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(57) Abrege(suite)/Abstract(continued):

and the second part includes one of the other concave or convex articulating surface (26). One of the concave or convex
articulating surfaces Is preferably elliptically shaped In at least one direction and does not match and Is different than one of the
other concave or convex articulating surfaces.
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(57) Abstract: An intervertebral disc implant for use in the spine includ-
ing a first part (10) and a second part (20), wherein the first part and sec-
ond part are configured as a joint prosthesis for the spine. The first part in-
cludes one of a concave or convex articulating surface (16) and the second
part includes one of the other concave or convex articulating surtace (26).
One of the concave or convex articulating surfaces 1s preterably elliptically
shaped 1n at least one direction and does not match and 1s different than
one of the other concave or convex articulating surfaces.
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TITLE OF THE INVENTION

ARTICULATING DISC IMPLANT

CROSS-REFERENCE TO RELATED APPLICATIONS

0001 ] This application claims the benefit of U.S. Provisional Application No. 61/059,024,
filed on June 5, 2008, entitled “TOTAL DISC REPLACEMENT IMPLANT WITH
ANATOMICAL SPINAL ARTICULATION,” the contents of which 1s incorporated 1n 1ts

entirety by reference herein.

FIELD OF THE INVENTION

[0002] This invention relates to an implant, more specifically a joint prosthesis, more
specifically an intervertebral implant, and even more specifically a joint prosthesis to replace a

spinal disc.

BACKGROUND OF THE INVENTION

10003 ] Due to general wear and tear, spinal discs can become damaged or dislocated giving
rise to a problem commonly referred to as a “slipped disc”. Intervertebral spinal discs lie
between adjacent vertebrae 1n the spine. Each disc forms a cartilaginous joint allowing slight
movement of the vertebrae and acting as a ligament to hold the vertebrae together. In the past,
damaged discs were treated by removing the disc and packing the space with bone chips to
promote fusion of the adjacent vertebrac. However, this method resulted 1n a loss of mobility 1n
the patient’s lower back. Another solution for treating damaged discs 1s to replace the damaged
disc with a prosthetic disc implant. However, current prosthetic disc implants do not replicate

the ranges of motion undertaken by healthy spinal vertebrae. Thus, there 1s a need for a
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prosthetic disc implant that can more closely approximate and permit the ranges of motion

typically experienced by healthy spinal segments.

BRIEF SUMMARY OF THE INVENTION

10004 The present invention 18 directed to an implant, more particularly a joint prosthesis,
more preferably an intervertebral implant or joint prosthesis to replace a spinal disk. The
intervertebral implant or artificial disc replacement device may have particular application in the
cervical regions of the spine. In one embodiment, the intervertebral implant includes a first part
and a second part wherein the first and second parts may be configured as a joint prosthesis
preferably for the spine, and where the first part 1s moveable, preferably in situ, relative to the

second part.

0003 ] The first part has a surface for contacting the end plates of a first vertebrae and a first
articulating surface, preferably having a continuously curved surface with no flat regions. The
second part includes a surface for contacting the end plates of a second vertebrae and a second
articulating surface, preferably having a continuously curved surface with no flat regions. The
first articulating surface may contact, bear on, and be movable relative to the second articulating
surface. The first articulating surface may be concave, and the second articulating surface may

be convex.

[0006] The first articulating surface preferably 1s a different shape than the second
articulating surface so that the two shapes do not match or nest, and the surfaces preferably will
not contact over a majority or substantial majority of their surfaces. The first articulating surface
preferably 1s elliptical 1n shape (1.¢., a flattened circle or oval), preferably partially oblate

cllipsoid and has a radius of curvature that varies, 1.¢., changes, along its length, preferably 1n at
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least the medial-lateral direction, although 1t may have an elliptical surface 1n other directions
with a varying radius of curvature. The second articulating surface preferably 1s partially
spherical 1in shape, with a constant radius of curvature that 1s the same 1n all directions. The
radius of curvature of the first articulating surface 1n the medial-lateral direction (e.g., a first
direction), although 1t may vary and change over its length, preferably has a different value than
the radius of curvature of the second articulating surface in the same medial-lateral direction.
The value of the first radius of curvature of the first articulating surface 1n the medial-lateral
direction (although 1t may vary and change over its length), preferably may be greater than the

value of the first radius of curvature of the second articulating surface 1n the same direction.

10007] The second radius of curvature of the first articulating surface in the anterior-posterior
direction (e.g., a second direction) may be relatively and substantially constant. The second
radius of curvature of the first articulating surface in the anterior-posterior direction (e.g., the
second direction) may have substantially the same value as the second radius of curvature of the
second articulating surface in the same anterior-posterior direction. In this embodiment, where
the radius of curvature 1s not the same 1n one direction but the same 1n a second direction, the
first articulating surface may generally have a line of contact, or limited area of contact with the
second articulating surface. Alternatively, the value of the second radius of curvature of the first
articulating surface may be different than the value of the second radius of curvature of the
second articulating surface 1n the same second direction. In this embodiment, where the radius
of curvature 18 not the same 1n all directions the first articulating surface may have generally a

point of contact or a limited arca of contact with the second articulating surface.

[0008] The first and second articulating surfaces may be structured and arranged such that

the first articulating surface undergoes a rolling motion relative to the second articulating surface
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in at least one direction, and preferably rolls on and along the articulating surface of the second
part 1n at least one direction. During the rolling motion, the first part may axially rotate and roll
on and along the second curved articulating surface. In this case, the instantaneous point of
rotation of the first part moves on and along the second articulating surface 1n at least one

direction.

[0009] The radius of curvature of the first and second articulating surfaces may be between
about 1 mm and about 100 mm, and more preferably between about 1 mm and 30 mm. The first

and second articulating surface may have an arc length between about 1.5mm to about 30mm.

[0010] The first articulating surface may have a depth, which 1s measured from the outer
edge or the base point of the first articulating surface where the indentation or trough starts to the
apex of the first articulating surface. The depth of the first articulating surface may range from
about 0.5mm to about 10mm. The second articulating surface may have a height, which 1s
measured from the outer edge or the base of the second articulating surface to the apex of the
second articulating surface. The height of the second articulating surface may range from about
0.5mm to about 10mm. Preferably the value of the height of the second articulating surface 1s

more¢ than the value of the depth of the first articulating surface.

[0011] The surface of the first part for contacting the end plates of the first vertebrae
preferably may be relatively flat and the surface of the second part for contacting the end plates
of the second vertebrac may be curved. Alternatively, the surface for contacting the end plates of
a vertebra of the first part may be curved, and additionally the surface for contacting the end
plates of a vertebra of the second part may be relatively flat. The first part and the second part

may be made of ceramic or other materials, now known or hereafter discovered. The first part
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may comprise a multi-piece assembly and the second part also may comprise a multi-piece

assembly.

[0012] The first part and second part may be biased so that the apex of the first curved
articulating surface tends to align with and contact the apex of the second curved articulating
surface. That 1s the shape and geometry of the trough (concave surface) enables the articulating
or bearing surface of the implant to return to a state of minimum energy (apex to apex) after the
muscles no longer exert any forces on the spinal segment. The implant will tend to move back to
its natural position wherein the portion of the convex surface in contact with the concave surface
1s located at the apex of the curvate concave articulating surface after lateral or rotation

movement.

[0013] Another embodiment of the intervertebral implant includes an upper part including an
upper surface sized and configured to contact an end plate of the first vertebra and a lower part
including a lower surface sized and configured to contact an end plate of the second vertebra.
The itervertebral implant further includes a convex articulating surface operatively associated
with one¢ of the upper and lower parts. The intervertebral implant also includes a concave
articulating surface operatively associated with the other one of the upper and lower parts so that
the upper part 18 moveable with respect to the lower part. The convex articulating surface may
be shaped as a partial sphere with a constant radius of curvature that 1s the same in all directions.
The concave articulating surface preferably may be shaped as a partial ellipse or oval with a
radius of curvature that changes over the length of the curved concave articulating surface in at
least one direction. The convex and concave articulating surface may be continuously curved

with no flat regions.
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10014] The convex articulating surface has a first radius of curvature 1n a first direction and
concave articulating surface has a first radius of curvature in the same first direction. The first
radius of curvature of the convex articulating surface 1s preferably different than the first radius
of curvature of the concave articulating surface 1n the same first direction. The first direction
preferably may be the medial-lateral direction and the concave articulating surface preferably

may be associated with the upper part.

[0015] The convex articulating surface may have a second radius of curvature 1n a second
direction perpendicular to the first direction, preferably the anterior-posterior direction, and the
concave articulating surface may have a second radius of curvature 1n the same second direction.
The second radius of curvature of the convex articulating surface may be the same as the second
radius of curvature of the concave articulating surface 1n the same second direction.
Alternatively, the second radius of curvature of the convex articulating surface may be different
than the second radius of curvature of the concave articulating surface in the same second
direction. The convex articulating surface may have a radius of curvature in the anterior-
posterior direction and the medial-lateral direction of about 1 mm to about 30 mm. The concave
articulating surface may have a first radius of curvature 1n the anterior-posterior direction of
about 1 mm to about 100 mm, more preferably about Imm to about 30mm, and may have a

second radius of curvature 1n the medial-lateral direction of about 1 mm to about 100 mm.

[0016] The convex articulating surface may have a constant radius of curvature 1n 1ts lateral-
medial direction, and 1n 1ts anterior-posterior direction. Preferably, the concave articulating
surface may have a radius of curvature that varies or changes along its surface in the medial-

lateral direction, and preferably has a constant radius of curvature in 1ts anterior-posterior
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direction. Alternatively, the concave articulating surface may have a radius of curvature that

varies or changes along 1ts surface 1n the anterior-posterior direction.

[0017] The concave articulating surface may indent a depth from its base to 1ts apex, and the
convex articulating surface may project a height from its base to 1ts apex. The depth of the
concave articulating surface may have a different value than the height of the convex articulating
surface. The depth of the concave articulating surface preferably may have a value less than the
value of the height of the convex articulating surface. The depth of the concave articulating
surface 1s preferably between about 1.5mm and about 2mm, and the height of the convex

articulating surface 1s preferably between about 2mm and about 3mm.

[0018] The convex articulating surface may have an arc length 1n the anterior-posterior
direction and the medial-lateral direction of about 1.5mm to about 30mm. The convex
articulating surface may have an arc length in the medial-lateral direction and the anterior-

posterior direction of about 1.5mm to about 30mm.

[0019] The concave articulating surface may only contact the convex articulating surface
over a limited area, preferably an arca comprising less than 50% of the area of the concave
articulating surface, more preferably an area comprising less than 25% of the concave
articulating surface, and more preferably an arca comprising less than 10% of the concave
articulating surface. The convex articulating surface may form generally a line of contact or
limited linear arca of contact with the concave articulating surface. Alternatively, the convex
articulating surface may form generally a point of contact or circular arca of contact with the
concave articulating surface that preferably 1s less than the area of contact for the embodiment

that has the line or Iimited linear area of contact.

NY 72039124v4



CA 02726642 2010-12-01
WO 2009/149371 PCT/US2009/046442

[0020] In another embodiment the implant includes an upper part including an upper surface
sized and configured to contact bone, an end plate of an upper vertebra, a lower part including a
lower surface sized and configured to contact bone, a convex articulating surface operatively
associated with one of the upper and lower parts, a concave articulating surface operatively
associated with the other one of the upper and lower parts so that the upper part 1s moveable with
respect to the lower part, wherein one of the concave and convex articulating surfaces 1s
clliptically shaped with a radius of curvature that varies 1n at least one direction and the other of
the concave and convex surfaces 1s partially spherically shaped having a constant radius of
curvature 1n the same at least one direction. Preferably the other of the convex and concave
articulating surfaces 1s partially spherically shaped having a constant radius of curvature that 1s

the same 1n all directions.

[0021] The intervertebral implant may further include a first joint member, the first joint
member including one of the convex and concave articulating surfaces. The first joint member
may further include a first projection or a first recess for engaging one of a first recess or a first
projection formed 1n the lower part. The intervertebral implant may further include a second
joint member. The second joint member may include the other one of the convex and concave
articulating surfaces and one of a second projection and a second recess for engaging one of a

second recess and second projection formed 1n the upper part.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0022] The foregoing summary, as well as the following detailed description of the preferred
embodiments of the application, will be better understood when read 1in conjunction with the
appended drawings. For the purposes of illustrating the preferred mtervertebral implant and/or

spine prosthesis of the present application, drawings of the preferred embodiments are shown. It

NY 72039124v4



CA 02726642 2010-12-01
WO 2009/149371 PCT/US2009/046442

should be understood, however, that the application 1s not limited to the precise arrangement,
structures, features, embodiments, aspects, and instrumentalities shown, and that the
arrangements, structures, features, embodiments, aspects and instrumentalitics shown may be
used singularly or in combination with other arrangements, structures, features, aspects,

embodiments and instrumentalities. In the drawings:

0023 ] Fig. 1 1s a schematically representation of the spine 1n the cervical region and the
movement of adjacent vertebrae.

10024] Fig. 2 1s an 1llustration of a path of motion of cervical vertebraec about axis 1 of Fig. 1,
which 1s projected onto the axial plane (the plane of axis 2 of Fig. 1).

[0025] Fig. 3 1s a perspective view of an intervertebral implant of the present invention
attached to adjacent vertebrace.

[0026] Fig. 4 1s a perspective exploded view of the intervertebral implant of Fig. 3.

[0027] Fig. 5 18 a cross-sectional view of the intervertebral implant of Fig. 3 in the anterior-
posterior direction (sagittal plane).

10028] Fig. 6 1s a cross-sectional view of the intervertebral implant of Figs. 3 in the medial-
lateral direction (coronal plane).

[0029] Fig. 7 1s a cross-sectional view of a different embodiment of an intervertebral implant
in the anterior-posterior direction (sagittal plane).

10030] Fig. 8 18 a cross-sectional view of the itervertebral implant of Fig. 7 in the medial-
lateral direction (coronal plane).

[0031] Fig. 9 1s a bottom view of the top part of Fig. 3.

[0032] Fig. 10 1s a top view of the bottom part of Fig. 3.
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10033 ] Fig. 11 1s an 1llustration of a path of motion of a vertebra about axis 1 of Fig. 1 in the
lumbar region of the spine.

10034] Fig. 12 1s a schematic 1llustration of the bottom part of an intervertebral implant at
different locations along the path of figure 11.

[0035] Fig. 13 1s bottom view of the top part (with a projection of the bottom part) of another
embodiment of an intervertebral implant designed to be implanted 1n the lumbar region of the
sping.

[0036] Fig. 14 1s an 1llustration of the intervertebral implant of Fig. 5 with top part rotated in
the anterior-posterior direction.

[0037] Fig. 15A 15 a cross-sectional 1llustration of the intervertebral implant of Fig. 6 with
the top part centered 1n the medial-lateral direction.

[0038] Fig. 15B 1s a cross-sectional 1llustration of the intervertebral implant of Fig. 6 with
the top part rotated 1n the medial-lateral direction.

[0039] Fig. 15C 1s a schematic 1llustration of the path taken by the contact point 200 1n Figs.
15A-B during rotation of the top part of the intervertebral implant 100 of Figs. 3-6 in the medial-

lateral direction.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Certain terminology 1s used 1n the following description for convenience only and 1s

B B Y4

not limiting. The words “right”, “left”, “lower”, “upper”, “bottom™, and “top” designate
directions 1n the drawings to which reference 1s made. The words “inwardly” and “outwardly”

refer to directions toward and away from, respectively, the geometric center of the bone fixation

2% &6

clement, instruments and designated parts thercof. The words, “anterior”, “posterior”,

b B B 44

“superior”’, “inferior”, “medial”, “lateral” and related words and/or phrases designate preferred

?

10
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positions and orientations 1n the human body to which reference 1s made and are not meant to be
[imiting. The terminology includes the above-listed words, derivatives thereof and words of
similar import.

[0041] Fig. 1 1llustrates two adjacent cervical vertebrae, vertebra 101 and vertebra 201,
which are located 1n the spine. Vertebrae 101 and 102 typically have a spinal disc (not shown)
positioned between them that form a spinal segment that permits and facilitates movement of the
vertebrae relative to one another. When a person moves their body, muscles exert pressure on
vertebrae 101 and 201 causing them to move. In the cervical region when the vertebrae 101 and
102 move relative to each other they essentially rotate about axis 1, axis 2, or both axis 1 and 2.
Referring to Fig. 1, axis 9 is the central axis of the spine and corresponds to the intersection of
the medial-lateral and the anterior-posterior planes. In the cervical region, rotational axis 1
creates an angle X at the intersection of the axial plane, which includes axis 2. The value of
angle X may be between about 10 degrees and about 60 degrees depending upon the location of
the vertebrae 1n the cervical region of the spine. For example, axis 1 about which the cervical
vertebrae C5 rotates about cervical vertebrae C6 1s inclined about 45 degrees (X=45 degrees)
with respect to the axial plane.

10042 ] When a person bends their head forward, such as to look at their toes, or backwards,
such as to look at the sky, the spine undergoes a motion known as flexion and extension,
respectively. When the cervical spine undergoes pure flexion and pure extension, vertebrac 101
and 201 rotate about axis 2 and move 1n the sagittal plane.

[0043] When a person bends their head side to side, the cervical spine experiences a motion
known as lateral bending. To describe this motion we need a fixed reference. In this case we

chose the lower vertebrae of a motion segment (composed of inferior vertebrae, superior

11
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vertebrae and disc). Due to angle X that the cervical vertebrac makes with the axial plane, when
a person bends their head from side to side, the spine will experience a combined motion
between axial rotation and lateral bending. This 1s, during lateral bending, axial rotation is
induced 1n the adjacent vertebrate. Therefore if the head 1s moved laterally 1t will induce axial
rotation in the vertebrac. When cervical vertebrae 101 and 201 undergo pure lateral bending, the
vertebrae rotate about both axis 1 and axis 2 to move 1n the coronal plane.

[0044] Finally, when a person twists their body or parts of their body, such as to turn their
head left to right, the spine experiences a motion known as axial rotation. Due to angle X that
the cervical vertebrac make with the axial plane, when a person twists their head, the spine
experiences a combined motion between axial rotation and lateral bending. For example, during
axial rotation, lateral bending 1s induced 1n the adjacent vertebrac. When the head undergoes
pure axial rotation, cervical vertebrac 101 and 201 move about axis 1 and axis 2 so that the head
will move in the axial plane as if rotating about reference axis 9.

[0045] Fig. 2 1llustrates the motion experienced by vertebrae 101 and 201 from Fig. 1 during
lateral bending of the spine. As shown in Fig. 1, during lateral bending, vertebrac 101 and 201
rotate about axis 1, creating a path of motion 5. When this path of motion 5 1s projected onto
axial plane 3, corresponding to the plane of axis 2, curved line 6 results. This curved line 6
corresponds to the path along which healthy vertebrae 101 and 201 move relative to one another
when projected onto the axial plane 3. The line or path 6 18 1in the shape of an ellipse with a
varying or changing radius of curvature.

[0046] Fig. 3 1s an 1llustration of a prosthetic intervertebral implant 100 positioned between
vertebrae 101 and 201 from Fig. 1. While mtervertebral implant 100 1s described for use in the

spine, intervertebral implant 100 may have other uses and may be used as a prosthesis for other

12
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joints, such as, for example, the shoulder, elbow, wrists, hip, knee, ankle, toes and fingers.
Intervertebral implant 100 preferably 1s for use 1n the cervical region of the spine. When used 1n
the cervical region, intervertebral implant 100 preferably allows for the adjacent vertebrae
(between which the implant 1s located) to experience the following ranges of motion, as

described above: (1) about +10 degrees during flexion and extension, (11) about +7 degrees during

lateral bending, and (111) about +7 degrees during axial rotation. Alternatively, intervertebral
implant 100 may be designed for other regions of the spine, such as, for example, the lumbar or
thoracic regions. When the intervertebral implant 100 is designed for use 1n the lumbar region,
the intervertebral implant 100 preferably allows for the spine to experience the following ranges
of motion: (1) about +10 degrees during flexion and extension, (11) about +7 degrees during
lateral bending, and (111) about +10 degrees during axial rotation. Other ranges of motion may
also be permitted by the implant.

10047] Figs. 3-10 and 13-15 1llustrate exemplary embodiments of an intervertebral implant
and more particularly a joint prosthesis for replacing a spinal disc. In general, such embodiments
relate to an intervertebral implant 100, 100°, 100”, by way of non-limiting example, an
intervertebral implant 100, 100°, 100 for replacement of intervertebral discs or intervertebral
fibro cartilage, which lies between adjacent vertebrac. While intervertebral implant 100, 100°,
100” will be described as and may generally be used 1n the spinal regions (¢.g., lumbar, thoracic,
cervical), those skilled 1n the art will appreciate that intervertebral implant 100, 100°, 100” may
be used 1n other parts of the body. The invention may have other applications and uses and
should not be limited to the structure or use described and illustrated. Generally, the same
reference numerals will be utilized throughout the application to describe similar or the same

components of cach of the different embodiments of the intervertebral implant and the
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descriptions generally will focus on the specific features of the individual embodiments that
distinguish that particular embodiment from the others.

[0048] Fig. 4 1llustrates one embodiment of an intervertebral implant according to the present
invention. As shown in Fig. 4, intervertebral implant 100 preferably includes a first part 10 and a
second part 20. Intervertebral implant 100 1s designed so that in situ first part 10 moves relative
to second part 20. First part 10 and second part 20 are configured to form a joint prosthesis to
partially or fully replace a joint, such as, for example, a disc between two adjacent vertebrae. In
the embodiment shown and 1llustrated 1n Figs. 4-6, intervertebral implant 100 1s intended to
replace a spinal disc and preferably will permit the type and degree of motion generally
experienced by healthy, adjacent cervical vertebrae. Implant 100 1s designed particularly for
application 1n the cervical regions of the spine. First part 10 and second part 20 each have a
surface for abutting against and preferably engaging the end plates of adjacent vertebrae. First
part 10 and second part 20 ecach also have an articulating or bearing surface that preferably
oppose, contact, bear on and move relative to each other.

[0049] While first part 10 and second part 20 arc cach 1llustrated as single piece assemblies,
cach of first part 10 and second part 20 may comprise a multi-piece assembly. Furthermore, as
generally understood by one of ordinary skill in the art, first part 10 and second part 20 can be
made from any number of biocompatible materials, including, but not limited to ceramic, CoCer,
PEEK, partially porous PEEK components, polymers, allograft bone, autograft bone, metals and
alloys, and/or combinations thercof now known or later discovered.

[0050] As shown 1n Fig. 3, first part 10 1s preferably the top or upper part of the implant and
engages the superior vertebrac. More particularly, first part 10 has a first surface 15 for

contacting vertebra 101 that 1s relatively flat. In alternative embodiments, first surface 15 may
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be slightly curved or substantially curved. First part 10 may further include one or more keels 17
preferably disposed 1n the anterior-posterior direction to secure the first part 10 to vertebra 101.
While 1n this embodiment keel 17 1s 1llustrated as the means for securing first part 10 to vertebra
101, additional or alternative securing means or elements may be used, such as, for example,
tecth, ridges, in-growth areas, or screws.

[0051] As shown 1n Figs. 4 and 9, first part 10 also includes a first articulating surface 16,
which 1s preferably a continuously curved surface with no flat portions. The first articulating
surface 16 1s preferably concave and preferably has the three dimensional shape of a partial
oblate ellipsoid. In alternative embodiments, first articulating surface 16 may be a partial sphere
and/or parabolically shaped. The preferred shape of the indentation or trough of the concave
articulating surface 1n the anterior-posterior direction (saggital plane) 1s partially circular or
spherical, having a constant radius of curvature. The preferred shape of the indentation or trough
of the concave articulating surface 16 of first part 10 in the medial-lateral direction (coronal
plane) 1s elliptical (oval-shaped) and preferably corresponds to dashed line 6 from Fig. 2. That
1S, 1n the preferred shape of the first articulating surface 16, the radius of curvature varies, ¢.g.,
changes, along the surface in the medial-lateral direction.

10052] As shown 1n Figure 4, second part 20 also includes a second articulating surface 26,
which 1s preferably a continuously curved surface with no flat portions. The second articulating
surface 1s preferably convex and has a three dimensional shape of a partial sphere. The radius of
curvature of the second articulating surface 1s preferably constant and the same 1n all directions.
[0053] Accordingly, the first articulating surface 16 preferably does not match or correspond
to the second articulating surface 26 so that the first curved articulating surface does not contact

the second articulating surface over 1ts entire surface or the entire surface of the second
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articulating surface. That 1s, for the embodiment of figures 4-6, as a result of the partial elliptical
or oval shape of the first articulating surface and the partial spherical shape of the second
articulating surface, the two surfaces do not match, correspond or make contact over the entire
arcas of or substantially the entire arcas of cither of the articulating, bearing surfaces.

10054 ] Fig. 5 illustrates a cross-sectional view of intervertebral implant 100 1n the anterior-
posterior direction along the sagittal plane. First articulating surface 16 preferably 1s indented
and forms a trough 1n the horizontal plane of first part 10 that starts along the edge or line 1001.
First articulating surface 16 has a first arc 12 1n the anterior-posterior direction, measured from
base point 1000 on the anterior side of edge 1001 to base point 1010 on the posterior side of edge
1001. Base points 1000 and 1010 are the end points of first articulating surface 16 in the
anterior-posterior direction, and between which the surface 1s preferably continuously curved
with no flat portions. First arc 12 of first articulating surface 16 preferably has a length between
about 3mm to about 30mm, more preferably about 8mm to about 15mm, and more preferably
about 10mm to about 14mm.

[0055] As shown 1n Fig. 5, first articulating surface 16 has a first radius of curvature 18 1n
the anterior-posterior direction, preferably between about 1 mm and about 30 mm, more
preferably between about Smm and about 10mm, and more preferably about 7.5mm. Preferably,
first radius of curvature 18 of first articulating surface 16 1s substantially constant along the first
arc 12 forming a partially circular or spherical surface in the anterior-posterior direction.

[0056] First part 10 further has a first depth 13 measured from base point 1000, 1010, where
the indentation or trough of the concave articulating surface 16 starts at edge 1001, to apex 1090
of first articulating surface 16. First depth 13 preferably has a value between about 0.5mm to

about Smm, more preferably about Imm to about 2mm, more preferably about 1.8mm.
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[0057] Fig. 6 illustrates a cross-sectional view of intervertebral implant 100 in the medial-
lateral direction. First articulating surface 16 has a second arc 32 in the medial-lateral direction,
measured from base point 1040 on the medial side of edge 1041 to base point 1050 on the lateral
side of edge 1051. Base points 1040 and 1050 are the end points on opposite ends of first
articulating surface 16 in the medial-lateral direction, and between which the surface 1s
preferably continuously curved with no flat portions. Second arc 32 of first articulating surface
16 preferably has a length between about 3mm to about 30mm, more preferably about 10mm to
about 20mm, and more preferably about 10mm to about 15mm.
[0058] As 1llustrated 1n Fig. 6, first articulating surface 16 preferably has a second radius of
curvature 38 1n the medial-lateral direction. The second radius of curvature 38 of first
articulating surface 16 preferably 1s between about 1 mm and about 100 mm. In this
embodiment, second radius of curvature 38 varies or changes along the first articulating surface
16 1 the medial-lateral direction. The second radius of curvature 38 of the first articulating
surface 16 along second arc 32 preferably varies between about 1 mm and about 100 mm, more
preferably about 7.5 mm to about 50 mm, and more preferably about 7.5 mm to about 30 mm.
[0059] Furthermore, first part 10 further has a second depth 43 measured from base point
1040, 1050, where the indentation or trough of the concave articulating surface 16 starts at edge
1001, to apex 1090 of first articulating surface 16. Second depth 43 preferably has a value
between about 0.5mm to about Smm, more preferably about Imm to about 2mm, more
preferably about 1.8mm. Preferably, first depth 13 and second depth 43 are equal, and apex
1090 1s located at the center of concave surface 16. Alternatively, first depth 13 may be different
than second depth 43, and the apex 1090, or the deepest part of indentation 16 may be located

off-center from the geometrical center of the indentation.
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[0060] Referring to Figs. 5-6, the value of first radius of curvature 18 of first articulating
surface 16 1s constant while the value of second radius of curvature 38 of first articulating
surface 16 varies or changes along the length of the surface 1n the medial-lateral direction.
While the value of the radius of curvature of the first articulating surface 16 1n the second
medial-lateral direction may vary, the value of first radius of curvature 18 of first articulating
surface 16 may be different than and preferably less than the value of second radius of curvature
38 of first articulating surface 16 as shown m Figure 6. Alternatively, the value of first radius of
curvature 18 of first articulating surface 16 may be greater than, or equal to, the value of the
second radius of curvature 38 of first articulating surface 16. Preferably, the length of first arc
12 of first articulating surface 16 1s less than the value of second arc 32 of first articulating
surface 16. Alternatively, the value of first arc 12 of first articulating surface 16 may be greater
than, or equal to the value of second arc 32 of first articulating surface 16. Preferably, the value
of first depth 13 1s equal to the value of second depth 43. Alternatively, the value of first depth
13 may be greater than or less than the value of second depth 43.

10061 ] As shown 1n Figs. 3-4, second part 20 1s preferably the bottom or lower part of the
implant and engages the inferior vertebrae. Preferably, second part 20 has a first surface 25 for
contacting vertebra 201 that 1s relatively flat. Alternatively, first surtace 25 may be slightly
curved or substantially curved. Second part 20 may further include one or more keels 27
disposed 1n the anterior-posterior direction to secure the second part 20 to vertebra 201. While 1n
this embodiment keel 27 1s 1llustrated as the means for securing second part 20 to vertebra 201,
alternate or additional securing means or elements now known or later discovered may be used,

such as, for example, tecth, ridges, bone 1in-growth arcas, or screws.

18

NY 72039124v4



CA 02726642 2010-12-01
WO 2009/149371 PCT/US2009/046442

10062 ] As shown 1n Fig. 4, second part 20 includes a second articulating surface 26 that
preferably projects outward from second part 20, 1s convex and has the three dimensional shape
of a partial sphere. Fig. 10 shows a top view of the second part 20 of Fig. 3, and 1n particular the
convex second curved articulating surface 26, while Figs. 4, 5, and 6 show a perspective side
view, an anterior-posterior cross-section (sagittal plane) and a medial-lateral cross section
(coronal plane) respectively.

10063 ] As shown 1n Fig. 5, second articulating surface 26 has a first radius of curvature 28 1n
the anterior-posterior direction that 1s preferably constant and preferably 1s between about 1 mm
and about 30 mm, and more preferably about Smm to about 10mm, more preferably about
7.5mm. Alternatively, the first radius of curvature 28 may vary along the second articulating
surface 26 in the anterior-posterior direction.

10064 ] Second curved articulating surface 26 has a first arc 22 in the anterior-posterior
direction, measured from base point 1020 of edge 1021 on the anterior side to base point 1030 on
the posterior side of edge 1021. Base points 1020 and 1030 are the end points of second
articulating surface 26 1n the anterior-posterior direction, and between which the surface 1s
preferably continuously curved with no flat portions. First arc 22 of second articulating surface
26 preferably has a length between about 3.0mm to about 30mm, more preferably about 10 mm
to about 15 mm, and more preferably about 13 mm to about 14 mm. The length of first arc 12 of
first part 10 1n the anterior-posterior direction preferably 1s less than the length of first arc 22 of
second part 20 1n the anterior-posterior direction.

[0065] Second part 20 further has a first height 23 measured from base point 1020, 1030,

where the protrusion of convex articulating surface 26 starts at edge 1021, to apex 1091 of
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second articulating surface 16. First height 23 preferably has a value between about 2 to about 3,
more preferably about 2 mm to about 3mm, and more preferably about 2.5mm.

10066] As shown 1n Fig. 6, second articulating surface 26 has a second arc 42 1n the medial-
lateral direction, measured from base point 1060 on the medial side of edge 1021 to base point
1070 on the lateral side of edge 1021. Base points 1060 and 1070 are the end points on opposite
ends of second articulating surface 26 1n the medial-lateral direction, and between which the
surface 1s preferably continuously curved with no flat portions. Second arc 42 of second
articulating surface 26 preferably has a length between about 3.0mm to about 30mm, more
preferably about 10mm to about 15mm, and more preferably about 12mm to about 14mm.
[0067] As 1llustrated 1n Fig. 6, second articulating surface 26 preferably has a second radius
of curvature 48 1n the medial-lateral direction. The second radius of curvature 48 of second
articulating surface 26 preferably 1s between about 1 mm and about 30 mm, more preferably
between about Smm to about 10mm, and more preferably about 7.5mm. Preferably, second
radius of curvature 48 of second articulating surface 26 1s constant or substantially constant in
the medial-lateral direction. Alternatively, the second radius of curvature 28 may vary along the
second articulating surface 26 1n the medial-lateral direction.

[0068] Furthermore, second part 20 further has a second height 53 measured from base point
1060, 1070, where the protrusion of convex articulating surface 26 starts, to apex 1091 of second
articulating surface 26. Second height 53 preferably has a value between about 2mm to about
Smm, more¢ preferably about 2 mm to about 3 mm, and more preferably about 2.5mm

[0069] Referring to Figs. 5-6, the value of first radius of curvature 28 of second articulating
surface 26 preferably 1s the same as the value of second radius of curvature 48 of second

articulating surface 26. The length of first arc 22 of second articulating surface 26 may be the
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same length as second arc 42 of second articulating surface 26. Alternatively, the length of first
arc 22 of second articulating surface 26 may be greater than, or less than, the length of the
second arc 42 of second articulating surface 26. Preferably, the value of first height 23 1s equal
to second height 53. Alternatively, the value of first height 23 may be greater than, or less than,
the value of second height 53.

[0070] Preferably the value of first height 23 of second part 20 1s greater than the first depth
13 of first part 10. Additionally, the second height 53 preferably is greater than the second depth
43 of first part 10. More preferably, the first height 23 1s equal to the second height 53, which 1s
orcater than the first depth 13, and the second depth 43.

[0071] Furthermore, referring to Figs. 5-6, the first articulating surface 16 does not match,
correspond or nest with the second articulating surface 26 so that the first articulating surface 16
does not contact the second articulating surface 26 over substantially either first articulating
surface 16 or second articulating surface 26. More specifically, first radius of curvature 18 of
first articulating surface 16 preferably 1s constant and preferably has the same value as first
radius of curvature 28 of second articulating surface 26 so that the first articulating surface 16
substantially matches and nests within the second articulating surface 26 in the anterior-posterior
direction. However, the second radius of curvature 38 of first articulating surface 16 varies
along 1ts length forming the shape of an ellipse and has a different value than the second radius
of curvature 48 of second articulating surface 26, so that the first articulating surface 16
preferably does not match the second articulating surface 26 in the medial-lateral direction.
Preferably, second radius of curvature 38 of the first articulating surface 16 1s greater than the

second radius of curvature 48 of second articulating surface 26.
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[0072] In the preferred embodiment, the convex, lower part 20 has a constant radius of
curvature of about 7.5 mm 1n all directions and a height 23, 53 of about 2.5 mm, and an arc
length of about 11 mm 1n all directions. In the preferred embodiment, the concave, upper part 10
in the anterior-posterior direction has a constant radius of curvature of about 7.5 mm, an arc
length 12 of about 11mm and a depth of about 1.8 mm, while 1n the lateral-medial direction has a
radius 38 that varies along the length of arc 32, an arc length 32 of about 13 mm, and a depth of
about 1.8 mm. Preferably the arc 32 1s a partial ellipse with a the radius of curvature 38 1n the
medial-lateral direction that varies between about 1 mm and 100 mm.

[0073] The convex second articulating surface 26 may only contact the concave first
articulating surface 16 over a limited area, less than the area of either the first articulating surface
16 or the second articulating surface 26. The value of this contact arca may preferably comprise
less than 50% of the area of first articulating surface 16 or second articulating surface 26. The
value of this arca more preferably may comprise less than 25% of first or second articulating
surfaces, and even more preferably an area less than 10% of first or second articulating surfaces.
Referring to Figs. 5-6, first curved articulating surface 16 generally has a line or linear region of
[imited contact with second articulating surface 26 1n the anterior-posterior direction. Preferably
the first articulating surface 16 contacts the second articulating surface 26 generally along a line
or region of limited length in the medial-lateral direction, but of greater length 1n the anterior-
posterior direction. That 18, the length of contact preferably 1s greater in the anterior-posterior
direction than the length of contact in the medial-lateral direction. The limited contact length 1n
the medial-lateral direction 1s shown 1n Fig. 6 where the convex articulating surface 26 contacts

the concave articulating surface 16 along a band of limited length, and preferably at the apex
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1090, 1091 when the vertebrae are in their natural position with no forces acting on them from
the musculoskeletal framework.

[0074] When a person moves from side to side, inducing lateral bending, the muscles cause
vertebrac 101 and 201 from Fig. 3 to move about axis 1 from Fig. 1. In turn, with intervertebral
implant 100 inserted between adjacent vertebrae 101 and 201, the movement of the vertebrae
causes first part 10 and second part 20, shown 1n Figs. 3-6, to move relative to one another. In
the embodiment of Figs. 5-6, where the convex second articulating surface 26 substantially
matches the concave first articulating surface 16 1n the anterior-posterior direction, and the
convex second articulating surface 26 does not match the concave first articulating surface 16 1n
the medial-lateral direction as a result of 1ts elliptical shape and varying radius of curvature, the
first part 10 will angularly rotate about the axis 1900 when undergoing flexion and extension.
[0075] Referring to Fig. 14, when the first radius of curvature 18 of first articulating surface
16 equals the first radius of curvature 38 of second articulating surface 26, and the spine
undergoes flexion, the upper or top first part 10 rotates about point 1900, which 1s the center of
the radius of curvature 28 formed on the second articulating surface 26 in the second part 20. In
the anterior-posterior direction, the first radius of curvature 28 of the convex second part 20 may
be located outside of second part 20 (as shown 1n Fig. 5 and 14) such that the concave first part
10 rotates about the axis of rotation 1900. Depending upon the geometry, the axis of rotation
may also be located in the implant, and 1n the second part 20. As further 1llustrated in Fig. 14,
when first part 10 rotates about second part 20 toward the anterior, this results in an induced
translation whereby first part 10 slides on the second articulating surface 26 and shifts laterally

toward the anterior with respect to the second part 20 from position 1101 to position 1102.
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[0076] Referring to Fig. 6, the shape of the first articulating surface 16 1s elliptical or oval 1n
the medial-lateral direction, the second radius of curvature 38 of first articulating surface 16
varies or changes over the surface and 1s not equal to the second radius of curvature 48 of second
articulating surface 26. Thus, when the spine undergoes lateral bending and the first part 10
moves 1n the coronal plane (medial-lateral direction) relative to the second part 20, the concave
first articulating surface 16 rolls on the convex second articulating surface 26. Referring to Figs.
15A, 15B, and 15C, when second articulating surface 26 rolls, the point of contact 200 and the
ax1s of rotation of the first part moves and follows the path of convex articulating surface 26,
thus rolling concave first articulating surface 16 over the convex second articulating surface 26.
Referring to Fig. 15A, when no forces are exerted onto first part 10 and second part 20, such that
first articulating surface 16 and second articulating surface 26 are in a state of equilibrium, and
the spine 18 1n an upright position with no flexion, extension, lateral bending or axial rotation,
first part 10 is centered and aligned as shown in Figs. 5-6 and 15A. As shown in Fig. 15A, when
first part 10 and second part 20 are 1n a state of equilibrium, first part 10 1s self-aligned with
second part 20, meaning that point of contact 200 1n the medial-lateral direction corresponds to
apex 1090, 1091, and, the apex 1090 of first part 10 coincides with the apex 1091 of second part
20. However, when forces are exerted onto first part 10 and second part 20 during lateral
bending, first part 10 and second part 20 move 1n the medial-lateral direction as shown 1n Fig.
15B, and contact point 200 and center of rotation of first part 10 moves to path point 404 shown
in Fig. 15C. Thus, first part 10 rotates relative to second part 20, and rolls on and along the
articulating surface of the second part.

[0077] As a result of the upper concave part 10 rolling along and on the lower, second

articulating surface 26 of the second part 20 1n the medial-lateral direction, such that the
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instantancous axis of rotation moves along the surface 26 in the medial-lateral direction, there 1s
no induced translation of the first part such that the upper concave part 10 undergoes a larger
angular motion before 1t contacts the uncinate process. Thus, the implant 100 permits
approximately 9.2 degrees of angular movement before the upper part contacts the uncinate
process as opposed to the standard ProDisc-C sold by Synthes USA that generally permits about
2 degrees of angular rotation 1n the coronal plane before impingement with the uncinate process.
[0078] Another added benefit to the implant 100 1s that the shape and geometry of the trough
(concave surface) enables the bearing surface of the implant to return to a state of minimum
energy (apex to apex) after lateral or rotational motion when the muscles no longer exert any
forces on the spinal segment. That 1s the implant 100 will tend to move back to its natural
position wherein the portion of the convex surface in contact with the concave surface 1s located
at the apex of the curvate concave articulating surface after the muscles no longer exert a force
on the spinal segment.

[0079] Figs. 7-8 1llustrate a second embodiment of an intervertebral implant 100°.
Intervertebral implant 100° 1s stmilar to intervertebral implant 100 except for the differences
noted herein. Preferably the first articulating surface 16° 1s concave, continuously curved with
no flat spots, elliptically or oval shaped in both the anterior-posterior direction and the medial-
lateral direction, and has a radius of curvature that varies over the surface 1n all directions.
Preferably, the second articulating surface 26’ 1s convex, continuously curved with no flat spots
and 1s a partial sphere with a constant radius of curvature in all directions that 1s the same.
Preferably the radius of curvature of the first articulating surface, although varying and changing
over 1ts surface, 18 larger than the radius of curvature of the second articulating surface. The

radius of curvature of the concave articulating surface 16” in the anterior-posterior and the
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lateral-medial directions may be between about 1 mm and 100 mm, and preferably varies
between 1 mm and 100 mm. The radius of curvature 18° and shape of the concave articulating
surface 1n the anterior-posterior direction may be the same as the radius of curvature 38° and
shape of concave articulating surface in the medial-lateral direction.

[0080] Fig. 7 illustrates a cross section of intervertebral implant 100° 1n the anterior-posterior
direction, while Fig. 8 1llustrates a cross section of intervertebral implant 100 1n the medial-
lateral direction. Fig. 7 corresponds to Fig. 5, except that unlike the embodiment shown 1n Fig.
5, the first radius of curvature 18’ of first articulating surface 16’ in the embodiment of Fig. 7 1s
not equal to the first radius of curvature 28’ of second articulating surface 26’ in the anterior-
posterior direction. Intervertebral implant 100° in Fig. 8 1s substantially stmilar to intervertebral
implant 100 1in Fig. 6, wherein the second radius of curvature 38” of the first articulating surface
16’ 1s not equal to the second radius of curvature 48’ of the second articulating surface 26’ in the
medial-lateral direction.

[0081] Referring to Figs. 7-8, preferably, the value of first radius of curvature 28’ of second
articulating surface 26’ 1s equal to the value of second radius of curvature 48’ of second
articulating surface 26°. Alternatively, the value of the first radius of curvature 28’ of second
articulating surface 26’ may be less than or greater than the value of the second radius of
curvature 48’ of second articulating surface 26°.

[0082] The motion experienced by first part 10’ relative to second part 20° in the medial-
lateral direction 1s similar to the motion experienced by intervertebral implant 100 1n the medial-
lateral direction. Concave first part 10° will roll along the convex second part 20° in medial-
lateral direction (when the spine undergoes lateral bending), and the axis of rotation of the first

part 10” will be the point of contact between first part 10° and second part 20°. Preferably, first
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articulating surface 16’ 1s concave and has, 1n both the anterior-posterior and medial-lateral
directions, an elliptical or oval shape and the radn of curvature 18’ and 38’ change along the
length of the first articulating surface 16°. Preferably, the second articulating surface 26’ 1s
convex and has constant radil of curvature 28” and 48’ 1n both the anterior-posterior and medial-
lateral directions.

0083 ] Preferably the radui of the first articulating surface 16° do not match the radu of
curvature of the second articulating surface 26’ 1n any direction, including the anterior-posterior
or medial-lateral directions. Preferably the concave first articulating surface 16° of the
embodiment 1llustrated in Figs. 7-8 contacts the convex second articulating surface 26’ over a
limited area, and preferably over an arca of contact less than the arca of contact of the
embodiment 1llustrated in Figs. 5-6. Preferably the arca of contact of the first articulating surface
16° with the second articulating surface 26 1s less than 50%, preferably less than 25%, and more
preferably less than 10% of the convex second articulating surface 26°. Preferably the first
articulating surface 16’ contacts the second articulating surface 26’ generally at a point or a
region of limited contact that 1s generally circular or partially spherical and a smaller area than
the area of second articulating surface 26°.

10084 ] Furthermore, unlike intervertebral implant 100, intervertebral implant 100” has a
projection or plateau 33’ 1n second part 20, as shown 1n Figs. 7-8. Projection 33’ 1s measured
from base point 1080’ to end point 1030°. Projection 33 may have a value between about Omm
to about Smm. Projection 33’ provides the ability to produce different intervertebral implants by
varying the length of projection 33°. By providing second parts 20’ of different heights 33°,
different size implants can be assembled. For example, implants 100, 100’ can be assembled

into desired heights by supplying a kit with one or more first parts 10, 10 and 20, 20’ with
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different size projections 33, 33’ that may vary in Imm increments. Thus, for example, a first
part 10, 10" may be supplied with projections 33, 33’ of .5mm, 1.5mm, 2.5mm, etc.

[00835] Fig. 11 1s illustrates the path of motion experienced by vertebrae 101 and 201 of Fig.
1 when vertebrae 101 and 201 are located 1n the lumbar region of the spine. Curved line 6™
represents the motion that should be experienced by healthy lumbar vertebrae relative to one
another. Unlike the cervical region, 1n the lumber region the path 6 of the lumber vertebrae in
the axial plane 15 along the circumference of a circle, as opposed to an ellipse. More specifically,
curved path 6’ represents the path of the instantancous axis of rotation of the upper lumbar
vertebrae 10177 along and over the lower lumbar vertebrae 102°°. Bean shape 16’ represents a
widened surface area projected along path 6’ against and within the lumbar vertebrae.

[0086] Fig. 12 1llustrates where convex articulating surface 26 of second part 20 would be
located 1n the lumbar region of the spine to contain the instantancous axis of rotation of the upper
adjacent lumbar vertebrac. More specifically, range lines 300 and 302 represent the maximum
movement that the mstantancous axis of rotation would experience when projected on the lower
lumbar vertebra. Based on this maximum range of movement of the axis of rotation, the shape
of first articulating surface 16’ for lumbar intervertebral implant prosthesis 1s created as shown
in Fig. 13.

[0087] Fig. 13 illustrates a bottom view of the top part 10’ of an itervertebral implant 100
designed to be implanted in the lumbar region of the spine. Intervertebral implant 100’ contains
a first part 10°° which contains a first curved concave articulating surface 16°° as shown in Fig.
13. First articulating surface 16°° has a bean like shape to accommodate the motion exerted on
intervertebral implant 100°° by the vertebrae located 1n the spine’s lumbar region. In Fig. 13 the

second convex articulating surface 26 of second part 20°’ 18 projected on the concave first
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articulating surface 16’ as the circular section. As the lumbar vertebrae move, first curved
concave articulating surface 16’ moves on the convex second articulating surface 26°°. As can
be seen 1in Figs. 9 and 13, the first articulating surface 16°” of intervertebral implant 100°” of Fig.
13 has a much larger area for containing the second articulating surface 16°° 1n the lumbar region
than the arca of first articulating surface 16 1n Fig. 9. Therefore, due to this extended bean like
shape of first articulating surface 16, intervertebral implant 100”” preferably accommodates an
axial rotation of up to + 10 degrees 1n the lumbar region, as opposed to + 7 degrees 1n the
cervical region of the spine.

[008E] The shape of the first articulating surface 1n the medial-lateral direction may be
shaped as a circle or sphere, or alternatively as an ellipse or oval with a radius of curvature that
varies. The radius of curvature of the first, preferably concave, articulating surface 1s preferably
between about 20 mm and about 100 mm. The concave surface 16” will be longer than the
concave surface 16 or 16’ and will also appear more curved due to 1ts distance to the axis of
rotation. The radius of curvature of the first, preferably concave, articulating surface in the
lateral-medial direction 1s greater than the radius of curvature in the anterior-posterior direction,
and preferably 1s greater than the radius of curvature of the second, preferably convex,
articulating surface 26”. The second articulating surface 26” pretferably 1s spherical in shape and
has a constant radius of curvature 1n all directions. The radius of curvature ot the second,
preferably convex, articulating surface 1n the lateral-medial direction 1s preferably different than
the radius of curvature of the first, preferably concave, articulating surface in the lateral-medial
direction so that the first articulating surface does not match, correspond or nest with the second

articulating surface in the lateral-medial direction. Preferably, the concave articulating surface

29

NY 72039124v4



CA 02726642 2010-12-01
WO 2009/149371 PCT/US2009/046442

will roll on and along the convex articulating surface so that the mstantancous axis of rotation of
the concave part about the convex part moves along the surface of the convex part.

[0089] It should be understood that the application 1s not limited to the precise arrangement,
structures, features, embodiments, aspects, and instrumentalities shown, and that the
arrangements, structures, features and instrumentalities shown may be used singularly or in
combination with other arrangements, structures, features, aspects and instrumentalities. For
example, the intervertebral implant 100 1llustrated in the embodiment of Figs. 5-6 may contain a
projection 33 to increase the height of intervertebral implant 100. Additionally, for example,
while the concave articulating surface has been shown and described as associated with the
superior vertebrac and the convex articulating surface has been shown and described as
associated with the inferior vertebrae, one of skill in the art could readily appreciate that the
concave and convex surfaces can be switched and/or the convex surface can be elliptically
parabollically shaped 1n one or more directions while the concave surface 1s partially spherical.
Additionally, while the implant has been shown and described as having a first part and a second
part, with each of first part and second part being a single monolithic piece, each of first and
second part may be multiple pieces assembled together as well known 1n the art. Accordingly,
first part or second part, or both, may comprise one piece to contact, engage, and secure to the
vertebrae and another piece comprising the articulating or bearing surface, the two pieces being
coupled together to form the first or second parts.

[0090] As will be appreciated by those skilled i the art, any or all of the components
described herein may be provided in sets or kits so that the surgeon may select various
combinations of components to form an implant and create a disc replacement system which 1s

configured specifically for the particular needs/anatomy of a patient. It should be noted that one
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or more of each component may be provided 1n a kit or set. In some kits or sets, the same
component or part may be provided in different shapes and/or sizes. The surgeon or staff may
mix and match the first and second parts to create the implant before or during the procedure.
[0091] While the foregoing description and drawings represent the preferred embodiments of
the present invention, it will be understood that various additions, modifications, combinations
and/or substitutions may be made therein without departing from the spirit and scope of the
present invention as defined in the accompanying claims. In particular, 1t will be clear to those
skilled 1n the art that the present invention may be embodied in other specific forms, structures,
arrangements, proportions, and with other elements, materials, and components, without
departing from the spirit or essential characteristics thercof. One skilled in the art will appreciate
that the invention may be used with many modifications of structure, arrangement, proportions,
materials, and components and otherwise, used 1 the practice of the invention, which are
particularly adapted to specific environments and operative requirements without departing from
the principles of the present invention. In addition, features described herein may be used
singularly or 1n combination with other features. The presently disclosed embodiments are
therefore to be considered 1n all respects as 1llustrative and not restrictive, the scope of the

invention being indicated by the appended claims, and not limited to the foregoing description.
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CLAIMS

What 1s claimed 1s:

1. An ntervertebral implant for insertion between a first and a second vertebrae, the

implant comprising:

an upper part including an upper surface sized and configured to contact an end plate of

the first vertebra;

a lower part including a lower surface sized and configured to contact an end plate of the

second vertebra;

a convex articulating surface operatively associated with one of the upper and lower parts

and having a first radius of curvature 1n a first direction; and

a concave articulating surface operatively associated with the other one of the upper and
lower parts so that the upper part 1s moveable with respect to the lower part, and the concave

articulating surface has a first radius of curvature 1n the first direction;

wherein the first radius of curvature of the convex articulating surface 1s different than

the first radius of curvature of the concave articulating surface in the same first direction.

2. The intervertebral implant of claim 1 wherein the convex articulating surface has a
second radius of curvature 1n a second direction perpendicular to the first direction, and the
concave articulating surface has a second radius of curvature 1n a second direction perpendicular
to the first direction, and wherein the second radius of curvature of the convex articulating
surface 18 the same as the second radius of curvature of the concave articulating surface 1n the

same second direction.
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3. The intervertebral implant of claim 1 wherein the convex articulating surface has a
second radius of curvature in a second direction perpendicular to the first direction, and the
concave articulating surface has a second radius of curvature 1n a second direction perpendicular
to the first direction, and wherein the second radius of curvature of the convex articulating
surface 1s different than the second radius of curvature of the concave articulating surface 1n the

same second direction.

4. The intervertebral implant of claim 2 wherein the first direction 18 in the medial-lateral

direction.

5. The intervertebral implant of claim 1 wherein the concave articulating surface 1s

assoclated with the upper part.

6. The intervertebral implant of claim 1 wherein the convex articulating surface has a

constant radius of curvature in the first direction.

7. The mtervertebral implant of claim 6 wherein the concave articulating surface 1s
substantially continuous with no flat spots and has a radius of curvature 1n the first direction that

varies over 1ts length.

8. The mtervertebral implant of claim 1 wherein the concave articulating surface 1s 1n the

shape of a partial oblate ellipsoid.

9. The intervertebral implant of claim 8 wherein the convex surface 15 1s 1n the shape of

a partial sphere.

10. The intervertebral implant of claim 1 wherein the concave articulating surface only
contacts the convex articulating surface on an arca comprising less than 50% of the arca of the

convex articulating surface.
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11. The intervertebral implant of claim 10 wherein the concave articulating surface only

contacts less than 25% of the convex articulating surface.

12. The mtervertebral implant of claim 11 wherein the concave articulating surface only

contacts less than 10% of the convex articulating surface.

13. The intervertebral implant of claim 1 wherein the convex articulating surface forms

approximately line contact with the concave articulating surface.

14. The intervertebral implant of claim 1 wherein the concave articulating surface 18 1n
the shape of an ellipse wherein the first radius of curvature of the concave articulating surface
varies over the concave articulating surface in the first direction and a second radius of curvature

of the concave articulating surface 1n a second direction perpendicular to the first direction varies

over the concave articulating surface.

15. The mtervertebral implant of claim 14 wherein the convex articulating surface forms

approximately point contact with the concave surface.

16. The mtervertebral implant of claim 1, wherein the upper part comprises a multi piece

assembly and the lower part comprises a multi-piece assembly.

17. The intervertebral implant of claim 1, wherein the first radius of curvature of the
upper part 18 between about 1 mm and about 100 mm, and the second radius of curvature of the

upper part 18 between about 1 mm and about 30 mm.

18. The intervertebral implant of claim 1, wherein the upper articulating surface has an
arc length between about 10mm and about 15mm, and the lower articulating surface has an arc

length between about 10mm and about 15mm.
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19. The intervertebral implant of claim 1, wherein the concave articulating surface has a
depth, the convex articulating surface has a height, and the depth of the concave articulating

surface has a different value than the height of the convex articulating surface.

20. The intervertebral implant of claim 1, wherein the concave articulating surface rolls

on and along at least a portion of the convex articulating surface in at least the first direction.

21. The interbertebral implant of claim 1, wherein the concave articulating surface rolls

on and along at least a portion of the convex articulating surface in at least two directions.

22. The intervertebral implant of claim 1, wherein the depth of the concave articulating
implant has an apex, and the height of the convex articulating surface has an apex, wherein the
concave articulating surface and the convex articulating surface are configured, sized and shaped
so the concave apex 1s axially aligned and opposed by the convex apex when no forces are

applied to the first and second parts.

23. An intervertebral implant for insertion between a first and a second vertebrae, the

implant comprising:

an upper part including an upper surface sized and configured to contact an end plate of

the first vertebra;

a lower part including a lower surface sized and configured to contact an end plate of a

second vertebra;

a convex articulating surface operatively associated with one of the upper and lower

parts; and

a concave articulating surface operatively associated with the other one of the upper and

lower parts so that the upper part 1s moveable with respect to the lower part,
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wherein the concave articulating surface has a different shape than and does not match
with the convex articulating surface such that the entire concave articulating surface does not
contact the convex articulating surface and the concave articulating surface rolls on the convex
articulating surface 1n at least one direction whereby the axis of rotation of the concave

articulating surface moves along the convex articulating surface.

24. An ntervertebral implant comprising:

an upper part including an upper surface sized and configured to contact an end plate of

an upper vertebra;

a lower part including a lower surface sized and configured to contact an end plate of a

lower vertebra;

a convex articulating surface operatively associated with one of the upper and lower

parts;

a concave articulating surface operatively associated with the other one of the upper and

lower parts so that the upper part 1s moveable with respect to the lower part;

wherein one of the concave and convex articulating surfaces 1s elliptically shaped with a
radius of curvature that varies 1n at least one direction and the other of the concave and convex
surfaces 1s partially spherically shaped having a constant radius of curvature 1n the same at least

one direction.

25. The intervertebral implant of claim 23 wherein the other of the convex and concave
articulating surfaces 1s partially spherically shaped having a constant radius of curvature that 1s

the same 1n all directions.
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