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ABSTRACT: This invention relates to an intervertebral motion disc having two

motion surfaces and an open channel.
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Docket No. DEP 0719
INTERVERTEBRAL DISC HAVING TRANSLATION
BACKGROUND OF THE INVENTION

The leading cause of lower back pain arises from rupture or degeneration of
lumbar intervertebral discs. Pain in the lower extremities 1s caused by the
compression of spinal nerve roots by a bulging disc, while lower back pain 1s caused
by collapse of the disc and by the adverse effects of articulation weight through a
damaged, unstable vertebral joint. One proposed method of managing these problems
18 to remove the problematic disc and replace it with a prosthetic disc that allows for
the natural motion between the adjacent vertebrae (*a motion disc”).

US Patent No. 6,368,350 (“Erickson”) discloses a three-piece motion disc
providing two articulation surfaces. The disc comprises a first piece having a curved
surface, a second piece having a flat surface, and an intermediate piece having a
corresponding curved articulation surface and a corresponding flat articulation
surface. In many embodiments, the translation freedom of the intermediate piece is
limited by a raised lip integrally formed around the edge of a flat surface upon the
lower piece. Erickson teaches that the overall height of the device is varied by
increasing or decreasing the thickness of one or more of the first, second or
intermediate pieces. Erickson teaches that known methods for insertion of
intervertebral prosthetic devices can be used for insertion of its device. Lastly,
Erickson teaches that a variety of materials can be selected as materials of
construction for the components of its device, including metals, polymers, and
ceramics, and specifically teaches preferred combinations including metal-metal or
metal—plastic combinations.

In each of Erickson’s embodiments having a peripheral raised lip, the height
of the core member appears to exceed the distance between the peripheral raised lips
of the opposing endplates. Accordingly, the core member can not be inserted between
the prosthetic endplates without overdistracting the disc space.

Erickson does not teach an open ended channel for inserting the intermediate
ptece between the prosthetic endplates, nor an additional component for retaining the
intermediate piece upon the flat surface. Erickson does not teach piecemeal insertion

of the device into the disc space. Erickson does not teach a metal-ceramic articulation

interface.
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US Patent No. 5,676,701 (“Yuan™) discloses, in one embodiment, a motion
disc having a single articulation surface. This device includes a first component
whose inner surface comprises a concave inner portion having a 360° circumference
and a convex peripheral portion, and an opposing second component whose inner
surface comprises a conforming convex inner portion and a convex peripheral portion.
The convex/concave contours of the opposing inner porttons forms a ball-and-socket
design that allows unrestricted pivotal motion of the device, while the opposing
convex peripheral contours allow flexion/extension bending motion 1n the range of
about 20-30".

In another embodiment, Yuan discloses a device having two articulation
interfaces, wherein one of the above-mentioned components is made in two pieces
having opposing flat surfaces that form a transiation intertace to turther provide the
prosthetic with a certain amount of transiation. See FIG. 9 of Yuan. Yuan discloses
that the translation-producing pieces can be fitted together mechanically, via shrink-
fit, or by welding methods.

However, Yuan does not disclose an open-ended channel for fitting the
translation producing pieces.

US Patent No. 5,507,816 (“Bullivant”) discloses a three-piece motion disc
providing two articulation interfaces and comprises an upper piece having a flat lower
surface, a middle spacer having a tlat upper surtace and a convex lower surface, and a
lower piece having a concave upper surface. The articulating convex and concave
surfaces form an articulating interface that allows pivotal motion, while the flat
surfaces form a translation interface that allows translational motion. Bullivant
further teaches that the natural tension of the vertebrae ensures that the vertebrae are
biased together to trap the spacer in place, and that the 90° extension of the convex
and concave surfaces virtually eliminates any chance of the spacer escaping from
between the plates under normal pivotal movement of the vertebrae.

The Bullivant device does not possess any channel for retaining the middle
spacer within the device. Accordingly, it is prone to disengagement.

In each of the Erickson, Yuan, and Bullivant designs, the core member has a

flat translation surface and a curved articulation surface.

There are currently two primary competitive artificial disc replacement

devices on the market that are designed for the lumbar spine.
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The first device has two articulation interfaces and comprises three
components: an inferior endplate, a superior endplate, and a core. Both the inferior
and superior endplates are metal and have raised bosses with concave spherical
surfaces in the center. The core is plastic and has convex surfaces on both the top and
bottom which are surrounded by raised rims.

However, this device does not have an open ended channel for inserting the
core between the endplates. Related devices are disclosed in US Patent Nos.
4.759.766; 5,401,269; and 5,556,431.

In each of the devices disclosed in these three patents, the core member has
either two concave surfaces or two convex surfaces.

The second device has a single articulation interface and comprises three
components: an inferior endplate, a superior endplate, and a plastic insert. The
inferior endplate functions as a baseplate and has a sidewall forming an open ended
channel for reception of the insert. The inner surface of the inferior endplate provides
only stationary support for the insert and does not have a motion surface. Since the
plastic insert is designed to be locked securely into place within the inferior endplate,
the inferior surface of the insert 1s not a motion surface. The superior surface of the
insert includes articulation surface for articulation with the superior endplate. The
superior endplate has an inferior articulation surface that articulates with the superior
motion surface of the plastic msert, and a superior surface designed for attachment to
a vertebral endplate. A related device is disclosed in US Patent No. 5,314,477.

The second device does not have two articulation surfaces. The second device
relies upon downward-extending flexibie tabs disposed upon the insert to keep the
insert within the open-ended channel. These tabs eliminate any ability for the insert to
translate with the adjacent endplate surfaces.

French Published Patent Application No. 2,730,159 (“Germain”) discloses a
motion disc in which the core member has one convex and concave surface. Germain
further teaches that the radius of the upper curved surface (3a) of the core member is
less than the radius of the lower curved surface (3b) of the core member.

Therefore, there is a need for a motion device having two articulation
interfaces that allows for initial insertion of the prosthetic endplates into the disc

space and then insertion therebetween of a core member having two articulation

surfaces.
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SUMMARY OF THE INVENTION

The present inventors have developed a motion disc having two articulation
interfaces and an open ended channel. The two articulation interfaces allow the
motion disc to more fully restore the natural motion of the spine than would a single
articulation interface. The open ended channel allows for initial insertion of the
prosthetic endplates into the disc space and then insertion therebetween of a core
member having two articulation surfaces, thereby lessening the extent of required

overdistraction.

Therefore, in accordance with the present invention, there is provided a
prosthetic vertebral endplate comprising:

1) an outer surface adapted to mate with a vertebral body,

11) an inner surface having a first opening thereon,

111) a body portion connecting the inner and outer surfaces and defining a

sidewall comprising a second opening thereon, and

1v) an articulation surface suitable for supporting articulation motion,

wherein the first and second openings communicate to form a channel having

a first open end.

Also in accordance with the present invention, there is provided an
intervertebral motion disc comprising:
a) a prosthetic vertebral endplate comprising:

1) an outer surface adapted to mate with a vertebral body,

11) an inner surface having a first opening thereon,

111) a body portion connecting the inner and outer surfaces and defining a

sidewall comprising a second opening thereon, and

1v) a tirst articulation surface suitable for supporting articulation motion.
wherein the first and second openings communicate to form a channel having a first
open end, and
b) a core member having a first articulation surface suitable for supporting articulation
motion,
wherein the core member is disposed within the channel and oriented therein to

produce a first articulation interface between the first articulation surface of the first

endplate and the first articulation surface of the core member.



10

15

20

25

30

CA 02433725212 2003-06

The disc of the present invention s supernior to that of Erickson, Yuan and the
first commercial device in that the core member can be inserted through the open
ended channel, thereby allowing for initial insertion of the prosthetic endplates into
the disc space and then insertion therebetween of a core member having two
articulation surfaces through the channel, and lessening the extent of required
overdistraction.

The disc of the present invention i1s superior to that of Bullivant in that the
channel helps retain the core member between the endplates and so need not rely upon
natural ligament tension to retain the core member between the endplates, and
prevents excessive lateral motion of the core.

The disc of the present invention is superior to that of the second commercial
device 1n that its two articulation interfaces allow the motion disc to more fully restore

the natural motion of the spine than would a single articulation interface.

DESCRIPTION OF THE FIGURES

FIGS. la-1c¢ disclose isometric, cross-sectional and front views of a first
embodiment of the present invention.

FIGS. 2a-2d disclose isometric, cross-sectional, front and elevated views of the
inferior endplate of the first embodiment of the present invention.

FIGS. 3a-3c disclose isometric, elevated and front views of the superior endplate of
the first embodiment of the present invention.

FIGS. 4-6 disclose embodiments cross-sectioned through the channel of an endplate.
FIGS. 7a-7¢ disclose isometric, cross-sectional and front views of the core member of
the first embodiment of the present invention.

FIG. 8 discloses a cross-section of an embodiment of the present invention in which
the core member has a non-articulating projection.

FI1G. 9 discloses a cross-section of an embodiment of the present invention in which
the core member has two non-articulating projections.

FIG. 10 discloses a cross-section of an embodiment of the present invention in which
the core member has an articulating projection.

FIG. 11 discloses a cross-section of an embodiment of the present invention which

defines distances.
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FIG. 12 discloses a cross-section of an embodiment of the present mvention in which
the translation surface is hemi-cylindrical.

FIG. 13 discloses a side view of a core member having a spring portion.

FIG. 14 discloses a side view of a core member having a helical recess therein.

FIGS. 15a-15b disclose isometric and elevated views of the locking tab of the first
embodiment of the present invention.

FIG. 16 discloses a locking tab adapted for engagement with a vertebral body.

FIG. 17 discloses an elevated view of an endplate, core and tab, wherein the inner
surface of the tab has an elongated portion.

FIG. 18 discloses a cross-section of a superior endplate having a sunken channel.
FIG. 19 discloses a first endplate having a horizontally-extending projection and a
core member having a recess for mating with the projection.

FIGS. 20a-20c¢ disclose 1sometric, elevated, and cross-sectional views of an
embodiment of the present invention in which the core member has a significantly
convex articulation surface and a substantially flat articulation surtace.

FIGS. 21a-21b discloses a front and a cross-sectional view of another embodiment of
the present invention having a slightly curved articulation interface running the
anterior-posterior direction.

FIGS. 22a-22b discloses a front and a cross-sectional view of another embodiment of
the present invention having a slightly curved articulation intertace running the
medial-lateral direction.

FIG. 23 discloses an 1sometric view of a prosthetic vertebral endplate of the present
invention having a channel having two open ends.

FIG. 24 discloses an 1sometric view of the present invention in which a locking tab
comprises first and second arms, and each arm is shaped to be secured to the endplate
in a recess formed 1n the lateral wall portions of the endplate.

FIG. 25 discloses an 1sometric view of the present invention in which one endplate 1s

adapted to receive a screw for fixation to an adjacent vertebra.

DETAILED DESCRIPTION OF THE INVENTION

For the purposes of the present invention, “prosthetic vertebral endplate”
broadly describes a component designed to substantially fit within an interverterbal
space and mate with an opposing surface of one of the adjacent vertebral bodies. The

“prosthetic vertebral endplate” includes all geometric configurations, including but
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not limited to substantially thin and substantially blocky configurations. Types of
mating include, but are not limited to, penetrating the adjacent vertebral body, simply
contacting the adjacent vertebral body, and providing fixation through a third
component such as a fastener (such as a screw) that 1s received within or connected to
the prosthetic vertebral endplate. Such fixation may occur upon a non-opposing
surtace of the adjacent vertebral body (such as the anterior wall of the vertebral body).
The adjacent vertebral body may be prepared or unprepared so that the contacting
surface thereof may include the cortical end endplate portion of the vertebral body or
the internal cancellous portion of the vertebral body.

For the purposes of the present invention, a “substantially curved articulation
interface™ produces substantially pivotal motion during articulation. Examples of
such substantially curved interfaces include but are not limited to hemipsherical
interfaces having a radius of between about 10 mm and about 30 mm.

For the puposes of the present invention, both “slightly curved articulation
interfaces” and “substantially flat articulation interfaces” produce substantially
translational motion during articulation. Examples of such “slightly curved interfaces’
include but are not limited to hemispherical interfaces having a radius of between
about 40 mm and about 100 mm. For the purposes of the present invention, a
“substantially flat articulation interface” is sufficiently flat so as to allow axial
rotation of either mating component at any point along the interface .

Now referring to FIG. 1, there is provided a motion disc 1 comprising:

a) a first prosthetic vertebral endplate 31 comprising:

1) an outer surface 33 adapted to mate with a first vertebral body,

11) an inner surface 35 having a first opening 34 thereon and a first
articulation surface 41,

it1) a body portion 43 connecting the inner and outer surfaces and
defining a sidewall 45 comprising a second opening 37 thereon,

b) a second prosthetic vertebral endplate 11 comprising:

1) an outer surface 13 adapted to mate with a second vertebral body,

and

11) an inner surface 15 comprising a first articulation surface 17.

c) a core member 51 comprising:

1) a first articulation surface 53 adapted for articulation with the first

articulation surface of the first endplate, and
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ii) a second articulation surface 55 adapted for articulation with the
first articulation surface of the second endplate,
wherein the first and second openings communicate to form a channel 39 having a
first open end 40, and
wherein the core member i1s disposed within the channel and oriented therein to
produce a first articulation interface between the first articulation surface of the first
endplate and the first articulation surtace of the core member, and a second
articulation interface between the first articulation surface of the second endplate and
the second articulation surface of the core member.

The motion disc of FIG. 1 further comprises means for limiting the translation
of the core member. In FIG. 1, the means comprises a locking tab 71 that is adapted to
securely lock into place after the core has been inserted and to help retain the core
within the channel.

Now referring to FIG. 1, in some embodiments, the device comprises four main
components: an inferior endplate 11, a superior endplate 31, a core member 51, and a
locking tab 71. In one preferred embodiment, the inferior endplate comprises a
substantially convex surface 17 that is designed to conform to and mate with a
substantially concave surface 55 formed in the core member. The superior endplate
has an open channel 39 within which substantially flat lower articulation surface 41 is
disposed. The substantially flat lower articulation surface 41 is intended to mate with
the substantially flat upper articulation surface 53 of the core member. Channel 39 is
designed to retain the core and prevent its lateral expulsion. The core member
comprises a substantially concave bottom articulation surface 55 and a substantially
flat top articulation surface 53, each of which is designed to mate with the
corresponding surfaces on the endplates to form articulation interfaces. Preferably, the
articulation interfaces are conforming. In addition, the core member is designed with a
retaining feature 57 that mates with a corresponding undercut formed in the sidewall,
thereby promoting its retention within the superior endplate channel. Lastly, the
locking tab 71 is designed to effectively close the open end of the channel once the
core member has been inserted, thereby promoting retention of the core.

In other embodiments, the features on the superior and inferior endplates can be
reversed. For example, the substantially flat articulation surface of the superior
endplate could be provided upon the inferior endplate, and the substantially curved

surtace of the inferior endplate could be provided on the superior endplate. In
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addition, the placement of the ball and socket-like substantially curved surfaces could
be reversed so that the core member has a substantially convex articulation surface
and the corresponding endplate has a matching substantially concave articulation
surface. The substantially flat articulation surfaces may also be modified to be slightly
curved and still provide substantially transiational motion. Lastly, additional
components such as screws for initial fixation of the implant may be added to the
design.

Each of the four main components of one preferred embodiment will now be
described 1n more detail:

Now reterring to FIG. 2, 1n one embodiment, inferior endplate 11 has an inferior
surface 13 designed to mate with a natural vertebral endplate, a superior surface 15
designed to mate with both instrumentation and the core member, and a body portion
16 therebetween. The periphery of the inferior endplate comprises an anterior wall
21, a posterior wall 23, and sidewall portions 25 and 27.

Preferably, the inferior (outer) surface 13 of this endplate is either flat, curved
or domed to match the natural vertebral endplate. Alternatively, the geometry of the
inferior surface can be designed so that it will match the shape of the patient’s
vertebral endplate after the vertebral endplate has been modified by an endplate-
shaping instrument. In addition, the inferior surface of this endplate can further
comprise features to promote and secure initial fixation and bony ingrowth including,
but not limited to, spikes, keels, teeth, projections (such as dovetails), recesses (such
as grooves) and porous coatings.

Superior (inner) surface 15 comprises a peripheral portion 9 and a raised inner
portion 7 extending substantially from the middle of the peripheral portion. This
raised inner portion comprises a raised surface 5, a sloped anterior wall 3, and a pair
of raised sidewalls 2.4.

Extending from the raised surface of the superior surface of the inferior endplate
1s a highly polished substantially convex articulation surface 17 designed to mate with
a corresponding substantially concave articulation surface (not shown) disposed upon
the core member. Preferably, substantially convex articulation surface 17 is further

designed to conform to the corresponding concave articulation surface. In the

preferred embodiment the articulation surface 17 is convex. However, the
substantially curved articulation surface can also be concave if desired to mate with a

corresponding substantially convex articulation surface (not shown) disposed upon
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the core member. Preferably, the substantially curved articulation surface 17 has been
polished to a surface roughness Ra of no more than 10 nm.

Preferably, formed upon each raised sidewall 1s a slotted guide rail 60 running
substantially along the length of each raised sidewall. For the purposes of the present
invention, a slot 1s a longitudinally-extending recess in a first surface having a
continuous opening onto a second lateral surface along at least a portion of its
longitudinal axis. In contrast, a hole 1s closed about its periphery along its longitudinal
axis and so does not open onto a second lateral surface. In some embodiments
particularly suited for anterior approaches, the rails run in an anterior-posterior
direction. These two guide rails are designed to mate with instrumentation used
during the surgical procedure, and optionally with additional implant components
(such as a revision spacer or a locking tab). When used as guide rails, slots formed in
the raised side walls are more advantageous to holes running through the ratsed
portion because a hole disposed near the edges of the raised portion would be prone to
failure and so additional material would be required to support the raised sidewall. In
preferred embodiments, the inner surface of the slot is angled. Without wishing to be
tied to a theory, it 1s believed that angled slots are often selected over square slots
because a square slot disposed near the edges of the raised portion is prone to failure
and so additional material 1s required to support the raised sidewall. Preferably, the
guide rails are located within the footprint of the disc formed by the side wall portions
25 and 27 of the endplates.

Therefore, in accordance with the present invention, there is provided an
intervertebral motion disc comprising:

a) a first motion segment comprising:
1) an outer surface adapted to mate with a first vertebral body,
11) an inner surface comprising a first articulation surface,
111) a front and a back wall between the inner and outer surfaces, and
tv) a pair of slots formed in the first motion segment, each slot running
substantially from the front wall and opening onto the front wall,
b) a second motion segment comprising:
1) an outer surface adapted to mate with a second vertebral body,
11) an 1nner surface comprising a first articulation surface, and

wherein the articulation surfaces are adapted to produce an articulation interface.

10
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In other embodiments particularly suited for translateral approaches, the rails
run at a substantial angle to the anterior-posterior direction. Typically, this substantial
angle is between about 30 and about 60 degrees tfrom the anterior-posterior direction.

Now referring to FIG. 3, superior endplate 31 has a superior outer surface 33
designed to mate with the vertebral endplate, an inferior inner surface 35a and 35b
that 1s designed to mate with both instrumentation and the core member, and a body
portion 43 therebetween defining a plurality of sidewalls, including an anterior wall
45, a posterior wall 46, and lateral wall portions 47 and 48.

Preferably, the superior outer surtface 33 of this endplate is etther flat, curved or
domed to match the natural vertebral endplate. Alternatively, the geometry of the
superior surface can be designed so that it will match the shape of the patient’s

vertebral endplate after the vertebral endplate has been modified by an endplate-

~shaping instrument. In addition, the superior surface of this endplate can further

comprise features to promote secure initial fixation and bony ingrowth including, but
not limited to, spikes, keels, teeth, projections (such as dovetails), recesses (such as
grooves) and porous coatings.

Now retferring also to FIG. 1, channel 39 1s formed from the communication of
the second opening 37 1n the anterior wall with the first opening 34 formed on inner
surface 35a of this endplate. In this embodiment, the channel has 1) a substantially
flat articulation surface 41 that provides linear translation and 1s designed to mate
with a corresponding substantially flat articulation surface of the core member and ii)
a sidewall 50 surrounding three sides of the substantially flat articulation surface.
Preferably, substantially flat articulation surface 41 is further designed to conform to a
corresponding substantially flat articulation surface of the core member. In some
embodiments, the substantially flat articulation surface 41 may be replaced with a
slightly curved articulation surface. Preferably, the substantially flat articulation
surface has been polished to a surface roughness Ra of no more than 10 nm. The
channel has a width adapted to receive and retain the core. Preferably, the channel
has a shape that allows the core to be easily inserted therein and then retained therein

by a means for limiting translation. In the preferred embodiment, the sidewall 50 of

the channel has an angular undercut 46 formed therein that is designed to retain the

COrIcC.

In some embodiments (as in FIG. 1), bottom surface 41 is substantially flat to

provide substantially translational motion with a corresponding flat superior surface

11
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of the core member. However, in other embodiments, this bottom surface 1s slightly
curved to provide not only substantially translational motion with a corresponding
slightly curved superior surface of the core member, but also a soft resistance to
extreme A-P translation of the core. Preferably, the shightly curved interface 1s
hemicylindrical, preferably with the curve of the hemicylinder running 1n the anterior-
posterior (“A-P”’) direction. In other embodiments, the curve of the hemicylinder
runs in the medial-lateral (*M-L"") direction, and so allows the use of a thicker core
member.

The opened end channel of FIGS. 1 and 3 is believed to be novel in prosthetic
intervertebral motion discs having an mtermediate component disposed between a
pair of prosthetic vertebral endplates. The open end of the channel 1s advantageous in
that it allows the surgeon to insert only the upper and lower plates into the disc space,
and then insert the intermediate piece through the open end of the channel. Because
the combination of the upper and lower endplates can be inserted with a lower profile
than if the intermediate component were in place, there is a lesser need to severely
overdistract or otherwise harm the opposing natural vertebral endplates. The
substantially translational articulation capability provided by the first articulation

interface allows the disc to more nearly imitate the natural motion of an intervertebral

disc.

Therefore, 1n accordance with the present invention, there is provided a method

of implanting an intervertebral motion disc, comprising the sequential steps of:

-inserting into a disc space a partial motion disc comprising:

a) a first prosthetic vertebral endplate comprising:
1) an outer surface adapted to mate with a first vertebral body, and
11) an inner surface comprising a first motion surface,

b) a second prosthetic vertebral endplate comprising:
1} an outer surface adapted to mate with a second vertebral body,
11) an 1nner surface comprising an opening forming a channel comprising
opposing side walls, a first open end and a second motion surface, and

-inserting into the open end of the channel a core member comprising:

1) a first surface adapted for motion with the first motion surface, and

11) a second surface adapted for motion with the second motion surface,

12
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wherein the core member 1s disposed within the channel and oriented therein to
provide a first motion with the first motion surface and a second motion with the

second motion surface.

In some embodiments, now referring to FIG. 4, the channel comprises a sunken
anterior surface 203 and a raised posterior articulation surface 205. Because these
surfaces occupy difterent levels, the raised posterior portion can now be more easily
polished. In some embodiments, the transition between these surfaces defines a ledge
207. This ledge acts as a stop against overinsertion of the tab, thereby preserving the
high polish of the raised posterior articulation surface, and eases insertion of the core.

In some embodiments, now referring to FIG. 5, the anterior surface 211 is ramped
to rise posteriorly. This embodiment also minimizes the necessary polishing of the
articulation surface. As the tab moves up the ramp, the combined action of the
elevation rise and the elevation limit provided by the undercut dovetail 213 of the
sidewall acts as a stop upon the further posterior movement of the tab.

When the patient is standing 1n a supine position, the natural loads upon the spine
are such that the core member is most preferably positioned in the posterior portion of
the motion disc, as in FIG. 1, and more preferably between about 60-80% towards the
posterior. When the patient first bends forward, the core member may move anteriorly
or posteriorly. If the core moves anteriorly, when the patient returns to a supine
position, the substantially flat nature of the channel of FIG.1. does not help the core
member move back to its original posterior position.

Therefore, in some embodiments, now referring to FIG. 6, at least a portion of the
channel is ramped to slope downward posteriorly. The channel of FIG. 6 comprises an
anterior articulation surface having a downward sloping ramp 221. If the core is
disposed in an anterior portion of the channel, the non-parallel nature of the bearing

surfaces will urge the core to move back to its original posterior position when the

patient returns to an erect position.

Therefore, in accordance with the present invention, there is provided a
prosthetic vertebral endplate, comprising:
1) an outer surface adapted to mate with a first vertebral body to define a

first attachment plane substantially parallel to the vertebral body endplate,

and

13
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11) an inner surface comprising a substantially flat motion surface,
wherein the substantially tlat motion surtace and the first attachment plane define an

angle a.

In one preterred embodiment, the angle o of the ramp 1s between about 10 and about

30 degrees.

When the channel of the present invention contains a substantially flat
articulation surface, overdistraction caused by insertion of the core member is
desirably minimized. However, in other embodiments, the channel may include a
slightly curved surface which rises anteriorly and/or a flat surface having an
anteriorly-disposed hip having a height less than that of sidewalls. Since the lip or
slightly curved surface may desirably retain the core member within the channel, it is
contemplated that such a lip may obviate the need for another translation-limiting
component such as a tab that prevents expulsion of the core while still providing a
height reduction benefit that lessens the need for overdistraction. Preferably, this lip
has a height that 1s no more than 80% of the channel depth, more preferably no more
than 50%, more preferably no more than 25%.

Referring again to FIG. 3, formed in each sidewall 47, 48 is a recessed guide
rail 49. Guide rail 49 begins at the anterior wall, extends across each sidewall, and
ends at the posterior wall. These two guide rails correspond to the two guide rails 60
of the inferior plate.

Now reterring to FIG. 7, the core member 51 comprises a body portion 52
forming a substantially flat superior surface 55 that is designed to articulate with the
bottom surface of the superior endplate and a substantially curved inferior surface 53
that 1s designed to mate with the inferior endplate. In some preferred embodiments,
the body portion has a substantially cylindrical body portion 52. In some preferred
embodiments, the body portion has a substantially rectangular body portion 52.
Preferably, superior surface 55 is further designed to conform to the bottom surface
41 of the superior endplate. Also preferably, substantially curved inferior surface 53 is
designed to conform with a corresponding substantially curved upper surface of the
inferior endplate. In some embodiments (as in FIG. 7), superior surface 55 is
substantially flat to provide substantially translational motion with a corresponding

flat bottom surface of the superior endplate. However, in other embodiments, superior
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surface 55 1s slightly curved to provide substantially translational motion with a
corresponding curved bottom surface of the superior endplate as well as soft
resistance to extreme translational motion.

The substantially curved inferior surface can be any shape designed for pivotal
articulation, including hemispherical, hemicylindrical, hemi-ellipsoidal, and oblong.
However, in preferred embodiments, the curved surface is hemi-spherical. In the
preterred embodiments, the substantially curved inferior articulation surface of the
core 1s concave. However, the curved articulation surface can also be convex, if
desired, to mate with a corresponding substantially concave articulation surface
disposed upon an endplate.

The substantially flat superior surface may be modified to any slightly curved
geometry that allows at least one degree of substantially translational motion,
including a hemi-cylindrical shape.

In addition to the two articulation surfaces, the core has a peripherally disposed
retaining feature 57 that 1s designed to prevent the core from accidentally dislocating
from the implant. The shape of the retaining feature is adapted to fit a complementary
feature (46 of FIG. 3) in the sidewall of the retaining channel. In this embodiment, the
retaining feature 57 extends from the cylindrical body portion. In a preferred
embodiment, the retaining feature is an angled flare disposed near the end of the core
having the substantially translational surface. However, in other embodiments, the
retaining feature can be a recess extending into the body portion 52.

Typically, the core of a conventional motion disc has either two convex
surfaces or two concave surfaces. The Germain motion disc is the only motion disc
known to the present inventors in which the core comprises one convex motion
surface and one concave motion surface. However, Germain further requires the
radius of the upper surface to be smaller than the radius of the lower motion surface.
Without wishing to be tied to a theory, because of this requirement, the Germain disc
may suffer from a high center of rotation.

In an effort to overcome these deficiencies, in some embodiments of the
present invention, the radius of the upper surface of the core is greater than the radius
of the lower motion surface. Without wishing to be tied to a theory, this embodiment

of the present invention may possess an advantage of a low center of rotation.

15



10

15

20

25

30

CA 02433725212 2003-06

Therefore, in accordance with the present invention, there is provided an

intervertebral motion disc comprising:

a) an upper prosthetic vertebral endplate comprising:
1) an outer surface adapted to mate with an upper vertebral body,
11) an inner surface having a first articulation surface,
b) a lower prosthetic vertebral endplate comprising:
1) an outer surface adapted to mate with a lower vertebral body, and
11) an inner surface having a first articulation surface, and
C) a core member comprising:
1) an upper articulation surface adapted for articulation with the first
articulation surface of the upper endplate and having a radius, and
11) a lower articulation surface adapted for articulation with the first
articulation surtace of the lower endplate and having a radius,
wherein the core member is disposed between the endplates and oriented therein to
produce an upper articulation interface between the first articulation surface of the
upper endplate and the upper articulation surface of the core member, and a lower
articulation interface between the first articulation surface of the lower endplate and
the lower articulation surface of the core member, and
wherein the radius of the upper articulation surface of the core member is greater than

the radius of the lower articulation surface of the core member.

Preferably, the radius of the upper motion surface of the core is at least three
times greater than the radius of the lower motion surface of the core, more preferably
between 3 and 5 times greater. Preferably, the radius of the upper surface of the core
1s between about 40 mm and about 100 mm, and the radius of the lower motion
surface is between about 10 mm and about 30 mm.. Preferably, the radius of the upper
surface of the core i1s between 40 mm and 80 mm. Below 40 mm, the depth of the
curve requires adding significantly more material to the corresponding endplate,
thereby increasing the height of the implant. Above 80 mm, the curve provides a less
significant braking.

Typically, the core of a conventional motion disc has either one flat surface
and one curved surface (as in Erickson, Yuan and Bullivant), two cylindrical surfaces

(as in Charite “766), or two hemispherical surfaces (as in Germain). However, a
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substantially flat surface i a motion disc does not resist extreme movement of the
core. Motion discs having two hemicylindrical surfaces can not provide the desired
pivotal movement over 360 degrees. Motion discs having two hemispherical surfaces
do not allow for the easy correction of misaligned endplates.

In an effort to overcome these deficiencies, in some embodiments of the
present invention, the core of the present invention has one hemispherical surface and
one non-hemuspherical curved surface. Preferably, the non-hemispherical curved
surface 1s hemicylindrical. In this condition, the hemispherical surface provides the
pivotal rotation freedom found in the natural disc, while the linear dimension of the
hemicylindrical surface (when provided in the medial-lateral direction, as in FIGS. 12
and 22a) provides substantially translational movement in a first direction (thereby
providing easy correction of misaligned endplates), and curved dimension of the

hemicylindrical surface provides some resistance against extreme movement in a

second direction.

Therefore, in accordance with the present invention, there is provided an

intervertebral motion disc comprising:

a) a first prosthetic vertebral endplate comprising:
1) an outer surface adapted to mate with a first vertebral body,
11) an inner surface having a first articulation surface,

b) a second prosthetic vertebral endplate comprising:
1) an outer surface adapted to mate with a second vertebral body, and
11) an inner surface having a first articulation surface, and

C) a core member comprising:
1) a first articulation surface adapted for articulation with the first
articulation surface of the first endplate, and

11) a second articulation surface adapted for articulation with the first

articulation surface of the second endplate,
wherein the core member is disposed between the endplates and oriented therein to
produce a first articulation interface between the first articulation surface of the first
endplate and the first articulation surface of the core member, and a second

articulation interface between the first articulation surface of the second endplate and

the second articulation surface of the core member, and
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wherein the first articulation surface of the core member 1s spherical and the second

articulation surface of the core member is curved and non-spherical.

Also in accordance with the present invention, there is provided a core
member for articulation between first and second prosthetic vertebral endplates,
comprising:

1) a first articulation surface adapted for articulation with a first
articulation surface of the first prosthetic vertebral endplate, and
1i) a second articulation surface adapted for articulation with the first
articulation surface of the second prosthetic vertebral endplate,
wherein the first articulation surface is a portion of a sphere and the second

articulation surface 1s a portion of a curved, non-spherical shape.

Preferably, the non-spherical curved surface is a hemicylindrical surface, as
such a surface that can articulate with a similar opposing hemicylindrical surface and
provide conforming articulation. Also preferably, the curved dimension of the
hemicylindrical surface is provided in the A-P direction (to provide a soft braking)
while the linear dimension is provided in the medial-lateral direction. However, in
other embodiments, the curved dimension of the hemicylindrical surface is provided
in the medial-lateral direction, while the linear dimension is provided in the anterior-
posterior direction.

Also preferably, the hemispherical surface is substantially curved and the
curved, non- hemispherical surface is slightly curved.

In the embodiment of FIG. 3, because the translational articulation surface 41
that mates with the core member is disposed within the channel, both the core
retention function and translation surface function of this endplate are provided by the
same surface within the channel. However, in other embodiments, the core retention
function and translation surface function can be provided by separate surfaces. For
example, now referring to FIG. 8, there is provided a motion disc wherein the core
member has a projection 501 that extends only partially into channel 503. The

channel and projection elements of this device function merely to limit the lateral

translational freedom of the core member. In this embodiment, the bottom of the

channel does not have to be adapted tc support articulation motion. Rather,

substantially flat articulation surface 505 provided on the inner surface of the endplate
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forms an articulation interface with the substantially flat articulation surface 507 of
the core member.

Stmilarly, in FIG. 9, there 1s provided a prosthetic vertebral endplate 551
having two channels with an articulation surtace therebetween. In particular, endplate
551 comprises an inner surface 552 having first 553 and second 555 channels formed
therein, and an articulation surface 567 formed between the channels. The channels
begin at the anterior wall 557 of the endplate and terminate prior to opening onto the
posterior wall (not shown) of the endplate. Core member 561 comprises first 563 and
second 563 projections and an articulation surface 569 therebetween, each projection
having a shape that mates with its corresponding channel to limit the medial-lateral
translation of the core member. Anterior-posterior translation is accomplished by the
mating of articulation surface 569 of the core and articulation surface 567 of the
endplate to produce an articulation interface. Expulsion of the core member of this
embodiment can be prevented by any number of means. For example, after the core
member 1S shid into the channels, locking tabs can be inserted into the anterior end of
each channel. Alternatively, the intermediate portion 567 of the inner surface can
comprise at least one flexible tab that allows the passage of the core member towards
the posterior portion of the endplate, but prevents its passage back out.

In other embodiments, the core member and superior endplate can be adapted to
provide more than one articulation interface. Now referring to FIG. 10, the bottom
surface 511 of the projection is polished and extends sufficiently into the channel to
bear upon the bottom surface 513 of the channel to form a first articulation interface,
while an articulation surface 515 is also provided on the inner surface of the endplate
to form a second articulation interface with a second articulation surface 517 of the
core member.

Likewise, in FIG 9, projections 563,565 may optionally mate with the bottom
surfaces of the channels to form additional articulation interfaces.

In preferred embodiments, the core member is adapted to provide pivotal
motion with a first endplate. Preferably, the pivotal motion is provided by the
corresponding substantially curved surfaces of the core member and a first endplate.
More preferably, the curved surfaces are conforming. More preferably, the
conforming curved surfaces are selected from the group consisting of hemispherical

and hemicylindrical surfaces. Still more preferably, the conforming curved surfaces

are hemispherical surfaces.
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In preferred embodiments, the core member 1S adapted to provide at least one
degree of translation motion with a second endplate. Preferably, the at least one
degree of translation motion 1s provided by corresponding substantially flat planar
surfaces of the core member and a second endplate. Now referring to FIG. 11, in some
embodiments, exactly one degree of translation motion is achieved by sizing the core
member so that its diameter D¢ equals the width W of the channel in which it is
disposed. In this case, the one degree of freedom is translation in the A-P direction.
Now reterring to FIG. 10, in other embodiments, one degree of translation motion is
realized by sizing a projection upon the core member so that the diameter of the
projection Dp equals the width W of the channel in which it is disposed. Preferably,
the motion provided by the one-degree-of-freedom embodiment is in the anterior-
posterior direction. In other embodiments, more than one degree of freedom may be
realized by sizing the core member so that its diameter (or the diameter of its
projection that bears upon the articulation surface) is smaller than the width W of the
channel, thereby allowing the core to move laterally as well.

In other embodiments, as in FIG. 12, one degree of translation motion is
realized by providing a channel having a hemicylindrical surface 701 and a core
member having a corresponding hemicylindrical surface 703 to produce a
hemicylindrical interface. In this particular embodiment, the core has a slightly
convex hemicylindrical surface adapted to provide transiational motion in the A-P
direction with the slightly concave hemicylindrical bottom surface of the channel.

The flat surfaces that provide translation movement in Erickson are either
circular or elongated. However, in the circular embodiments, since there is very little
medial-lateral movement in natural spinal movement, the circular designs of Erickson
do not readily mimic the natural spinal movements. In the elongated embodiments,
Erickson teaches that the elongated embodiment provides movement along only one
axis. Accordingly, if an elongated (uniaxial) design of Erickson is selected, any
misalignment of the components in the M-L axis can not be easily corrected by simple
translatton of this motion surface.

Therefore, in some embodiments, the core member and its slightly curved or
substantially flat translation surface are adapted to provide a translation surface that
provides for substantial movement in the A-P axis and lesser movement in the M-L
axis. When this embodiment is selected, the device provides not only the degree of A-

P movement that substantially mimics the A-P motion of the natural intervertebral
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disc but also a limited amount of M-L motion that allows the surgeon to use this
interface to compensate for any surgical misalignment of the prosthetic vertebral

endplates.

Therefore, in accordance with the present invention, there is provided
intervertebral motion disc comprising:
a) a first prosthetic vertebral endplate comprising:
1) an outer surface adapted to be attached to a first vertebral body, and
11) an inner surface comprising a first articulation surface,
b) a core member comprising:
1) a first articulation surface, and
whereln the first articulation surface of the core member and the first articulation
surface of the first endplate are adapted to form a first articulation interface having a
range of anterior-posterior A-P motion and a range of medial-lateral M-L motion,

wherein the range of A-P motion is between 1.5 and 50 times greater than the range of

M-L motion.

Preterably, the maximum range of A-P motion is between 1.5 and 50 times
greater than the maximum range of M-L motion, more preferably between 1.5 and 8
times, more preferably between 4 and 8 times, more preferably between 5 and 7
times, and still more preferably between 5.5 and 6.5 times.

In some embodiments designed for use in the lumbar spine, the maximum
range of A-P motion is between 2 and 5 mm, preferably between 3 and 4 mm, and the

maximum range of M-L motion is between 0.25 mm and 2 mm, preferably between

0.25 mm and 1 mm.

Now referring to FIG. 11, in preferred embodiments, the channel is defined by
a length Lcy and a width Wey, the articulation surface portion of the channel is
defined by a length Lys and a width Wyg, and the core member is defined by a
diameter Dco. As shown in FIG. 11, the length of the articulation surface does not
include the space occupied by a tab T.

Preterably, the length of the articulation surface Lys is between about 10% to
about 50% greater than the diameter Deo of the core. When this range 1S achieved in

typical geometries, the core member can move between about 1 mm and about 5 mm
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in the antertor-posterior direction. Within this range, the core member has translation
capability that mimics typical anatomical anterior-posterior motion.

Preferably, the width of the channel W¢y is between about 5% and about 20%
greater than the diameter Dco of the core. When this range is achieved in typical
geometries, the core can move between about 0.5 mm and about 2 mm in the medial-
lateral direction. This 0.5-2 mm of freedom may correct for misplacement of the
prvotal articulation surface elements.

Preterably, when the channel has a closed end, the length of the channel Lcy
extends to between about 60% to 80% the distance from the anterior wall to the
posterior wall of the endplate. When this range is achieved, the core can reside
substantially near the anatomically typical vertical axis of rotation.

In preferred embodiments, each of the inferior endplate, superior endplate and
core member 1s manufactured from a material that possesses the strength and high
wear resistance desired for use as a motion disc component.

These components of the present invention may be made from any non-
resorbable material appropriate for human surgical implantation, including but not
limited to, surgically appropriate metals, and non-metallic materials, such as carbon
fiber composites, polymers and ceramics.

It a metal is chosen as the material of construction for a component, then the
metal 1s preferably selected from the group consisting of titanium, titanium alloys
(such as Ti-6Al-4V), chrome alloys (such as CrCo or Cr-Co-Mo) and stainless steel.

If an articulation interface is formed from first and second metal articulation
surfaces, then the components are preferably manufactured so that the grains of the
first metal articulation surface are disposed substantially perpendicular to the grains of

the second metal articulation surface grains of the first metal articulation surface.

Therefore, in accordance with the present invention, there is provided an

intervertebral motion disc comprising:
a) a first prosthetic vertebral endplate comprising:

1) an outer surface adapted to be attached to a first vertebral body, and
1) an mner surface comprising a first articulation surface comprising a

first metal having grains oriented in a first direction, and

b) a core member comprising:
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1) a first articulation surface comprising a metal having grains oriented in
a second direction,
wherein the first articulation surtace of the core member and the first articulation
surface of the first endplate are adapted to form a first articulation interface, and

wherein the first and second directions of grain orientation are not parallel.

It a polymer 1s chosen as a material of construction for a component, then the
polymer 1s preferably selected from the group consisting of polyesters, (particularly
aromatic esters such as polyalkylene terephthalates, polyamides; polyalkenes;
poly(vinyl fluoride); PTFE; polyarylethyl ketone PAEK; and mixtures thereof.

It a ceramic 1s chosen as the material of construction for a component, then the
ceramic 18 preferably selected from the group consisting of alumina, zirconia and
mixtures thereof. It is preferred to select an alumina-zirconia ceramic, such as
BIOLOX delta ™ , available from CeramTec of Plochingen, Germany. Depending
on the material chosen, a smooth surface coating may be provided thereon to improve

pertormance and reduce particulate wear debris.

The present inventors believe that metal-ceramic interfaces will provide the

best resistance to wear. Accordingly, in particularly preferred embodiments, there is

provided an intervertebral motion disc comprising:

a) a first prosthetic vertebral endplate comprising:
1) an outer surface adapted to mate with a first vertebral body, and

1) an inner surface comprising a first articulation surface comprising a

non-ceramic material
b) a core member comprising:

1) afirst articulation surface comprising a ceramic, and

wherein the first articulation surface of the core member and the first articulation

surface of the first endplate are adapted to form a first articulation interface.

More preferably, the second articulation interface will also have a

corresponding ceramic-metal interface.
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In some preferred embodiments, the entire core member consists essentially of
a ceramic, preferably a sintered polycrystailine ceramic. Preferably, the sintered
polycrystalline ceramic comprises at least 50 wt% of a material selected from the
group consisting of alumina, zirconia, and alumina-zirconia mixtures. In some
alumina-zirconta mixture embodiments, the ceramic comprises 10-30 wt% alumina.

In some alumina-zirconia mixture embodiments, the ceramic comprises 70-90
wt% alumina. In some embodiments, the ceramic comprises alumina having a median
grain size of no more than 5 micron, preferably less than 3 microns, more preferably
less than 2 microns, more preferably less than one micron. In some embodiments, the
ceramic comprises tetragonal zirconia having a median grain size of no more 2
microns, more preferably less than one micron. In some embodiments, the ceramic
comprises alumina made from a seeded gel process.

In some embodiments, the core member is polyethylene.

In some preterred embodiments, the first endplate consists essentially of a
metallic material, preferably a titanium alloy or a chrome-cobalt alloy. In some
preferred embodiments, the second endplate consists essentially of the same metallic
material as the first plate.

In some embodiments, the articulation surfaces of the endplates may be coated
with a wear-resistant coating, such as diamond film, in order to reduce wear.

In some embodiments, the endplates are made of a stainless steel alloy,
preferably BioDur® CCM Plusk Alloy available from Carpenter Specialty Alloys,
Carpenter Technology Corporation of Wyomissing, PA; and the core member is made
of polyethylene, preferably Marathon'", available from DePuy Orthopaedics of
Warsaw, IN. In some embodiments, the endplate articulation surfaces are coated with
a sintered beadcoating, preferably Porocoat'™, available from DePuy Orthopaedics of
Warsaw, IN.

In some embodiments, the endplates are made from a composite comprising

carbon fiber. Composites comprising carbon fiber are advantageous in that they

typically have a strength and stiffness that is superior to neat polymer materials such

as a polyarylethyl ketone PAEK.

Therefore, in accordance with the present invention, there is provided an

intervertebral motion disc comprising:

a) a first prosthetic vertebral endplate comprising:
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1) an outer surface adapted to be attached to a first vertebral body, and
11} an inner surface comprising a first articulation surface comprising a
composite comprising carbon fiber, and
b) a core member comprising:
1) a first articulation surface comprising a metal,
wherein the first articulation surtace of the core member and the first articulation

surface of the first endplate are adapted to form a first articulation interface.

Also 1n accordance with the present invention, there is provided an
intervertebral motion disc comprising:
a) a first prosthetic vertebral endplate comprising:
1) an outer surface adapted to be attached to a first vertebral body,
11) an inner surface comprising a first articulation surface, and
1)  abody portion therebetween comprising carbon fiber, and
b) a core member comprising:
1) a first articulation surface,
wherein the first articulation surface of the core member and the first articulation

surface of the first endplate are adapted to form a first articulation interface.

Preferably, the composite comprising carbon fiber further comprises a
polymer. Preferably, the polymer is a polyarylethyl ketone PAEK. More preferably,
the PAEK 1s selected from the group consisting of polyetherether ketone PEEK,
polyether ketone ketone PEKK and polyether ketone PEK. In preferred embodiments,
the PAEK is PEEK.

In some embodiments, the carbon fiber comprises between 1 vol% and 60
vol% (more preferably, between 10 vol% and 50 vol%) of the composite. In some
embodiments, the polymer and carbon fibers are homogeneously mixed. In others, the
material 1s a laminate. In some embodiments, the carbon fiber is present as chopped
state. Preferably, the chopped carbon fibers have a median length of between 1 mm
and 12 mm, more preferably between 4.5 mm and 7.5 mm. In some embodiments,
the carbon fiber 1s present as continuous strands.

In especially preferred embodiments, the composite comprises:

a) 40-99% (more preferably, 60-80 vol%) polyarylethy! ketone PAEK,
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b) 1-60% (more preferably, 20-40 vol%) carbon fiber,
wherein the polyarylethyl ketone PAEK 1s selected from the group consisting of
polyetherether ketone PEEK, polyether ketone ketone PEKK and polyether ketone
PEK.

In some embodiments, the composite consists essentially of PAEK and carbon
fiber. More preferably, the composite comprises 60-80 wt% PAEK and 20-40 wt%
carbon fiber. Still more preterably the composite comprises 65-75 wt% PAEK and
25-35 wt% carbon fiber.

If both the core and endplates are made of matenals having a significantly
high stiffness, then the device may not fully mimic the shock absorbing function of
the natural intervertebral disc.

Therefore, 1n order to augment the shock absorbing function of the core
member, in some embodiments, the core member comprises a shock-absorbing

component characterized by a specified range of a spring constant.

Therefore, in accordance with the present invention, there is provided
intervertebral motion disc comprising:
a) a first prosthetic vertebral endplate comprising:
1) an outer surface adapted to be attached to a first vertebral body, and
11) an inner surface comprising a first articulation surface, and
b) a core member comprising a stiff component and a shock absorbing
component having a spring constant of between 500 N/mm and 1000 N/mm, and
comprising:
1) a first articulation surface,
wherein the first articulation surface of the core member and the first articulation

surface of the first endplate are adapted to form a first articulation interface.

In some embodiments, the core member comprises a stiff component and a
shock-absorbing component, and the shock-absorbing component has a spring
constant of between about 500 N/mm and 1000 N/mm and a thickness of between 1
mm and 5 mm. When the shock-absorbing component is so designed, it can absorb
between about 1000N and 2000 N of load.

In some embodiments, the shock absorbing function of the core is provided by

a spring within the core member. Therefore, in accordance with the present invention,
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there i1s provided a core member for articulation between first and second prosthetic
vertebral endplates, comprising:

1) a first portion having a first articulation surface adapted for
articulation with a first articulation surface of the first prosthetic
vertebral endplate,

i1) a second portion having a second articuiation surface adapted for
articulatton with a first articulation surface of the second
prosthetic vertebral endplate, and

111) a spring portion disposed between the first and second portions.

Now referring to FIG. 13, in some embodiments, the spring may be provided
by simply manufacturing upper and lower halves of a core member, and then
attaching the opposite ends of a compression spring to the opposite ends of the core
halves. For example, in FIG. 18, upper core half <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>