebral bodies with bending axis 65a extending along the engagement axis 209 of the
13 anchors toward the spinal motion segment to which connecting element 60a is attached. A
greater moment of inertia is provided about first bending axis 63a that in directions about
axes that are transversely oriented to bending axis 65a.
Other embodiments contemplate other triangolar arrangements for the cross-sectional
shape of the connecting element. For example, Fig. 5B shows a connecting element 60b
20 having a body 61b with an equilateral triangular arrangement along longitudinal axis 69
befween first end 62b and second end 64b. Body 61 includes side surfaces 67b having an
equal length between vertices about longitudinal axis 69b. A first bending axis 65b extends
through a vertex of body 61b, longitudinal axis 69b, and through the opposite side surface

67b. Bending axis 65b can extend along or in the direction of the engagement axis 109 of the

Tt
h

anchor and toward the spinal motion segment to which connecting element 65b is attached.

In Fig. 53C, there is shown another embodiment connecting element 60c¢ having a body
61c with a triangular shaped cross-section along longitudinal axis 69¢. Body 61¢ has
convexly curved side surfaces 67¢ extending between vertices of the triangular shape. A
hending axas 65¢ extends through one of the vertices and through the opposite convexly
30 curved side surface 67¢ toward the spinal motion segment to which connecting element 60¢ is

attached. Still other embodiments contemplate other triangular shapes, mcluding scalene
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triangular shapes, 1sosceles triangular shapes with a pair of equal short sides and a longer side
exiending between the shorter sides, and triangular shapes with concavely surface wall
surfaces extending about the cross-section of the body.

Other embodiments having other cross-sectional shapes extending along the
longitudinal axis of the connecting element are also contemiplated. For example, in Fig. 6A,
connecting element 70a 13 shown with an elongated body 714 having an oblong or race-track
shaped cross-section extending between first and second ends 72a, 74a. Body 71a has a first
bending axis 75z defining a first moment of inertia thereabout that is greater than a moment
of inertia about a second bending axis 76a extending orthogonally to first bending axis 75a.
First bending axis 75a extends in the direction of the oblong or elongated side surfaces 77a of
the cross-section of body 71a and along the anchor engagement axis toward the spinal motion
segment when attached thereto. Second bending axis 76a extends in the shorter divection of
the cross-section of body 71a transversely to side surfaces 77a and along the adjacent
vertebral body when attached thereto. Connecting element 70a can be secured to the spinat
motion segment with first bending axis 752 extending in the divection of engagement axis 109
of the anchors.

In Fig. 6B, connecting element 70b includes a body 71b that with a cross-sectional
shape that 1s similar i shape to body 714, but is rotated 90 degrees about 118 fongitudinal axis
relative to the Fig. 0A orientation. Body 71b includes a first bending axis 75b and a second
bending axis 76b that are oriented to extend orthogonally to their respective orientations in
Fig. 6A. Second bending axis 75b extends generally along the engagement axis 109 of the
anchor and toward the spinal motion segment when attached thereto, and first bending axis
75b extends along the adjacent vertebral body when attached thereto.

In another example, in Fig. 7A, connecting element 80a is shown with an elongated
body 81a having an octagonal shaped cross-section extending between first and second ends
82a, 84a. Bodv 81a has a first bending axis 85a defining a first moment of inertia thereabout
that is the same as a moment of inertia abowt a second bending axis 86a extending
orthogonally to first bending axis 83a. First bending axis 8%a extends through opposite
vertices of the octagonal shape, and second bending axis 86a extends orthogonally to first
bending axis 83a and through opposite vertices of the octagonal shape. Accordingly, the

moment of inertia about each of the bending axes 83a, 86a is the same. The opposite planar
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wall surfaces 87a between adjacent vertices have a height thercbetween that is less than the
herght between opposite vertices, and thus provide a lesser moment of inertia and less
resistance to motion in planes including axes extending through these opposite planar wall
surfaces 87a.

in Fig. 7B, connecting element 80b includes a cross-sectional shape that is similar to
connecting element 80a, but the cross~sectional shape of body 81b is rotated about its
longitudinal axis relative to the orientation of body 81a shown in Fig. 7A. Body 81b extends
between first and second ends 82b, 84b, and includes first and second bending axes 85b, 86b
extending through opposite planar wall surfaces 87b of the octagonal shape. Accordingly,
the moment of inertia about these bending axes is the same; however, axes extending through
opposite vertices of the octagonal shape have a greater moment of inertia and provide a
greater resistance to bending in planes of motion including these axes.

In Fig. 8A, connecting element 90a is shown with an elongated body 91a having a
rectangular shaped cross-section extending between first and second ends 923, 94a. Body
O1a has a first bending axis 95a extending i the direction of elongated side surfaces 97a of
the cross-section of body 91a, and a second bending axis 96a extending in the direction of the
shorter side surfaces 98a of the cross-section of body 91a. Body 91a this has first bending
axis 95a defirung a first moment of mertia thereabout that 15 greater than a moment of tnertia
about second bending axis 96a extending orthogonally to first bending axis 95a. Connecting
element 90a can be secured to the spinal motion segment with first bending axis 93a
extending 1 the direction of the anchor engagement axis 109 toward the vertebral body to
which connecting element 903 1s 1o be attached.

In Fig. 8B, connecting element 90b includes a body 91b with a cross-sectional shape
that is stnular to body 91a 1 Fig. 8A. However, the cross-sectional shape of body 91b is
rotated 90 degrees about its longitudinal axis relative to the orientation of body 91a shown in
Fig. SA. Bodv 91b includes a second bending axis 96b extending parallel to the shorter side
surfaces 98b, and is oriented to extend along the anchor engagement axis 109 toward the
spinal motion segment when connecting clement 90b is attached thereto. First bending axis
95b is orthogonally ortented to second bending axis 96b, and extends generally parallel to the

longer side surfaces 98b.



10

20

Tt
h

WO 2007/127604 PCT/US2007/066296

14

In Fig 9, another embodiment comecting element 300 is shown having a first portion
302 with a first cross-sectional shape and a second portion 304 with a second cross-sectional
shape. First portion 302 can be joined to second portion 304 at a transition region 310, First
portion 302 extends from transition region 310 to a first end 306, and second portion 304
extends from transition region 310 to a second end 308. In the illustrated embodiment, first
portion 302 includes an oval cross-sectional shape along the length thereof, and second
partion 304 includes a rectangular cross-sectional shape on the length thereof. 1tis
contemplated that any combination of two or more cross-sectional shapes discussed herein
could be formed as a single integral connecting element with transition regions therebetween.

The respective portions 302, 304 of connecting element 300 can have a length each
sized to extend between vertebrae of a spinal motion segment so that connecting element 300
can be engaged to three or more vertebrae. Other embodiments contemplate that the portions
have a length extending from the transition regions sized to span approximately one half the
distance between vertebrae of a spinal motion segment.

Referring to Fig. 10, there 15 shown another embodiment connecting element 400
including an elongated body 404 extending along a longitudinal axis 402, Body 404 includes
a number of stabilization portious 40064, 406b aloug its length having non-circular cross-
sectional shapes orthogonally to longitadinal axis 402, Any one or combination of the non-
circular cross-sectional shapes discussed herein can be provided along one or both of the
stabilization portions 406a, 406b. Stabilization portions 406a, 406b can be connected to one
another with one or more intermediate connecting portions 410 having a circular cross-~
sectional shape orthogonal to longitudinal axis 402, In addition to or alternatively to
intermediate connecting portion or portions 410, connecting element 400 includes end
connecting portions 408a, 408b having a circular cross-sectional shape orthogonal to
longitudinal axis 402.

End connecting portions 408a, 408b and/or intermediate connecting portion 402 can be
located for engagement with anchors to secure connecting element 400 along the spinal
column. The circular cross-section regions can provide an engagement platform for
anchoring systems typically employed to engage spinal rods of circular cross-section along
the spinal column, while providing the controlled bending characteristics between the anchors

with stabilization portions 406a, 406b.
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Referring now to Fig. 11A, there shown a connecting element 500 having an elongated
hody 504 extending along a longitudinal axus 302 between a first end 506 and a second end
S08. Body 504 mcludes a circular cross-section orthogonally to longitudinal axis 502, Body
304 also includes a lumen 310 extending therethrough and along a length thereof about
longitudinal axis 502, Lumen 510 includes a non-circular cross-sectional shape so that the
cross~section of body 504 15 anisotropic along longitudinal axis 502

For example, in Fig. 11B lumen 510 includes an oval shaped cross-section with an
elongate portion of the oval extending along first bending axis 513 and shorter portion of the
lumen extending along a second bending axis 5316. The moment of inertia about first bending
axis 515 is less than the moment of inertia about second bending axis 516, and thus
connecting element 300 is less resistant to bending forces about bending axis 515 than
bending axis 316, When implanted, first bending axis 515 can extend generally in the
divection of engagement axis 109 and toward the spinal motion segment to which connecting
element 500 is to be attached.

In Fig. 11C, connecting element 500a mcludes body 502a rotated 90 degrees from its
ortentation in Fig. 11B. Body 502a includes lumen 510a elongated such that first bending
axis S16a extends between the shorter sides of the oval shape and second bending axis 315a
extends in the elongated direction of the oval shape. First bending axis 516a can be onented
in the direction along engagement axis 109 toward the spinal motion segment to which

connecting element 3)0a is to be engaged.

Figs. 11D and 11E show other embodiment connecting elements 500c and $00d similar
to connecting element 500 discussed above. Connecting element 500¢ includes a body S02¢
defining a rectangular lumen 510¢ in a first ortentation, and in Fig. 11E connecting element
500d includes a body 5024 defining a rectangolar lumen 510d oriented 90 degrees from the
Fig. 11D orientation. The elongated shape of the rectangular lumen 510¢, $10d can be
positioned relative to the spinal column 1o so that the bending axis providing a desired
stabilization effect and resistance to bending loads is oriented along the engagement axis
toward the spinal column segment.

In Fig 11 F, connecting element 500¢ includes a body 502¢ detining a lumen 510¢ with
a tnangularly shaped cross-section extending therealong. In Fig. 116, connecting element

SO0f includes a body S02f defining a tamen 5101 defining a cross shaped cross-section,
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Again, the comnecting elements 500e, S00f can be oriented in the desired position relative to
the spinal coluran segment to provide a desived stabilization effect.

It is further contemplated that the non-circular lumens can include biodegradable
material 520, such as shown in Figs. 11D and 11E, to provide an initial stiffhess upon
implantation a lesser stiffhess over time. The biodegradable material can provide rigidity and
support tor both the connecting clement and, conseguently, the attached bone structures, In
use, the biomechanical load supported by the compaosite material and connecting element
incorporating the composite can vary over time. This allows the orthopedic device 1o become
dynamizable, or change its physical properties in vivo.

As material 520 brodegrades, the rigidity of connecting element 500 decreases. This
decrease in rigidity can be substantially Hnear over time. The nature and composition of
material 520 can be varied to allow material 520 to degrade over varying time periads
ictuding peniods between a few days, a few weeks, a few months, and even over the course
of ong or more years.

The biodegradable material can include polymeric materials formed from oligomers,
homopolymers, copolymers, and polymer blends that include polymerized monomers derived
from 1, d, or ¢/ lactide (factic acid); glycolide (glycolic acid); ethers; antino acids;
anhydrides; orthoesters; hydroxy esters; and mixtures of these monomeric repeating anits.
Use of the term "copolvmers" is intended to include within the scope of the invention
polyimers formed of two or more unique monomeric repeating units. Such copolymers can
include random copolymers; graft copolvmers; body copolymers; radial body, dibody, and
tribody copolymers; altemating copolymers; and periodic copolymers. Use of the term
“polymer blend” is intended 1o include polymer alloys, semi-interpenetrating polymer
networks (SIPN), and mterpenetrating polymer networks (IPN),

o one embodunent, the biodegradable material comprises a biodegradable polymeric
material including: poly(amino acids), polvanhydrides, polycaprolactones, poly(lactic-
glveolic acid), polvhydroxybulyrates, polvorthoesters, and poly{d,}-lactide). In other
embodiments, the biodegradable material can comprise biodegradable ceramic materials and
ceramic cements. Examples of biodegradable ceramic materials include: hydroxyapatite,

hydroxyapatite carbonate, corraline, calcium phosphate, tricalcium phosphatem, and
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hydroxv-apatate particles. Examples of biodegradable ceranuc cements include calcium
phosphate cement

In stll other embodiments, the biodegradable material can be formed of compaosite
materials. Examples of composite materials include as a base material or matrix, without
limitation: ceramics, resorbable cements, and/or biodegradable polymers listed above. Each
of the base materials can be impregnated or interspersed with fibers, platelets, and particulate
reinforcing materials. In one form, the biodegradable material comprises a resorbable,
moldable material that can be molded at an elevated temperature and then allowed to set up
into a bardened material at around body temperature, such as the material sold under the trade
name BIOGLASS®.

Further, the biodegradable material can be formulated to degrade or can be induced to
begin degradation by application of external stimuli. For example, the biodegradable
material can degrade upon application of radiation such as UV radiation, thermal energy,
and/or solvent-either neutral, basic, or acidic.

The portion of connecting element 300 about fumen 506, or the material of any of the
connecting element embodiments discussed herein, can be comprised of nonbiodegradable or
biostable material. Such material can include resilient materials such as, without limitation,
mitinol, titantum, fitaniom-vanadivm-atuminum allov, cobalt-chromium alloy, cobalt-
chromium-molvbdenum allov, cobalt-nickel-chromium-molybdenu- m alloy, biocompatble
stainiess steel, tantalum, niobium, hafoium, tungsten, and alloys thereof, polymeric materials
include polymerized monomers derived from: olefins, such as ethylene, propviene, butene-1,
pentene-~1, hexene-1, 4-methylpentene-1, stvrene, norbornene and the like; butadiene;
polvfunctional monomers such as acrylate, methacrviate, methyl methacrylate; esters, for
example, caprolactone and hydroxy esters; and mixtures of these monomeric repeating umts.
Particular polymers include carbon poly(ether, ether, ketone) (PEEK), poly{aryl ether,
ketone) (PAEK), and the like.

In the embodiments discussed above, the connecting elements can be curved along their
respective fongitudinal axes. One of the bending axes can extend between the convexly
curved and concavely curved portions of the body. As discussed further below, the curved
bodies can facilitate placement of the connecting element into the body of the patient along a

minimally mvasive insertion path where a selected bending axis extending between the
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convexly and concavely curved sides of the connecting element is oriented toward the
vertebral bodies 1n the general direction of engagement axis 109 The selected bending axis
can be engaged to the first and second anchors to extend in the direction of the engagement
axes of the anchors engaged to the vertebral bodies. It is also contemplated that the
connecting elements can be linear or include compound curvature. The connecting elements
can be made from metal or metal alloy, plastics, polymers, or other suitable biocompatible
material.

Various instruments and systems are contemplated for positioning the connecting
elements into the patient 10 minimally invasive surgical techniques while maintaining a
desired orientation of the connecting element relative to the spinal motion segment or
segments to which it is to be attached. In Fig. 12 there is shown an tnserter instrament 200
including an inserter 202 pivotally mounted to a number of anchors extensions 130a, 130b,
130c. Inserter 202 includes a mounting portion 204 and a pivot armt 206 extending from
mounting portion 204, Connecting element 10 includes a trailing end that is releasably
engaged to the distal end 208 of pivot arm 206, Counecting element 10 can include any form
discussed heretn in which the stiffness about a first bending axis differs than a stiffhess about
a second bending axis that is transversely oriented to the first bending axis. Connecting
element 10 may include a leading end 12 that 1s tapered to facilitate placement through tissue
of the patient, although such 1s not required.

Inserter instrument 200 further includes anchor extensions 130a, 130b, 130¢
{collectively and individually referred to as extension or extensions 130) releasably mounted
to respective ones of anchors 100a, 100b, 100¢ {collectively and individually referred to as
anchor or anchors 100). Anchors 100 includes bone engaging portion 106 engageable to
respective ones of vertebrae V1, V2, V3, and a proximal recetver 104 for receiving
connecting element 10 therein. A set screw or other engaging member (not shown) can be
delivered through the extensions 130 to engage the connecting element in the respective
receiver 104, Receiver 104 can be pivotal relative to bone engaging portion 106 so that bone
engaging portion 106 and receiver 104 include a multi-axial arrangement therebetween. In
another embodiment, recetver 104 can be fixed relative to bone engaging portion 106.

Anchors 100 and anchor extensions 130 can be engaged to the respective vertebrae

through one or more percutaneous access portals that mmmimize incision length and tssue
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retraction. The anchor extensions 130 can include an elongated body extending between a
distal end mounted to the recetvers of the anchors and a proximal end spaced proximally
from the anchors. Inserter 202 is pivotally mounted to the proximal ends of extensions 130,
and movable relative thereto about pivol axis A2 to swing pivot arm 206 and thus connecting
element 10 along an arcuate insertion path P1. Accordingly, connecting element 10 can be
curved along its length to facilitate placement along path P1, although a curved comnecting
element is not required.

Connecting element 10 can be mounted to pivot arm 206 so that its respective bending
axes are aligned 0 a predetermined orlentation relative to the spinal motion segments defined
by vertebrae V1, V2, V3 to provide the desired stabilization effect. Connecting element 10
can be guided in the predetermined orientation from a location remote from anchors 100
through skin and/or tissue of the patient to a location where connecting element 10 extends
between the recervers of anchors 100, Connecting element 10 can be engaged in the
receivers of the anchors in the predetermined orientation to provide the desired stabilization
effect to the spinal motion segment,

Examples of systems, instruments and techniques for nunmatly invasive placement of
conrecting elements using inserter istrunents mounted to anchor extensions can be
discerned from U.S. Patent No. 6,530,929 to Justis et al, U.S. Patent Application Publication
Nos. 2005/0171540 to Lim et al. and 2002/0161368 to Foley et al , and U8, Patent
Application Serial No. 11/213.473 filed on August 26, 2003, all of which are incorporated
herein by reference in their entirety.

Fig. 13 shows another embodiment inserter instrument and stabilization system thal
includes an inserter instrument 220 coupled 1o connecting element 10, A number of anchors
100a, 100b, 100c¢, 1004 are engaged 1o a corresponding number of and respective ones of
vertebrae V1, V2, V3, V4. Anchor extensions 130a, 130b, 130c¢, 130d are releasably engaged
to and extend proximally from respective ones of the anchors 100a, 100b, 100¢, 100d. A
receiving space 108a, 108b, 108¢ 108d is defined between each of the respective anchors 100
and anchor extensions 130.

Inserter mstrument 220 includes a curved arm 222 having connecting element 10
refeasably engaged to a distal end thereof and a handle 224 extending from a proximal end

thereof. Handle 224 can extend along an axis Al m a generally parallel relation to an axis 1
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along which connecting element 10 extends, atthough non-parallel arrangements between the
handle and connecting element are also contemplated. Connecting element 10 can be
coupled 1o inserter mstrument 220 in a predetermined orientation and maintained in the
predetermined ortentation during insertion so that bending axes of connecting element 10
having duffering moments of inertia thereabout are positioned in the desired orientation
relative 1o the spinal motion segments to which connecting element 10 18 to be engaged.
Connecting element 10 can be percutaneously guided in the predetermined onentation into
the patient using free-hand techniques, image guided visualization, and/or surgical navigation
systems with inserter instrument 220 to locate connecting element 10 into the receiving
spaces 108, and so that connecting element 10 extends between the anchors 100, For
connecting element embodiments tncluding a central lumen, the connecting element can be
guided along a guidewire, suture or other guiding structure 1o a focation adjacent the anchors.

Anchor extensions 130 can include a member that 18 movable toward the respective
anchor 100 engaged thereto to contact the connecting element 10 in space 108 and seat it into
the recervers of the anchors 100, Other embodiments contemplate that reduction mstruments
can be emploved through or beside anchor extensions 130 to seat the connecting element in
the anchors 100, Set screws or other engaging members cant be delivered through the
extensions {30 to secure the connecting efement 10 1n the recervers of anchors 100 with the
bending axes of connecting element 10 in the desired orientations relative 1o the spinal
motion segments. Further examples of inserter 220 and embodiments of anchor extensions
130 are provided in U.S. Patent Application Ser. No. 117348,999, filed on February 7, 2006,
{attorney docket no. MSDI-670/P23670.00), which is incorporated herein by reference in its
entirety,

In Fig. 14, another emabodiment system 1s shown in which anchor extensions 140a,
140b (collectively and individually referred to as anchor extensions 140) are releasably
engaged 1o respective ones of anchors 100z, 100b. Anchor extensions 140 include an
elongated, steeve-like body 141a, 141b with a distal end 1423, 142b mounted to the
respective anchor 100 and a proximal end 144a, 144b positioned outside the inciston and

proximally of skin S of the patient. A passage 1404, 146b extends through body 141a, 141b
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Connecting elerment 10 can be guided in a predetermined orientation relative to the
spinal motion segments along at least one of the extensions 140 from a location remote {rom
anchors 100 to a location adjacent to anchors 100, In one form, at least one of the anchor
extensions 140a, 140b includes an elongated, side-opening slot 148a, 148b oriented toward
the other anchor extension. Slots 148a, 148b can extend from distal end 142 of the respective
extension 140 toward the proximal end 144, Connecting element 10 can extend throngh the
at least one slot 148 and between extensions 140a, 140b. Connecting element 10 can be
grasped by a forceps-like or other suitable inserter instrument 150 and guided along at least
one of the extensions 140 to the anchors 100. Contact between connecting element 10 and
extensions 140 can maintain connecting element 10 in the predetermined orientation as it is
guided to the anchors in a munimally invasive manner. Once connecting element 10 is
adiacent to anchors 100, it can be secured to anchors 100 in the predetermined orientation
with set screws or other engaging members delivered through extensions 140,

In another embodiment, connecting element 10 is positioned in an end-wise manner
into one of the extensions 140 and maneuvered axially therethrough to a distal, side-opening
stot 148 of the extension. The leading end of connecting element 10 is then moved out of the
stot 148 toward the other anchor extension 140 as its trailing end is further displaced distally
int the anchor extension until the connecting element extends between anchors 100 11 a cross-
wise fashion relative to anchor extensions 140.

o addition to minimally invasive surgical techniques, the connecting elements can be
engaged along one or more spinal motion segments 10 open, invasive surgical procedures
where skin and tissue are retracted to expose the mmplantation location, 1l is also
contemplated that one or more other connecting elements can be engaged to the spinal
column along the same vertebral level or tevels, or along other vertebral levels. Other
procedures can also be completed in conjunction with the stabilization procedure, including
discectomy, interbody fusion, artificial disc replacement, bone removal, tissue removal,
intravertebral reduction, joint replacement, annular repair, and/or any other spinal surgical
procedures.

While the invention has been llustrated and described in detail in the drawings and

foregoing description, the same is to be considered as Hustrative and not restrictive in
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character, it being understood that all changes and modifications that come within the spirit

of the invention are desived to be protected.
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What is claimed is:

1. A system for spinal stabilization, compfising:

a first anchor engageable to a first vertebral body, wherein said first anchor includes a
bone engaging portion for engaging the first vertebral body along a first engagement axis;

a second anchor engageable to a second vertebral body, wherein said second anchor
includes a bone engaging portion for engaging the second vertebral body along a second
engagement axis; and

a connecting element including an elongated body extending between opposite first and
second ends and being positionable between and engageable to each of said first and second

anchors, wherein said elongated body includes an anisotropic cross-sectional shape defining a

first bending axis and a second bending axis transversely oriented to said first bending axis,

said body including a first moment of inertia about said first bending axis and a second
moment of inertia about said second bending axis that differs from said first moment of
inertia, wherein a selected one of said first and second bending axes is aligned in the direction
of said first and second engagement axes and said connecting element is engaged to said first

and second anchors in said aligned orientation.

2 The system of claim 1, wherein said second bending axis is orthogonal to said
first bending axis.

3. The system of claim 1, wherein said connecting element is solid.

4, The system of claim 1, wherein said connecting element includes an elongated

lumen -extending therealong, said lumen opening at said first and second ends of said
clongated body.

5. The system of claim 1, wherein said first and second anchors each include a
threaded shaft engageable to the respective first and second vertebral bodies and a receiver at

a proximal end of said threaded shaft for receiving the connecting element therein,

6. The system of claim 5, wherein said receiver is pivotal relative to said
threaded shaft.
7. The system of claim 1, wherein said anisotropic cross-sectional shape of said

connecting element includes a shape selected from the group consisting of: an oval shape, a

square shape, a diamond shape, a rectangular shape, a triangular shape, a hexagonal shape,
and an octagonal shape.
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8. The system of claim 1, wherein said anisotropic cross-sectional shape includes
a triangular shape having convexly curved side surfaces extending between vertices of the
triangular shape.

9. The system of claim 1, wherein said anisotropic cross-sectional shape includes
an |-beam shape with opposite flanges and a central web extending betwéen said flanges.

10. The system of claim 1, wherein:

said connecting element includes a first portion engageable to said first anchor, a
second portion engageable to said second anchor, and a transition portion extending between
said first and second portions; and

said first portion having a first non-circular cross-sectional shape and said second

portion having a second non-circular cross-sectional shape that is different than said first non-

circular cross-sectional shape.
11. The system of claim 1, wherein said first moment of inertia is greater than said

second moment of inertia.

12. The system of claim 1, wherein said first moment of inertia is less than said
second moment of inertia.
13. The system of claim 1, wherein said elongated body is curved along a length

thereof between said first and second ends.

14, The system of claim 1, wherein said anisotropic cross-sectional shape is
uniform between said first and second ends of said elongated body.

15. A system for spinal stabilization, comprising:

a first anchor engageable to a first vertebral body, wherein said first anchor includes a
bone engaging portion for engaging the first vertebral body along a first engagement axis;

a second anchor engagedble to a second vertebral body, wherein said second anchor
includes a bone engaging portion for engaging the second vertebral body along a second
engagement axis;

a first anchor extension including a distal end releasably engageable to said first anchor,
said first anchor extension including an elongated body extending proximally from said distal

end to a proximal end;
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a second anchor extension including a distal end releasably engageable to said second
anchor, said second anchor extension including an elongated body extending proximally from
said distal end to a proximal end;

an insertér instrument; and '

a connecting element including an elongated body positionable between and
engageable to each of said first and second anchors, wherein said elongated body includes an
anisotropic cross-sectional shape defining a first bending axis and a second bending axis
transversely oriented to said first bending axis, said body including a first moment of inertia
about said first bending axis and a second moment of inertia about said second bending axis
that differs from said first moment of inertia, wherein said inserter instrument is engaged with
said connecting element with a selected one of said first and second bending axes in a
predetermined orientation relative to said first and second engagement axes of said first and
second anchors, and said inserter instrument is operable to move said connecting element
while maintaining said predetermined orientation from a location remote from said first and
second anchors to a location adjacent said first and second anchors for engagement of said
connecting element to said first and second anchors in said predetermined orientation.

16. The system of claim 16, wherein said inserter instrument includes a mounting
portion pivotally mounted to said proximal ends of said anchor extensions and an inserter arm
extending from said mounting portion along an arc, said connecting element being releasably
engaged to a distal end of said inserter arm. |

17. The system of claim 17, wherein said elongated body of said connecting
element is curved along a length thereof.

18. The system of claim 16, wherein said inserter instrument includes a proximal
handle, an inserter arm extending distally from said handle to a distal end, and said
connecting element is cngaged to said distal end of said inserter arm.

19. The system of claim 16, wherein said first anchor extension includes an
elongated sleeve extending between said proximal and distal ends, said sleeve including at
least one elongated opening extending from said distal end thereof toward said proximal end,
said elongated opening being oriented toward said second anchor extension, wherein said
connecting element is sized to extend through said opening in said predetermined orientation

toward said second anchor extension.
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20. The system of claim 20, wherein said inserter instrument is engageable to said
connecting element between said first and second ends thereof to move said connecting
element along said anchor extensions toward said first and second anchors.

21. The system of claim 16, wherein said first and second anchors each include a
threaded shaft engageable to the respective first and second vertebral bodies and a receiver at

a proximal end of said threaded shaft for receiving the connecting element therein.

22, The system of claim 22, wherein said receiver is pivotal relative to said
threaded shaft.
23, The system of claim 16, wherein said anisotropic cross-sectional shape of said

connecting clement includes a shape selected from the group consisting of: an oval shape, a
square shape, a diamond shape, a rectangular shape, a triangular shape, a hexagonal shape,
and an octagonal shape.

24. The system of claim 16, wherein said -anisotropic cross-sectional shape
includes a triangular shape having convexly curved side surfaces extending between vertices
of the triangular shape. ' |

25. The system of claim 16, wherein said anisotropic cross-sectional shape
includes an I-beam shape with opposite flanges and a central web extending between said
flanges.

26. The system of claim 16, wherein:

said connecting element includes a first portion engageable to said first anchor, a
second portion engageable to said second anchor, and a transition portion extending between
said first and second portions; and

said first portion having a first non-circular cross-sectional shape and said second
portion having a second non-circular cross-sectional shape that is different than said first non-
circular cross-sectional shape.

27. The system of claim 16, wherein said first moment of inertia is greater than
said second moment of inertia.

28. The system of claim 16, wherein said first moment of inertia is less than said
second moment of inertia.

29. The system of claim 16, wherein said elongated body is curved between said

first and second ends.
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30. The system of claim 16, wherein said anisotrpoic cross-sectional shape is
uniform between said first and second ends of said elongated body.
31 A method for stabilizing at least one spinal motion segment, comprising:

engaging a first anchor to a first vertebral body,

engaging a second anchor to a second vertebral body;

providing a connecting element, wherein the connecting element includes an elongated
body having a cross-sectional shape defining a first moment of inertia about a first bending
axis and a second moment of inertia about a second bending axis that is transverse to the first
bending axis;

selecting an orientation of the first and second bending axes relative to the first and
second vertebral bodies;

positioning the connecting element in the selected orientation between the first and
second anchors; and

engaging the connecting element to the first and second anchors with the connecting
element positioned in the orientation.

32. The method of claim 32, wherein engaging the first anchor and engaging the
second anchor includes engaging the first and second anchors to pedicles of the first and
sécond vertebral bodies.

33. The method of claim 32, wherein positioning the connecting element includes
maintaining the selected orientation while percutaneously guiding the connecting element
from a location remote from the first and second anchors to a location adjacent the first and
second anchors.

34. The method of claim 34, wherein the connecting element includes a lumen
extending longitudinally therethrough and percutaneously guiding the connecting element

includes advancing the connecting element along a guiding structure.

35. The method of claim 32, wherein the first moment of inertia is greater than the
second moment of inertia.
36. The method of claim 32, wherein the second moment of inertia is greater than

the first moment of inertia.
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37. The method of claim 32, further comprising:

engaging a distal end of a first anchor extension to the first anchor with the first anchor
extension extending proximally from the first anchor to a proximal end of the first anchor
extension; and

engaging a distal end of a second anchor extension to the second anchor with the
second anchor extension extending proximally from the second anchor to a proximal end of
the second anchor extension.

38. The method of claim 38, wherein positioning the connecting element includes
guiding the connecting element in the orientation along at least one of the first and second
anchors extensions from a location remote from the first and second anchors to a location
adjacent the first and second anchors.

39. The method of claim 38, wherein positioning the connecting element includes
éngaging the connecting clement in the orientation to a distal end of an inserter instrument
and percutaneously guiding the connecting element from a location remote from the first and
second anchors to a location adjacent the first and second anchors.

40, The method of claim'40, further comprising pivotally mounting the inserter
instrument to the proximal ends of the anchor extensions and percutaneously guiding the

connecting element includes pivoting the inserter instrument about the proximal ends of the

first and second anchor extensions.

41. The method of claim 38, further comprising:

engaging a third anchor to a third vertebral body; and

positioning the connecting element includes positioning the connecting element
between the first, second and third anchors with the connecting element in the orientation,

42, A connecting element for positioning along a spinal column, comprising:

an elongated body extending along a longitudinal axis between a first end and an
opposite second end, said body having a length sized to extend between at least two vertebrae
of the spinal column and including a circular cross-section in a plane taken orthogonally to
said longitudinal axis, said body further including a lumen extending at least partially along
said length of said body, said lumen having a non-circular cross-section orthogonally to said

longitudinal axis, wherein said body includes a first moment of inertia about a first bending
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axis along said cross-section and a second moment of inertia about a second bending axis
along said cross-section and orthogonal to said first bending axis.

43. The connecting clement of claim 43, wherein said lumen includes a
biodegradable material therein.

44, The connecting element of claim 43, wherein said lumen has an oval cross-

sectional shape.

45. The connecting element of claim 43, wherein said lumen has a rectangular
cross-sectional shape.

46. The connecting element of claim 43, wherein said lumen has a triangular
cross-sectional shape.

47. The connecting element of claim 43, wherein said lumen has a cross-shaped
cross-sectional shape.

48. A connecting element for positioning along a spinal column, comprising:

an eclongated body extending along a longitudinal axis between a first end and an
opposite second end, said body including least one stabilization portion extending along said
longitudinal axis having a non-circular cross-section orthogonal to said longitudinal axis and
at least one connecting portion along said longitudinal axis having a circular cross-section
orthogonal to said longitudinal axis, said connecting portion having a length sized to engage a
spinal anchor engageable to a spinal column and said stabilization portion having a length
sized to extend between at least two vertebrae of the spinal column.

49, The connecting element of claim 49, wherein said at least one stabilization
portion ‘includes first and second stabilization portions and said connecting portion extends
between said first and second stabilization portions.

50. The connecting element of claim 50, further comprising a first end ¢onnecting
portion having a circular cross-section and extending from said first stabilization portion
away from said connecting portion and a second end connecting portion having a circular
cross-section and extending from said second stabilization portion away from said connection

portion.
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