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SPINAL CROSS CONNECTORS

FIELD OF THE INVENTION
The present invention relates to spinal fixation devices, and in particular to a
cross connector for connecting spinal fixation elements, such as spinal fixation rods,

implanted 1n a patient’s spinal system.

BACKGROUND OF THE INVENTION

Spinal fixation devices are used in orthopedic surgery to align and/or fix a
desired relationship between adjacent vertebral bodies. Such devices typically include a
spinal fixation element, such as a relatively rigid fixation rod, that 1s coupled to adjacent
vertebrae by attaching the element to various anchoring devices, such as hooks, bolts,
wires, or screws. Alternatively, two rods can be disposed on the lateral or anterior
surface of the vertebral body in a substantially parallel relationship. The fixation rods
can have a predetermined contour that has been designed according to the properties of
the target implantation site, and once installed, the rods hold the vertebrae in a desired
spatial relationship, either until desired healing or spinal fuston has taken place, or for
some longer period of time.

Spinal cross connectors a.ré often used in conjunction with spinal fixation devices
to provide additional stability to the devices. For example, it has been found that when a
pair of spinal rods are fastened in parallel bn either side of the spinous process, the
assembly can be significantly strengthened by using a cross connector to bridge the pair
of spinal rods. The connectors are typically in the form of a rod having a clamp formed
on each end thereof for mating with a spinal rod.

While current spinal cross connectors have proven effective, difficulties have
been encountered 1n mounting the cross connectors, and maintaining them in a desired
position and orientation with respect to the spinal rod, or other spinal fixation device to
which they are attached. In particular, the clamp assemblies often consist of several
parts which make surgical application tedious, and which can also increase the
manufacturing costs. Since the cross connector 1s often applied as the last step in a
lengthy surgical procedure, ease of application 1s paramount. Fixation of the cross

connector to spinal rods can also be difficult where the rods are not parallel to one
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another (diverging / converging with respect to one another), or out of plane with each
other.
Accordingly, a need exists for improved spinal cross connectors that can be

easily installed and that securely mate to and connect spinal fixation devices.

SUMMARY OF THE INVENTION

The present invention generally provides various methods and devices for
connecting spinal fixation elements, such as spinal rods, implanted in a patient’s spinal
column. In one embodiment, a spinal cross connector i1s provided having a first
connector element for engaging a first spinal fixation element, and a second connector
element for engaging a second spinal fixation element. The first connector element can
have a female member, and the second connector element can have a male member that
1S receivable within the female member such that the male member 1s adjustably slidable
within the female member along a longitudinal axis of the male member, rotatable about
the longitudinal axis within the female member, and pivotable within the female member
such that the longitudinal axis can be angularly oriented relative to a longitudinal axis of
the first connector element. The cross connector can also include a fastening element
that 1s adapted to be disposed within the female member to engage and lock the male
member 1n a fixed position relative to the female member.

The male and female members of the cross connector can have a variety of
configurations, but in one embodiment the female member can be in the form of a
housing having a first opening formed therethrough for receiving the male member, and
second opening formed therethrough that 1s iIn communication with the first opening and
that 1s configured to receive the fastening element. The first opening in the female
member can include opposed portions that increase in width from a substantial mid-
portion of the first opening such that the opposed portions allow the male member to
pivot within the female member. The male member can be in the form of a generally
elongate cylindrical shaft. In one exemplary embodiment, the male member can be
disposed through the female member and the male member can include a retaining
element formed on a terminal end thereof that 1s adapted to prevent removal of the male
member from the female member. The fastening element can also optionally include a

retaining element formed thereon that 1s adapted to prevent removal of the fastening
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element from the female member.

In another exemplary embodiment, when the male member and the fastening
element are disposed within the female member, the male and female members can have
first and second points of contact therebetween and the male member and the fastening
element can have one point of contact therebetween. The first and second points of
contact between the male and female members can be spaced a distance apart from one
another.

The spinal cross connector can also include first and second engagement
elements slidably disposed within the first and second connector elements, and first and
second locking mechanisms receivable within the first and second connector elements
and adapted to slidably move the first and second engagement elements to cause the first
and second engagement elements to engage and lock a spinal fixation element within
first and second recesses formed 1n the first and second connector elements. The cross
connector can include other features as well, such as a bend zone formed 1n at least one
of the first and second connector elements.

In yet another embodiment, a spinal cross connector is provided having first and
second connector elements for engaging a spinal fixation element. The first connector
element can have a female member, and the second connector element can have a male
member that is receivable within the female member. The cross connector can also
include a fastening element that 1s adapted to be disposed within the female member to
lock the male member 1n a fixed position relative to the female member. The fastening
element can be, for example, a threaded member adapted to mate with corresponding
threads formed within the female member. The cross connector can also include a first
insert that 1s adapted to be disposed within the female member and to be positioned
between the male member and the female member, and a second insert that is adapted to
be disposed within the female member and to be positioned between the fastener and the
male member. In an exemplary embodiment, the first and second inserts are adapted to
allow the male member to pivot within the female member such that a longitudinal axis
of the second connector element can be angularly oriented relative to a longitudinal axis
of the first connector element. More preferably, the male member 1s (1) adjustably
slidable within the female member along a longitudinal axis of the male member, (11)

rotatable about the longitudinal axis within the female member, and (i11) pivotable within
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the female member such that the longitudinal axis can be angularly oriented relative to a
longitudinal axis of the first connector element.

The first and second inserts can have a variety of shapes and sizes, but in one
embodiment each insert has a substantially hemispherical shape. The male member can
include opposed planar surfaces that rest between planar surfaces on the first and second
Inserts when the male member and first and second inserts are disposed within the
female member. The female member can be in the form of a housing having a first
opening formed therethrough for receiving the male member, and a second opening
formed therethrough for receiving the fastening element. The first opening can include a
concavity formed therein and adapted to polyaxially seat the first insert and the fastening
element can include a concavity formed therein and adapted to polyaxially seat the
second insert.

In another embodiment, the first connector element can have a generally elongate
shaft with a first terminal end having a recess formed therein for receiving a spinal
fixation element and a second terminal end having the female member formed thereon,
and the second connector element can have a generally elongate shaft with a first
terminal end having a recess formed therein for receiving a spinal fixation element and a
second terminal end that forms the male member.

In yet another embodiment, a spinal cross connector 1s provided having an
elongate member with a first end with a first recess formed therein that 1s configured to
recerve a spinal fixation element, and an opposed second end with a second recess
formed therein that is configured to receive a spinal fixation element. The cross
connector can also include first and second engagement elements disposed within the
elongate member, and first and second locking mechanisms disposable within first and
second opénings formed 1n the first and second ends. The first and second openings can
be positioned such that the first and second recesses are located between the first and
second openings, and the first and second locking mechanisms can be adapted to move
the first and second engagement elements to cause the first and second engagement
elements to engage and lock first and second spinal fixation elements within the first and
second recesses. In an exemplary embodiment, the elongate member can include
opposed top and bottom surfaces, and the first and second recesses can be formed in the

bottom surface and the first and second openings can be formed in the top surface. In
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other embodiments, the first and second engagement elements can be slidably disposed
within the elongate member, and the first and second locking mechanisms can be
adapted to slidably move the first and second engagement elements. In yet another
embodiment, the first and second openings can have longitudinal axes that extend
substantially perpendicular to a longitudinal axis of the elongate member.

In other aspects, a spinal cross connector 1s provided having an elongate body
with opposed first and second ends and opposed top and bottom surfaces. First and
second recesses are formed in the bottom surface adjacent to the first and second ends of
the elongate body. The first and second recesses are oriented to enable the elongate
body to be simultaneously top-loaded onto first and second spinal fixation elements.
The cross connector can also include first and second bores formed in the top surface of
the elongate body and effective to receive first and second locking mechanisms for
locking first and second spinal fixation elements within the first and second recesses.
The first and second bores can have longitudinal axes that are substantially parallel to
one another and that are substantially parallel to an axis of loading the elongate body
onto first and second spinal fixation elements. In an exemplary embodiment, the first
and second recesses are in the form of substantially concave cavities formed in the
bottom surface of the elongate body, and having opposed sidewalls that are substantially
parallel to one another and substantially parallel to the longitudinal axes of the first and
second bores 1n the elongate member. The cross connector can also include first and
second locking mechanisms disposed within the first and second bores and adapted to
lock first and second spinal fixation elements within the first and second recesses, and/or
first and second engagement elements movably disposed within the elongate body. The
first and second locking mechanisms can be effective to move the first and second
engagement elements to cause the first and second engagement elements to engage and

lock first and second spinal fixation elements within the first and second recesses.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be more fully understood from the following detailed

description taken in conjunction with the accompanying drawings, in which:
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FIG. 1A is a perspective view of one embodiment of a spinal cross connector

having male and female members that are adjustable relative to one another;

5 FIG. 1B 1s an exploded view of the spinal cross connector of FIG. 1A;

FIG. 1C 1s a side view of the spinal cross connector of FIG. 1A,

FIG. 1D 1s a top cross-sectional view of a central portion of the spinal cross
10 connector of FIG. 1A;

FIG. 1E 1s a side cross-sectional view of a female member of the spinal cross

connector of FIG. 1A;

15 FIG. 1F 1s a side cross-sectional view of the central portion of the spinal cross

connector of FIG. 1A;

FIG. 1G1s a cross-sectional view of one embodiment of a locking mechanism for
use with a spinal cross connector;
20
FIG. 1H 1s a cross-sectional view of one embodiment of a fastening element for

use with a spinal cross connector,

FIG. 11 1s a cross-sectional view of an alternative embodiment of a portion of a
25 spinal cross connector having openings configured to receive the locking mechanism

and fastening element of FIGS. 1G and 1H;

FIG. 2A is an exploded view of another embodiment of a spinal cross connector
having male and female members that are adjustable relative to one another;
30
FIG. 2B 1s a side cross-sectional view of a central portion of the spinal cross

connector of FIG. 2A;
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FIG. 2C is another side cross-sectional view of a central portion of the spinal

cross connector of FIG. 2A;

FIG. 2D 1s a top cross-sectional view of a central portion of the spinal cross
connector of FIG. 2A;

FIG. 3A 1s an exploded view of another embodiment of a spinal cross connector

having an adjustable central portion;

FIG. 3B i1s a cross-sectional view of the central portion of FIG. 3 A shown in the

assembled configuration;

FIG. 4A 1s an exploded view of another embodiment of a spinal cross connector

having an adjustable central portion;

FIG. 4B 1s a cross-sectional view of the central portion of FIG. 4 A shown in the

assembled configuration;

FIG. 5A 1s a perspective view of yet another embodiment of an adjustable central

portion of a spinal cross connector;

FIG. 5B is a side cross-sectional view of the central portion shown in FIG. 5A;

FIG. 5C 1s a top cross-sectional view of the central portion shown in FIG. 5A;

FIG. 6A is an exploded view of a cross connector having an adjustable central

portion according to yet another embodiment;

FIG. 6B 1s a cross-sectional view of the central portion of FIG. 6 A shown in the

assembled configuration;
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FIG. 7A is a perspective, partially exploded view of yet another embodiment of a
spinal cross connector having locking mechanisms located laterally outward from first

and second recesses formed in the cross connector and configured to receive first and

second spinal fixation elements;

FIG. 7B 1s a side cross-sectional view of the spinal cross connector of FIG. 7A;

FIG. 8A 1s a perspective, partially exploded view of yet another embodiment of a
spinal cross connector having locking mechanisms located laterally inward from first
and second recesses formed in the cross connector and configured to receive first and

second spinal fixation elements;

FI1G. 8B 1s a side cross-sectional view of the spinal cross connector of FIG. 8A,
showing the spinal cross connector about to be loaded onto first and second spinal

fixation elements;

FIG. 9A 1s perspective view of one embodiment of an engagement element

having a circular cross-section and a convex shaped engaging surface;

FIG. 9B 1s a side view of the engagement element of FIG. 9A;

FIG. 10A is perspective view of one embodiment of an engagement element

having a circular cross-section and a concave engaging surface;

FIG. 10B 1s a side view of the engagement element of FIG. 10A;

FIG. 11 A 1s perspective view of one embodiment of an engagement element

having a circular cross-section and a planar engaging surface;

FIG. 11B 1s a side view of the engagement element of FIG. 11A;



10

15

20

235

30

CA 02668485 2009-05-01

WO 2008/057217 PCT/US2007/022503

. 0.

FIG. 12A is perspective view of one embodiment of an engagement element

having an oval-shaped cross section and a concave shaped engaging surface;

FIG. 12B is a perspective view of the engagement element of FIG. 12A;

FIG. 12C is a side view of the engagement element of F1G. 12A;

FIG. 13A is a perspective view of one embodiment of a retaining element having

deformable members formed thereon;

FIG. 13B is a side view of the retaining element of FIG. 13A;

FIG. 14A is a side view of another embodiment of a retaining element having

elastically deformable members and an integral flange;

FIG. 14B is a perspective view of the retaining element of FIG. 14A, showing a

pin for supporting the deformable members;

FIG. 15A is a side view of another embodiment of a retaining element having an

annular groove formed therein; and

FIG. 15B is a perspective view of a ring member configured to engage the

groove formed in the retaining element of FIG. 15A.

DETAILED DESCRIPTION OF THE INVENTION

Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the
devices and methods disclosed herein. One or more examples of these embodiments are
itlustrated in the accompanying drawings. Those of ordinary skill in the art will
understand that the devices and methods specifically described herein and illustrated in
the accompanying drawings are non-limiting exemplary embodiments and that the scope

of the present invention is defined solely by the claims. The features illustrated or
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described in connection with one exemplary embodiment may be combined with the
features of other embodiments. Such modifications and variations are intended to be
included within the scope of the present invention.

5 The present invention generally provides various methods and devices for
connecting spinal fixation elements, such as spinal rods, implanted in a patient’s spinal
column. In general, each cross connector is configured to receive and engage at least
one, and more preferably two spinal fixation elements. The cross connectors can include
various features to facilitate such engagement. In certain exemplary embodiments, the

10 cross connectors can be adjustable to facilitate loading and mating of the cross connector
onto two spinal fixation elements implanted in a patient’s spinal column. For example,
the cross connector can be telescoping, such that a length of the cross connector can be
adjusted to accommodate spinal fixation elements positioned at various distances
relative to one another. The cross connector can also or alternatively include two

15 members that are axially rotatable and/or pivotable relative to one another, thus
accommodating spinal fixation elements residing in different planes and/or extending at
various angles (1.e., converging or diverging) relative to one another. In other
embodiments, the cross connectors can have a fixed length, and can include other
features to facilitate adjustability, such as one or more bend zones. In other

20 embodiments, the cross connectors can be configured to facilitate simultaneous top-
loading of the cross connector onto two spinal fixation elements. The spinal cross
connectors can also include a variety of other features to facilitate use of the device

A person skilled in the art will appreciate that while the cross connectors are
described herein as being adapted to engage a spinal fixation element, and in particular a

25 spinal fixation rod, the cross connectors can be configured to engage a variety of spinal
fixation devices, such as anchors, cables, fixation plates, etc. Moreover, the cross
connectors can be configured to engage any number of spinal fixation elements,
including a single spinal fixation element. The opposed terminal end of the cross
connector can be adapted for other uses. For example, the opposed terminal end of the

30 cross connector can be configured to be fixedly attached to a vertebra. The cross
connectors of the present invention can also include any combination of features
described and/or illustrated herein, and the cross connectors are not limited to having the

configuration shown in the illustrated embodiments.
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FIGS. 1 A-1B illustrate one embodiment of a spinal cross connector 10 that can
be easily adjusted to allow the cross connector 10 to be applied to two spinal fixation
elements oriented in various positions relative to one another. As shown, the cross
connector 10 generally includes first and second connector elements 20, 30 that are
adjustably matable to one another. The first connector element 20 includes an elongate
shaft 22 having a first end 22a with a connector head 24 formed thereon and configured
to receive and engage a spinal fixation element, and a second end 22b with a female
member 26 formed thereon. The second connector element 30 also includes an elongate
shaft 32 with a connector head 34 formed on a first end 32a thereof and configured to
recerve and engage a spinal fixation element. The second end 32b of the elongate shaft
32, or at least a portion thereof, can form a male member 36 that i1s configured to be
received within the female member 26 of the first connector element 20. In use, as will
be explained 1n more detail below, the male and female members 26, 36 can move
relative to one another to facilitate loading the cross connector 10 onto first and second
spinal fixation elements implanted in a patient’s spine.

The connector head 24, 34 on each connector element 20, 30 can have a variety
of configurations, but in one exemplary embodiment each connector head 24, 34
includes a recess 25, 35 formed therein and configured to receive a spinal fixation
element, such as a spinal rod. The particular location of the recesses 25, 35 can vary, but
in the 1llustrated embodiment the first and second recesses 25, 35 are formed in a bottom
surface 24b, 34b of the connector heads 24, 34. The shape, size, and onentation of each
recess 25, 35 can vary depending on the type of spinal fixation element being engaged.
In an exemplary embodiment, the cross connector 10 1s adapted to connect to two spinal
fixation rods. Accordingly, each recess 25, 35 can have a shape that is configured to
accommodate a substantially cylindrical spinal rod. In other words, each recess 25, 35
can have a substantially concave shape such that 1t defines a partially cylindrical cavity.
The size of the recesses 25, 35 can also vary depending on the size of the spinal fixation
elements. In an exemplary embodiment, each recess 25, 35 has a width wy, ws,
measured across the opening of the recess, that i1s greater than a diameter of a spinal
fixation rod disposed therein, and a depth d,, d; that is greater than a radius of a spinal
fixation rod disposed therein. The depth d,, d; can also be greater than a diameter of the

spinal fixation rod, or 1t can be less than or substantially equal to a diameter of the spinal
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fixation rod, but preferably each recess 25, 35 is configured to seat a substantial portion
of a spinal fixation rod to allow the rod to be firmly locked therein. The recesses 25, 35
can also be oriented to facilitate top-loading of the spinal connector onto two spinal
fixation elements disposed within a patient’s spinal column. For example, the recesses
can have opposed sidewalls that are all substantially parallel to one another. Exemplary
recess configurations will be discussed in more detail below with respect to FIGS. 8A
and 8B.

The cross connector 10 can also include one or more engagement members,
hereinafter referred to as shoes, that are configured to engage a spinal fixation element
disposed within the recesses 25, 35. As shown in FIGS. 1A and 1B, the cross connector
10 1ncludes first and second shoes 28, 38 that are slidably disposed within the first and
second connector heads 24, 34 and that are positioned adjacent to the first and second
recesses 25, 35. The shoes 28, 38 can have a variety of configurations and they can be
mated to or disposed within the connector heads 24, 34 using a variety of techniques, but
they are preferably effective to move linearly in response to a force applied thereto by a
locking mechanism to lock a spinal fixation element within each recess 25, 35. In an
exemplary embodiment, each connector head 24, 34 includes first and second receiving
cavities 27, 37 formed therein for slidably seating the shoes. In the illustrated
embodiment, the first and second cavities 27, 37 are positioned inward of the recesses
25, 35 such that the cavities are located between the recesses 25, 35 when the device 10
Is assembled. The cavities 27, 37 can also be spaced a distance apart from the bottom
surface 24b, 34b of the connector heads 24, 34 to allow the shoes 28, 38 to be retained
within the connector heads 24, 34.

Each cavity 27, 37 can vary in shape and size, but as indicated above in an
exemplary embodiment the cavities 27, 37 allow slidable movement of the shoes 28, 38
theremn. In particular, each cavity 27, 37 can have a shape that is substantially similar to
a shape of the shoes 28, 38, i.e, that is configured to match the contour of each shoe 28,
38, as will be discussed below. The cavities 27, 28 can also extend at a downward angle
toward the recesses such that each shoe 28, 38, when moved from within the cavity 27,
28 toward the recess 25, 35, extends in a downward direction. Such a configuration

facilitates engagement of the rods disposed within the recesses 25, 35.
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Each shoe 28, 38 can also include an internal surface that i1s configured to contact
the locking mechanism, which will be discussed below, and an opposed external surface
that faces the recess 25, 35. For reference purposes, only shoe 38 shown in FIG. 1B will
be discussed, however both shoes 28, 38 can have the same configuration. The internal
and external surfaces 381, 38e can vary in shape. In an exemplary embodiment, the
internal surface 381 has a shape that conforms to the shape of the locking mechanism.
For example, the internal surface 381 of the shoe 38 can include a concave recess formed
therein, as shown 1n FIG. 1B, or it can have other shapes such as convex, planar, etc.
The concave shape of the internal surface 381 is effective to seat a portion of the locking
mechanism. The external surface 38e¢ of the shoe 38 can also have a variety of shapes
and sizes, but as illustrated the external surface 38e of the shoe has a substantially planar
configuration. The external surfaces, or at least a portion thereof, can also include
gripping features, such as ridges, grooves, a surface coating, etc., formed or disposed
thereon to engage the rod. Exemplary shoe configurations will be discussed in more
detail with respect to FIGS. 9A-12C.

In order to prevent the shoes 28, 38 from falling out of the cavities 27, 37, each
connector head 24, 34 can include a retaining mechanism adapted to slidably retain each
shoe 28, 38 within each cavity 27, 37. While various retaining mechanisms can be used,
In one exemplary embodiment, as shown in FIG. 1B, the cross connector 10 can include
first and second pin members (only one pin member 38p 1s shown) that extend through
the bottom surface 24b, 34b of the connector head 24, 34 and into a slot (not shown)
formed within a bottom surface of each shoe 28, 38. The slot preferably extends
between the internal and external surfaces of the shoes 28, 38 to allow the shoes 28, 38
to slide between the retracted and extended positions. The pin members can be retained
within the connector head 24, 34 using various techniques, but preferably the pin
members are fixedly mated to the connector head 24, 34 using a press fit or using other
techniques known 1n the art.

In use, the first and second shoes 28, 38 can be slidably movable between a first
retracted position, shown in FIG. 1C, in which the shoes 28, 38 are at least partially or
fully disposed within the first and second cavities 27, 37, and a second extended
position, as shown in FIGS. 1A and 1B, in which at least a portion of the shoes 28, 38

extend into the recesses 25, 35. The shoes 28, 38 can be moved into the second
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extended position by inserting a locking mechanism 29, 39 into an opening formed in
each connector head 24, 34 such that the locking mechanism 29, 39 applies a force to the
shoe 28, 38 to cause the shoe 28, 38 to move linearly and lock a spinal fixation element
within the recess 25, 35. The locking mechanisms 29, 39 can have a variety of
configurations and they can be receivable within the connector heads 24, 34 at a variety
of locations. In the illustrated embodiment, each connector head 24, 34 includes a
central opening 240, 340 formed in a top surface 24t, 34t thereof for receiving the
locking mechanism 29, 39. The central openings 240, 340 preferably extend into and
are In communication with the cavities 27, 37 that retain the shoes 28. 38 to allow the
locking mechanisms 29, 39 to contact and apply a force to the shoes 28, 38. The locking
mechanisms 29, 39, which are receivable within the openings, can have various
configurations. In the illustrated embodiment, each locking mechanism 29, 39 has a
proximal portion (FIG. 1B illustrates proximal portion 39p on locking mechanism 39)
that 1s adapted to mate to a proximal portion of the opening 240, 340, and a distal
portion (FIG. 1B illustrates distal portion 39d on locking mechanism 39) that is adapted
to apply a force to the shoe 28, 38 to move the shoe 28, 38 into the second extended
position. The proximal portion can include threads that are adapted to mate with
corresponding threads formed within at least a proximal portion of the opening, or
various other mating techniques known in the art can be used. The distal portion of each
locking mechanism 29, 39 can also vary in shape and size, but in one exemplary
embodiment the distal portion of each locking mechanism 29, 39 is in the form of a shaft
or pin-type member. At least a portion of each shaft can taper toward the distal end to
facilitate the application of force against the shoe 28, 38. In particular, as previously
indicated, the internal surface (internal surface 381 is shown in FIG. 1B) of each shoe 28,
38 can have a concave recess formed therein for seating the tapered shaft. Thus, when
the locking mechanisms 29, 39 are threaded into the openings 240, 340 in the connector
heads 24, 34, the tapered shaft of each locking mechanism 29, 39 contacts the concave
internal surface of each shoe 28, 38 to force the shoes 28, 38 into the second extended
position. The shaft on each locking mechanism 29, 39 can also have a variety of other
shapes such as, for example, a spherical shape or cone shape. A person skilled in the art
will appreciate that the shape of the distal portion of each locking mechanism can vary

depending on the shape of the shoes. The aforementioned shoes and locking mechanism
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are described in more detail in commonly owned U.S. Publication No. 2006/0058789
entitled “Dual Rod Cross Connectors and Inserts Tools™ of Kim et al,

As previously indicated, the cross connector 10 also includes female and male
members 26, 36 formed on the second ends 22b, 32b of the elongate shaft 22, 32 of the
first and second connector elements 20, 30, respectively. The female and male members
26, 36 can have a variety of configurations, but in the illustrated embodiment the female
member 26 is in the form of a housing formed on the second end 22b of the elongate
shaft 22 of the first connector element 20, and the male member 36 1s rp'erely formed by

the elongate shaft 32, or at least a terminal portion thereof, on the second connector

element 30. The female and male members 26, 36 mate to form a central portion of the

cross connector 10.

The housing of the female member 26 can have any shape and size, but in the
illustrated embodiment, as best shown in FIG. 1E, the housing has a generally
cylindrical configuration with first and second openings 26a, 26b formed therein. The
first opening 26a can be configured to receive the male member 36, and the second
opening 26b can be configured to receive a fastening element 40 for locking the male
member 36 in a fixed position relative to the female member 26. While the openings
26a, 26b can be positioned at various locations relative to one another, in an exemplary
embodiment the first opening 26a extends laterally through the housing and the second
opening 26b extends vertically through the housing and is in communication with the
first opening 26a. As a result, the first opening 26a has an axis A, that is substantially
perpendicular to an axis A, of the second opening 26b (i.e., the longitudinal axis As of
the female member 26).

The shape of the first opening 26a in the female member 26 can also vary, but in
an exemplary embodiment the first opening 26a in the female member 26 i1s configured
to allow the male member 36 to have at least three degrees of freedom relative to female
member 26 prior to locking the male member 36 in a fixed position. While the
particular type of movement can vary, in the illustrated embodiment, best shown in
FIGS. 1D and 1F, the first opening 26a is configured such that the male member 36 is
adjustably slidable within the female member 26 along a longitudinal axis A3 of the

male member 36, i.e., the cross connector 10 is telescoping; the male member 36 i1s



CA 02668485 2009-05-01
WO 2008/057217 PCT/US2007/022505

- 16 -

rotatable within the female member 26 about the longitudinal axis A; of the male
member 36, and the male member 36 is pivotable or rotatable about a longitudinal axis
A4 of the female member 26 such that the longitudinal axis A; of the male member 36

5 can be angularly oriented relative to a longitudinal axis A4 of the elongate shaft 22 of the
first connector element 20.

The first movement, i.e., sliding movement, is indicated by the arrow labeled S
in FIG. 1C. This movement can be achieved by forming the first opening 26a such that
1t has a size that is sufficient to allow free translation of the male member 36 along the

10 longitudinal axis Ajz of the male member 36, i.e., along the axis of the elongate shaft 32.
The second movement, i.e., rotational movement about the axis Az of the male member
36, 1s indicated by the arrow labeled R in FIG. 1C. This movement is achieved due to
the cylindrical shape of the male member 36 as well as the generally cylindrical shape of
the first opening 26a formed in the female member 26, as shown in FIGS. 1E and 1F.

15 The third movement, 1.e., pivotal or rotational movement about the axis As of the female
member 26, 1s indicated by the arrow labeled P in FIG. 1D. This movement can be
formed by varying a width of the first opening 26a in the female member 26. As best
shown in FIG. 1D, the first opening 26a can include opposed first and second portions
26a), 26a; that increase in width wo;, wo, from a substantial mid-portion 26a,, of the

20 opening 26a toward the opposed ends 26e;, 26¢; of the opening 26a. This can be
achieved by forming a transverse slot throﬁgh the female member 26 using a cutting
tool, and then pivoting the cutting tool about the longitudinal axis As of the female
member 26. As a result, the male member 36 can pivot or rotate about the longitudinal
axis As (shown in FIG. 1D as point As) of the female member 26, i.e.. move from side-

25 to-side such that the longitudinal axis A; of the male member 36 can be angularly
oriented relative to a longitudinal axis A4 of the elongate shaft 22 of the first connector
element 20. This pivotal or rotational movement is indicated by the arrows labeled R in
FIG. 1D. The extent of the such movement can depend on the angle a of the sidewalls
of each portion 26a,, 26a; , but in an exemplary embodiment the first opening 26a is

30 configured to allow the male member 36 to move about 20° in each direction.

The first opening 26a in the female member 26 can also optionally be configured
to limit pivotable or rotational movement of the male member 36 about the longitudinal

axis As of the female member 26 to a single plane. For example, as shown in FIGS. 1E
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and 1F, the first opening 26a can include opposed top and bottom surfaces 26t, 26m that
are substantially planar to prevent the male member 36 from moving up and down. As a
result, the male member 36 can only pivot or rotate in a single plane about the

5 longitudinal axis As of the female member 26. This will maintain the elongate shaft 22,
32 of the first and second connector elements 20, 30 in a parallel orientation relative to
one another. The first opening 26a in the female member 26 can also include other
features to facilitate positioning of the male member 36 relative to the female member
26, as will be discussed 1n more detail below.

10 The shape of the second opening 26b in the female member 26 can also vary, but
as indicated above the second opening 26b is preferably configured to receive a
fastening element 40 for locking the male member 36 within the female member 26. In
the 1llustrated embodiment, as best shown in FIGS. 1E and 1F, the second opening 26b
has a generally cylindrical shape for receiving a generally cylindrical fastening element.

15 The 1llustrated fastening element 40 1s in the form of a set screw having threads 40t
formed thereon that are adapted to mate with corresponding threads 26b, formed within
the second opening 26b. Other mating techniques known in the art, such as a twist-lock,
interference fit, etc., can alternatively be used instead of threads. When the fastening
element 40 1s disposed within the second opening 26b, the leading end 40a of the

20 fastening element 40 will contact and abut against the male member 36, and the opposed
surface of the male member 36 will rest against a bottom surface 26m of the first
opening 26a in the female member 26. The male member 36 will thus be in direct
contact with and engaged between the fastening element 40 and the female member 26,
and will thereby be locked 1n a fixed position and prevented from moving relative to the

25 female member 26. As further shown in FIG. 1F, the bottom surface 26m of the first
opening 26a in the female member 26 can include a cut-out 26¢ formed therein such that
there are two distinct points of contact, labeled as x and y, between the female member
26 and the male member 36. The cut-out 26¢ can have various shapes and sizes, but in
one embodiment the cut-out 26¢ can have a generally circular shape, as best shown in

30 FIG. 1B and 1F, such that the bottom surface 26m of the first opening 26a will include
opposed protrusions or raised surface features that the male member 36 will rest against.
When the cross connector 10 1s fully assembled and the male member 36 1s locked

within the female member 26, the male member 36 will thus have three distinct points of
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contact, one (labeled as z in FIG. 1F) with the fastening element 40 and the other two (x,
y) with the female male 26. Such a configuration is particularly advantageous as it can
help prevent undesired angulation of the male member 36 when the male member 36 is
locked within the female member 26, thereby maintaining the elongate shafts 22, 32 of
the first and second connector elements 20, 30 in substantially parallel planes of motion.

The male and female members 26, 36 can also include a variety of other features.
For example, as shown in FIGS. 1A-1D and 1F, the male member 36 can include a
retaining element 42 formed thereon or coupled thereto for preventing removal of the
male member 36 from the first opening 26a in the female member 26. In the illustrated
embodiment, best shown in FIG. 1B, the retaining element 42 is in the form of a
threaded shaft 42a having an enlarged head 42b formed thereon. The shaft 42ais
configured to be threadably disposed within a threaded bore 36t (FIG. 1B) formed in the
terminal end of the male member 36, and the enlarged head 42b has a diameter that is
greater than a width of the first opening 26a in the female member 26 to prevent passage
of the head 42b therethrough, and to thus retain the male member 36 within the female
member 26. Various other exemplary retaining elements will be discussed in more
detail below with respect to FIGS. 13A-15B. The female member 26 can similarly
include a retaining element formed thereon or coupled thereto for preventing removal of
the fastening element 40 from the second opening 26b in the female member 26. In the
1llustrated embodiment, the female member 26 includes several tabs 26f (FIG. 1A)
disposed around a perimeter of the top of the female member 26. The tabs 26f can be
swaged or deformed inward during manufacturing to engage the fastening element 40,
e.g., the threads on the fastening element 40, thereby allowing rotation of the fastening
element 40 while prevent removal of the fastening element 40 from the female member
26.

The cross connector 10 can also include other features. For example, as will be
discussed tn more detail with respect to the embodiment shown in FIG. 7A, the cross
connector 10 can include one or more bend zones formed therein and configured to
allow the cross connector 10 to be deformed into a desired configuration. The bend
zones can be formed at any locatton on the cross connector 10, but in certain exemplary

embodiments one or more bend zones are formed in the elongate shaft 22, 32 of the first

and/or second connector elements 20, 30. Other features of the cross connector 10 can
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include, for example, grasping notches to facilitate grasping and manipulation of the
device 10. FIG. 1A illustrates first and second grasping notches 24n, 34n formed in
opposed sides of each connector head 24, 34. A tool, such as a grasper, can engage the
grasping notches 24n, 34n to manipulate the connector heads 24, 34 as desired. FIG. 1A
also 1llustrates several notches 26n formed around a perimeter of the female member 26.
These notches 26n can likewise be engaged using a grasper or other tool to facilitate
manipulation of the female member 26. The notches 26n can also be used to attach an
Instrument to apply a counter torque to the central portion of the cross connector during
final tightening of the fastening element. This prevents any force from being transferred
to the spnal fixation elements while applying the final tightening torque to the fastening
element. In an exemplary embodiment, one or more of the notches 24n, 34n, 26n can
have a dovetail configuration to allow a tool having a complementary dovetail formed
thereon to extend into and engage the notch 24n, 34n, 26n. A person skilled in the art
will appreciate that various other techniques can be used to facilitate manipulation of the
cross connector 10.

Other exemplary features of the cross connector 10 include, for example, a snap-
fit mechanism that provides audible and/or tactile feedback when a spinal fixation
element 1s positioned within a recess 25, 35 in the cross connector 10. FIGS. 1A-1C
Illustrate one exemplary snap-fit mechanism that is in the form of a deflectable member
46a, 46b formed adjacent to the recess 25, 35 in each connector head 24, 34. The
deflectable members 46a, 46b can be formed, for example, by cutting a slit or groove in
the bottom surface 24b, 34b of the connector head 24, 34. In use, as a spinal fixation
element 1s received within the recess 25, 35, the deflectable member 46a, 46b will
deflect outward, thereby increasing a size of the recess 25, 35. Once the spinal fixation
element 1s fully received in the recess 25, 35, the deflectable member 46a, 46b will
return to 1ts initial position, snapping around the spinal fixation element to provide a
tactile and/or audible signal that the spinal fixation element 1s fully loaded within the
recess 25, 35.

FIGS. 1G-11 1llustrate another embodiment of a technique for mating a fastening
element and/or locking mechanism to a cross connector. In general, FIG. 1G illustrates
a locking mechanism 29' that 1s similar to the locking mechanisms 29, 39 shown in

FIGS. 1A-1B. However, in this embodiment the locking mechanism 29' has square
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threads 29t' formed thereon. FIG. 1H likewise illustrates a fastening element 40' that is
similar to the fastening element 40' shown in FIGS. 1A and 1B. However, in this
embodiment the fastening element 40' includes square threads 40t' formed thereon. FIG
5 [T 1llustrates another embodiment of the first connector element 20" having square
threads formed in the opening 240" in the connector head 24' for mating with the
corresponding square threads 29t' formed on the locking mechanism 29', and having
square threads formed in the opening 26b' of the female member 26' for mating with the
square threads 40t' formed on the fastening element 40'. The use of square threads on
10 . the various fastening elements and locking mechanisms disclosed herein is particularly
advantageous in that the square threads provide an evenly distributed axial COMpression
load to the male member or the engagement mechanism, thereby preventing slippage.
FIGS. 2A-2D illustrate another embodiment of a technique for adjusting a central
portion of a cross connector, and in particular for allowing movement between male and
15 female members of the cross connector prior to locking the male member within the
female member. In this embodiment, the cross connector 100 includes an insert 102 that
1s movably disposed within a female member 104 and that seats the male member 106 to
allow the male member 106 to be selectively positioned relative to the female member
102. In particular, the insert 102 is formed from two components, a first insert 102a and
20 a second mnsert 102b. Each insert 102a, 102b has a generally hemi-spherical shape with
a convex surface 102a;, 102b; and an opposed planar surface 102a;, 102b,. The female
member 104 includes first and second openings 108, 110 extending therethrough that are
similar to the first and second openings 26a, 26b previously discussed with respect to the
embodiment shown in FIGS. 1A-1F. However, in this embodiment, the first opening
25 108 includes a substantially concave cavity 108a formed in a bottom surface thereof that
1s configured to movably seat one of the inserts, i.e., the hrst Insert 192a, and the
fastening element 110 that is received within the second opening 110 includes a concave
cavity 110c formed in a distal end thereof for movably seating the second insert 102b, as
shown in FIGS. 2B and 2C. As a result, the male member 106 of the second connector
30 element can be disposed through the first opening 108 in the female member 104 such
that the male member 106 is positioned between and surrounded by the first and second
inserts 102a, 102b. In an exemplary embodiment, as shown in FIG. 2C, the male

member 106 has a substantially rectangular shape with opposed planar surfaces 106a,
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106D to facilitate positioning of the male member 106 between the planar surfaces
102a,, 102b; of the first and second inserts 102a, 102b. The male member 106, as well
as the planar surfaces 102a;, 102b; on the first and second inserts 102a, 102b, can have a
variety of other shapes and sizes to facilitate positioning between the three components.
In use, the male member 106 is adjustably slidable within the female member
104 along a longitudinal axis Ag of the male member 106, i.e., the cross connector is
telescoping; the male member 106 1s rotatable within the female member 104 about the
longitudinal axis Ag of the male member 106; and the male member 106 is polyaxially
movable about the longitudinal axis Ag of the female member 104 such that the
longitudinal axis Ag of the male member 106 can be angularly oriented relative to a
longitudinal axis A7 of the elongate shaft 105 extending from the female member 104.
Translation and rotation about the axis Ag of the male member 106 are merely allowed
due to the configuration of the male member 106 and the first and second inserts 102a,
102b. The hemi-spherical shape of the first and second inserts 102a, 102b also allows
polyaxial movement of the male member 106 about a longitudinal axis Ag of the female
member 104 such that a longitudinal axis Ag of the male member 106 can be angularly
ortented relative to a longitudinal axis A of the elongate shaft 105 that extends from the
female member 104. As with the embodiment previously discussed with respect to
FIGS. 1A-1F, the direction and amount of movement in each direction of the male
member 106 relative to the female member 104 can optionally be limited by the
configuration of the first opening 108 in the female member 104. For example, as
shown in FIG. 2D, the first opening 108 can include opposed first and second portions
108, 108, that increase in width wy, wy from a substantial mid-point 108m of the
opening 108 toward the opposed ends 108e,, 108e; of the opening 108. As a result, the
male member 106 can pivot or rotate about the longitudinal axis Ag (shown as point Ag
in FIG. 2D) of the female member 104, i.e., move from side-to-side in a plane that
extends horizontally through the longitudinal axis Ag of the female member 104. This
movement 1s indicated by the arrows labeled P in FIG. 2D. As with the embodiment
shown 1n FIGS. 1A-1F, the extent of the pivotal or rotational movement about axis Ag
can depend on the angle of the sidewalls of each portion 108,, 108,, but in an exemplary
embodiment the first opening 108 is configured to allow the male member 106 to move

side-to-side about 20° 1n each direction.
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The first opening 108 in the female member 104 can also optionally be
configured to allow some polyaxial movement of the male member 106 about the
longitudinal axis Ag of the female member 104 such that the male member 106 can
extend in a plane that intersects a plane containing the elongate shaft 105 extending from
the female member 104. This movement is hereafter referred to as angulation of the
male member 106 about the longitudinal axis of the female member 104. For example,
as shown in FIG. 2B, the distance d; between the top and bottom surfaces of the first
opening 108 can limit up-down movement of the male member 106, which is indicated
by the arrows labeled U and D in FIG. 2B. In an exemplary embodiment, the first
openung 108 1s configured to allow the male member 106 to move up and down about 4°
in each direction. The first opening 108 can also limit rotation of the male member 106
about its longitudinal axis As. This can be achieved by forming a square or rectangular
shape within the first opening 108 that complements the square or rectangular
configuration of the male member 106. Thus, while the inserts 102a, 102b allow some
rotation of the male member 106 about its longitudinal axis As, the square or rectangular
opening 108 extending transversely through the female member 104, as well as the
square or rectangular shape of the male member 106, will limit the amount of rotation.
In an exemplary embodiment, the male member 106 can rotate about 14° in each
direction about its longitudinal axis Ag. A person skilled in the art will appreciate that
the range of motion as well as the direction of motion can vary depending on the
particular configuration of the insert 102, the male member 106, and the opening(s) 108,
110 1n the female member 104.

In use, as indicated above, the male member 106 is positioned between the first
and second inserts 102a, 102b such that that inserts 102a, 102b allow polyaxial
movement of the male member 106 relative to the female member 104. Once the male
member 106 1s positioned in a desired angular orientation, the fastening element 110 can
be tightened to lock the male member 106 in a fixed position relative to the female
member 104. As the fastening element 110 is tightened, for example by threading the
fastening element 110 into the second opening 110 in the female member 104, the
second insert 102b will be received within the concave cavity 110c formed in the distal-
facing surface of the fastening element 110, and the fastening element 110 will apply a

force to the second insert 102b which in turn will apply a force to the male member 106
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and to the first insert 102a to thereby lock the male member 106 in a fixed position
relative to the female member 104 such that movement between the two components is
prevented.

5 The male and female members 104, 106 can also include a variety of other
features. For example, as previously discussed with respect to FIGS. 1A-1D and 1F, the
male member can include a retaining element formed thereon or coupled therefore for
preventing removal of the male member from the first opening in the female member.
Various other exemplary retaining elements will be discussed in more detail below with

10 respect to FIGS. 13A-15B. The female member can similarly include a retaining
element formed thereon or coupled thereto, as previously discussed with respect to
FIGS. 1A-1F, for preventing removal of the fastening element from the second opening
in the female member. This will also retain and prevent removal of the inserts from the
female member, thereby eliminating the need to assembly the device during use.

15 FIGS. 3 A-6B illustrate various other techniques for providing an adjustable
central portion to allow movement between first and second connector elements of a
cross connector prior to locking the central portion. FIGS. 3A and 3B illustrate one
embodiment of a central portion 600 that 1s similar to the embodiment shown in FIGS.
2A-2D, but that utilizes a fastening element 602 that 1s inserted through first and second

20 inserts 606, 604, and through a male member 608 to mate to a female member 610. In
particular, in this embodiment the female member 610 i1s in the form of a housing
formed on the terminal end of an elongate member 610s and having a single opening
6100 extending longitudinally therethrough for receiving the fastening element 602. A
proximal portion of the opening 6100 can include a concave cavity 610c¢ formed therein

25 and adapted to movably seat one of the inserts, 1.e., the first insert 606, as will be
discussed below. A distal portion of the opening 6101 can include threads 610t formed
therein for mating with corresponding threads formed on the fastening element 602. The
male member 608 can have an elongate planar configuration with a slot 608s extending
longitudinally therethrough for receiving the fastening element 602. While not shown,

30 the slot 608s can extend along the entire length of the male member 608 such that the
slot 608s terminates adjacent to the connector head, or it can extend along only a portion
of the male member 608 and the remainder of the male member 608 can be in the form

of a shaft that mates to the connector head. As indicated above, the central portion 600



CA 02668485 2009-05-01
WO 2008/057217 PCT/US2007/022505

-24 -

further includes first and second inserts 606, 604. In this embodiment, each insert 606,
604 has a generally hemi-spherical configuration, however the top and bottom surfaces
606t, 606m, 604t, 604m of each insert 606, 604 are substantially planar. Thus, only the
5 outer edge of each insert 606, 604 is convex. Each insert 606, 604 also includes a

central opening formed therethrough for receiving the fastening element 602. In an
exemplary embodiment, the first insert 606 has a width w; extending between the top
and bottom surfaces 606t, 606m that is greater than a width w; of the second insert 604.
This will allow the first insert 606 to be seated within the concave cavity 610c¢ formed in

10 the female member 610, and the second insert 604 to be seated within a concave cavity
602c¢ formed in a distal facing surface of the fastening element 602. The cavity 602c in
the fastening element 602, shown in FIG. 3B, can be formed in an enlarged head 602h
that 1s coupled to a threaded shaft 602s of the fastening element 602.

When the center portion 600 is fully assembled, as shown in FIG. 3B, the

15 threaded shaft 602s of the fastening element 602 is passed through the second insert 604,
the slot 608s in the male member 608, the first insert 606, and into the opening 6100
formed in the female member 610. The threads on the threaded shaft 602s of the
fastening element 602 can mate with the threads 610t formed in the opening 6100 1n the
female member 610, or various other mating techniques known in the art can be used.

20 Prior to fully tightening the fastening element 602, the male member 608 can translate
along 1ts longitudinal axis Ajs due to the slot 608s extending through the male member
608. The male member 608 can also rotate about its longitudinal axis A;¢ due to the
inserts 604, 606,. And the male member 608 can polyaxially move or be angularly
oriented about an axis A7 extending through the opening 6100 in the female member

25 610 and through the fastening element 602 due to the first and second inserts 606, 604.
In particular, as with the embodiment previously discussed with respect to FIGS. 2A-2D,
the convex outer surfaces of the inserts 606, 604, in combination with the cavity 610c In
the opening 6100 of the female member 610 and the cavity 602c¢ in the head 602h of the
fastening elelhent 602, allow the inserts 606, 604 to polyaxially move relative to the

30 female member 610 and fastening element 602. The various movements can, however,
be limited by the particular shape and size of the cavities 610c, 602¢ in the female
member 610 and the fastening element 602. In an exemplary embodiment, pivotal or

rotational movement about the longitudinal axis A7 of the opening 610a and the
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fastening element 602 1s unlimited (except for limitations due to the configuration of
each connector head), while rotation of the male member 608 about its longitudinal axis
Ais 1s Iimited by the cavities 610c¢, 602¢c. By way of non-limiting example, rotation of
the male member 608 about its axis Aj¢ can be limited to about 5° in each direction.
Polyaxial movement about axis A7 can also be limited by the shape of the cavities 610c,
602c, which will function as a stop against which the male member 608 will abut.

In another embodiment, shown in FIGS. 4 A-4B, the central portion 700 of the
cross connector can include two separate elongate members 702, 704 that mate to a
separate female member 706, and that are configured such that the first elongate member
702 can slidably move along its longitudinal axis, the second elongate member 704 can
rotate about 1ts longitudinal axis, and the second elongate member 704 is polyaxially
movable about a longitudinal axis of the female member 706. The female member 706
can be similar to the housing that forms the female member 26 of FIGS. 1A-1B, and it
can include first and second openings 710, 712 extending therethrough. In this
embodiment, however, the first opening 710 includes proximal and distal portions 710a,
710b. The proximal portion 710a 1s shaped to receive one of the elongate members, e.g.,
member 702, and the distal portion 710b 1s shaped to receive the other elongate member,
e.g., member 704. While the particular shape of each portion 710a, 710b can vary
depending on the shape of each shaft 702, 704, in an exemplary embodiment, as shown,
the proximal portion 710a has a rectangular shape that complements the rectangular
shape of the first elongate member 702, and the distal portion 710b has a partially
spherical or concave cavity formed therein for seating a spherical member 704b formed
on the distal end of the second elongate member 704. In an exemplary embodiment, the
proximal portion 710a extends entirely through the female member 706, while the distal
portion 710b 1s merely an opening formed in one side of the female member 706. The
cavity in the distal portion 710b can also be tapered toward fhe distal end of the female
member 706, 1.e., the width of the cavity can decrease from a proximal end to a distal
end, to form a wedge-shaped inner sidewall that will assist in engaging the spherical
member 704b on the second elongate member 704.

In use, the first and second elongate members 702, 704 will be engaged between
the fastening element 708 and the distal end of the female member 706. Prior to locking

the fastening element 708, the elongate members 702, 704 can be angularly oriented
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relative to one another. In particular, the proximal portion 710a of the first opening 710
can allow translation of the first elongate member 702, while preventing rotation
movement of the first elongate member 702 about its axis and about the axis A9 of the
female member 706 due to the rectangular cross-sectional shape of the first elongate
member 702 and the proximal portion 710a of the first opening 710. The distal portion
7100 of the first opening 710, on the other hand, can prevent translation while allowing
full rotation of the second elongate member 704 about its axis Aig, as well as some
polyaxial movement of the second elongate member 704 about the axis Ao of the
female member 706. The range of polyaxial movement, which can include side-to-side,
up-down motion, and combinations thereof, can be limited by the size and shape of the
distal portion 710b of the opening 710, as with the previous embodiments discussed
herein. For example, the bottom surface of the distal portion 710b of the opening 710, in
combination with the location of the first elongate member 702 extending through the
proximal portion 710a of the opening, can limit up-down movement, i.e., movement in a
plane that extends through the axis A1 of the female member 706. In an exemplary
embodiment, up-down movement is limited to about 5° in each direction. The distal
portion 710b of the opening 710 can, however, allow more significant side-to-side
movement, i.e., pivotal or rotational movement about the longitudinal axis A;g of the
female member 706. This can be achieved by forming lateral portions with Increasing
widths on each side of the distal portion 710b of the opening 710, as previously
explained with respect to FIG. 2D.

In yet another embodiment, shown in FIGS. SA-5B, the central portion 800 can
include a first elongate member 804 having a female member in the f;)rm of a clamp 802
formed on a terminal end thereof, and a second elongate member 806, 1.e., a male
member, that is configured to be movably received within the clamp 802. The clamp
802 can have a generally c-shaped configuration that defines a first opening 810
extending laterally therethrough and configured to receive the second elongate member
806. A second opening 812 can extend longitudinally through the opposed ends of the
c-shaped clamp 802 and it can be configured to receive a fastening element 808 for
closing the clamp 802 and locking the second elongate member 806 in a fixed position
relative to the first elongate member 804. In an exemplary embodiment, as shown, the

shape of the first opening 810 can be configured to allow the second elongate member
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806 to translate or shide along its longitudinal axis A, rotate about its longitudinal axis
Ay, and p1vot or rotate about a longitudinal axis A,; extending through the second
opening 812 n the clamp 802. In particular, the second elongate member 806 can have
5 a substantially cylindrical shape to allow for full rotation and translation about its axis
Ay. Pivotal or rotational movement about axis Aj; can be achieved by increasing a
width of the first opening 810 from a mid-portion thereof. This is illustrated in FIG. 5C,
which shows first and second portions 810a, 810b that increase in width from a mid-
portion of the first opening 810. Such a configuration was previously described with

10 respect to FIG. 2D. In an exemplary embodiment, pivotal or rotational movement of the
second elongate member 806 about the longitudinal axis A;; of the second opening 812
1n the clamp 802 can be limited to about 20° in each direction. Up-down movement, i.e.,
movement 1n a plane that extends through axis A,;, can be limited by substantially
planar top and bottom surfaces 810t, 810m of the first opening 81.0, as shown in FIG.

15 5A. As aresult, the elongate member 806 can be limited to movement about axis A; in
a single plane. In use, once the second elongate member 806 is positioned as desired
relative to the first elongate member 804, the fastening element 808 can be inserted
through the second opening 812 in the clamp 802 to pull the ends of the clamp 802
together, and thereby close the first opening 810, 1.e., decrease a width of the first

20 opening 810 extending between the top and bottom surfaces 810t, 810m. This will
engage the second elongate member 806 and prevent it from moving relative to the first
elongate member 804. The fastening element 808 can be mated to the clamp 802 using a
variety of techniques. In the illustrated embodiment, the fastening element 808 is
threaded to mate with a threaded portion 812t formed in the second opening 812, as

25 shown 1n FIG. 5B.

FIGS. 6 A-6B 1llustrate another embodiment of a technique for providing an
adjustable cross connector. In this embodiment, the central portion 900 includes a
female member 902, in the form of a housing, that receives separate elongate members
904, 906. An insert 910 1s disposable within the female member 902 and it 1s positioned

30 between the elongate members 904, 906 to allow movement therebetween. A fastening
element 912 1s also received within the female member 902 to lock the first and second
elongate members 904, 906 within the female member 902. The female member 902

can include three openings formed therein for receiving the first and second elongate
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members 904, 906, the insert 910, and the fastening element 912. In particular, the first
opening 902a can extend laterally through a distal portion of the female member 902 for
receving the first elongate member 904. In an exemplary embodiment, as shown, the
5 first opening 902a is formed in only one sidewall of the female member 902 and extends

Into a cavity having a shape that complements a shape of a terminal end of the first
elongate member 904. In the illustrated embodiment, the first elongate member 904
includes a substantially circular member 904t formed on the terminal end thereof and
thus the first opening 902a can include a circular cavity formed therein. The width of

10 the first opening 902a is also preferably greater than a width of the circular member
904t. This configuration will allow the first elongate member 904 to pivot or rotate
about a 'longitudinal axis Aj; of the female member 902 when disposed therein. As
further shown in FIGS. 6A and 6B, the circular member 904t on the terminal end of the
first elongate member 904 can also include a bore 904b formed therethrough for

15 rece1ving a portion of the insert 910. In particular, the insert 910 can include a proximal

head 910a and a distal post 910b extending distally from the head 910a. The post 910b
can extend through the bore 940b in the circular member 904t of the first elongate

member 904 when the device is assembled. In an exemplary embodiment, the post 910b
and the bore 904b are cylindrical to allow the insert 910, and thus the first elongate

20 member 904, to pivot or rotate about the longitudinal axis Ay, of the central portion 900.
The head 910a of the insert 910 can include a concave cavity extending longitudinally
therethrough for seating the second elongate member 906, which in an exemplary
embodiment has a generally cylindrical configuration. Such a configuration will allow
the second elongate member 906 to translate and rotate about its longitudinal axis Ajs.

25 As indicated above, the central portion 900 can also include a fastening element 912 that
locks the first and second elongate members 904, 906 in a fixed position relative to one
another, and relative to the female member 902. In the illustrated embodiment, the
fastening element 912 is in the form of a threaded set screw that mates with threads
formed in the third opening 902¢ extending through the female member 902. When

30 fully threaded into the third opening 902c, the fastening element 912 will apply a force
to the second elongate member 906, which in turn will apply a force to the insert 910
which bears against the first elongate member 904 to thereby lock the components

within the female member 902.
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FIGS. 7A-8B 1llustrate other exemplary embodiments of spinal cross connectors.
In these embodiments, the cross connectors 300, 400 have a fixed length, rather than a
telescoping configuration. In each embodiment, the cross connector 300, 400 generally
5 includes an elongate body 302, 402 having opposed top and bottom surfaces 302a, 302b,
402a, 402b, and opposed first and second ends 302c, 302d, 402c, 402d. First and second
recesses 304, 306, 404, 406 are formed 1n the bottom surface 302b, 402b of each body
302, 402 for receiving first and second spinal fixation elements, and first and second
openings 308, 310, 408, 410 are formed 1n the top surface 302a, 402a for receiving first
10 and second locking mechanisms 320, 322, 420, 422 for locking spinal fixation elements
within the first and second recesses 304, 306, 404, 406. Many of the features shown in
FIGS. 7A-8B are similar to those previously described, and thus will not be discussed in
further detail. For example, the locking mechanisms 320, 322, 420, 422 can be similar
to the locking mechanisms 29, 39 shown and described with respect to FIGS. 1A and
15 1B. The cross connectors 300, 400 can also include engagement members or shoes 312,
314, 412, 414 similar to those previously described with respect to FIGS. 1A and 1B,
and as will be discussed in more detail below with respect to FIGS. 9A-12C.
While the cross connectors shown in FIGS. 7A-8B are similar, one difference 1s
the location of the openings 308, 310, 408, 410 that receive the locking mechanisms
20 320, 322, 420, 422 relative to the recesses 304, 306, 404, 406 that receive the spinal
fixation elements. In the embodiment shown in FIGS. 7A-7B, the recesses 304, 306 in
the elongate body 302 are positioned between or laterally inward of the openings 308,
310 that receive the locking mechanisms 320, 322 such that the locking mechanisms
320, 322 will be positioned laterally outward from the recesses 304, 306. Conversely, in
25 the embodiment shown in FIGS. 8 A-8B the recesses 404, 406 in the elongate body 402
that receive the spinal fixation elements are positioned laterally outward of the openings
408, 410 that receive the locking mechanisms 420, 422 such that the locking
mechanisms 420, 422 will be positioned medially inward from the recesses 404, 406.
These two orientations allow the user to select the appropriate cross connector based on
30 the implant location of the spinal fixation elements.
As further shown 1n FIGS. 7A-8B, the recesses 304, 306, 404, 406 can being
oriented to enable the cross connectors 300, 400 to be simultaneously top-loaded onto

first and second spinal fixation elements. In particular, each recess 304, 306, 404, 406
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can include opposed sidewalls that are substantially parallel to one another, and that are
substantially perpendicular to a longitudinal axis Ag, Ao of the elongate body 302, 402.
This 1s 1llustrated in FIGS. 7B and 7C, which show sidewalls 304a, 304b 1n recess 304
and sidewalls 4044, 404b 1n recess 404 having parallel orientations. As a result, each
recess 304, 306, 404, 406 will have a distal-facing opening 3040, 3060, 4040, 4060 that
1s oriented 1n the same direction to allow two substantially parallel spinal fixation
elements, such as spinal rods, to be simultaneously received therein. FIG. 8B illustrates
the cross connector 400 being advanced toward two substantially parallel spinal rods R;,
R,. Since the recesses 304, 306, 404, 406 are not angled relative to one another, the
parallel configuration eliminates the need to sequentially load a spinal fixation element
into each recess 304, 306, 404, 406. The size of the distal-facing opening 3040, 3060,
4040, 4060 1n each recess 304, 306, 404, 406 can also facilitate simultaneous loading.
In an exemplary embodiment, the distal-facing opening 3040, 3060, 4040, 4060 In each
recess 304, 306, 404, 406 has a width w, that 1s greater than a maximum width or
diameter of a spinal fixation element being received therein.

In addition to having substantially parallel recesses 304, 306, 404, 406 that are
substantially perpendicular to a longitudinal axis Ag, Ao of the elongate body 302, 402,
the first and second openings 308, 310, 408, 410 formed in the top surface 302a, 402a of
the elongate body 302, 402 can also be configured to receive the locking mechanisms
320, 322, 420, 422 1n a parallel orientation. In particular, the openings 308, 310, 408,
410 can have longitudinal axes A, Az, A3, A4 that are substantially parallel to one
another, substantially parallel to the sidewalls of the recesses 304, 306, 404, 406, and
substantially perpendicular to the longitudinal axis Ag, Ao of the elongate body 302,
304, as shown. Thus, the openings 308, 310, 408, 410 and the recesses 304, 306, 404,
406 can be ortented in the same direction, 1.e., substantially parallel to an axis of loading
the cross connector 300, 400 onto first and second spinal fixation elements. Such a
configuration will facilitate insertion of the locking mechanisms 320, 322, 420, 422 into
the openings, as the locking mechanisms 320, 322, 420, 422 can be top-loaded along
parallel pathways and do not need to be inserted at an angle relative to the cross

connector 300, 400.
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The use of parallel openings 308, 310, 408, 410, as well as parallel recesses 304,
306, 404, 406, can be made possible by the configuration of the cavities that receive the

shoes 312, 314, 412, 414. As previously discussed with respect to FIGS. 1A-1F, and as
shown 1n FIGS. 7B and 8B, each cavity 316, 318, 416, 418 can extend at a downward

angle toward the recesses 304, 306, 404, 406 such that each shoe 312, 314, 412, 414,
when moved from within the cavity 316, 318, 416, 418 toward the recess 304, 306, 404,
406, extends 1n a downward direction. As a result, the shoes 312, 314, 412, 414 will
extend at least partially under a spinal fixation element disposed within the recess 304,
306, 404, 406 the thereby engage the spinal fixation element to retain i1t within the recess
304, 306, 404, 406. This configuration can be present in each of the various cross
connectors disclosed herein.

As indicated above, the various cross connectors disclosed herein can also
include one or more bend zones formed therein for allowing further angular adjustment
of the cross connectors. While the bend zones can be formed at various locations on
each cross connector, FIGS. 7A and 8 A illustrate a bend zone 330, 430 formed at a
substantial mid-portion of the elongate body 302, 403. Each bend zone 330, 430 can be
formed using a variety of techniques, but in the 1llustrated embodiments each bend zone
330, 430 1s formed by a decrease in diameter or thickness of the elongate body 302, 402.
While the diameter or thickness at the bend zone 330, 430 can vary, the bend zone 330,
430 should allow the elongate body 302, 304 to be deformed and angularly adjusted
while still maintaining the structural integrity of the cross connector 300, 400. A person
skilled 1n the art will appreciate that a variety of other techniques can be used to allow
for angular adjustment of the cross connectors.

The various shoes used in the various cross connectors disclosed herein can also
have a varniety of configurations, shapes, and sizes. For example, each shoe can have a
cross-sectional shape that 1s generally cylindrical, oval, or rectangular. FIGS. 9A-11B
1llustrate shoes 50, 60, 70 having a cylindrical cross-sectional shape, while FIGS. 12 A-
12C 1llustrate a shoe 80 having an oval cross-sectional shape. As further shown in
FIGS. 8A-12C, each shoe 50, 60, 70, 80 can also have a width w; at a top portion that 1s
less than a width w; at a bottom portion, as measured between the external and internal
surface 50e, 501, 60e, 601, 70e, 701, 80e, 801 of each shoe 50, 60, 70, 80. In other words,
the width of each shoe 50, 60, 70, 80 can decrease from the top to the bottom. This
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configuration allows only a mid-portion or the bottom portion of each shoe 50, 60, 70,
80 to come into contact with a spinal fixation element disposed within the recess in the
elongate body when the shoes 50, 60, 70, 80 are in a locked configuration as a result of
the locking mechanism. The distal cone-shaped portion of the locking mechanism, and
the front and back surfaces of the shoes can also create a wedge type mechanical
advantage such that a force applied to first and second spinal fixation elements by the
first and second engagement mechanisms is greater than an axial force applied to the
first and second engagement mechanisms by the first and second locking mechanisms.
In an exemplary embodiment, such a configuration allows for a ratio of at least about 1.2
(120%), and more preferably about 2.0 (200%) between the axial force applied by the
locking mechanism and the force applied to the spinal fixation element by the shoe

The internal surface 501, 601, 701, 801 of each shoe 50, 60, 70, 80 can also be
optimized to facilitate the transfer of force from a locking mechanism that engages and
moves the shoe to a spinal fixation rod being engaged by the shoe. For example, FIGS.
9A and 9B 1llustrate a shoe 50 having a substantially convex internal surface 50i for
seating a fastening element. Conversely, FIGS. 10A-10B and 12A-12C illustrate shoes
60, 80 having substantially concave internal surfaces 60i, 80i. As discussed above,
however, the shoe of FIGS. 10A-10B has a substantially cylindrical cross-sectional
shape while the shoe of FIGS. 12A-12C has a substantially oval cross-sectional shape.
As a result, the concave internal surface 60i on the shoe 60 shown in FIGS. 10A-10B
has a circular shape, while the concave internal surface SOi on the shoe 80 of FIGS.
12A-12C has an oval shape. FIGS. 11A-11B illustrate another embodiment of a shoe 70
having a planar internal surface 70i. A person skilled in the art will appreciate that the
various shoes disclosed herein can have any combination of cross-sectional shapes and
surface configurations, as well as a variety of other configurations and features.

As was also previously discussed, the retaining element used to retain the male
member within the female member can also have a variety of other configurations.
FIGS. 13A-13B illustrate one embodiment of a retaining element that is in the form of
deformable tabs 92 formed on the terminal end 90t of 2 male member 90 As shown, the
tabs 92 are formed by creating several cut-outs in the terminal end 90t of the male
member 90. Once the male member 90 is inserted through the female member, e g,

during manufacturing, the tabs 92 can be deformed outward such that they extend
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transverse to an axis A;s of the male member 90. As aresult, the
tabs 92 will prevent the male member 90 from being removed from thé female member,
as the tabs 92 will have a width that is greater than a width of the first opening formed In
the female member. FIGS. 14A-14B illustrate another embodiment of a retaining
element that is in the form of deflectable tabs 92' formed on the terminal end 90t' of a
male member 90'. During use, the tabs 92' can deflect inward to allow the male member
90 to be inserted through the female member. An insert 94' can then be inserted into a
hollowed recess or bore 92b' formed in the terminal end 90t' of the male member 90' to

provide support to the tabs 92', 1.e., to prevent the tabs 92 from deforming inward. In
another embodiment, shown in FIGS. 15A-15B, the terminal end 500t of the male

member 500 can optionally include an annular groove 500g formed therein, and a chip

502 can be disposed around and within the annular groove 500g to prevent removal of
the male member 500 from the female member. The clip 502 can have a vanety of
configurations, but FIG. 15B illustrates a c-shaped clip 502 having tabs 504 formed on
an inner perimeter thereof for engaging the groove 500g in the male member 500. The
clip 502 also preferably has a width that 1s greater than a width of the first opening in the
female member so as to allow the clip 502 to retain the male member 500 within the
female member. A person skilled in the art will appreciate that a variety of other
retaining mechanisms can be used to retain the male member within the female member.
The present invention also provides various exemplary methods for implanting a
cross connector. In one exemplary embodiment, the various cross connectors disclosed
herein can be coupled to one or more, and preferably two, spinal fixation elements, such
as spinal rods, that are implanted within a patient’s spine. Prior to loading the cross
connector onto first and second spinal rods, the locking mechanisms are not yet inserted
into the openings, or they are only loosely threaded into the openings such that the shoes
are in the first retracted position. The shoes can, however, be in the extended position
during insertion and the spinal rods can force the shoes into the retracted position. The
cross connector is then advanced toward the spinal rods, which can be iinplanted in the
spine such that they generally extend longitudinally along a length of the spinal column.
Due to the parallel configuration of the recesses, each cross connector can be
stmultaneously loaded onto both spinal rods. Depending on the particular configuration,

the cross connector can also be adjusted by deforming the bend zone and/or adjusting
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the male and female members relative to one another. Once the cross connector is
properly disposed over the spinal rods, the locking mechanisms can be fully threaded
into the openings to contact the intemnal surface of the shoes to push the shoes toward the
recesses, thereby pushing the shoes into contact with the spinal rods. The locking
mechanisms are threaded until the shoes lock the rods into the recesses.

One skilled 1n the art will appreciate further features and advantages of the
invention based on the above-described embodiments. Accordingly, the invention is not
to be mited by what has been particularly shown and described, except as indicated by
the appended claims. All publications and references cited herein are expressly
incorporated herein by reference in their entirety.

What 1s claimed 1s:
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CLAIMS:

1. A spinal cross connector, comprising:

a first connector element for engaging a spinal fixation element, the first connector
element having a female member;

a second connector element for engaging a spinal fixation element, the second connector
element having a male member that 1s receivable within the female member such that the male
member 1s (1) adjustably slidable within the female member along a longitudinal axis of the male
member, (11) rotatable about the longitudinal axis within the female member, and (iii) pivotable
within the female member such that the longitudinal axis can be angularly oriented relative to a

longitudinal axis of the first connector element;

a fastening element adapted to be disposed within the female member to engage and lock

the male member 1n a fixed position relative to the female member; and

wherein the male member is disposed through the female member and the male member
includes a retaining element on a terminal end thereof that is adapted to prevent removal of the
male member from the female member, the retaining element being a discrete element from the
male member that 1s disposed external to the female member when the male member is disposed

through the female member.

2. The spinal cross connector of claim 1, wherein the female member comprises a housing
having a first opening formed therethrough for receiving the male member, and a second opening

formed therethrough that 1s in communication with the first opening and that is configured to

receive the fastening element.

3. The spinal cross connector of claim 2, wherein the first opening in the female member

includes opposed portions that increase in width from a substantial mid-portion of the first

opening such that the opposed portions allow the male member to pivot within the female

member.

4. The spinal cross connector of claim 2, wherein male member comprises a generally

elongate cylindrical shaft.

-35-
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5. The spinal cross connector of claim 1, wherein the fastening element 1s disposed within
the female member and the female member includes a retaining element formed thereon that 1s

adapted to prevent removal of the fastening element from the female member.

6. The spinal cross connector of claim 1, wherein, when the male member and the fastening
element are disposed within the female member, the male and female members have first and

second points of contact therebetween and the male member and the fastening element have one

point of contact therebetween.

7. The spinal cross connector of claim 6, wherein the first and second points of contact

between the male and female members are spaced a distance apart from one another.

8. The spinal cross connector of claim 1, further comprising first and second engagement
elements slidably disposed within the first and second connector elements, and first and second
locking mechanisms receivable within the first and second connector elements and adapted to
slidably move the first and second engagement elements to cause the first and second

engagement elements to engage and lock a spinal fixation element within first and second

recesses formed 1n the first and second connector elements.

9. The spinal cross connector of claim 1, further comprising a bend zone formed 1n at least

one of the first and second connector elements.

10. A spinal cross connector, comprising;:

a first connector element for engaging a spinal fixation element, the first connector

element further having a female member;

a second connector element for engaging a spinal fixation element, the second connector
element further having a male member that is receivable within the female member;

a fastening element adapted to be disposed within the female member to lock the male
member in a fixed position relative to the female member;

a first insert adapted to be disposed within the female member and to be positioned

between the male member and the female member; and

-36-
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a second 1nsert adapted to be disposed within the female member and to be positioned

between the fastener and the male member.

11.  The spinal cross connector of claim 10, wherein the male member is (1) adjustably
shidable within the female member along a longitudinal axis of the male member, (ii) rotatable
about the longitudinal axis within the female member, and (iii) pivotable within the female
member such that the longitudinal axis can be angularly oriented relative to a longitudinal axis of

the first connector element.

12.  The spinal cross connector of claim 10, wherein the first and second inserts are adapted to
allow the male member to pivot within the female member such that a longitudinal axis of the
second connector element can be angularly oriented relative to a longitudinal axis of the first

connector element.

13.  The spinal cross connector of claim 10, wherein the first and second inserts have a

substantially hemispherical shape.

14.  The spinal cross connector of claim 13, wherein the male member includes opposed
planar surfaces that rest between planar surfaces on the first and second inserts when the male

member and first and second inserts are disposed within the female member.

15.  The spinal cross connector of claim 10, wherein the female member comprises a housing
having a first opening formed therethrough for receiving the male member, and a second opening

in communication with the first opening formed therethrough for receiving the fastening

element.

16.  The spinal cross connector of claim 15, wherein the first and second inserts have a
substantially hemi-spherical shape, and wherein the first opening includes a concavity formed
therein and adapted to polyaxially seat the first insert and the fastening element includes a

concavity formed therein and adapted to polyaxially seat the second insert.
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17.  The spinal cross connector of claim 10, wherein the first connector element has a
generally elongate shaft with a first terminal end having a recess formed therein for receiving a
spinal fixation element and a second terminal end having the female member formed thereon,
and the second connector element has a generally elongate shaft with a first terminal end having
a recess formed therein for receiving a spinal fixation element and a second terminal end that

forms the male member.

18.  The spinal cross connector of claim 10, wherein the fastening element comprises a

threaded member adapted to mate with corresponding threads formed within the female member.

19. A spinal cross connector, comprising:

an elongate member having a first end with a first recess formed therein that is
configured to receive a spinal fixation element, and an opposed second end with a second recess
formed therein that 1s configured to receive a spinal fixation element;

first and second engagement elements disposed within the elongate member; and

first and second locking mechanisms disposable within first and second openings formed
in the first and second ends, the first and second openings bei;1g positioned such that the first and
second recesses are located between the first and second openings, and the first and second
locking mechanisms being adapted to move the first and second engagement elements to cause

the first and second engagement elements to engage and lock first and second spinal fixation

elements within the first and second recesses.

20.  The spinal cross connector of claim 19, wherein the elongate member includes opposed
top and bottom surfaces, and wherein the first and second recesses are formed in the bottom

surface and the first and second openings are formed in the top surface.

21.  The spinal cross connector of claim 19, wherein the first and second engagement
elements are slidably disposed within the elongate member, and the first and second locking

mechanisms are adapted to slidably move the first and second engagement elements.

-38-
DOCSTOR: 2125008\1

PRI e e o ST AR " s 22 S T oA AT S e T e Lyl P o e et . s TS bl AN art ik et . e " .o . SR R . P .o . . . v . . e ey ve e T, A .
T S T L A e OO e e RIS T B Y A 2o 0 (e R WA 0 M Sl N At 0 2 BRI e 20 g 90 D 2 R VG A T B b N S e b g a3 e s 0 et 30 A r a8 e Sy Vo S B0 00 A1 S0 1000 B s Fyped, Wyt 0 Mok hirms 4 Wb Fo o @ ety miip mr se it e e e e e vt et £t nn



o _f.:,\ ""-w IRTY AT T IR BT :",.-,:.: T ?'ff:‘)"'\"r"wl‘if'qgaﬁ."'? :-'g,',!.}'-j/).t-},gr;{1zf;ﬁt‘?f.:J,sivfm.\?..'j'qg'}_"b,{ﬁ.-{h'_-}é‘-:z:.;;;(vﬁ: ;-;;\.S‘z:f,:a U Y i .;‘y,;,.‘.l.k,n;..i; “Rin n Al Z-.-,-;_M,"wf*’gﬁ'p_ﬂ;f{f?_f-ﬁ_i:_--,-;'fi-_';;':-}v-;.{_:;_. ';.-*“)'uvw{! e w,a\;\»\g,ﬁw.tﬁfl.q‘bw{Ar,m&%w«;upmwy~”,\. PUN s ety 18 i, oy kil AT f‘!\\_".""'\"f-"?".h'\;'5'“-‘5'"."_"-‘.';":'\':h's;":’;'#@.fﬁm:l".Em:‘fﬁ-}f‘-‘)'{.ﬂ)ﬂ;‘p.':!{.j‘f‘?—'Z'A%Q;g’h.fﬁm\m\‘:ﬁkcﬁ.'fi S O TR SRR i gt I LY ST ARV VRV 2o - v e Y -~

CA 02668485 2011-03-02

22.  The spinal cross connector of claim 19, wherein the first and second openings have

longitudinal axes that extend substantially perpendicular to a longitudinal axis of the elongate

member.

23.  The spinal cross connector of claim 19, wherein the first and second locking mechanisms
and the first and second engagement mechanisms are configured such that a force applied to first
and second spinal fixation elements by the first and second engagement mechanisms is greater

than an axial force applied to the first and second engagement mechanisms by the first and

second locking mechanisms.

24. A spinal cross connector, comprising:

an elongate body having opposed first and second ends and opposed top and bottom
surfaces;

first and second recesses formed in the bottom surface adjacent to the first and second
ends of the elongate body, the first and second recesses being oriented to enable the elongate
body to be simultaneously top-loaded onto first and second spinal fixation elements; and

first and second bores formed in the top surface of the elongate body and effective to
receive first and second locking mechanisms for locking first and second spinal fixation elements
within the first and second recesses, the first and second bores having longitudinal axes that are
substantially parallel to one another and that are substantially parallel to an axis of loading the
elongate body onto first and second spinal fixation elements;

wherein the first and second recesses comprise substantially concave cavities formed in

the bottom surface of the elongate body; and

wherein each concave cavity has first and second opposed interior sidewalls that are
substantially parallel to one another and substantially parallel to the longitudinal axes of the first

and second bores 1n the elongate member.

25.  The spinal cross connector of claim 24, further comprising first and second locking
mechanisms disposed within the first and second bores and adapted to lock first and second

spinal fixation elements within the first and second recesses.
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26.  The spinal cross connector of claim 25, further comprising first and second engagement
elements movably disposed within the elongate body, the first and second locking mechanisms
being effective to move the first and second engagement elements to cause the first and second
engagement elements to engage and lock first and second spinal fixation elements within the first

and second recesses.

27.  The spinal cross connector of claim 26, wherein the first and second locking mechanisms
and the first and second engagement mechanisms are configured such that a force applied to first
and second spinal fixation elements by the first and second engagement mechanisms is greater
than an axial force applied to the first and second engagement mechanisms by the first and

second locking mechanisms.
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