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SPINAL STABILIZATION APPARATUS AND METHOD

Background

The present invention relates in general to spinal systems and in particular to a
spinal stabilization apparatus and method.

To stabilize a spinal system including a spinal column, the extent of displacement
between adjacent vertebrae in the spinal column may be reduced, and/or each pair of
adjacent vertebrae may be maintained in a desired spatial relationship.

In some cases, rods may be provided that are adapted to extend within the vicinity
of the spinal system, and connectors may be provided that connect one or more of the rods
to one or more of the vertebrae in the spinal system. The rods and connectors may assist
in providing immobilization and/or stabilization to the spinal system, and/or may serve as
an adjunct to fusion of one or more portions of the spinal system. An example of a system
for reducing displacement of a vertebra, in which a rod is employed, is disclosed in U.S.
Pat. No. 6,248,107 to Foley et al., the disclosure of which is incorporated by reference.

For spinal stabilization systems that include one or more rods, the ability to
selectively adjust the direction of extension of at least a portion of one of the rods in a
coronal plane may be desired and/or required, among other desires and/or requirements.
As used herein, it is understood that the term “coronal plane” includes any plane of section
in the anatomical position that generally passes vertically through the human body and is
generally perpendicular to both the median (or sagittal) plane and the horizontal (or axial
or transverse) plane, generally dividing the human body into anterior and posterior
sections, and further includes any plane of section in the anatomical position that generally
passes vertically through the human body, is generally perpendicular to the horizontal (or
axial or transverse) plane, and is generally angularly oriented from the median (or sagittal)
plane at an angle of orientation ranging from greater than zero degrees up to and including
ninety degrees. '

Summary of the Invention

According to one aspect of the present invention, an apparatus for stabilizing a
spinal system is provided that includes a plate member adapted to be coupled to a vertebra
of the spinal system, and means coupled to the plate member for selectively adjusting the

direction of extension of at least a portion of a rod in a first coronal plane, wherein the at
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least a portion of the rod engages the adjusting means when the rod extends within the
vicinity of the spinal system.

According to another aspect of the present invention, a method of stabilizing a
spinal system is provided that includes engaging a fastener with a vertebra of the spinal
system, connecting the fastener to a rod extending within the vicinity of the spinal system,
and selectively adjusting the direction of extension of at least a portion of the rod in a first
coronal plane,

Brief Description of the Drawings

Fig. 1 is a perspective view of a spinal system including a plurality of connectors.

Fig. 2 is an exploded perspective view of a connector according to an embodiment
of the present invention and shown in Fig. 1.

Fig. 3 is an unexploded perspective view of the connector of Fig 2.

Fig. 4 is a sectional view of the connector of Fig. 2 taken along line 4-4.

Fig. 5 is a perspective view of the spinal system but depicting another operational
mode of the connector of Fig. 2. ‘

Fig. 6 is a perspective view of a connector according to another embodiment of the
present invention.

Fig. 7 is an exploded perspective view of a connector according to another
embodiment of the present invention.

Fig. 8 is an unexploded perspective view of the connector of Fig. 7.

Fig. 9 is an exploded perspective view of a connector according to another
embodiment of the present invention.

Fig. 10 is an unexploded sectional view of the connector of Fig. 9 taken along line
10-10.

Detailed Description
Referring to Fig. 1, a spinal system is generally referred to by the reference
numeral 10 and includes vertebrae 12, 14 and 16. It is understood that the spinal system
10 includes a human spinal column composed of various types of vertebrae, of which the
vertebrae 12, 14 and 16 are a part, and ligaments and/or other natural and/or artificial
structures connected to and/or extending between one or more of the vertebrae. Rods 18
and 20 extend within the vicinity of the spinal system 10 in a spaced relation. Fasteners,

in the form of pedicle screws 22, 24 and 26, are threadably engaged with and extend from
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the right-side pedicles of the vertebrae 12, 14 and 16, respectively. In a like manner,
fasteners in the form of pedicle screws 28, 30 and 32 are threadably engaged with and
extend from the left-side pedicles of the vertebrae 12, 14 and 16.

Connectors 34, 36 and 38 are engaged with the pedicle screws 22, 24 and 26,
respectively, and are coupled to the rod 18, thereby connecting the screws 22, 24 and 26 to
the rod 18. Likewise, connectors 40, 42 and 44 are engaged with the pedicle screws 28, 30
and 32, respectively, and are coupled to the rod 20, thereby connecting the screws 28, 30
and 32 to the rod 20.

Referring to Figs. 2 through 4, the connector 36 includes a plate member 46 having
an end portion 46a and an end portion 46b extending therefrom, with the end portions 46a
and 46b defining planar surfaces 46¢ and 46d, respectively, the edges of which are shown
in Figs. 2-4. The planar surfaces 46¢ and 46d are spaced from each other by a distance G
in an offset direction that is perpendicular to the planar surfaces 46¢ and 46d.

A countersunk bore 46e is formed through the end portion 46a, and includes a
countersunk portion 46f and an increased-diameter portion 46g below the countersunk
portion 46f (shown in Fig. 4). A plurality of teeth 46h is formed in a surface of the end
portion 46a opposing the planar surface 46¢, with the plurality of teeth 46h partially
circumferentially extending about the countersunk bore 46e. A through-opening such as a
slot 46i is formed in the end portion 46b. The end portions 46a and 46b further define
planar surfaces 46j and 46k, respectively, and the increased-diameter portion 46g of the
bore 46e defines a surface 461 (shown in Fig. 4).

A washer 48 includes a pair of opposing generally V-shaped cut-outs 48a and 48b
and a pair of opposing grooves 48c and 48d. A plurality of teeth 48e is formed in a
surface of the washer 48 opposing the cut-outs 48a and 48b and the grooves 48c and 48d.

A housing member 50 includes a collar portion 50a having a through-opening 50b
extending therethrough, and a bore 50c extending into the through-opening 50b, the bore
50c having an internal threaded connection. Undercuts 50d and 50e are formed in the
collar portion 50a, and a pair of generally parallel-spaced arms 50f and 50g extend from
the collar portion 50a, the arms 50f and 50g having increased-size distal end portions 50h
and 50i, respectively.

A clip member 52 includes a vertically-extending portion 52a and pair of spaced
legs 52b and 52¢ extending therefrom, with each leg 52b and 52¢ extending in a direction
away from the other leg. The legs 52b and 52¢ of the clip member 52 are adapted to flex
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towards and away from each under conditions to be described. The connector 34 further
includes a fastener such as a set screw 54, a nut 56 and a washer 58, and the pedicle screw
24 includes a threaded portion 24a adapted to threadably engage the vertebra 14, and a
threaded portion 24b adapted to extend through the washer 58 and threadably engage the
nut 56.

To place the connector 36 is in its assembled condition, as shown in Figs. 3 and 4,
the arms 50f and 50g of the housing member 50 are inserted through the washer 48 until
the vertically-extending surfaces of the collar portion 50a defined by the undercuts 50d
and 50e engage and are seated in the grooves 48c and 48d, respectively, of the washer 48.
Before, during or after the engagement between the housing member 50 and the washer
48, it is understood that an adhesive such as, for example, a silicone adhesive may be
applied to portions of the housing member 50 and/or to portions of the washer 48 to
provide a more generally permanent engagement between the housing member 50 and the
washer 48. For example, a silicone adhesive may be applied to the surfaces of the washer
48 defined by the grooves 48c and 48d.

The arms 50f and 50g of the housing member 50 are then inserted into the bore 46e
of the plate member 46. As the arms 50f and 50g are inserted into the bore 46e, the
increased-size distal end portions 50h and 50i engage the countersunk portion 46f, thereby
causing at least the distal end portions 50h and 50i of the arms 50f and 50g, respectively,
to flex towards each other so that the arms 50f and 50g may be inserted through the bore
46e.

Upon entry into the increased-diameter portion 46g of the bore 46e, the distal end
portions 50h and 50i move back to their initial positions relative to one another, thereby
forming a snap fit and coupling the housing member 50 to the plate member 46, with the
washer 48 disposed therebetween. It is understood that the housing member 50 and the
washer 48 may have a limited degree of freedom of translation in an up-and-down
direction, relative to the plate member 46 and as viewed in Fig. 4.

The clip member 52 is inserted into the bore 46¢, causing the legs 52b and 52¢ to
flex towards each other. Insertion of the clip member 52 is continued until the portion 52a
engages the planar surface 46j of the plate member 46. At this point, the legs 52b and 52¢
are disposed between the arms 50e and 50f of the housing member 50, and at least the
distal ends of the legs 52b and 52c have flexed away from each other and are disposed in
the increased-diameter portion 46g of the bore 46e, engaging the surface 461 of the plate
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member 46 defined by the increased-diameter portion 46g. Due to the opposing directions
of extension of the legs 52b and 52c, the legs 52b and 52c¢ are biased away from each other
when disposed between the arms 50e and 50f and engaging the surface 461, thereby
securing the clip member 52 to the plate member 46.

As a result of the disposal of the legs 52b and 52¢ of the clip member 52 between
the arms 50f and 50g of the housing member 50, the arms 50e and 50f are prevented from
moving towards each other so as to enable the increased-size portions 50h and 50i of the
arms 50f and 50g, respectively, to pass through the bore 46e. Thus, the clip member 52
retains the housing member 50 to the plate member 46, preventing any decoupling
therebetween.

At this point, due in part to the limited degree of freedom of translation in the up-
and-down direction as viewed in Fig. 4, the housing member 50 and the washer 48 are free
to rotate in place, up to 360 degrees and relative to the plate member 46, about an
imaginary axis that is substantially coaxial with the center axis of the bore 46e. As the
housing member 50 and the washer 48 rotate, the direction of extension of the through-
opening 500 is selectively adjusted. Since the center axis of the bore 46e, and therefore
the substantially coaxial imaginary axis about which the housing member 50 and the
washer 48 rotate, is perpendicular to the planar surfaces 46c¢, 46d, 46j and 46k, it is
understood that the direction of extension of the through-opening 50b is selectively
adjusted in a plane that is either substantially coplanar or parallel with the planar surfaces
46¢, 46d, 46j and/or 46k.

To lock the direction of extension of the through-opening 50b at a desired position,
the housing member 50 and the washer 48 may be rotated to adjust the direction of
extension of the through-opening 50b to the desired position, and the washer 48 may be
moved towards the plate member 46 so that the plurality of teeth 48e of the washer 48
meshes with the plurality of teeth 46h of the plate member. The meshing of the pluralities
of teeth 48e and 46h prevents further rotation of the washer 48 relative to the plate
member 46 and, correspondingly, prevents the further rotation of the housing member 50
due to the extension of the collar portion 50a into the grooves 48c and 48d of the washer
48. Thus, the direction of extension of the through-opening 50b is locked.

It is understood that the direction of extension of the through-opening 50b may be
selectively adjusted and locked in predetermined angular increments, with each

predetermined angular increment corresponding to the spacing between each pair of
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adjacent teeth in the pluralities of teeth 48e and 46h. For example, the peak-to-peak or
valley-to-valley spacing between each pair of adjacent teeth in the pluralities of teeth 48e
and 46h may be 6 degrees. Thus, the direction of extension of the through-opening 50b
may be selectively adjusted and locked in 6-degree angular increments.

After selectively adjusting the direction of extension of the through-opening 50b,
and also locking the direction of extension of the through-opening 50b if desired, the rod
18 is inserted through the through-opening 50b of the housing member 50 so that a portion
18a of the rod 18 engages the washer 48 and is seated in the cut-outs 48a and 48b. The set
screw 54 is threadably engaged with the bore 50c so that the set screw 54 extends through
the bore 50c and into the through-opening 50b, contacting the rod portion 18a. Further
threaded engagement between the set screw 54 and the bore 50c causes the rod portion 18a
to bear against the surfaces of the washer 48 defined by the cut-outs 48a and 48b, thereby
substantially preventing relative movement between the rod 18 and the housing member
50.

Since the rod 18 is inserted through the through-opening 50b so that the rod
portion 18a engages the washer 48, it is understood that, by selectively adjusting the
direction of extension of the through-opening 50b in the manner described above, the
direction of extension of the rod portion 18a is also selectively adjusted in a plane that is
either substantially coplanar or parallel with one or more of the planar surfaces 46¢, 46d,
46j and/or 46k. For the same reasons, it is further understood that, by selectively adjusting
the direction of extension of the through-opening 50b in predetermined angular increments
in the manner described above, the direction of extension of the rod portion 18a is also
selectively adjusted in predetermined angular increments. And it is further understood
that, by locking the direction of extension of the through-opening 50b in the manner
described above, the direction of extension of the rod portion 18a is also locked.

The connectors 34, 38, 40, 42 and 44 are substantially identical to the connector 36
and therefore will not be described in detail. The placement of each of the connectors 34,
38, 40, 42 and 44 in their assembled conditions is substantially identical to the above-
described placement of the connector 36 in its assembled condition and therefore these
placements will not be described in detail, |

The engagement between the rod 18 and the connectors 34 and 38, and the
engagement between the rod 20 and the connectors 40, 42 and 44, are substantially

identical to the above-described engagement of the rod 18 with the connector 36 and
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therefore these engagements will not be described in detail. It is understood, however, that
the locked directions of extension of the portions of the rod 18 engaged with the
connectors 34 and 38 may differ from each other, and from the locked direction of
extension of the rod portion 18a engaged with the connector 36. Similarly, it is
understood that the locked directions of extension of the portions of the rod 20 engaged
with the connectors 40, 42 and 44 may differ from each other.

Referring back to Fig. 1 with continuing reference to Figs. 2-4, the threaded
portion 24a of the pedicle screw 24 is threadably engaged with the vertebra 14 so that the
pedicle screw 24 extends from the vertebra 14 in a generally anterior-to-posterior direction
away from the spinal system 10. Similarly, the pedicle screws 22 and 28 are threadably
engaged with and extend from the vertebra 12, the pedicle screw 30 is threadably engaged
with and extends from the vertebra 14, and the pedicle screws 26 and 32 are threadably
engaged with and extend from the vertebra 16.

After engagement with the rod 18 in the above-described manner, the connectors
34, 36 and 38 are positioned so that the pedicle screw 24 extends through the slot 46i of
the connector 36, and the pedicle screws 22 and 26 extend through the corresponding slots
46i of the connectors 34 and 38, respectively. As a result, the rod 18 extends within the
vicinity of the spinal system 10. At this point, the washer 58 and the nut 56 may be
positioned so that the threaded portion 24b of the pedicle screw 24 extends through the
washer 58 and threadably engages the nut 56. It is understood that the engagements
between the connector 34 and the pedicle screw 22, and between the connector 38 and the
pedicle screw 26, are substantially similar to the engagement between the connector 36
and the pedicle screw 24 and therefore will not be described in detail.

It is understood that the slot 461 of the connector 36 enables the connector 36 to
translate in a coronal plane, relative to the pedicle screw 24 and the vertebra 14, and that
the corresponding slots 46i of the connectors 34 and 38 enable the connectors 34 and 38 to
translate in coronal planes relative to the pedicle screws 22 and 26, respectively, and the
vertebrae 12 and 16, respectively. As used herein, it is understood that the term “coronal
plane” includes any plane of section in the anatomical position that generally passes
vertically through the human body and is generally perpendicular to both the median (or
sagittal) plane and the horizontal (or axial or transverse) plane, generally dividing the
human body into anterior and posterior sections, and further includes any plane of section

in the anatomical position that generally passes vertically through the human body, is
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generally perpendicular to the horizontal (or axial or transverse) plane, and is generally
angularly oriented from the median (or sagittal) plane at an angle of orientation ranging
from greater than zero degrees up to and including ninety degrees.

As shown in Fig. 1, the connector 36 is translated in a coronal plane to the left and
the connector 38 is translated in another coronal plane to the right, and it is understood that
the coronal planes may be substantially coplanar. It is understood that the connectors 34,
36 and/or 38 may be translated to avoid and/or clear features of the vertebrae 12, 14 and/or
16, respectively, and/or other natural and/or artificial structures connected thereto and/or
extending therebetween.

After the connector 36 is positioned as desired and/or necessary, the nut 56 is
further threadably engaged with the threaded portion 24b of the pedicle screw 24 and is
thereby tightened so that the any relative translation and/or movement, between the
connector 36 and the vertebra 14, is prevented and the planar surface 46d is engaged with
the vertebra 14, thereby coupling the connector 36 to the vertebra 14. Due to the offset
spacing G between the planar surfaces 46¢ and 46d, the degree of projection of the rod
portion 18a in a generally anterior-to-posterior direction away from the spinal system 10 is
reduced. Similarly, the corresponding nuts 56 of the connectors 34 and 38 are also
tightened, thereby coupling the connectors 34 and 38 to the vertebrae 12 and 16,
respectively.

As shown in Fig. 1, each of the planar surfaces 46¢, 46d, 46j and 46k of the plate
member 46 of the connector 36 generally lies in a coronal plane within the vicinity of the
spinal system 10. Since, as described above, the direction of extension of the rod portion
18a is able to be selectively adjusted in a plane that is either parallel or substantially
coplanar with one or more of the planar surfaces 46¢, 46d, 46j and/or 46k, it follows that
the direction of extension of the rod portion 18a is able to be selectively adjusted in a
coronal plane within the vicinity of the spinal system 10.

As further shown in Fig. 1, the housing member 50 of the connector 36 has been
rotated, relative to the plate member 46, so that the rod portion 18a engaged with the
housing member 50 of the connector 36 extends in a generally vertical direction in a
coronal plane within the vicinity of the spinal system 10. Dissimilarly, the corresponding
housing members 50 of the connectors 34 and 38 have been rotated to the right and left,

respectively. Thus, the portions of the rod 18 engaged with the connectors 34 and 38
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extend in coronal planes within the vicinity of the spinal system 10, but in directions that
vary from each other and the rod portion 18a.

Instead of engaging the rod 18 with the connectors 34, 36 and 38, and then
coupling the connectors 34, 36 and 38 to the vertebrae 12, 14 and 16, respectively, it is
understood that the connectors 34, 36 and 38 may first be coupled to the vertebrae 12, 14
and 16, respectively, and the rod 18 may then be fed through the through-openings 50b of
the connectors 34, 36 and 38. It is further understood that, prior to feeding the rod 18, the
directions of extension of the through-openings 50b of the connectors 34, 36 and 38 may
be locked.

It is understood that the directions of extension of different portions of the rod 18
in one or more coronal planes within the vicinity of the spinal system 10 may each be
selectively adjusted to form a wide variety of arrangement for a wide variety of reasons
such as, for example, in order to avoid and/or clear features of the vertebrae 12, 14 and/or
16, and/or other natural and/or artificial structures connected to one or more of the
vertebrae, extending between two or more of the vertebrae, and/or connected to the rod 18
and/or the connectors 34, 36 and/or 38.

It is understood that the implementation and arrangement of the rod 20, and the
connectors 40, 42 and 44 engaged therewith, within the vicinity of the spinal system 10 is
substantially identical to the above-described implementation and arrangement of the rod
18, and the connectors 34, 36 and 38 engaged therewith, and therefore will not be
described in detail.

In operation, the rods 18 and 20, and the connectors 34, 36, 38, 40, 42 and 44,
assist in providing immobilization and/or stabilization to the spinal system 10, and/or may
serve as an adjunct to fusion of one or more portions of the spinal system 10. It is
understood that the extent of displacement between the vertebrae 12 and 14, and/or the
vertebrae 14 and 16, and/or other vertebrae in the spinal column of the spinal system 10
may be reduced, and/or one or more pairs of adjacent vertebrae may be maintained in a
desired spatial relationship.

Referring to Fig. 5, with continuing reference to Figs. 1-4, a crosslink 60 is
connected to and extends between the rods 18 and 20. It is understood that the direction of
extension of the rod portion 18a may be selectively adjusted in a coronal plane within the
vicinity of the spinal system 10 to assist in the crosslink 60 avoiding and/or clearing one or

more features of the vertebra 14, and/or other natural and/or artificial structures connected
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to one or more of the vertebra in the spinal system 10, extending between two or more of
the vertebrae in the spinal system 10, and/or connected to the rods 18 and 20 and/or the
connectors 34, 36, 38, 40, 42 and/or 44.

Referring to Fig. 6, another embodiment of a connector is generally referred to by
the reference numeral 62, and is similar to that of the connector 36 of the embodiment of
Figs. 1-5 and contains parts of the embodiment of Figs. 1-5 that are given the same
reference numerals. In the embodiment of Fig. 6, the connector 62 includes a plate
member 64 having an opening such as a slot 64a formed therethrough, and defining a
planar surface 64b and a planar surface 64c, the edge of which is shown in Fig. 6.

The placement of the connector 62 in its assembled condition is substantially
identical to the placement of the connector 36 in its assembled condition, and therefore the
assembly of the connector 62 will not be described in detail. It is understood that the
housing member 50 is coupled to the plate member 64, with the washer 48 disposed
therebetween, in the same manner as the housing member 50 is coupled to the plate
member 46 of the connector 36 in the embodiment of Figs. 1-5.

The implementation, arrangement and operation of the connector 62 within the
vicinity of the spinal system 10 is substantially identical to the implementation,
arrangement and operation of the connector 36 described above in connection with the
embodiment of Figs. 1-5, and therefore will not be described in detail. It is understood
that one of the pedicle screws 22, 24, 26, 28, 30 and 32 extends through the slot 64a, and
that the planar surface 64c engages one of the vertebrae 12, 14 and 16. It is further
understood that each of the planar surfaces 64b and 64c lies in a coronal plane within the
vicinity of the spinal system 10.

Referring to Figs. 7 and 8, another embodiment of a connector is generally referred
to by the reference numeral 68. A plate member 70 includes a bore 70a defining a tapered
surface 70b and an opening such as a slot 70c formed therethrough. The plate member 70
defines a planar surface 70d and a planar surface 70e, the edge of which is shown in Fig.
7. A plurality of partially-circumferentially-extending grooves. 70f is formed in the planar
surface 70d of the plate member 70, with each groove in the plurality of grooves 70f being
adjacent the bore 70a and diametrically opposing one other groove in the plurality of
grooves 70f.

A column 72 includes a head portion 72a defining a shoulder 72b, and a cylindrical
portion 72¢ extending from the head portion 72a. A through-opening 72d transversely
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extends through the cylindrical portion 72c. A bore 72e extends into the through-opening
72d, the bore 72¢ having an internal threaded connection. The connector 68 further
includes a fastener such as a set screw 74.

To place the connector 68 in its assembled condition, as shown in Fig. 8, the
cylindrical portion 72¢ of the column 72 is inserted into the bore 70a of the plate member
70, until the shoulder 72b contacts the tapered surface 70b of the bore 70a. At this point,
the column 72 is free to rotate in place, up to 360 degrees and relative to the plate member
70, about an imaginary axis that is substantially coaxial with the center axis of the bore
70a. As the column 72 rotates, the direction of extension of the through-opening 72d is
selectively adjusted. Since the center axis of the bore 70a, and therefore the substantially
coaxial imaginary axis about which the column 72 rotates, is perpendicular to the planar
surfaces 70d and 70e, it is understood that the direction of extension of the through-
opening 72d is selectively adjusted in a plane that is either substantially coplanar or
parallel with the planar surfaces 70d and/or 70e.

After selectively adjusting the direction of extension of the through-opening 72d,
the rod 18 is inserted through the through-opening 72d so that the rod portion 18a is seated
in the pair of opposing grooves in the plurality of grooves 70f that corresponds to the
direction of extension of the through-opening 72d. Thus, it is understood that by rotating
the column 72 to selectively adjust the direction of extension of the through-opening 72d,
the direction of extension of the rod portion 18a is also selectively adjusted in a plane that
is either substantially coplanar or parallel with the planar surfaces 70d and/or 70e.

The set screw 74 is threadably engaged with the bore 72¢ so that the set screw 74
extends through the bore 72e and into the through-opening 72d, contacting the rod portion
18a. Further threaded engagement between the set screw 74 and the bore 72e cause the
rod portion 18a to bear against the pair of opposing grooves in the plurality of grooves 70f,
thereby substantially preventing relative movement between the rod 18 and the column 72.

It is understood that the seating of the rod portion 18a in the pair of opposing
grooves in the plurality of grooves 70f locks the direction of extension of the rod portion
18a. Tt is further understood that the direction of extension of the rod portion 18a may be
selectively adjusted and locked in predetermined angular increments, with each
predetermined angular increment corresponding to the spacing between adjacent grooves
in the plurality of grooves 70f. For example, the center-to-center spacing between

adjacent grooves in the plurality of grooves 70f may be 30 degrees. Thus, the direction of
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extension of the rod portion 18a may be selectively adjusted in 30-degree angular
increments.

The implementation, arrangement and operation of the connector 68 within the
vicinity of the spinal system 10 is substantially identical to the implementation,
arrangement and operation of the connector 36 described above in connection with the
embodiment of Figs. 1-5, and therefore will not be described in detail. It is understood
that one of the pedicle screws 22, 24, 26, 28, 30 and 32 extends through the slot 70c, and
that the planar surface 70e engages one of the vertebrae 12, 14 and 16. It is further
understood that each of the planar surfaces 70d and 70e lies in a coronal plane within the
vicinity of the spinal system 10.

Referring to Figs. 9 and 10, another embodiment of a connector is generally
referred to by the reference numeral 76. A plate member 78 includes a bore 78a having an
increased-diameter portion 78b and defining a tapered internal surface 78c. An opening
such as a slot 78d is formed through the plate member 78. The plate member 78 defines a
planar surface 78e and a planar surface 78f, the edge of which is shown in Figs. 9 and 10.

A column 80 includes a head portion 80a defining a shoulder 80b which, in turn,
defines a tapered external surface 80c. A cylindrical portion 80d extends from the head
portion 80a, and a through-opening 80e transversely extends through the cylindrical
portion 80d. A bore 80f extends into the through-opening 80e, the bore 80f having an
internal threaded connection. The connector 76 further includes a fastener such as a set
screw 82,

To place the connector 76 in its assembled condition, as shown in Fig. 10, the
cylindrical portion 80d of the column 80 is inserted into the bore 78a of the plate member
78 until the tapered external surface 80c of the column 80 mates with the tapered internal
surface 78¢ defined by the bore 78a of the plate member 78. At this point, the column 80
is free to rotate in place, up to 360 degrees and relative to the plate member 78, about an
imaginary axis that is substantially coaxial with the center axis of the bore 78a. As the
column 80 rotates, the direction of extension of the through-opening 80e is selectively
adjusted. Since the center axis of the bore 78a, and therefore the substantially coaxial
imaginary axis about which the column 80 rotates, is perpendicular to the planar surfaces
78e and 78f, it is understood that the direction of extension of the through-opening 80e is
selectively adjusted in a plane that is either substantially coplanar or parallel with the

planar surfaces 78e and/or 78f.
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After selectively adjusting the direction of extension of the through-opening 80e,
the rod 18 is inserted through the through-opening 80e so that the rod portion 18a is
engaged with the column 80. Thus, it is understood that by rotating the column 80 to
selectively adjust the direction of extension of the through-opening 80e, the direction of
extension of the rod portion 18a is also selectively adjusted in a plane that is either
substantially coplanar or parallel with the planar surfaces 78e and 78f. It is further
understood that column 80 may be rotated with the rod portion 18a engaged with the
column 80 so that both of the directions of extension of the through-opening 80e and the
rod portion 18a are selectively adjusted in a plane that is either substantially coplanar or
parallel with the planar surfaces 78e and 78f.

The set screw 82 is threadably engaged with the bore 80f so that the set screw 82
extends through the bore 80f and into the through-opening 80e, contacting the rod portion
18a. Further threaded engagement between the set screw 82 and the bore 80f causes the
rod portion 18a to bear against the planar surface 78e, thereby substantially preventing any
relative movement between the rod 18 and the column 80.

Further threaded engagement between the set screw 82 and the bore 80f draws the
column 80 upward, as shown in Fig. 10, and causes the mating of the external surface 80c
of the column 80 and the internal surface 78c of the plate member 78 to form a taper lock
between the column 80 and the plate member 78, thereby preventing further rotation of the
column 80 relative to the plate member 78. It is understood that the forming of the taper
lock between the column 80 and the plate member 78 locks the direction of extension of
the rod portion 18a. It is further understood that the direction of extension of the rod
portion 18a may be selectively adjusted and locked in an infinite number of angular
increments.

The implementation, arrangement and operation of the connector 76 within the
vicinity of the spinal system 10 is substantially identical to the implementation,
arrangement and operation of the connector 36 described above in connection with the
embodiment of Figs. 1-5, and therefore will not be described in detail. It is understood
that one of the pedicle screws 22, 24, 26, 28, 30 and 32 extends through the slot 78d, and
that the planar surface 78f engages one of the vertebrae 12, 14 and 16. 1t is understood
that each of the planar surfaces 70e and 70f lies in a coronal plane within the vicinity of

the spinal system 10.



10

15

20

25

30

WO 2006/119151 PCT/US2006/016534
14

An apparatus for stabilizing a spinal system has been described that includes a
plate member adapted to be coupled to a vertebra of the spinal system, and means coupled
to the plate member for selectively adjusting the direction of extension of at least a portion
of a rod in a first coronal plane, wherein the at least a portion of the rod engages the
adjusting means when the rod extends within the vicinity of the spinal system.

A method of stabilizing a spinal system has been described that includes engaging
a fastener with a vertebra of the spinal system, connecting the fastener to a rod extending
within the vicinity of the spinal system, and selectively adjusting the direction of extension
of at least a portion of the rod in a first coronal plane.

An apparatus for stabilizing a spinal system has been described that includes a
plate member adapted to be coupled to a vertebra of the spinal system, the plate member
having an opening formed therethrough wherein a fastener is adapted to extend through
the opening to engage the vertebra of the spinal system, and wherein the opening permits
the plate member to translate relative to the vertebra and the fastener; means coupled to -
the plate member for selectively adjusting the direction of extension of at least a portion of
arod in a first coronal plane, wherein the at least a portion of the rod engages the adjusting
means when the rod extends within the vicinity of the spinal system, and wherein the
adjusting means is able to be rotated in place relative to the plate member to adjust the
direction of extension of the at least a portion of the rod in the first coronal plane; and
means for locking the direction of extension of the at least a portion of the rod in the first
coronal plane.

It is understood that any foregoing spatial references, such as “upper,” “lower,”
“above,” “below,” “between,” “vertical,” “angular,” “ap,” “down,” “right,” “left,” etc., are
for the purpose of illustration only and do not limit the specific orientation or location of
the structure described above.

Moreover, it is understood that any of the above-described connectors 34, 36, 38,
40, 42, 44, 62, 68 and/or 76 may be used in any location, and with any type of vertebra
and/or any natural and/or artificial structure extending to or from the vertebra, within the
spinal system 10. Further, it is understood that any of the above-described plate members
46, 64, 70 and/or 78 may be rotated relative to any of the rods 18 and/or 20 engaged
therewith, and/or relative to any pedicle screw 22, 24, 26, 28, 30 and/or 32 engaged
therewith. Still further, it is understood that conventional stabilizer components may be

disposed in channels formed in one or more of the above-described plate members 46, 64,
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70 and/or 78 so that any of the pedicle screws 22, 24, 26, 28, 30 and/or 32 engaged with
any of the plate members 46, 64, 70 and/or 78 also extend through the stabilizer
component. It is further understood that the cross-sections of the rods 18 and/or 20
extending within the vicinity of the spinal system 10 may be varied, and that the
corresponding cross-sections of the through-openings 50b, 72d and/or 80e through which
the rods 18 and/or 20 extend may also be correspondingly varied.

Also, it is understood that each of the above-described embodiments may be
combined in whole or in part with one or more of the other above-described embodiments.
It is further understood that each of the above-described embodiments may be combined in
whole or in part with other components, devices, systems, methods and/or surgical
techniques known to those skilled in the art to provide spinal stabilization.

Although exemplary embodiments of this invention have been described in detail
above, those skilled in the art will readily appreciate that many other modifications are
possible in the exemplary embodiments without materially departing from the novel
teachings and advantages of this invention. Accordingly, all such modifications are
intended to be included within the scope of this invention as defined in the following
claims. In the claims, means-plus-function clauses are intended to cover the structures
described herein as performing the recited function and not only structural equivalents, but

also equivalent structures.
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Claims
What is claimed is:
1. An apparatus for stabilizing a spinal system, the apparatus comprising:

a plate member adapted to be coupled to a vertebra of the spinal system; and

means coupled to the plate member for selectively adjusting the direction of
extension of at least a portion of a rod in a first coronal plane;

wherein the at least a portion of the rod engages the adjusting means when the rod

extends within the vicinity of the spinal system.

2, The apparatus of claim 1 wherein the adjusting means is able to be rotated in place
relative to the plate member to adjust the direction of extension of the at least a portion of

the rod in the first coronal plane.

3. The apparatus of claim 2 wherein the direction of extension of the at least a portion

of the rod in the first coronal plane is adjusted in predetermined angular increments.

4. The apparatus of claim 2 wherein the adjusting means is able to rotate 360 degrees.
5. The apparatus of claim 2 wherein an opening is formed through the plate member
and wherein a fastener is adapted to extend through the opening to engage the vertebra of

the spinal system.

6. The apparatus of claim 5 wherein the opening permits the plate member to

translate in a second coronal plane relative to the vertebra and the fastener.

7. The apparatus of claim 6 wherein the first and second coronal planes are
substantially coplanar.
8. The apparatus of claim 1 wherein the plate member comprises:

a first portion to which the adjusting means is coupled, the first portion defining a

first planar surface; and
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a second portion extending from the first portion, the second portion defining a
second planar surface adapted to engage the vertebra when the plate member is coupled to
the vertebra;

wherein the second planar surface is offset from the first planar surface to reduce
the degree of projection of the rod in a generally anterior-to-posterior direction away from

the spinal system when the at least a portion of the rod engages the adjusting means.

9. The apparatus of claim 8 wherein an opening is formed through the second portion
and wherein a fastener is adapted to extend through the opening to engage the vertebra of
the spinal system; and

wherein the opening permits the second portion to translate in a second coronal

plane relative to the vertebra and the fastener.

10.  The apparatus of claim 2 wherein the adjusting means comprises a housing
member comprising:

a collar portion having a through-opening through which the at least a portion of
the rod is adapted to extend; and

means extending from the collar portion for coupling the housing member to the

plate member.

11. The apparatus of claim 10 wherein the coupling means comprises a pair of arms
extending from the collar portion and through a bore formed through the plate member to
form a snap fit between the housing member and the plate member; and

wherein the adjusting means further comprises a clip member disposed between

the arms to prevent the housing member from decoupling from the plate member.

12.  The apparatus of claim 11 wherein the clip member comprises a pair of legs
wherein each leg engages the plate member and is biased in a direction away from the

other leg when the clip member is disposed between the arms of the housing member.

13.  The apparatus of claim 10 further comprising a washer disposed between the

housing member and the plate member wherein the at least a portion of the rod engages
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the washer when the at least a portion of the rod extends through the through-opening of

the housing member.

14.  The apparatus of claim 13 further comprising means for preventing relative

movement between the at least a portion of the rod and the housing member.

15.  The apparatus of claim 14 wherein the preventing means comprises a fastener
threadably engaged with the housing member, the fastener extending through a bore
formed in the housing member and into the through-opening to contact the at least a

portion of the rod so that the at least a portion of the rod bears against the washer.

16.  The apparatus of claim 13 wherein a first plurality of teeth is formed in the washer
and is adapted to mesh with a second plurality of teeth formed in the plate member to lock
the direction of extension of the at least a portion of the rod in the first coronal plane; and

wherein the direction of extension of the at least a portion of the rod is adjusted in
predetermined angular increments and wherein the spacing between each pair of adjacent
teeth in the first plurality of teeth defines each corresponding predetermined angular

increment.

17.  The apparatus of claim 2 wherein the adjusting means comprises a column
comprising:

a head portion defining a shoulder;

a cylindrical portion extending from the head portion and through a first bore
formed through the plate member; and

a through-opening formed through the cylindrical portion and through which the at

least a portion of the rod is adapted to extend.

18.  The apparatus of claim 17 wherein a plurality of partially-circumferentially-
extending grooves is formed in the plate member wherein each groove is adjacent the first
bore;

wherein each groove in the plurality is diametrically opposed across the first bore

to one other groove in the plurality so that the at least a portion of the rod is seated in one
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pair of opposing grooves to lock the direction of extension of the at least a portion of the
rod; and

wherein the direction of extension of the at least a portion of the rod is adjusted in
predetermined angular increments and wherein the spacing between each pair of adjacent

grooves in the plurality defines each corresponding predetermined angular increment.

19.  The apparatus of claim 18 further comprising a fastener threadably engaged with
the cylindrical portion, the fastener extending through a second bore formed in the
cylindrical portion and into the through-opening to contact the at least a portion of the rod
so that the at least a portion of the rod bears against the one pair of opposing grooves to

prevent relative movement between the rod and the cylindrical portion.

20.  The apparatus of claim 17 wherein the shoulder defines a tapered extemal surface

of the column and the first bore defines a tapered internal surface of the plate member; and
wherein the tapered external and internal surfaces form a taper lock between the

column and the plate member to lock the direction of extension of the at least a portion of

the rod in the first coronal plane.

21.  The apparatus of claim 20 further comprising a fastener threadably engaged with
the cylindrical portion, the fastener extending through a second bore formed in the
cylindrical portion and into the through-opening to contact the at least a portion of the rod;
wherein, in response to continued threaded engagement between the fastener and
the at least a portion of the rod,
the at least a portion of the rod bears against the plate member to prevent
relative movement between the rod and the cylindrical portion, and

the taper lock between the column and the plate member is formed.

22. A method of stabilizing a spinal system, the method comprising:
engaging a fastener with a vertebra of the spinal system;
connecting the fastener to a rod extending within the vicinity of the spinal system;
and
. selectively adjusting the direction of extension of at least a portion of the rod in a

first coronal plane.
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23.  The method of claim 22 wherein the direction of extension of the at least a portion

of the rod is adjusted in predetermined increments.

24.  The method of claim 22 further comprising locking the direction of extension of
the at least a portion of the rod.

25.  The method of claim 22 wherein the step of connecting comprises engaging an

apparatus with the fastener and coupling the apparatus to the rod.

26.  The method of claim 25 further comprising translating the apparatus in a second

coronal plane while maintaining the engagement between the apparatus and the fastener.

27.  The method of claim 26 wherein the first and second coronal planes are

substantially coplanar.

28.  The method of claim 25 further comprising:
assembling the apparatus wherein the step of assembling comprises:
providing a plate member having an opening formed therein through which
the fastener extends; and
coupling means to the plate member for selectively adjusting the direction
of extension of the at least a portion of the rod in the first coronal plane;
wherein the step of selectively adjusting the direction of extension of the at least a
portion of the rod in the first coronal plane comprises rotating the adjusting means in place

relative to the plate member.

29.  Anapparatus for stabilizing a spinal system, the apparatus comprising a plate
member adapted to be coupled to a vertebra of the spinal system, the plate member having
an opening formed therethrough wherein a fastener is adapted to extend through the
opening to engage the vertebra of the spinal system, and wherein the opening permits the
plate member to translate relative to the vertebra and the fastener; means coupled to the
plate member for selectively adjusting the direction of extension of at least a portion of a

rod in a first coronal plane, wherein the at least a portion of the rod engages the adjusting
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means when the rod extends within the vicinity of the spinal system, and wherein the
adjusting means is able to be rotated in place relative to the plate member to adjust the
direction of extension of the at least a portion of the rod in the first coronal plane; and
means for locking the direction of extension of the at least a portion of the rod in the first

coronal plane.

30.  The apparatus of claim 29 wherein the adjusting means is able to rotate 360
degrees in place; and wherein the plate member comprises a first portion to which the
adjusting means is coupled, the first portion defining a first planar surface, and a second
portion extending from the first portion, the second portion defining a second planar
surface adapted to engage the vertebra when the plate member is coupled to the vertebra,
wherein the second planar surface is offset from the first planar surface to reduce the
degree of projection of the rod in a generally anterior-to-posterior direction away from the

spinal system when the at least a portion of the rod engages the adjusting means.



WO 2006/119151 PCT/US2006/016534

1/6




PCT/US2006/016534

WO 2006/119151

2/6




WO 2006/119151 PCT/US2006/016534

3/6

50c 24
] 50
50a
50b
184 jG
48¢ / 48d -
528 50e \ r/
467 S
50 N 46e N p

gt T
7 — 24
462 *0M (" 52b 459L 501 4pc

50f
50g Fig. 4 24a




PCT/US2006/016534

WO 2006/119151

4/6




WO 2006/119151 PCT/US2006/016534

5/6




WO 2006/119151

6/6

PCT/US2006/016534

gof 82 /76
80 z
_-80d
—80e
18a
80c v 782 78 8 g
/ L

\ (



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/016534

A. CLASSIFICATIO UBJECT MATTER
N Ae 1B 7770

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation o the extent that such documents are included in the fields searched

EPO-Internal, PAJ

Electronic data base consulted during the inlernational search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant o claim No.
X DE 20 2004 018037 Ul (AESCULAP AG & CO. 1-7,10,
KG) 13 January 2005 (2005-01-13) 17,20,
21,29,30
A abstract; figures 1-4 3,9,
11-16,
18,19
paragraphs [0001], [0003], [0007],
(00111 - [00191, [0041], [0067] - [0084]
X US 5 810 816 A (ROUSSOULY ET AL) 1-5,29
22 September 1998 (1998-09-22)
A abstract; figure 8 6-21,30
column 5, Tine 59 - column 6, Tine 22
Sy

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

'E* earlier document but published on or afterthe international
filing date

'L.* document which may throw doubts on priority claim(s) or
which is cited to eslablish the publication dale of another
citation or other special reason (as specified)

*O" document referring 1o an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

e

e

v

g

later document published after the international filing date
or priority date and not in conflict with the application but
cited lo understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
meﬂts, ftuch combination being obvious to a person skilled
in the art.

document member of the same patent family

Date of the actual compietion of the international search

30 August 2006

Date of mailing of the international search report

06/09/2006

Name and mailing address of the 1SA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31~70) 340~3016

Authorized officer

Lager, J

Form PCT/ISA/210 (second sheet) {April 2008}

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/016534

C(Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT

1 March 1994 (1994-03-01)
the whole document

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6 176 861 Bl (BERNSTEIN AVI ET AL) 1-5,29
23 January 2001 (2001-01-23)
A abstract; figure 2 6-21,30
column 2, Tines 19-29
column 3, lines 10-32
column 4, lines 23-32
column 4, line 62 - column 5, Tine 27
X US 5 938 663 A (PETRETO ET AL) 1,2,4-7,
17 August 1999 (1999-08-17) 10,29
A abstract; figures 1,2 3,8,9,
11-21,30
column 2, Tines 7-17
column 2, 1ine 46 - column 4, line 64
X US 6 030 388 A (YOSHIMI ET AL) 1
29 February 2000 (2000-02-29)
A abstract; figures 2-21,29,
30
X PATENT ABSTRACTS OF JAPAN 1
vol. 1998, no. 04,
31 March 1998 (1998-03-31)
& JP 09 327467 A (ROBAATO READ SHOKAI:KK),
22 December 1997 (1997-12-22)
abstract
X US 5 290 288 A (VIGNAUD ET AL) 1

Form PCT/ISA/210 {continuation of second sheet) (April 2005)

page 2 of 2




International application No.

INTERNATIONAL SEARCH REPORT PCT/US2006/016534

Box Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 22-28
because they relate to subject matter not required to be searched by this Authority, namely:
Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery

2. [:I Claims Nos.:
because they relate to parts of the International Application that do nat comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This international Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the appficant, this International Search Report covars all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. L__—! No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2006/016534
Patent document Publication Patent family Publication

cited in search report date member(s) date

DE 202004018037 Ul 13-01-2005  NONE

US 5810816 A 22-09-1998 CA 2188299 Al 02-11-1995
DE 69511078 D1 02-09-1999
DE 69511078 12 16-03-2000
DK 756472 T3 29-11-1999
EP 0756472 Al 05-02-1997
ES 2136849 T3 01-12-1999
FR 2718944 Al 27-10-1995
WO 0528889 Al 02-11-1995
JP 2962524 B2 12-10-1999
JP 9511938 T 02-12-1997

US 6176861 Bl 23-01-2001 NONE

US 5938663 A 17-08-1999 AT 243979 T 156~07-2003
AU 697705 B2 15~10-1998
AU 4948196 A 23-09-1996
CA 2215485 Al 12-09-1996
DE 69628916 D1 07-08-2003
DE 69628916 T2 19-05-2004
DE 814716 T1 29-06-2000
EP 0814716 Al 07-01-1998
ES 2142295 T1 16-04~2000
FR 2731344 Al 13-09-1996
WO 9627340 Al 12-09-1996
JP 3418939 B2 23-06-2003
JP 11501235 T 02-02-1999

US 6030388 A 29-02~-2000  NONE

JP 09327467 A 22-12-1997 JP 2948148 B2 13-09-1999

US 5290288 A 01-03~1994  NONE

Form PCT/SA/210Q (patent family annex) (April 2008)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

