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(57) ABSTRACT

A visco-elastic motion-limiting artificial intervertebral disc
prosthesis is provided that mimics the physiologic function
of'a normal spinal disc. The disc comprises upper and lower
endplates having therewithin channels or openings for
optionally receiving one or more motion-limiting members
fitted on each end with an enlarged portion. One or more
compression stops is provided between the upper and lower
endplates. Additionally, an elastomeric cushion is disposed
between the endplates and surrounds the motion-limiting
members. Also, force transducers and microelectronics can
be utilized to provide data to the surgeon or the patient
regarding the load state of the disc.
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ARTIFICIAL DISC PROSTHESIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application is a continuation of and
claims priority to and benefit from, currently pending, U.S.
patent application Ser. No. 10/552,094, filed on Oct. 4, 2005,
which is a *371 filing from PCT/US2004/010000, filed on
Apr. 2, 2004, which is a continuation of U.S. Provisional
Patent Application Ser. No. 60/460,613, filed on Apr. 4,
2003.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to an artificial visco-elastic,
constrained motion disc for replacing intervertebral discs in
the lower back, particularly in the lumbar and lumbar-sacral
regions.

[0004] 2. Background

[0005] The human spine is composed of many vertebral
bones stacked one upon the other, with an intervertebral disc
between each pair of adjacent vertebral bones. The discs act
as cartilaginous cushions and shock absorbers. The spinal
cord runs in a bony canal formed by successive openings in
these bones. The spinal nerves exit the spinal cord between
pairs of vertebrae and supply nerves and nerve signals to and
from other body structures.

[0006] The intervertebral disc is a complex joint both
anatomically and functionally. It is composed of three com-
ponent structures: the nucleus pulposus; the annulus fibro-
sus, and the vertebral endplates. The biomedical composi-
tion and anatomical arrangements within these component
structures are related to the biomechanical function of the
disc.

[0007] The nucleus pulposus, occupying about 25% to
40% of the total disc cross-sectional area, usually contains
approximately 70% to 90% water by weight. Because of this
high water content, the nucleus may be mechanically
described as an incompressible hydrostatic material.

[0008] The annulus fibrosus is a concentrically laminated
structure which contains highly aligned collagen fibers and
fibrocartilage embedded in an amorphous ground substance.
The annular layers are oriented at approximately +60° to the
longitudinal axis of the spine. The annulus fibrosus usually
contains approximately 8 to 12 layers, and is mechanically
the main stabilizing structure which resists torsional and
bending forces applied to the disc.

[0009] The two vertebral endplates separate the disc from
the adjacent vertebral bodies, and are composed of hyaline
cartilage.

[0010] Spinal discs may be damaged or displaced due to
trauma or disease. In either case, the nucleus pulposus may
herniate and protrude into the vertebral canal or interverte-
bral foramen. This condition is known as a herniated or
“slipped” disc. The disc may in turn press upon the spinal
nerve that exits the vertebral canal through the partially
obstructed foramen, causing pain or paralysis in the area of
its distribution. The most frequent site of occurrence of a
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herniated disc is in the lower lumbar region. To alleviate this
condition, two procedures are common.

[0011] First, it may be necessary to remove the involved
disc surgically and fuse the two adjacent vertebrae together.
Spinal fusion is a good method of eliminating symptoms, but
at the expense of total loss of motion of the fused vertebral
joint, as well as increased stress in the adjacent segments. In
many long-term patients of fused-spinal segments, a detri-
mental phenomenon has been observed whereby discs adja-
cent to the fused-spinal segment will have increased motion
and stress due to the increased stiffness of the fused segment.
This is sometimes referred to as “cascading spine syn-
drome,” where previously normal motion segments above or
below a fused segment exhibit spondylolisthesis, or degen-
erative disc disease due to increased loading.

[0012] A second method for alleviating disc problems is
insertion of an intervertebral disc replacement. The object of
an intervertebral disc replacement is to provide a prosthetic
disc that combines both stability to support the high loads of
the patient’s vertebrae and flexibility to provide the patient
with sufficient mobility and proper spinal column load
distribution. In attempting to satisfy these competing design
requirements, basically four types of artificial intervertebral
discs have been developed: elastomer discs, ball and socket
discs, mechanical spring discs, and hybrid discs.

[0013] Elastomer discs typically include an elastomer
cushion which is sandwiched between upper and lower rigid
endplates. Elastomer discs can provide cushion or damping
functions similar in mechanical behavior to the removed
intervertebral disc tissue. However, known elastomer discs
experience long-term in-vivo problems stemming from
micro-cracking, fixation problems with respect to the end-
plates, insufficient compression and torsional resistance, and
excessive motion which can lead to bulging of the replace-
ment disc and resultant pain for the patient. One hypothesis
for the failures of previous elastomer based disc designs is
the unlimited potential for strain. High load in vivo events
cause subsequent changes in structural characteristics of the
elastomer, a characteristic called the Mullins effect. After
initial stress softening effects are accounted for, a stable
stress strain curve is reached. However, if a new load cycle
is encountered exceeding the previous peak strain, the
structural properties will again change. This is the rationale
for the failure of previous elastomer disc designs and the
inspiration for new motion-limited designs.

[0014] Ball and socket discs typically incorporate two
plate members having cooperating inner ball and socket
portions allowing an articulating motion of the members
during movement of the spine. These types of discs gener-
ally restore spinal motion, but inadequately replicate the
natural stiffness of the intervertebral disc. Furthermore,
dislocation and wear problems exist with these devices as
well as unsatisfactory motion limiting components. Some
types also comprise polymers in conjunction with metallic
components.

[0015] For example, a Link Charite disc includes polyeth-
ylene/cobalt chrome molybdenum (CCM) construction. This
design restores motion, but in a very unphysiologic manner.
The design is essentially a ball and socket joint which does
not provide the nonlinear elastic response of the normal disc
including hysteresis and therefore shock absorption. As in
hip replacements this design is subject to wear and polyeth-
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ylene debris complications. This disc, which has been exten-
sively implanted in Europe and the United States, relies on
a relatively incompressible ultra high molecular weight
polyethylene center mating with concave surfaces in cobalt
chrome upper and lower endplates. The mating surfaces
provide a low friction pseudo ball-socket joint with motion
constraints in compression and anterior-posterior as well as
lateral translation. The device is totally unconstrained in
rotation about its axis, and in tension. Though this device has
a semi successful in vivo history, it lacks fundamental stress
strain characteristics of the normal disc. Instead, it provides
low friction, high movement, non-energy absorbing kine-
matic function restoration to the spine motion segment. The
disc is designed to move freely until limits of travel are
reached. The stopping action provided is very abrupt and
thus loads the vertebral endplate in a shock-like manner at
end-of-travel. This disc imitates a free moving ball and
socket joint, not a natural disc that behaves very elastically
until annulus fibers play the role of a “limiter”. A natural disc
is load sharing between the elastic elements and fibrous
tissue limiters.

[0016] Mechanical spring discs, which generally have
only two or three degrees of freedom, typically incorporate
one or more coiled springs disposed between metal end-
plates. These discs generally allow movement of the verte-
brae during flexion and extension. However, these types
have significant wear problems, as well as problems dealing
with in-vivo torsional loads, and overall these discs cannot
replicate the six-degree of freedom movement of a natural
intervertebral disc.

[0017] Hybrid types of discs generally incorporate two or
more principals of any of the aforementioned disc types. For
example, one common hybrid disc arrangement includes a
ball and socket set surrounded by a non-adhered elastomer
ring. This hybrid disc is more complex than would be
preferred for common usage, and more importantly, the
intermittent contact between the ball socket and the elas-
tomer ring that occasionally occurs in-vivo causes critical
wear problems.

[0018] It is to be recognized that an artificial disc con-
structed with a polymer between two metal endplates under-
goes compression as a result of both gravity and patient
activities requiring exertion of energy. Therefore, ideally a
disc would include a means of protecting the polymer and
the possible bond joint between polymer and metal.
Mechanical stops and motion-limiters can be added to
maintain the integrity of the prosthesis. Such structures can
take the form of rods, tension cables, or other connectors, as
well as metal-to-metal contact in compression, to name but
a few examples. Moreover, it would be beneficial for a disc
also to include a means to convey to surgeons and to patients
the actual state of the loads experienced by the device.

[0019] As a result, the need exists for an artificial inter-
vertebral disc that more closely imitates a natural disc. This
means that the artificial disc should maintain the vertebrae
spaced from each other and prevent pinching of nerves or
spinal cord. The artificial disc should provide good load
distribution. Furthermore, the artificial disc should be suf-
ficiently resilient to accommodate other motions of the
spine, including flexion, extension, lateral bending, and
rotation, as well as combinations of these motions. In
humans, the bony facet joints actually limit the rotational
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movement. A disc typically need only rotate approximately
three degrees. Moreover, the disc should provide restorative
force to bias toward the resting position. The artificial disc
should be both biocompatible and biostable such that the
disc itself or any of its degradation byproducts, if any, do not
cause adverse tissue reactions. Ideally, through the use of
strain gauges or other means of force transduction, the disc
can also provide stored or real-time data to the surgeon and
the patient regarding the state of the loads and displacements
experienced by the disc.

BRIEF SUMMARY OF THE INVENTION

[0020] The present invention is directed to a prosthetic
intervertebral disc replacement that restores and preserves
the physiologic function of a normal spinal motion segment.
The intervertebral disc replacement addresses the detrimen-
tal phenomenon of cascading spine syndrome observed in
long-term patients with fused-spinal segments. The present
intervertebral disc replacement is designed to avoid the need
for spinal fusion or at least prolong the need for it. The
invention incorporates elements to bear high load in the
design, while preserving the ability of the elastomer to
provide substantial motion at low to moderate loads. The
invention demonstrates the potential to survive high cycle
fatigue in bending, compression, and shear along all three
mutually orthogonal axes. The motion-limiting features sur-
vive high load, low cycle fatigue and preserve the integrity
of the elastic range performance of the device.

[0021] According to the present invention, once the disc
reaches its mechanically constrained limits in compression,
bending, and shear, then the elastomer and the bond inter-
face experiences no additional significant loads as the limiter
feature will prevent further significant strain. In vivo loading
varies by the individual, activity level, and unique high load
events. In the present invention, limiting strains prevents the
elastomer from continually changing its structural charac-
teristics with each high load event. A stable stress strain
characteristic can be reached and predictable disc perfor-
mance can be achieved.

[0022] The present invention is a visco-elastic con-
strained-motion disc prosthesis generally comprising spe-
cially designed rigid upper and lower endplates having
therewithin channels or openings for receiving one or more
motion-limiting members fitted on each end with an
enlarged portion. In some embodiments, the lower surface of
the upper endplate contains a first projection therefrom that
extends toward the lower endplate. Likewise, the upper
surface of the lower endplate can contain a second projec-
tion extending toward said upper endplate and substantially
aligned with said first projection. The first and second
projections terminate to create a gap therebetween, forming
a compression stop. Interposed between the upper and lower
endplates is an elastomer cushion. Preferably, the elastomer
cushion is not in direct contact with either the motion-
limiting members or the first or second projections to avoid
wear and debris problems.

[0023] The gap allows a predetermined amount of axial
movement, but no more, between the upper endplate and the
lower endplate. As a result, the gap prevents excess com-
pression from occurring, and is usually designed to allow
approximately 1 to 2 millimeters of relative movement
between the upper and lower endplates. This limits the
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compressive stresses seen by the elastomer. During most
activities of the patient, the elastomer will exclusively carry
the load. The compression stop will be engaged typically
only during activities of high exertion.

[0024] The motion-limiting members with enlarged por-
tions are inserted into internal cavities in the elastomer and
link the upper endplate to the lower endplate. The motion-
limiting members are dimensioned so as to have a length that
is slightly greater than the distance between the lower
surface of the upper endplate and the upper surface of the
lower endplate (and also preferably slightly less than the
overall length of the internal cavities in which they reside).
This allows space for the motion-limiting members to move
during compression.

[0025] Inbending, which is the most important movement
of'an [.4-L5 or L5-S1 disc, the motion-limiting members are
strategically oriented to resist the tension in the posterior
region of the disc. If motion-limiting members are present at
the anterior portion of the disc, they float freely in the
internal cavities during bending.

[0026] The external surfaces of the upper and lower end-
plates can also be fitted with wedges, spikes, keels, or other
appurtenances to aid in attachment to a vertebral body.
These appurtenances can also serve as covers to enclose the
enlarged portions of the motion-limiting members.

[0027] Additionally, some embodiments of the invention
utilize strain gauges, pressure transducers, piezoelectric
force transducers, or other means of force transduction to
provide stored or real-time data to the surgeon or patient of
the load state of the disc.

[0028] Several commercially available low durometer
(i.e., approximately 70-85 A) polyurethanes with a history of
animal and human implantation are candidates to be used in
a titanium or CoCrMo/elastomer construction. Hybrid discs
according to the invention can overcome one of the failure
modes of previous artificial disc designs, namely that of
delamination and fatigue failure of the bonded interface
between the elastomer and metal. This can be accomplished
through improved bonding and motion-limiting features, in
those embodiments where the visco-elastic cushion is
bonded to the endplates. Other embodiments that utilize no
bonding between the visco-elastic cushion and the endplates
also achieve improved results with motion-limiting features.

[0029] These and other benefits are obtained in the many
embodiments of the invention. A particularly useful embodi-
ment comprises an artificial intervertebral disc prosthesis
having an anterior portion and a posterior portion, further
comprising: a first endplate having an upper surface and a
lower surface, wherein the first endplate further comprises at
least one opening for receiving at least one motion-limiting
member; a first projection extending from the lower surface
of'the first endplate terminating in a first distal end; a second
endplate having an upper surface and a lower surface,
wherein the second endplate further comprises at least one
opening for receiving at least one motion-limiting member;
a second projection extending from the upper surface of the
second endplate and substantially aligned with the first
projection, wherein the second projection terminates at a
second distal end to form a gap having a predetermined
distance between the first and second distal ends; at least one
motion-limiting member received respectively in the at least
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one opening of the first and second endplates, linking the
two endplates and allowing only a predetermined amount of
movement thereof; and a visco-elastic cushion between the
first endplate and the second endplate, further comprising
therein at least one cavity in substantial alignment with the
at least one opening in the first endplate and the second
endplate through which the motion-limiting member may
pass and at least one cavity surrounding the first and second
projections.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The teachings of the present invention can be
readily understood by considering the following detailed
description in conjunction with the accompanying drawings,
in which:

[0031] FIG. 1 is a graph showing the typical nonlinear
response to load of human spine motion segments;

[0032] FIG. 2 is a diagram showing a reference coordinate
system for a functional spinal unit to be used herein;

[0033] FIG. 3 is a posterior perspective view of a first
embodiment of an artificial disc of the present invention.

[0034] FIG. 3(a) is the artificial disc of FIG. 3 showing a
second type of appurtenance fitted to the upper and lower
endplates;

[0035] FIG. 3(b) is the artificial disc of FIG. 3 showing a
third type of appurtenance fitted to the upper and lower
endplates;

[0036] FIG. 3(c) is the artificial disc of FIG. 3 showing a
fourth type of appurtenance fitted to the upper and lower
endplates;

[0037] FIG. 4 is a top plan view of the artificial disc of
FIG. 3;

[0038] FIG. 5 is a bottom plan view of the artificial disc
of FIG. 3;

[0039] FIG. 6 is a posterior elevation view of the artificial
disc of FIG. 3;

[0040] FIG. 7 is a lateral elevation view of the artificial
disc of FIG. 3;

[0041] FIG. 8 is an exploded perspective view of the

artificial disc shown in FIG. 3;

[0042] FIG. 9 is a section view taken along plane A-A in
FIG. 3;

[0043] FIG. 10 is a section view taken along plane B-B in
FIG. 3;
[0044] FIG. 11 is a section view taken along plane C-C in
FIG. 3;
[0045] FIG. 12 is a section view taken along plane D-D in
FIG. 3;
[0046] FIG. 13 is an exploded perspective view of an

exemplary motion-limiting member of a first embodiment of
the invention;

[0047] FIG. 14 is a perspective view of a second embodi-
ment of an artificial disc of the present invention having four
motion-limiting members therein;
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[0048] FIG. 15 is an exploded perspective view of the
embodiment of the artificial disc of the present invention
shown in FIG. 14;

[0049]
FIG. 14;

[0050]
FIG. 14;

[0051]
FIG. 14;

FIG. 16 is a section view taken along plane E-E in

FIG. 17 is a section view taken along plane F-F in

FIG. 18 is a section view taken along plane G-G in

[0052] FIG. 19 is a section view taken along plane H-H in
FIG. 14;

[0053] FIG. 20 is a section view taken along plane I-I in
FIG. 14;
[0054] FIG. 21 is a side elevation view of a disc according

to a first embodiment of the invention showing the disc in
normal bending mode;

[0055] FIG. 22 is a top view of an embodiment of a lower
endplate flex circuit for an artificial disc using strain gauges
to provide force transduction for providing data external to
the disc;

[0056] FIG. 23 is a side section view of the disc shown in
FIG. 21 in normal bending mode;

[0057] FIG. 24 is a perspective view of a motion-limiting
member according to an embodiment of the invention incor-
porating a split ring in place around the enlarged portion of
the motion-limiting member;

[0058] FIG. 25 is a side elevation schematic of an embodi-
ment of an artificial disc using strain gauges to provide force
transduction for providing data to locations external to the
disc;

[0059] FIG. 26 is a perspective view of the posterior side
of an alternative embodiment of the disc showing removable
appurtenances;

[0060] FIG. 27 is a perspective view of the anterior side
of the disc shown in FIG. 26;

[0061] FIG. 28 is a perspective view of the posterior side
of an appurtenance and an upper endplate according to an
embodiment of the invention; and

[0062] FIG. 29 is a perspective view of the anterior side
of the endplate shown in FIG. 28.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0063] While the present invention will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which particular embodiments and methods are
shown, it is to be understood from the outset that persons of
ordinary skill in the art may modify the invention herein
described while achieving the functions and results of this
invention. Accordingly, the description which follows is to
be understood as illustrative and exemplary of specific
embodiments within the broad scope of the present inven-
tion and not as limiting the scope of the invention. In the
following descriptions, like numbers refer to similar features
or like elements throughout.
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[0064] A successful intervertebral disc prosthesis should
restore and preserve physiologic function of a normal spinal
motion segment. FIG. 1 is a graph of the response of the
normal human disc to load. The nonlinear response of the
motion segment is a function not only of the disc, but of the
facet joints and ligaments. Facet joint function and ligamen-
tous structures may be compromised and unable to provide
load sharing as in a normal motion segment. The nonlinear
response of spine motion segment to load shown in FIG. 1
is a typical curve shape in compression, shear, torsion, and
bending.

[0065] FIG. 2 is a perspective view of a reference inter-
vertebral disc coordinate system that will be used throughout
this discussion for ease of reference. The figure shows
typical loads (forces and moments) and typical displace-
ments (translation and rotation) that can occur in each of the
three mutually orthogonal directions. The load-deflection
curve shape of FIG. 1 is similar in all three directions for a
normal disc. Like that of a normal disc, a disc 10 of the
present invention provides a nonlinear response to torsion,
shear, and compressive loads.

[0066] Referring now to FIG. 3, the disc 10 comprises a
first or upper endplate 20, a second or lower endplate 30, and
a visco-elastic cushion 40 interposed between and adhered
to the two endplates. The upper and lower plates 20, 30 are
substantially symmetrical about an anterior-posterior hori-
zontally extending plane (a transverse plane shown in FIG.
2), as well as about a sagittal plane (FIG. 2). The terms
“upper” and “lower” are used herein only for illustration
purposes with reference to the orientation of the disc 10
when it is implanted in the human body between two
adjacent vertebrae V1 and V2 (defined as the cephalad-
caudal direction in FIG. 2). Indeed, the upper plate is more
generally described as a first plate and the lower plate is
more generally described as a second plate.

[0067] The upper endplate 20 is rigid and is preferably
made from a biocompatible material such as stainless steel,
titanium, titanium alloys (such as Ti6Al4V), composite
materials, and the like. The most preferred material is cobalt
chrome molybdenum (CoCrMo or “CCM”) comprising
approximately 66% Co, 28% Cr, and 6% Mo by weight.

[0068] The upper endplate 20 has an upper surface 21 and
a lower surface 22 and an anterior portion 23 and a posterior
portion 24. Upper surface 21 and lower surface 22 are
generally parallel. The anterior portion 23 is the portion of
the upper endplate 20 that is disposed anteriorly in the spine
when the disc 10 is implanted. Likewise, the posterior
portion 24 is the portion of the upper endplate 20 that is
disposed posteriorly in the spine when the disc 10 is
implanted. The upper endplate 20 has an external surface 29
therearound that preferably defines a generally “D” shape. In
one embodiment of the invention, the posterior portion 24 of
the external surface 29 has a concavity 28 therein that
defines posterior lobes 25, 26 projecting from the posterior
portion 24 (see FIGS. 3, 4, 5, 12, 14, and 15). One or more
appurtenance 27 may be optionally affixed to the upper
surface 21 to facilitate attachment.

[0069] The upper endplate 20 likewise may comprise an
upper subplate 200 (see FIG. 15) that can be formed
monolithic with the upper endplate 20 or as a separate
component affixed thereto subsequent to manufacture. Alter-
natively, the structures that comprise the upper subplate 200
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may simply be included in the upper endplate 20. The
remainder of this description will discuss structure related to
subplate 200, but it should be recognized that the description
applies equally to discs having no separate subplate. The
subplate 200 further comprises an upper surface 210 and a
lower surface 220 and an anterior portion 230 and a posterior
portion 240. A first projection 270 optionally may depend
from the lower surface 220 of the subplate 200 to act as part
of'a compression stop, as will be described below. The upper
subplate 200 also has a plurality of openings 271 there-
through for receiving one or more motion-limiting members
80 (described below). Preferably, the upper subplate 200
includes two openings 271, one disposed posteriorly and
slightly to the left (in the medial-lateral plane) of the first
projection 270 and another disposed posteriorly and slightly
to the right (in the medial-lateral plane) of the first projection
270 (assuming the center of rotation is at the geometric
center of the disc). The openings 271 further comprise a
bearing surface 272 for interacting with the motion-limiting
members 80 or a split ring assembly 400 (described below).
The bearing surface 272 is preferably a tapered opening
having a larger diameter at the upper surface 210 than at the
lower surface 220. The taper can be linear or nonlinear,
including conic sections, parabolic sections, spherical sec-
tions, and so forth, to name only a few examples.

[0070] The first projection 270 preferably extends from
said lower surface 220 a height of approximately 1 mm to
approximately 3 mm. Many shapes are possible for the first
projection 270, and indeed multiple projections, or no pro-
jections, are contemplated as well. In the preferred embodi-
ment, the first projection 270 takes the form of a substan-
tially cylindrical section having a slight radius on its
terminal end of approximately 2 mm to approximately 15
mm, preferably approximately 8 mm to approximately 12
mm.

[0071] In like manner, the disc 10 further comprises a
lower endplate 30. The lower endplate 30 is rigid and is
preferably made from a biocompatible material such as
stainless steel, titanium, titanium alloys (such as Ti6Al4V),
composite materials, and the like. The preferred material is
cobalt chrome molybdenum (CCM) comprising approxi-
mately 66% Co, 28% Cr, and 6% Mo by weight, respec-
tively.

[0072] The lower endplate 30 has an upper surface 31 and
a lower surface 32 and an anterior portion 33 and a posterior
portion 34. Upper surface 31 and lower surface 32 are
generally parallel. The anterior portion 33 is the portion of
the lower endplate 30 that is disposed anteriorly in the spine
when the disc 10 is implanted. Likewise, the posterior
portion 34 is the portion of the lower endplate 30 that is
disposed posteriorly in the spine when the disc 10 is
implanted. The lower endplate 30 has an external surface 39
therearound that preferably defines a generally “D” shape. In
one embodiment of the invention, the posterior portion 34 of
the external surface 39 has a concavity 38 therein that
defines posterior lobes 35, 36 projecting from the posterior
portion 34 (see FIGS. 3, 4, 5, 12, 14, and 15). One or more
appurtenance 37 may be optionally affixed to the lower
surface 32 to facilitate attachment.

[0073] Although not preferred, it is possible that the lower
endplate 30 may comprise a lower subplate 300 (see FIGS.
8 and 15) that can be formed monolithic with the lower
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endplate 30 or as a separate component affixed thereto
subsequent to manufacture. The subplate 300 further com-
prises an upper surface 310 and a lower surface 320 and an
anterior portion 330 and a posterior portion 340. A second
projection 370 depends from the upper surface 310 of the
subplate 300 to act as part of a compression stop, as will be
described below. The lower subplate 300 also has a plurality
of openings 371 therethrough, having bearing surfaces 372,
for receiving one or more motion-limiting members 80
(described below). Preferably, the lower subplate 300
includes two openings 371, one disposed posteriorly and
slightly to the left of the first projection 370 and another
disposed posteriorly and slightly to the right of the first
projection 370.

[0074] The second projection 370 preferably extends from
said upper surface 310 a height of approximately 3 mm to
approximately 6 mm. Preferably the second projection 370
is in substantial alignment with the first projection 270.
Stated otherwise, the second projection 370 preferably will
have its longitudinal axis aligned with or close to the
longitudinal axis of the first projection 270. This is not
mandatory, however. Indeed, the two projections 270, 370
may be offset from one another, it being more important that
at least a portion of the projections 270, 370 overlap during
contact therebetween. And, depending on the respective
shapes of the projections 270, 370, the amount of offset may
vary. Many shapes are possible for the second projection
370, including, but not limited to, all regular polygonal
shapes. Additionally, the projections 270, 370 may take the
form of partial polygons (for example, a half cylinder or a
partial elliptical cylinder, to name but a few). In the preferred
embodiment, the second projection 370 takes the form of a
cylindrical platform having a diameter of approximately 6
mm to 10 mm, and more particularly, approximately 7 mm
to approximately 9 mm.

[0075] Referring now to FIGS. 8, 9, 12 and 13, a motion-
limiting member 80 typically resides within each opening
271, 371. Each motion-limiting member 80 has a length 81
and a diameter 82, and a first end 83 and a second end 84.
At each end 83, 84 is an enlarged portion 90. The motion-
limiting members 80 link the upper endplate 20 to the lower
endplate 30 and assist in handling the loads associated with
flexion, as will be described below.

[0076] The motion-limiting members 80 can be any of
several longitudinal rod-like members, both rigid and semi-
rigid, including solid metallic bars or rods of varying cross-
sections, and wire. If wire is used as the motion-limiting
member 80, the motion-limiting members 80 typically have
diameters of approximately 0.038 inches to approximately
0.080 inches. However, the number of motion-limiting
members 80 used plays a role in determining the diameter of
each motion-limiting member 80. In the preferred embodi-
ment, there are two motion-limiting members 80 that are
braided metal wires, preferably a braided stainless steel wire
having a diameter of approximately 0.062 inches and a rated
tensile strength of approximately 320 pounds. More specifi-
cally, the motion-limiting members 80 can be of any mate-
rial described above, but are preferably cables of 316L
stainless, MP35N, Haynes 25. In alternative, though less
preferred, embodiments where substantially more numerous
motion-limiting members 80 are used (for example ten to
twenty), the diameters can be significantly smaller.
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[0077] The enlarged portion 90 at each end 83, 84 is
typically a spherically-shaped structure, or ball 91, that is
affixed to the motion-limiting member 80. Balls 91 are
preferably of the same material as the motion-limiting
members 80. The ball 91 has an upper surface 92 and a lower
surface 93. Preferably, ball 91 is preformed onto the motion-
limiting member 80. However, methods of fixation are also
varied and include welding, both during formation of the
ball 91 at the first end 83 and during assembly of the ball 91
at the second end 84; as well as crimping on a ball 91. The
balls 91 are preferably hemispheres wherein the lower
surface 93 engages the bearing surface 272 of the plates 20,
30 and/or the subplate 200, 300. The upper surface 92 of the
ball 91 provides little to no advantage and merely takes up
space. As a result, the upper surface 92 is preferably flat or
very low-profile so as to take up a minimal amount of space.
The appurtenances 27, 37 on the upper and lower endplates
20, 30, respectively, may be used to cover a portion of the
enlarged portions 91. In some embodiments, however, the
inside surface 400d of the split ring assembly (described
below) can be used to effectively shorten the length of the
motion-limiting member 80 such that no part of the enlarged
portion 91 extends beyond the upper surface 21 of the upper
endplate or the lower surface 32 of the lower endplate 30.

[0078] In the preferred embodiment, a split ring assembly
400, as shown in FIGS. 8, 13, 15, and 24, fits into the
openings 271 of the upper subplate 200 and into openings
371 of the lower subplate 300. The split ring assembly 400
comprises a first half 400a and a second half 4005. When the
two halves 400a, 4005 of the split ring assembly 400 are
combined, they form a ring-shaped member having a port
400c¢ defined by a periphery 400e. The split ring assembly
400 includes an inside surface 4004 that serves as a bearing
surface against which the balls 91 can articulate, resulting in
a mini-ball and socket joint. The diameter of port 400c¢ is
smaller than that of the ball 91. Thus, when assembling the
artificial disc prosthesis, the motion-limiting member 80 is
inserted into the opening 271 of the upper subplate 200 at the
first end 83 and into the opening 371 of the lower subplate
300 at the second 84. The first half 400a of the split ring
assembly 400 is then inserted into the opening 271 under-
neath the ball 91 at the first end 83 of the motion-limiting
member 80. Then, the second half 4006 of the split ring
assembly 400 is inserted into the opening 271 of the upper
subplate 200 underneath the ball 91 at the first end 83 of the
motion-limiting member 80, completing the split ring
assembly 400 in the upper subplate 200. Since the diameter
of'the port 400c¢ in the split ring assembly is smaller than that
of the ball 91 at the first end 83 of the motion-limiting
member 80, the motion-limiting member 80 is prevented
from slipping through the opening 271 of the upper subplate
270.

[0079] In the same manner, a split ring assembly 400 is
inserted into the opening 371 of the lower subplate 300
above the ball 91 at the second end 84 of the motion-limiting
member 80 in order to prevent the motion-limiting member
80 from slipping through the opening 370 of the lower
subplate 300. Once the split ring assemblies 400 are in place,
they may be welded or permanently affixed by some other
means known in the art to the upper and lower subplate
assemblies 200, 300. The split ring assembly 400 includes an
inside surface 4004 that serves as a bearing surface against
which the balls 91 can articulate, resulting in a mini-ball and
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socket joint, thus minimizing the bending of the motion-
limiting member 80 and extending fatigue life.

[0080] Inanother embodiment, the split ring assembly 400
is not present, and the balls 91 are not preformed onto the
motion-limiting members 80. Instead the balls 91 are fixed
onto the motion-limiting members 80 through some other
means such as welding or crimping, as discussed above.
However, welding the ends of the motion-limiting members
80 into balls 91 can lower the strength of the motion-limiting
members 80 by 10 to 15 percent. In this embodiment, the
diameter of ball 91 can be controlled during welding,
ranging in size from approximately slightly larger than the
diameter of the motion-limiting member 80 up to a maxi-
mum diameter of approximately two times the motion-
limiting member diameter. In embodiments using other
attachment methods, other diameters are possible. Since no
split ring assembly 400 is present in this embodiment to
prevent the motion-limiting members 80 from slipping out
of the openings 271, 371 of the upper and lower subplates
200, 300, respectively, it is necessary that the diameter of the
balls 91 be larger than the diameter of the opening 271 at the
lower surface 220 of the upper subplate 200 and the opening
371 at the upper surface 310 of the lower subplate 300.

[0081] Inthe embodiments containing no split ring assem-
bly, the balls 91 at the first end 83 and the second end 84
mate with the bearing surface 272 of the openings 271 in
each endplate 20, 30 and/or subplate 200, 300. As a result,
each union of ball 91 and bearing surface 272 results in a
mini-ball and socket joint that allows articulation of the ball
91 and motion-limiting member 80 within the opening 271,
thus limiting bending of the motion-limiting member 80,
thereby extending fatigue life.

[0082] The disc 10 of the preferred embodiment provides
motion-limiting features in compression and bending,
thereby behaving in vivo in a fashion more similar to a
natural spinal disc. The first projection 270 and the second
projection 370, by way of the predetermined gap 470
therebetween (see FIGS. 9, 10, 11, 16, 17, and 19), provide
a compression stop preventing movement between the upper
and lower plates 20, 30 in a magnitude greater than a
predetermined amount. Varying limits of movement may be
set, depending on the type and location of the disc 10 in the
body. In the preferred embodiment, the gap 470 between the
first and second projections 270, 370 is approximately I to
2 millimeters. Elastomers that can handle excessive com-
pressive loadings may be able to accommodate a gap greater
than 2 millimeters. Once a compressive load is applied to the
disc 10, the visco-elastic cushion 40 absorbs the compres-
sion in a visco-elastic fashion according to design properties
of the elastomer. Upon absorbing the compressive loads in
amounts sufficient to cause relative movement between the
upper endplate 20 and the lower endplate 30 in an amount
equal to the gap 470, the first and second projections 270,
370 then come into contact and prevent further compressive
loads from being applied to the elastomer. It is expected that
the stop mechanism will only be activated during the most
strenuous of activities of the patient.

[0083] In bending, the motion-limiting members 80 can
perform the primary or secondary motion limiting functions.
Referring to FIG. 2, the most common bending scenario for
the spine is bending in the sagittal plane (that is, bending
about the x-axis). For example, this would be accomplished
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by bending over to tie one’s shoes. As a bending moment is
applied to the disc 10, the disc 10 can undergo both shear
and lateral displacement. Referring now to FIGS. 21 and
23, a disc 10 is depicted in such a scenario and is shown
exaggerated for easier reference. It can be seen that the
anterior side is slightly compressed, while the posterior side
is slightly in tension and a slight translation of the upper
endplate 20 with respect the lower endplate 30. It can be
seen that the motion-limiting members 80 can become
oriented diagonally. In this event, the motion-limiting mem-
bers 80 in tension provide a force preventing the upper
endplate 20 and lower endplate 30 from separating because
the lower surface 93 of the ball 91 begins to bear upon the
split ring assembly 400 and/or bearing surfaces 272 of the
openings 271. It should be noted that the mechanics of the
disc 10 depicted in FIGS. 21 and 23, with reference to FIG.
2, are basically identical whether the bending is in the
sagittal plane (front to back, or tying ones shoes) or in the
frontal plane (side to side bending).

[0084] In flexion, which is the most important movement
of'an 1.4-L.5 or L.5-S1 disc, the motion-limiting members 80
are strategically oriented to resist the tension in the posterior
region of the disc 10. When braided cables are used as the
motion-limiting members 80, compression of the cables can
cause splaying, which shortens their fatigue life. Therefore,
placing more motion-limiting members 80 posteriorly than
anteriorly (for example, see FIG. 12) accounts for the
greater expected flexion moments of 20-30 N-m versus the
lesser extension moments of about 10 N-m.

[0085] A further factor in the allowed range of motion in
flexion and extension is a consideration of the cable distance
from an assumed center of rotation at the center of the disc
10. The farther from the center, the greater the resisting
moment, but the more initial slack necessary to allow the
required 8-12 degrees of flexion. The more initial slack
allowed, the more bending movement is allowed. Combi-
nations of cable placement and initial diagonal orientation
may be necessary to solve these conflicting design goals.
Although greater ranges are certainly possible for the inven-
tion, preferable ranges of stiffnesses and motion for the disc
10 are as follows: Nonlinear stiffness in compression (1,000
to 3,000 N/mm) and in flexion (1.0 to 5.0 N-m/deg) and
maximum motion in compression (1.0 to 2.0 mm) and in
flexion (8 to 12 deg).

[0086] In one embodiment of the artificial intervertebral
disc prosthesis (see FIGS. 14, 15, 16, 17, 18, and 19), four
motion-limiting members are present. In this embodiment,
there are corresponding four openings 271, 371 in both the
upper and lower subplates, 200, 300. One of the openings
271, 371 is located anteriorly and slightly to the left of the
first and second projections 270, 370, while another opening
271, 371 is located anteriorly and slightly to the right of the
first and second projections 270, 370. Similarly , a third
opening 271, 371 is located posteriorly and slightly to the
left of the first and second projections 270, 370, while the
fourth opening 271, 371 is located posteriorly and slightly to
the right of the first and second projection 270, 370. In this
embodiment, when the disc 10 is in flexion, the most
important movement of an [.4-L.5 disc, the motion-limiting
members 80 at the posterior portion of the disc 10 are
strategically-oriented to resist the tension in the posterior
region of the disc 10, while the motion-limiting members 80
at the anterior portion of the disc 10 float freely in the spike
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cavity in the anterior region of the disc 10. However, a
disadvantage of this embodiment is the presence of motion-
limiting members 80 at the anterior portion of the disc 10.
As discussed above, when braided cables are used for the
motion-limiting members 80, compression can cause splay-
ing, leading to a shorter fatigue life. As motion-limiting
members 80 located at the anterior of the disc 10 encounter
significantly more compression than motion-limiting mem-
bers 80 located at the posterior of the disc 10 during the
normal activity patterns of most individuals, anteriorly-
located motion-limiting members 80 are likely to have a
shorter life than those located at the posterior of the disc 10.

[0087] Another embodiment of the artificial disc interver-
tebral prosthesis is envisioned in which no motion-limiting
member 80 is present. Instead, the compression stop formed
by the first and second projections 270, 370 also limits
motion in flexion and lateral bending. This is accomplished
by sizing the first and second projections 270, 370 such that
when the prosthesis engages in flexion or bending and the
first projection 270 tilts toward the second projection 370,
the leading edge of the first projection 270 will come into
contact with the second projection 370 after a predetermined
amount of flexion or bending, preventing further motion.
This has the advantage of eliminating the need for the
motion-limiting members 80, thereby reducing the number
of elements within the prosthesis that are susceptible to wear
and fatigue.

[0088] The preferred disc has certain load versus deflec-
tion characteristics that are similar to those found in the
natural human disc. As was stated above, it is useful, once
implanted, that the surgeon and patient can know the state of
load experienced by the device. In this regard, embodiments
of'the disc have, integral to its construction, strain gauges or
other means of force or pressure transduction. For illustra-
tion purposes only, not to be construed as limiting the
invention thereto, the discussion will be directed to the use
of strain gauges. A transducer can be connected to signal
conditioning and amplification circuitry on a micro scale in
order to fit within the constraints of space available in the
upper or lower endplate. In this embodiment, the center stop
is integral to the lower endplate and consists of a hollow
raised cylindrical platform. The space inside this cylinder
can house, for example, a 3x3x3 mm electronics package.
The package can be wired to strain gauges on the inside of
the raised cylinder and in peripheral locations around the
bottom endplate. Alternatively, the transduction means can
be connected to electronics such as piezoelectronics that
eliminate the need for signal conditioning and amplification.

[0089] Since the center stop cylinder is not in contact with
the polymer, the strain gauge placed there will only measure
contacts between the upper endplate and the center stop on
the lower endplate. This data is useful in itself as an indicator
of when loads are sufficiently high to engage the stop
mechanism. However, in addition, more continuous data is
available from peripherally placed strain gauges that will
measure stress in the endplate caused by compression,
bending, torsion, and shear loads in all directions. This
information can give a precise measure of the magnitude and
direction of loads on the disc. FIGS. 22 and 25 depict how
one embodiment of an artificial disc 10 uses strain gauges to
measure the load experienced by the prosthesis and relay
that data on demand.
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[0090] Placing the transducers within the polymer is not
preferred since fatigue of wires or the introduction of stress
risers within the polymer can lead to fatigue failure initiation
sites. For these reasons, placing the signal conditioning
microelectronics within the center compression stop is
advantageous. Once conditioned, the signal is telemeterized
on demand through excitation of an internal coil from an
inductively coupled external coil. This couple energizes the
electronics and transmits the data upon request. This mode
of interrogating the device for its load condition can be done
real time or fed back from memory storage according to a
preset sampling routine. It is also possible to sample the
device remotely and wirelessly via the internet.

[0091] The data can indicate changes in the device since
its implantation. It can also store load history to indicate if
the patient is following doctor’s orders for allowed activi-
ties. The power source for memory-based data is optionally
a micro battery or a capacitor charged from the external
inductive couple. The use of piezos is also possible. In one
embodiment, a mylar flex circuit is pre-made and placed on
the second endplate. Transducers are embedded on the mylar
circuit and connected to the signal conditioning and ampli-
fying electronics.

[0092] FIGS. 26-29 show an alternative embodiment of
the invention wherein the disc 10 comprises multiple com-
ponents that may be implanted separately. Indeed, the disc
10 may comprise many forms and embodiments that are
implantable in pieces. The desirability of multi-part pros-
theses is known by surgeons and simplifies the implantation
procedures. FIGS. 26-29 simply depict one example. In
these figures, the appurtenances 27 are removably insertable
into the upper and lower endplates 20, 30. In FIG. 26 the
upper surface 92 of the balls 91 is not depicted but typically
would be visible. Preferably, the groove into which appur-
tenances 27 are slid form a taper lock fit to lock the
appurtenance into place. One example of a surgical proce-
dure using a multi-part disc 10 involves the surgeon first
removing the diseased or damaged disc using the typical
procedures in practice. An instrument (not shown) is used to
prepare the site by cutting grooves into the adjacent verte-
brae to receive the appurtenances 27 of the disc 10. Prefer-
ably the instrument cuts both the upper and lower grooves
simultaneously so as to maintain the tolerances needed for
the implantation of the disc 10. An instrument then inserts
the appurtenances 27 into the prepared site. The disc 10 is
then inserted between the appurtenances 27, which receive
the grooves of the upper and lower endplates 20, 30. The
taper lock secures the appurtenances 27 to the prosthesis.

[0093] Many possibilities exist for the manufacturing and
the materials involved in an artificial intervertebral disc
prosthesis according to the present invention. The endplates
20, 30 and/or endplate subplates 200, 300 may be of the
materials described above. Further, they may have thick-
nesses in the range of approximately 1 mm to approximately
3 mm. Their surfaces may be surface-treated or machined
for texture and bonding improvement. Examples of such
treatments include but are not limited to ion etching, simple
grit blasting, plasma spraying, or CNC machined geometry.
Preferably the endplates 20, 30 (and/or 200, 300) are a CCM
which is good in wear. The upper surfaces 21, 210 of the
upper endplate 20 and upper subplate 200, and the lower
surfaces 31, 310 of the lower endplate 30 and lower subplate
300, as well as the surfaces that interact with the visco-
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elastic cushion, may be coated with Titanium 6Al4V to
improve bone interface and bonding. The second projection
370 can, as stated above, take many forms, including by way
of mere examples, a cylinder, a post, a platform, and so
forth. The preferred cylindrical member is a solid projection
from the lower endplate 20 or lower subplate 200. However,
the cylindrical member could be hollow so as to accommo-
date integral microelectronics diagnostics, as was discussed
above.

[0094] Manufacturing the disc 10 can be accomplished in
a variety of manners. Preferably, the endplates 20, 30 are
first machined of either titanium or cobalt chrome molyb-
denum (CCM), with openings 270 representing areas where
there will be no elastomer cushion 40. The endplates 20, 30
are inserted into a mold with cores to create voids that will
later contain the center stop and the motion-limiting mem-
bers 80. It is preferable to keep the elastomer free of the
cables and center stop so as not to introduce elastomer
abrasion leading to fatigue failures. The motion-limiting
members 80 are then assembled to the molded subassembly
with a welding process. The cable assemblies terminate in a
ball end. In the preferred embodiment the ball is preformed
onto the cable, though this is not required.

[0095] These ball-cable assemblies are then inserted into
the endplates 20, 30 with the split ring assemblies 400 as
described above. In those embodiments not utilizing split
ring assemblies 400, the ball-cable assemblies are inserted
into the endplates 20, 30 as described above. Preferably,
over each ball location on the upper endplate 20 and on the
lower endplate 30 are appurtenances 27, 37, respectively.
These appurtenances are shown in FIG. 3 as keels, but they
could be individual conical spikes as shown in FIG. 3(a) or
other appurtenances, for example FIGS. 3(b) and 3(c). For
those embodiments where the enlarged portion 90 extends
beyond the plane of the upper surface 21 of the upper
endplate 20 or the lower surface 32 of the lower endplate 30,
these appurtenances serve as temporary anchors in the
vertebra and covers that enclose the mini ball-socket joint
created between the endplate and the ball. Additionally, the
ball-socket articulation prevents bending in the cables,
thereby extending fatigue life. In certain embodiments uti-
lizing many motion-limiting members 80, it is possible for
the motion-limiting members 80 to be laser welded into the
endplates in the openings where cores created voids in the
elastomer.

[0096] As stated above, the center stop is a designed gap
preferably to prevent more than 1-2 mm of compression
from occurring, thereby limiting the elastomer compressive
stress. This mandates a good wear interface for the stop. A
choice of CCM on CCM is preferred due to its recent
introduction as the wear couple in some FDA-approved
metal-on-metal hips. Also as stated, many structural con-
figurations for the first and second protrusions 270, 370 are
possible, including pin-on-pin, pin-on-plate (shown), plate-
on-plate, ball-on-plate, and so forth. The elastomer will
exclusively carry the load during most activities of daily
living. The center stop will be engaged only during activities
of high exertion, except in the embodiment in which no
motion-limiting members 80 are present.

[0097] While there has been described and illustrated
particular embodiments of a novel artificial disc prosthesis,
and in particular, a visco-elastic constrained motion disc, it
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will be apparent to those skilled in the art that variations and
modifications may be possible without deviating from the
broad spirit and principle of the present invention, which
shall be limited solely by the scope of the claims appended
hereto.

What is claimed is:
1. A spinal disc prosthesis, comprising:

a first endplate and a second endplate each suitable to
attach to respective vertebrae;

a first ball-and-socket joint comprising a first socket
connected to said first endplate, and a first ball or
portion thereof suitable to articulate with respect to said
first socket;

a second ball-and-socket joint comprising a second socket
connected to said second endplate, and a second ball or
portion thereof suitable to articulate with respect to said
second socket;

wherein, in each of said ball-and-socket joints, said ball or
portion thereof is mechanically captured by other com-
ponents within said prosthesis.

2. The prosthesis of claim 1, wherein said first and second
balls or portions thereof are at opposite ends of an elongated
member.

3. The prosthesis of claim 2, wherein said first and second
balls or portions thereof each have convex surfaces which
face toward each other.

4. The prosthesis of claim 1, wherein said first and second
balls or portions thereof are on different elongated members.

5. A spinal disc prosthesis, comprising:

a first endplate and a second endplate each suitable to
attach to respective vertebrae;

a polymeric member interposed between and adhered to
said first and second endplates;

a first ball-and-socket joint comprising a first socket
connected to said first endplate, and a first ball or
portion thereof suitable to articulate with respect to said
first socket;

wherein, in said ball-and-socket joint, said ball or portion
thereof is mechanically captured by other components
within said prosthesis.

6. A spinal disc prosthesis, comprising:

a first endplate and a second endplate each suitable to
attach to respective vertebrae;

a polymeric member interposed between and adhered to
said first and second endplates; and

a first ball-and-socket joint comprising a first ball or
portion thereof wherein a load-carrying member
extends outwardly from a first convex curved surface of
said first ball or portion thereof,

said load-carrying member being capable of transferring
load between said first and second endplates under at
least some conditions.

7. The prosthesis of claim 6, further comprising a second
ball-and-socket joint comprising a second ball or portion
thereof, wherein said load-carrying member extends out-
wardly from a second convex curved surface of said second
ball or portion thereof.
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8. The prosthesis of claim 6, wherein said load-carrying
member is suitable to carry a tensile load.
9. A spinal disc prosthesis, comprising:

a first endplate and a second endplate each suitable to
attach to respective vertebrae;

a polymeric member interposed between and adhered to
said first and second endplates; and

a first socket connected to said first endplate, said first

socket having a first hole through said first socket.

10. The prosthesis of claim 9, further comprising a
load-bearing member which passes loosely through said first
hole, said load-carrying member being capable of transfer-
ring load between said first and second endplates under at
least some conditions

11. The prosthesis of claim 9, further comprising a first
ball or portion thereof suitable to articulate with respect to
said first socket, said first ball being connected to said
load-carrying member.

12. The prosthesis of claim 11, wherein said first ball or
portion thereof has a first ball maximum diameter that is
larger than a first hole diameter of said first hole through said
first socket.

13. The prosthesis of claim 9, further comprising a second
socket connected to said second endplate, said second socket
having a second hole through said second socket, and

wherein said load-bearing member also passes loosely

through said second hole.

14. The prosthesis of claim 13, further comprising a
second ball or portion thereof suitable to articulate with
respect to said second socket, said second ball being con-
nected to said load-carrying member.

15. The prosthesis of claim 14, wherein said second ball
or portion thereof has a second ball maximum diameter that
is larger than a second hole diameter of said second hole
through said second socket.

16. A spinal disc prosthesis, comprising:

a first endplate and a second endplate each suitable to
attach to respective vertebrae;

an elongated tension member capable of carrying tensile
load between said first endplate and said second end-
plate, said elongated tension member comprising an
elongated central member having two ends, and, on
each end of said elongated central member, a ball or
portion thereof having a convex surface, said convex
surfaces facing toward each other.

17. The prosthesis of claim 16, further comprising a
polymeric member interposed between and adhered to said
first and second endplates.

18. A spinal disc prosthesis, comprising:

a first endplate and a second endplate each suitable to
attach to respective vertebrae; and

at least one ball-and-socket joint capable of transferring
load between said two endplates, said ball-and-sacket
joint comprising a socket which comprises at least two
partial-circumference portions which together make
said socket having a substantially complete circumfer-
ence.



