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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of spi-
nal implants and, more particularly, to intervertebral disc
prostheses allowing various degrees of articulation.

DESCRIPTION OF THE PRIOR ART

[0002] The spine is a complicated structure comprised
of various anatomical components, which, while being
extremely flexible, provides structure and stability for the
body. The spine is made up of vertebrae, each having a
ventral body of a generally cylindrical shape. Opposed
surfaces of adjacent vertebral bodies are connected to-
gether and separated by intervertebral discs (or "discs"),
comprised of a fibrocartilaginous material. The vertebral
bodies are also connected to each other by a complex
arrangement of ligaments acting together to limit exces-
sive movement and to provide stability.
[0003] The main function of the discs is load bearing
(including load distribution and shock absorption) and
motion. Through their weight bearing function, the discs
transmit loads from one vertebral body to the next while
providing a cushion between adjacent bodies. The discs
also allow movement to occur between adjacent verte-
bral bodies but within a limited range thereby giving the
spine structure and stiffness. Such movement includes
translation and rotation in positive and negative direc-
tions as well as many combinations thereof. Thus, in-
tervertebral discs allow for various complex movements
or articulations to occur between adjacent vertebrae.
[0004] Due to a number of factors such as age, injury,
disease etc., it is often found that intervertebral discs lose
their dimensional stability and collapse, shrink, become
displaced, or otherwise damaged. It is common for dis-
eased or damaged discs to be replaced with prostheses
and various versions of such prostheses, or implants, as
are known in the art. One of the known methods involves
replacement of a damaged disc with a spacer into the
space occupied by the disc. However, such spacers also
fuse together the adjacent vertebrae thereby preventing
any relative movement there-between.
[0005] More recently, disc replacement implants that
allow movement between adjacent vertebrae have been
proposed. Examples of some prior art implants are pro-
vided in the following US patents: no. 5,562,738 (Boyd
et al.); no. 6,179,874 (Cauthen); and no. 6,572,653 (Si-
monson).
[0006] Further, US 2005/0203626 teaches an artificial
intervertebral disc comprising a pair of plates having an
articulation member surrounded by a plurality of resilient
members or bumpers. US 6,770,095 also teaches an ar-
tificial intervertebral body comprising a pair of plates, or
endplates, and a centrally located articulation member.
The articulation member comprises a means to prevent
disengagement of the plates.

[0007] In addition to the artificial discs mentioned
above, the present inventors have proposed various im-
proved disc prostheses that provide a variety of interver-
tebral movements as well as means for simulating normal
movement restrictions as would be found in natural spinal
structures. Examples of the present inventors’ disc pros-
theses are described in the following U.S. patent appli-
cation numbers: 2008/0058944, 2008/0065216; and
2010/0222885. These prior applications are incorporated
herein by reference in their entirety.
[0008] In developing artificial intervertebral discs it is
desired to allow the disc a wide range of articulation while
preventing separation of the disc components and/or ex-
treme motion in any given direction.

SUMMARY OF THE INVENTION

[0009] The present invention provides an implant for
replacing intervertebral discs according to the appended
claims.
[0010] The invention provides an artificial interverte-
bral disc that allows adjacent vertebrae a range of mo-
tions in various planes. Such motion may be limited to a
predetermined range, within which movement of adja-
cent vertebrae does not lead to deterioration of neigh-
bouring spinal structural components.
[0011] The above-mentioned motion about various ax-
es can be coupled to more closely simulate natural move-
ment.
[0012] The invention provides an artificial disc that also
includes a means of preventing separation of the two
main components forming the disc.
[0013] Thus, the invention provides an artificial in-
tervertebral disc for implantation between adjacent su-
perior and inferior vertebrae of a spine, the disc compris-
ing:

- a superior shell, an inferior shell, and a means of
biasing the superior and inferior shells apart;

- the superior and inferior shells being moveable with
respect to each other over two or more articulating
surfaces;

- the inferior shell having a superior surface compris-
ing a posteriorly positioned convex portion;

- the superior shell having an inferior surface opposing
the superior surface of the inferior shell, and com-
prising a posteriorly positioned concave portion, op-
posite the convex portion;

- the convex and concave portions being in articulating
cooperation to form a ball and socket joint;

- at least one of the convex or concave portions having
at least one male portion and the other of the convex
or concave portions having a corresponding number
of cooperating female portions adapted to receive
and positively engage the at least one male portion.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The features of the invention will become more
apparent in the following detailed description in which
reference is made to the appended drawings wherein:

Figure 1 is a schematic illustration of the range of
motion of a vertebra.

Figure 2 is a side elevation of an artificial interverte-
bral disc according to one embodiment.

Figure 3 is a top view of the disc of Figure 2.

Figure 4 is a side or lateral cross sectional elevation
of the disc of Figure 2 taken along the sagittal plane
IV-IV shown in Figure 5.

Figure 5 is top or superior cross sectional view of the
inferior shell of the disc of Figure 2 taken along the
axial plane V-V shown in Figure 6.

Figure 6 is a front or anterior cross sectional view of
the disc of Figure 2 taken along the coronal plane
VI-VI shown in Figure 5.

Figures 7 and 8 are cross sectional elevations of the
disc of Figure 2 implanted in a spine and illustrating
the disc in extension and flexion positions, respec-
tively.

Figure 9 is a side or lateral cross sectional elevation
of the disc according to another embodiment taken
along the sagittal plane IX-IX shown in Figure 10.

Figure 10 is a top or superior cross sectional view of
the inferior shell of the disc of Figure 9 taken along
the axial plane X-X shown in Figure 11.

Figure 11 is a front or anterior cross sectional eleva-
tion of the disc of Figure 9 taken along the coronal
plane XI-XI shown in Figure 10.

Figure 12 is a side perspective elevation of the disc
according to another embodiment.

Figure 13 is a side perspective elevation of the disc
of Figure 12 with the inferior and superior shells sep-
arated.

Figure 14 is a top perspective elevation of the inferior
shell of Figure 12.

Figure 15 is a side perspective elevation of the disc
of Figure 12 in a state of flexion.

Figure 16 is a side cross sectional elevation of the
disc of Figure 15.

Figure 17 is a side perspective elevation of the disc
of Figure 12 in a state of extension.

Figure 18 is a side cross sectional elevation of the
disc of Figure 17.

Figure 19 is a rear cross sectional elevation of the
disc of Figure 12 in a laterally extended state.

Figures 20 and 21 are side elevations of nuclei.

Figure 22 is a side cross sectional elevation of a disc
according to a further embodiment.

Figure 23 is a posterior cross sectional elevation of
the disc of Figure 22.

Figure 24 is a top perspective view of the inferior
shell of the disc of Figure 22.

Figures 25 to 27 and 31 are side cross sectional
views of further variants of the disc of Figure 22.

Figures 28 and 29 are posterior cross sectional views
of further variants of the disc of Figure 22.

Figure 30 is a side cross sectional view of a further
variant of the disc of Figure 22.

DETAILED DESCRIPTION OF THE INVENTION

[0015] In the following description, the terms "superi-
or", "inferior", "anterior", "posterior" and "lateral" will be
used. These terms are meant to describe the orientation
of the implants of the invention when positioned in the
spine. Thus, "superior" refers to a top portion and "pos-
terior" refers to that portion of the implant (or other spinal
components) facing the rear of the patient’s body when
the spine is in the upright position. Similarly, the term
"inferior" will be used to refer to the bottom portions of
the implant while "anterior" will be used to refer to those
portions that face the front of the patient’s body when the
spine is in the upright position. With respect to views
shown in the accompanying figures, the term "coronal"
will be understood to indicate a plane extending between
lateral ends thereby separating the body into anterior and
posterior portions. The term "sagittal" will be understood
to indicate a plane extending anteroposterior thereby
separating the body into lateral portions. The term "axial"
will be understood to indicate a plane separating the body
into superior and inferior portions. It will be appreciated
that these positional and orientation terms are not intend-
ed to limit the invention to any particular orientation but
are used to facilitate the following description.
[0016] The present invention provides artificial discs
or implants for replacing intervertebral discs that are
damaged or otherwise dysfunctional. The implants of the
present invention are designed to allow various degrees
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of motion between adjacent vertebral bodies, but within
acceptable limits.
[0017] Figure 1 illustrates the complexity of vertebral
movement by indicating the various degrees of freedom
associated therewith. In the normal range of physiologi-
cal motion, vertebrae extend between a "neutral zone"
and an "elastic zone". The neutral zone is a zone within
the total range of motion where ligaments supporting the
spinal bony structures are relatively non-stressed; that
is, the ligaments offer relatively little resistance to move-
ment. The elastic zone is encountered when the move-
ment occurs at or near the limit of the range of motion.
At this zone, the visco-elastic nature of the ligaments
begins to provide resistance to the motion thereby limiting
same. The majority of "everyday" or typical movements
occurs within the neutral zone and only occasionally con-
tinues into the elastic zone. Motion contained within the
neutral zone does not stress soft tissue structures where-
as motion into the elastic zone will cause various degrees
of elastic responses. Therefore, a goal in the field of spi-
nal prosthetic implants in particular, is to provide a pros-
thesis that restricts motion of the vertebrae adjacent
thereto to the neutral zone. Such restriction minimises
stresses to adjacent osseous and soft tissue structures.
For example, such limitation of movement will help to
minimize or otherwise reduce facet joint degeneration.
[0018] In general terms, the present invention provides
an implantable spinal prosthesis for replacing interverte-
bral discs. The implant of the invention is generally com-
prised of cooperating inferior and superior portions, or
shells, that are moveable relative to each other and being
separated along at least a portion thereof by a resilient,
force absorbing nucleus. The relative movement be-
tween the components of the disc of the invention in-
cludes various degrees of freedom but is generally limited
to a specified range. That is, the prosthesis is provided
with various "soft" and "hard" stops to limit motion be-
tween the vertebrae adjacent thereto. In particular, the
artificial disc of the invention provides for rotation, flexion,
extension and lateral motions that are similar to normal
movements in the neutral and elastic zones (i.e. the
movements associated with a normal or intact disc). In
addition, the device of the invention also allows various
combinations of such motions, or coupled motions. For
example, the disc of the invention can be subjected to
flexion and translation, or lateral flexion and lateral trans-
lation, or flexion and rotation. Various other motions will
be apparent to persons skilled in the art given the present
disclosure.
[0019] Figures 2 and 3 illustrate an artificial interverte-
bral disc 10 according to an embodiment. As shown, the
disc 10 includes a superior shell 12 and an inferior shell
14 and comprises anterior 16 and posterior 18 ends. The
outer superior and inferior surfaces, 13 and 15 respec-
tively, of the shells 12 and 14 may be provided with de-
sired surface structures or shapes as may be needed for
enhancing or facilitating implantation in the space be-
tween the neighbouring vertebral body structures. For

example, in the embodiment shown, the superior outer
surface 13 of the superior shell may be convexly shaped.
In addition, the surfaces 13 and 15 may be provided with
any known coating or surface treatment to facilitate
and/or cause bony in-growth and/or to otherwise promote
adhesion to the adjacent bone structures. Such coatings
etc. will be known to persons skilled in the art. In addition,
the outer surfaces of the shells 12 and 14 may be pro-
vided with further anchoring devices for securing the disc
10 to the adjacent bone structures. Such devices may
include, for example, screws, spikes, holes or pins (not
shown) for facilitating or enhancing implantation of the
invention between adjacent vertebral bodies.
[0020] In addition, the disc of the invention can be
adapted for use in association with artificial vertebral bod-
ies. In such case, the disc of the invention may be pro-
vided with various anchoring means such as keels and
the like (not shown) that can be used for securing to ar-
tificial vertebral bodies. An example of such an artificial
body is provided the present applicant’s PCT application
published under number WO 2006/116850. In general,
the disc of the invention may be provided with any exter-
nal surface or surface means that would facilitate attach-
ment to an adjacent surface of an artificial vertebral body
when the two structures are in combination. The attach-
ment means may allow some degree of relative move-
ment between the artificial disc and artificial vertebral
body. Thus, although in one embodiment (as shown in
Figures 2 and 3), the outer inferior surface 15 is provided
with a curved geometry to adapt to a naturally occurring
vertebral body, it may equally be provided with a different
structure that is adapted to engage or cooperate with a
surface of an artificial vertebral body. Both the artificial
disc and the artificial body may be designed so as to
allow such cooperative arrangement there-between.
[0021] As shown in Figures 3 and 5, the disc 10 is pref-
erably provided with a generally oblong, oval or elliptical
configuration when viewed from the top (superiorly) or
bottom (inferiorly). This shape of the disc will be under-
stood by persons skilled in the art to be preferred in terms
of maximising surface contact with the adjacent vertebral
bodies. However, various other shapes, sizes and pro-
portions will be possible. As also shown, the disc 10 may
preferably be provided with a specific external shape that
may be different superiorly and inferiorly. For example,
the external aesthetic characteristics illustrated in the fig-
ures attached hereto may facilitate implantation in exist-
ing bone structures by reflecting the natural shape of the
adjacent vertebral structures. However, it will be appre-
ciated that the invention is not limited to any shape or
size. In addition, it will be appreciated that the external
shape of the disc illustrated in the accompanying figures
may not be needed or suitable for use with artificial ver-
tebral bodies.
[0022] The disc 10 is shown in sagittal cross section
in Figure 4. As shown, the inferior and superior shells 12
and 14 are arranged in a cooperative manner to form the
disc 10. Between the shells 12 and 14 is provided a re-
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silient nucleus 20. As shown in Figures 4 to 6, the inner
(or superior) surface of the inferior shell 14 includes a
raised convex portion 22 proximal to the posterior end
18. The convex portion 22 cooperates with a concave
portion or surface 24 provided on the inner (or inferior)
surface of the superior shell 12 to form a ball and socket
type of joint, as discussed further below. As will be un-
derstood, such a joint allows for the shells 12 and 14 to
be in articulating cooperation thereby allowing relative
movement in various directions. As shown in Figures 4
and 5, in one embodiment, the convex portion or ball 22
may be located at the posterior end 18 of the inferior
shell. The posterior and anterior ends, 19 and 21, of the
ball 22 are preferably truncated or squared off. As will be
understood by persons skilled in the art and as described
further below, the shape, position and dimensions of the
convex portion 22 and/or concave portion 24 can be ad-
justed depending upon the desired range or extent of
motion, or axis of rotation.
[0023] The inferior shell also includes an upward ex-
tending outer wall 26 thereby resulting in a well, 28
bounded between the convex portion or ball 22 and the
outer wall 26, within which is contained the nucleus 20.
As shown in Figure 5, the well 28 of the illustrated em-
bodiment generally has a "U" shaped structure with the
arms of such "U" extending posteriorly. The nucleus 20
is preferably provided with a similar structure so the nu-
cleus conforms to the shape of the well 28 and is accom-
modated therein. However, as will be understood and as
discussed further below, the well 28 and/or the nucleus
20 may be provided with other shapes to achieve the
same function.
[0024] As illustrated in Figures 4 and 6, the superior
shell 12 is provided with a downward extending posterior
portion 30 the inferior surface of which comprises the
aforementioned concave surface 24 or socket. As dis-
cussed above, the concave surface or socket 24 of the
superior shell 12 is adapted or designed to cooperate
with the convex portion or ball 22 of the inferior shell so
as to form an articulating joint there-between. The supe-
rior shell 12 also includes a downward extending rim 32
at least along the anterior end thereof. The rim 32 is sized
to lie in front of, or anteriorly of, the wall 26 of the inferior
shell. As will be discussed further below, this arrange-
ment serves to provide a "hard stop" for flexion and ex-
tension movements, that is, a movement wherein the su-
perior shell is moved anteriorly or posteriorly over the
inferior shell. The disc shown in Figure 4 illustrates the
superior shell 12 in a position where the rim 32 thereof
contacts the wall 26 of the inferior shell thereby prevent-
ing any further posterior movement of the superior shell
12. It will be understood that the rim 32 and wall 26 of
the shells do not need to be continuous or extend along
the entire periphery of the respective shells.
[0025] As shown in Figures 4 and 6, the superior shell
includes a recess 29 surrounding the posterior socket
portion 24. The recess 29 is generally the same shape
as the well 28 of the inferior section whereby the recess

and well 28 combine to form an enclosure for the nucleus.
[0026] As shown in Figure 6, the superior shell 12 may
preferably also be provided with a pair of downward ex-
tending tabs 34, 36 on the lateral ends thereof. The tabs
34 and 36 are adapted to be received within slots 38 and
40, respectively, the slots being provided on the lateral
ends of the inferior shell 14. As taught for example in the
present applicant’s copending PCT application published
under number WO 2006/116852, this type tab and slot
arrangement serves to provide a "hard stop" for lateral
bending motions as well as axial rotation motions.
[0027] More specifically, in the case of lateral motions,
as can be seen in Figure 6, the slots 38 and 40 extend
deeper into the inferior shell 14 than the length of the
tabs 34 and 36. Thus, a lateral or side to side movement
between the superior and inferior shells will cause the
terminal end of one of the tabs to contact the base of the
respective slot thereby preventing any further movement
in that direction. In the case of axial rotation, the slots 38
and 40 will be sized to be wider than the tabs 34 and 36,
thereby allowing the superior and inferior shells to be
rotated over the ball 22 and socket 24 joint formed there-
between until the side edges of the tabs 34 and 36 contact
the side walls of the table 38 and 40. Further details con-
cerning such tabs and slots are provided in applicant’s
aforementioned copending application. It will understood
that the ovoid shape of the disc itself may also provide
any necessary "stop" for rotation motion, thereby avoid-
ing the need for the tabs (34, 36) and slots (38, 40). It
will also be understood that the disc 10 may be uncon-
strained with respect to rotational movement or, alterna-
tively, may be designed to inhibit any rotational move-
ment. The degree of permissible rotation of the disc will
depend on various factors as will be known to persons
skilled in the art.
[0028] As shown in Figures 4 and 6, the resilient nu-
cleus 20 serves to provide resistance to relative move-
ment of the inferior and superior shells 12 and 14. For
example, as shown in Figure 4, the nucleus 20 resiliently
biases the anterior ends of the shells 12 and 14 apart
from each other wherein, due to the resilient nature of
the nucleus, a compressive force applied to the anterior
portion of the disc causes the anterior portions of the
shells to be brought closer together. This type of motion
of the shells would occur, for example, during a flexion
movement (i.e. where the superior shell 12 is moved an-
teriorly with respect to the inferior shell 14).
[0029] Figure 6 illustrates an optional structure where-
in outer angled edges are provided on the superior and
inferior shells 12 and 14, primarily at the respective lateral
ends thereof. As shown, the superior shell 12 includes
downwardly angled edges 37a and 37b on the opposite
lateral ends while the inferior shell 14 includes upwardly
angled edges 39a and 39b. The edges 37a and 37b are
arranged in opposing manner to the edges 39a and 39b,
respectively. As illustrated, the arrangement of the edges
37 a,b and 39 a,b would result in a pincer-like function
when the disc 10 is compressed laterally (i.e. along the
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coronal plane). This arrangement serves to shear any
scar tissue that may form around the disc 10 once im-
planted and subjected to normal movements.
[0030] Figures 7 and 8 illustrate a flexion movement
of the disc. As shown, the disc 10 is illustrated in its im-
planted state within the intervertebral space created after
excision of a damaged or diseased intervertebral disc.
The disc 10 is shown in an extended position in Figure
7 and in a flexion position in Figure 8. As can be seen,
in the extended position, Figure 7, the superior and infe-
rior shells 12 and 14 are in the position shown earlier in
Figure 4 and the nucleus 20 is contained within the en-
closure formed by the well 28 and recess 29. However,
as the superior vertebra is moved anteriorly in a flexion
motion, the socket 30 of the superior shell 12 is slidably
moved over the ball 22 of the inferior shell 14. As shown
in Figure 8, in the course of such flexion motion, the an-
terior wall of the socket portion 30 impinges against the
resilient nucleus 20, which in turn is forced against the
wall 26 of the inferior shell 14. As also shown, in the
course of the flexion motion, the volume of the enclosure
29 containing the nucleus 20 is reduced as a result of
the socket 30 of the superior shell 12 sliding over the ball
22 of the inferior shell. As illustrated, in this manner, the
anterior end of the superior shell is vertically lowered
thereby constricting the volume of the enclosure 29. As
will be understood, such flexion movement can be con-
tinued until the nucleus is no longer compressible within
the enclosure, at which point further flexion is prevented.
Such compression of the nucleus would be understood
to serve as a "soft" stop for the respective motion between
the shells.
[0031] In one possible embodiment, the disc 10 may
also utilize the tabs 34, 36 and slots 38, 40 described
above as a "hard stop" for flexion movements. That is,
in order to limit flexion, the tabs and slots may be sized
to permit only a certain degree of movement until the
anterior edges of the tabs 34, 36 contact the anterior
walls of the slots 38, 40, at which point, further flexion is
prevented.
[0032] In the flexion movement discussed above, the
contact surface between the nucleus 20 and the inner
walls of the recess 29 may be subjected to frictional forc-
es. The invention permits the walls of the recess 29 to
be provided with any known coating or treatment etc. to
minimise such frictional forces thereby preventing dam-
age to the nucleus 20.
[0033] Figure 8 also illustrates the curvature of the ball
or convex portion 22. As shown, the ball 22 preferably
comprises a spherical surface having a radius "r" origi-
nating from a point P within the inferior vertebra. As illus-
trated, the point "P", which defines the instantaneous axis
of rotation for the disc 10, is situated in the posterior por-
tion of the inferior vertebra. This positioning is a result of
the posteriorly positioned point or articulation formed by
the ball 22 and socket 24.
[0034] In certain cases, the implantation of an artificial
disc may also require realignment of the adjacent verte-

brae to alleviate a specific pathology. For example, the
vertebrae may need to be realigned to restore lordosis.
As will be understood, the present invention allows for
the instantaneous axis of rotation of the disc to be posi-
tioned at various desired locations depending upon the
need. The repositioning of the axis of rotation can be
accomplished, for example, by changing the geometry
and location of the ball 22 provided in the disc 10. That
is, by changing the shape of the ball 22 the instantaneous
axis of rotation can be moved anteriorly or posteriorly.
Thus, in the illustration of Figure 8 for example, the point
P can be moved in the anterior or posterior directions by
adjusting the position of the ball 22 and the associated
socket 24. In addition, it can also be understood that the
curvature of the ball 22 may also be adjusted either to-
gether or independent of the location thereby also per-
mitting the vertical positioning of the point P to be varied.
For example, by reducing the radius "r" discussed above,
it will be understood that the instantaneous axis of rota-
tion (i.e. point "P" illustrated in Figure 8) can be vertically
raised so as to lie closer to the inferior shell 14 of the disc
10. In such position, the shear stresses applied to the
facet joints between the adjacent vertebrae can be re-
duced.
[0035] In a further embodiment, the curvature of the
convex portion 22 may be of various non-spherical
shapes. For example, by adjusting the curvature to be
more pronounced at the anterior end, the convex portion
22 may be adapted to act as a motion inhibitor to flexion.
It will be understood that such adjustments to the convex
portion or ball 22 can be made for one or more motions
while still maintaining the desired ball and socket ar-
rangement.
[0036] As indicated above, the resilient nucleus 20 pro-
vides an increasing resistance to flexion. Since such re-
sistance is dependent upon the compressibility of the ma-
terial comprising the nucleus, it will be understood that
the degree of flexion can be tailored by choosing the ap-
propriate characteristics of such material. For example,
a nucleus made of a less compressible material or a nu-
cleus that occupies more volume of the enclosure in
which it is contained will have a reduced range of motion.
As described above, the nucleus 20 is preferably provid-
ed with a generally "U" shaped structure so the nucleus
more readily conforms to the shape of the generally "U"
shaped well 28. However, as will be understood, the well
28 and/or the nucleus 20 may be provided with other
shapes to achieve the same function. For example, in
one embodiment, the nucleus 20 may be contained solely
in the anterior section of the well and not within the arms
of the ’U" shape. For example, the nucleus may have an
elongate (i.e. oval, ovoid or oblong) structure. In such
case, it will be understood that the well 28 or the enclosure
29 may be provided with a wall or other such barrier
means to prevent displacement of the nucleus. In another
embodiment, the nucleus may comprise a generally
round structure that is located only at the anterior portion
of the disc. In such case, it will be understood that
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the "soft" stop offered by the nucleus may only be effec-
tive in flexion movements. In the above description, the
nucleus has been referred to as a singular body. How-
ever, in other embodiments, the nucleus may be provided
in one or several pieces since the resilient nature of the
nucleus would enable it to assume the shape of the well
(or specific section of the well) once the superior shell
has been combined. For example, in one embodiment,
the nucleus may be provided in three segments corre-
sponding to an anterior segment and two lateral seg-
ments. In yet another embodiment, the nucleus may be
provided in two segments, each of which is located in the
lateral sections of the enclosure of the disc (such as within
the two arms of the "U" shaped well). In such case, it will
be understood that the nucleus may only be effective as
a "soft" stop for lateral bending movements. If, however,
the two nucleus segments are elongated towards the an-
terior section of the disc, it will be understood that at least
some degree of a "soft stop" would be provided for flex-
ion movement. In general, the nucleus of the invention
preferably provides a "soft" stop for flexion and lateral
compressive movements. Thus, on this basis and in view
of the present disclosure, various other modifications of
the shape and size of the nucleus and/or well will be
apparent to persons skilled in the art.
[0037] Although the above discussion has focussed on
flexion, it will be understood that the disc of the invention
also allows for various other individual or coupled move-
ments. For example, as mentioned above, the invention
allows for controlled lateral movements of the vertebrae
adjacent to the disc. In the embodiment illustrated in Fig-
ure 6, a nucleus 20 having a generally "U" shaped struc-
ture includes arms of the "U" that are provided within
lateral positions of the enclosure formed by the superior
12 and inferior 14 shells. That is, the arms of the generally
"U" shaped nucleus occupy the lateral portions of the
well 28. in this arrangement, it will be understood that
during a lateral (i.e. side to side) movement, one of the
lateral ends of the disc will be subjected to compression.
This is also illustrated in Figure 19. This movement will
result in compression of the lateral section of the nucleus
corresponding to the side that is under compression. As
discussed above with respect to flexion and extension,
the resilient nature of the nucleus would serve also to
gradually limit the amount of lateral compression until a
maximum amount of nucleus compression occurs. This
therefore provides the "soft" stop for lateral movement.
Such movement can be controlled as indicated above by
selecting the appropriate choice of material for the nu-
cleus and/or by the volume of nucleus contained within
the enclosure of the disc. As discussed above, although
a nucleus having the aforementioned "U" shaped struc-
ture may be preferred, the artificial disc of the invention
may also be provided with a nucleus of any geometry.
For example in the case where the nucleus comprises
an oval, ovoid or otherwise oblong structure, it will be
understood that at least some degree of lateral compres-
sion would still occur thereby allowing such nucleus to

provide the above mentioned "soft" stop for lateral move-
ments. Alternatively, the nucleus may be designed to pro-
vide a "soft" stop only for flexion and extension move-
ments. Such options will be apparent to persons skilled
in the art upon reviewing the present disclosure.
[0038] In another aspect, the various "hard stops" of
the disc 10, as discussed above, can be tailored to pro-
vide more or less range of motion depending on the need
of the patient and upon the natural motion requirements
of the vertebrae in question.
[0039] Another embodiment is illustrated in Figures 9
to 11 wherein like elements are identified with the same
reference numerals as above. Elements that are similar
but include variations are identified with the same refer-
ence numeral but with the letter "a" added for clarity.
[0040] As shown in Figures 9 to 11, the general struc-
ture of the disc 10a is similar to that described above. In
addition, the superior shell 12 comprises the same struc-
ture discussed above. However, the inferior shell 14 is
modified to provide a means for dynamically varying the
instantaneous axis of rotation. More specifically, in the
embodiment shown, the fixed convex or ball portion 22
of the inferior shell 14a is replaced with a moveable core
54 having a convex superior surface. As shown in Figures
9 to 11, the inferior shell 14a is provided with a recess
50, which, in one embodiment, is located at the posterior
end 18 of the inferior shell 14 and generally centrally be-
tween the lateral ends thereof. However, based on the
present disclosure, it will be understood that the recess
50 can be located at any position depending upon the
need. The recess 50 includes a generally planar base 52
and is adapted to receive the moveable, or floating core
54. The core 54 has a generally flat inferior surface 56
that is capable of sliding over the base 52 of the recess 50.
[0041] As shown in figures 9 to 11, the core 54 com-
prises a convex superior surface 58 that is adapted to
cooperate with the concave or socket portion 30 of the
superior shell 12. Thus, the convex surface 58 serves
the same function as the convex surface 22 discussed
above. In a preferred embodiment, the convex superior
surface, or ball, 58 of the core 54 has a spherical shape
with an axis of rotation, such as point "P" discussed
above, which, when implanted, lies within the inferiorly
adjacent vertebral body. In addition, as with the embod-
iment discussed above, the geometry of the convex sur-
face 58 of the core can be tailored to position the instan-
taneous axis of rotation (i.e. point "P", not shown) at any
desired location. However, the embodiment of Figures 9
to 11 allows a further variability of the positioning of such
rotational axis by providing a recess 50 that includes one
or more dimensions that are larger than the core 54. For
example, in one embodiment, the recess 50 may be larg-
er than the core as measured in the sagittal plane thereby
allowing the core 54 to slide anteroposteriorly, which, as
will be understood, would translate the instantaneous ax-
is of rotation in the course of normal movement of the
patient. The degree of such sliding motion can be pre-
determined by providing as little or as much clearance
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as needed between the core 54 and the recess 50.
[0042] In the embodiment illustrated in Figures 9 to 11,
the size of the recess 50 across the coronal plane is very
close to that of the core 54 thereby preventing any lateral
shifting of the core while still allowing anterior-posterior
movement. However, in another embodiment, the recess
50 of the inferior shell 14a may be sized to allow such
lateral movement of the core as well. Thus, by sizing the
recess 50 as needed the core 54 can be allowed a free-
dom of movement in sagittal and/or coronal planes.
[0043] The disc of the invention can be made with a
variety of materials as will be known to persons skilled
in the art. For example, the shells may be manufactured
from metals (such as stainless steel, titanium, titanium
alloys, nickel-titanium alloys, such as Nitinol™, cobalt-
chrome alloys, etc.), porcelain, and plastic and/or ther-
moplastic polymers (such as PEEK™) or any combina-
tion thereof. In addition, it will be understood that the "ball"
of the inferior shell and/or "socket" of the superior shell
may be made from materials that are the same or different
from the remainder of the respective shells. For example,
the "ball" may be made of titanium while the "socket" and
both shells are made of PEEK. Various other combina-
tions of materials will be known to persons skilled in the
art.
[0044] The nucleus 20 has been described generally
as comprising a resilient material. In one embodiment,
such material comprises a hydrogel, which is a material
known in the art. However, alternative materials may also
be used for the nucleus. For example, the nucleus may
comprise mechanical springs (for example made of met-
al), hydraulic pistons, a hydrogel or silicone sac, rubber,
a polymer or elastomer material, or any other such resil-
ient material or device. One example of a suitable poly-
mer material for the nucleus would be carbothane. Gen-
erally, the nucleus is made from resiliently compressible
materials that serve to limit movement between the su-
perior and inferior shells 12 and 14, 14a as described
above and to provide a force for returning the disc 10,
10a to its neutral position.
[0045] Another embodiment is illustrated in Figures 12
to 21 wherein elements similar to those described above
are identified with the prefix "1". As shown, the disc 110
according to the illustrated embodiment includes a su-
perior shell 112 and an inferior shell 114. The outer sur-
faces of the artificial disc 110 may be provided with any
shape or surface treatment as may be required. For ex-
ample, as discussed above, the superior surface 113 of
the superior shell 112 may be provided with a shape that
conforms to the shape of the vertebral body that the disc
110 will contact when implanted.
[0046] Figure 13 illustrates the disc 110 in the open
state, wherein the superior 112 and inferior 114 shells
are separated. In both Figures 12 and 13, the nucleus of
the disc is not shown. As can be seen in Figures 12 and
13, tabs 134 and 136 are provided on the lateral sides
of the superior shell 112 and function similarly to the tab
structures discussed above. As with the embodiment dis-

cussed previously, the inferior shell 114 of disc 110 is
provided with a pair of slots 138 and 140, with one slot
being provided on each lateral side of the inferior shell
114. As above, the slots 138 and 140 are adapted to
receive the tabs 134 and 136, respectively, when the
shells 112 and 114 are assembled to form the disc 110.
In the embodiment of Figures 12 and 13, it can be seen
that the slots 138 and 140 are sized so as to have a width
that is greater than the width of the associated tabs 134
and 136. As discussed above, such an arrangement
serves to allow some degree of translational movement
of the tabs 134 and 136 within the associated slot 138
and 140. Such a freedom of movement between the slots
and tabs allows the superior and inferior shells 112 and
114 to rotate with respect to each other thereby allowing
a degree of axial rotation movement of the spinal seg-
ment wherein the disc 110 is implanted. It will be under-
stood that the degree of rotational movement may be
tailored by sizing either the slots or tabs. Although a single
tab on each side of the disc has been described, it will
be understood that any number of tabs may be provided
for achieving the same result. Further, in other embodi-
ments, the positions of the tabs and slots may be re-
versed wherein the tabs are provided on the inferior shell
and the slots are provided on the superior shell.
[0047] Figure 13 also illustrates the generally "U"
shaped well 128 defined by the outer wall 126 of the
inferior shell 114. As discussed above, the well 128 ac-
commodates the nucleus (not shown in Figures 12 and
13) of the disc 110. Figure 14 illustrates the inferior shell
114 wherein the nucleus 120 is accommodated within
the well 128 shown in Figure 13.
[0048] The inferior shell 114 shown in Figures 13 and
14 includes a convex surface or ball 122 that cooperates
with a concave surface (not shown in Figures 13 and 14)
of the superior shell 112 in the same manner as described
above.
[0049] As described with respect to the previous em-
bodiments, the superior shell 112 is provided with a rim
132 on the anterior end 116 thereof. The rim 132 extends
in a direction towards the inferior shell 114 when the disc
110 is in the assembled and implanted state. As shown
in Figures 12 to 14, the inferior portion of the inferior shell
is provided with, or extended to form, a lip 202 extending
anteriorly and adapted to be positioned under the inferior
edge 201 of the rim 132. As will be described further
below, the lip 202 would serve as a further hard stop for
the disc 110 during a flexion motion.
[0050] The slots 138 and 140 of the inferior shell are
defined by anterior walls 203, 205 and posterior walls
204, 206, respectively. As discussed above, the slots 138
and 140 and the tabs 134 and 136 are respectively sized
so as to allow the tabs to move within the respective slots
when the disc 110 is subjected to an axial rotation move-
ment. In such movement, it will be understood that the
anterior edge of one of the tabs will abut the anterior wall
of its associated slot while, simultaneously, the posterior
edge of the other of the tabs will abut the posterior wall
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of its associated slot. When the disc 110 is rotated in the
opposite direction, it will be understood that the opposite
edges and walls will be abutting.
[0051] Figures 15 and 16 illustrate the disc 100 during
a flexion (i.e. posterior to anterior) motion. As shown and
as discussed above, during such motion, the superior
and inferior shells articulate over the ball and socket type
of connection formed between the convex surface (or
ball) 122 of the inferior shell 114 and the concave surface
(or socket) 124 of the superior shell 112. It will be under-
stood that such articulation occurs for all translational
and rotational movements that occurs between the shells
112 and 114. As shown in Figure 16, during flexion, the
superior shell 112 articulates over the inferior shell 114
thereby resulting in compression of the nucleus 120 be-
tween the body of the socket portion 124 and the outer
wall 126 of the inferior shell 114. The flexion motion is
capable of continuing until the resilient nucleus 120 is no
longer capable of being compressed. It will be under-
stood that the compression of the nucleus 120 serves as
a gradual or "soft" stop for such flexion motion. However,
in order to provide a "hard" stop, the embodiment illus-
trated in Figures 15 and 16 are provided with other fea-
tures. For example, as discussed above, the inferior shell
114 may be provided with a lip 202 that extends anteriorly
underneath the inferior edge 201 of the rim 132 of the
superior shell 112. As shown in Figures 15 and 16, in
such an arrangement, flexion motion of the disc 110 is
prevented upon the inferior edge 201 contacting the su-
perior surface of the lip 202. Alternatively or in combina-
tion, the anterior walls 203 and 205 of the slots 138 and
140, respectively, may also be sized so as to abut the
anterior edges of the tabs 134 and 136, respectively, to
serve as a hard stop for flexion movement. This feature
is illustrated in Figure 15 wherein the disc 110 is shown
in the full flexion state and wherein the anterior edge of
the tab 136 abuts the anterior wall 205 of the slot 140 (it
will be understood that the tab 134 similarly abuts the
anterior wall 203 of the slot 138).
[0052] Figures 17 and 18 illustrate the disc 110 of the
embodiment in an extension (i.e. anterior to posterior)
movement. In Figure 18, the nucleus 120 has been omit-
ted for clarity thereby illustrating the well 128. As dis-
cussed above, the "hard" stop for the extension motion
occurs when the posterior surface of the rim 132 contacts
the anterior surface of the wall 126. As shown in Figure
18, such contact occurs generally at the superior edge
of the wall 126; however, it will be understood that this
will depend upon the degree of clearance provided be-
tween the rim 132 and the wall 126. That is, if the sepa-
ration between the rim 132 and the wall 126 is smaller
than that illustrated, the contact region between the two
during extension will be positioned inferiorly. Figure 17
illustrates a further hard stop for the extension motion
involving the tabs 134 and 136 and the respective slots
138 and 140. That is, as discussed above with respect
to flexion, during extension, the posterior edges of the
tabs 134 and 136 are moved towards the posterior walls

204 and 206 of the slots 138 and 140, respectively. Thus,
as will be understood, such movement would be prevent-
ed from progressing upon the posterior edges of the tabs
134 and 136 contacting the posterior walls 204 and 206
(i.e. a "hard" stop is reached).
[0053] Figure 19 illustrates the disc 110 of the embod-
iment (but without the nucleus 120) in a lateral (side to
side) motion between the superior and inferior shells 112,
114. As shown in Figure 19, a right to left movement of
the superior shell 112, with respect to the inferior shell
114, involves an articulation of the socket 124 over the
ball 122. Such movement is continued until the inferior
edge 207 of the tab 136 contacts the base 208 of the slot
140 at which point, further lateral movement is prevented.
It will also be noted in Figure 19 that the wall 126 provided
on the inferior shell 114 is tapered upwardly. As will be
understood, this arrangement will be preferred in order
to allow the tab 134 to rise during the right to left move-
ment without contacting the wall 126. The above descrip-
tion has focussed on a right to left movement; however,
it will be understood that a similar stop will be encoun-
tered during a left to right lateral movement as well. As
also illustrated in Figure 19, during a lateral movement,
one side of the disc is compressed and, in the result, any
portion of the nucleus (not shown) that may be present
in the well 128 or enclosure, would be subjected to com-
pression and thereby offer a "soft" stop for such move-
ment.
[0054] It should also be noted that although the above
description of the disc 110 has discussed specific move-
ments in single planes, various combinations of move-
ments will be possible with the present invention.
[0055] Figures 20 and 21 illustrate various alternate
embodiments of the nucleus. For clarity, the two embod-
iments of these figures are indicated as 120a and 120b,
respectively. In the embodiments shown, the nuclei 120a
and 120b are shown as having a generally "U" shaped
structure with the arms of the "U" shape extending to-
wards to posterior end 118 of the disc (not shown). The
nuclei 120a and 120b have inferior surfaces 210a, 210b
and superior surfaces 211a, 211b, respectively. As
shown, the inferior surfaces 210a and 210b are generally
planar and are adapted to be accommodated within the
well of the inferior shell of the disc (as discussed above).
In the embodiments shown in Figures 20 and 21, the
anterior (i.e. in the direction of 116) portion of the nuclei
120a, 120b are provided with thickened sections where-
by the anterior ends of the superior surfaces 211a, 211b
of the nuclei rise above the posterior ends. In Figure 20,
the superior surface 211a is further provided with an in-
clined shape. With the structure of the nuclei shown in
Figures 20 and 21, it will be understood that a greater
separation force will be offered by the nuclei to space
apart the superior shell from the inferior shell. Further,
by concentrating such separation force on the anterior
end (116) of the disc, the nuclei of Figures 20 and 21
cause the spinal segment in which the disc is implanted
into the neutral position when the individual is upright.
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That is, the increased separating force applied to the an-
terior end of the disc will allow a degree of compression
(such as to accommodate the weight of the individual’s
head) and still result in the segment to assume the neutral
position. It will be understood that this feature may be of
importance primarily for discs implanted into cervical spi-
nal segments or where accommodation is desired to ac-
count for compression of the nucleus due to overlying
weight. The specific situations where such an accommo-
dation is required will be apparent to persons skilled in
the art.
[0056] The artificial discs (e.g. 10, 10a etc.) discussed
above include various features. In one embodiment, the
discs may include various structural components to ac-
commodate individual and coupled movements such as
axial rotation, lateral bending, and flexion/extension. In
the result, the prosthetic disc of the invention generally
reproduces neutral zone and elastic zone movements
associated with a natural intact disc. Further, the inven-
tion allows for unconstrained and/or partially constrained
coupled movements by means of engineered end-points
that prevent excessive or non-physiological movement.
The fully constrained stop mechanisms (i.e. the "hard
stops") ensure that movement is, for example, not ex-
tended past the elastic zone.
[0057] In another embodiment, the discs may be gen-
erally wedge shaped in the sagittal plane so as to inte-
grate with and promote a lordotic spine configuration.
Such an implant may be used in cases where spinal re-
alignment is sought. For example, the disc may have a
larger height at the anterior end as compared to the height
of the posterior end to provide the aforementioned wedge
shape. Similarly, such a difference in height may also be
provided between the lateral sides of the disc, that is, in
the coronal plane. This type of configuration may be used,
for example, to correct a malalignment such as scoliosis.
[0058] In another embodiment, one or both of the shells
of the disc may be provided with a generally spherically
curved external surface so as to provide the disc of the
invention with an ovoid or semi-ovoid curvature in the
coronal plane. This structure maximises disc to bone sur-
face area and thereby promotes bony in-growth. Such
structure also maximises prosthetic occupation of the
disc space while stabilizing the disc against bone after
implantation.
[0059] Various "hard stops" are provided to inhibit ex-
cess lateral, rotational and extension movement between
the shells.
[0060] The external surfaces of the superior and infe-
rior shells may be curved or spherical (i.e. ovoid, elliptical)
or straight (i.e. squared) for insertion into bi-concave or
rectangular discectomy sites at any area of the spine.
The external surfaces may optionally be provided with
anchoring ribs or keels for securing the disc to adjacent
bone structures or to other artificial spinal structures.
[0061] In one embodiment, the superior shell may be
larger in diameter, as taken in the sagittal plane (i.e. the
anterior-posterior direction), than the inferior shell so as

to better approximate the "normal" condition.
[0062] In one embodiment, the outer surface of the disc
of the invention can be provided with one or more mark-
ings or physical features to render same opaque under
radiography. As will be understood, such features would
aid in post-operatively verifying the alignment and/or po-
sitioning of the implant.
[0063] The footprint of the disc is preferably maximised
in both the coronal and sagittal planes to help eliminate
subsidence. As will be understood, the size of the discs
of the invention will vary to accommodate various sizes
of discs in the normal spine.
[0064] As discussed above, the ball and socket-like
joint formed between the superior and inferior shells al-
lows for complex relative motions there-between. The
"ball" portion can be provided with a variety of geometries
(e.g. radii of curvature) and in a variety of positions over
the inferior shell to create different axes of rotation based
on the need. It will be understood that a concomitant po-
sitioning of the socket portion of the superior shell will
also be made in order to provide the ball and socket joint
arrangement described above. In other embodiments,
the ball portion may be moveable in one or more planes
within a constrained space so as to allow the instanta-
neous axis of rotation to be dynamically variable and al-
low for greater variability in the range of motion provided
by the disc of the invention.
[0065] According to the invention, the "ball and socket"
portion of the disc includes an interlocking, or male and
female arrangement that prevents separation of the two
shells while allowing the desired level of articulation
there-between. An example of this arrangement is illus-
trated in Figures 22 to 24, which depict a variation of the
disc shown in Figures 4 or 16. As shown in the embodi-
ment of Figures 22 to 24, the "ball", or convex portion
322 provided at the posterior end 318 of the inferior shell
314 includes a stem 400 extending away from the inferior
shell 314 in a direction towards the superior shell 312,
when the shells 312 and 314 are in combination. The
opposite end of the stem 400 includes a second convex
portion 402 having a superior convex surface 404. In one
aspect, the curvature of the convex surface 404 may cor-
respond with the curvature of the convex portion 322.
However, as will be understood from the discussion be-
low, the invention is not limited to such an arrangement.
In the embodiment shown in Figure 24, the convex por-
tion 402 generally comprises a curved, disc-shaped el-
ement. Figure 23 illustrates the convex portion 402 in a
posterior view.
[0066] As illustrated in Figures 22 to 24, the superior
shell 312 is provided with a concave surface 324 similar
to the surface 24 shown in Figure 4. The concave surface
324 is adapted to contact and engage the exposed sur-
face 406 of the ball 322. The arrangement between the
surface 406 of the ball 322 and the concave surface 324
will be understood to be the same as the ball 22 and
concave surface 24 of the embodiment of Figure 4, for
example. That is, such arrangement allows articulation
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over the respective curved portions of both elements.
However, as shown in Figures 22 and 23, the illustrated
embodiment provides a superior shell 312 having a fur-
ther pair of articulating surfaces. Specifically, the superior
shell 312 is provided with a second concave surface 408
that is adapted to engage the convex surface 404 of the
convex portion 402. As will be understood, the surfaces
408 and 404 combine to provide a further cooperating
pair of articulating surfaces.
[0067] As shown in Figures 22 to 24, the convex portion
402 is preferably wider than the stem 400. In the embod-
iment shown in Figures 22 to 24, the convex portion 402
is disc shaped and has a diameter that is greater than
the diameter or width of the step 400. In turn, the superior
shell 312 is provided with a downwardly depending wall
410 and an inwardly extending radial flange 412 that pref-
erably envelopes at least a portion of the convex portion
402. As shown in Figures 22 and 23, the wall 410 and
flange 412 serve to positively engage the convex portion
402. That is, as shown in Figures 22 and 23, the wall 410
and flange 412 combine to form a socket 414 for engag-
ing the convex portion 402 provided on the stem 400. In
this way, the socket 414 forms the "female" portion,
adapted to receive the "male" convex portion 402. The
stem 400 may also be considered as part of the "male"
portion. Thus, once the superior and inferior shells, 312
and 314, are combined, the engagement between con-
vex portion 402 and the socket 414 serves to prevent
separation of the shells beyond a pre-set limit. It will be
understood that in order for the convex portion 402 to be
engaged within the socket 414, the superior shell 312
may need to be provided first in two section and assem-
bled or joined together to form the socket 414 within which
the convex portion 402 is contained. Various other em-
bodiments may be possible for providing the same result.
For example, the flange 412 may be made of a resilient
material that permits flexing thereby allowing the convex
portion 402 to be "snap-fit" within the socket 414. Alter-
natively, the socket 414 may not necessarily engage the
entire perimeter of the convex portion 402, thereby al-
lowing the shells 312 and 314 to be assembled together
to form the disc.
[0068] As shown in Figures 22 and 23, the socket 414
is preferably sized so as to allow relative movement be-
tween the socket 414 and the convex portion 402. That
is, the diameter of the socket 414 is greater than the
diameter of the convex portion 402. As will be under-
stood, this arrangement allows articulation between the
superior and inferior shells 312 and 314. However, by
sizing the socket 414 as desired, such articulation can
be limited in one or more directions. As will also be un-
derstood, the respective movement between the shells
occurs when the outer edge of the convex portion 402
contacts the wall 410. It will also be understood that ar-
ticulation may be adjusted in only one direction. For ex-
ample, the socket 414 may be designed with a generally
oval shape, thereby allowing a greater degree of relative
motion in one direction than another. Such an arrange-

ment may be used, for example, to allow a greater degree
of flexion and extension motion as opposed to lateral
motion. Similarly, the sizing of the socket 414 may be
adjusted to allow more relative movement is, for example,
an extension motion as opposed to a flexion motion or
vice versa. As will also be understood the motion restric-
tion afforded by the socket 414 and convex portion 402
arrangement will generally be in addition to the other
means of motion restriction discussed above.
[0069] In another embodiment, the inferior surface 416
of the convex portion 402 may also be provided with a
curved, in this case concave, shape. The superior sur-
face 418 of the flange 412 may also be provided with a
cooperating convex shape. As illustrated in Figures 22
and 23, this arrangement allows the surfaces 416 and
418 to also engage each other thereby providing another
pair of articulating surfaces during relative movement of
the superior and inferior shells 312 and 314. Thus, in one
embodiment, the disc shown in Figures 22 to 24 is pro-
vided with six pairs of articulating surfaces. In addition,
with the socket 414 and convex portion 402 arrangement,
the shells 312 and 314 are positively engaged thereby
preventing axial separation of thereof.
[0070] In Figure 22 (as well as other discussed below)
the curvature of surfaces 408 and 404 are shown as being
of generally the same radius. Such an arrangement will
be understood to be preferable but not limiting. Further,
the curvature of the surfaces 404, 408 is also shown to
be the same as the curvature of the surfaces 406 and
324. It will be understood that each pair of surfaces may
be provided with a different radius of curvature. However,
since relative movement of the superior and inferior
shells is generally of a pivoting nature, it would be pref-
erable for each pair of abutting surfaces to have a com-
mon radius of curvature.
[0071] Figures 25 to 27 illustrate further embodiments
of the socket and convex portion arrangement (414 and
402) discussed with respect to Figures 22 to 24. In Fig-
ures 25 to 27, elements that are identical to those shown
in Figures 22 to 24 will be identified with the same refer-
ence numerals. Those elements shown in Figures 25 to
27 that are similar but different in shape or function will
be identified with the same reference numeral but with
the letters "a", "b" and "c" added, respectively, for clarity.
[0072] As shown in Figure 25, the convex portion 402a
is shown as a "ball" that is engaged within the socket
414a formed by combination of the concave surface
408a, the wall 410a and the flange 412a. As with the
previously described embodiment, the socket 414a may
be sized in any desired manner to allow the required
amount of relative movement between the superior and
inferior shells 312 and 314.
[0073] Figure 26 illustrates an embodiment wherein
the convex portion 402b includes a convex surface 404b
that is similar to that shown in Figures 22 to 24. However,
the convex portion 402b in this case includes an inferior
surface 416b that is generally convex in shape. In turn,
the superior surface 418b of the flange 412b comprises
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a cooperating concave shape.
[0074] Figure 27 illustrates a further embodiment,
which comprises a combination of the disc shown in Fig-
ures 22 and 26. Specifically, as shown, the superior sur-
face 404c of the convex portion 402c and the inferior
concave surface 408c of the superior shell are essentially
the same as those shown in Figures 22 and 23. However,
the inferior surface 416c of the convex portion 402c is
provided with a combination of convex and concave por-
tions. Specifically, in the embodiment shown in Figure
27, the posterior (318) portion of the inferior surface 416c
is provided with a convex shape while the anterior (316)
portion of the inferior surface 416c is provided with a con-
cave shape. Similarly, the superior surface 418c is adapt-
ed at the posterior and anterior ends to accommodate
such different curvatures. As will be understood, any oth-
er combination of curvatures between cooperating sur-
faces may be used depending on the need and/or desired
motion requirements and restrictions.
[0075] In the above descriptions with respect to Fig-
ures 22 to 27, the various articulating surfaces have been
described as having some form of curvature. However,
it will be understood that one or more of the surfaces of
such figures, and other figures and descriptions provided
herein, may also be provided with a flat or undulating
shape. Further, the adjacent surfaces may be provided
with any degree of relative friction so as to facilitate or
restrict relative movement there-between.
[0076] Figure 28 provides another variation on the em-
bodiments illustrated in Figures 22 and 23. Elements
shown in Figure 28 that are common with those of Figures
22 and 23 are identified with the same reference numer-
als. Elements that are similar but including some variation
are identified with common reference numerals but with
the letter "e" added for clarity. As shown, the arrangement
depicted in Figure 28 is similar to that of Figure 23 but
the convex portion 402e and the rail 400e are divided
into two sections to form two rail-like structures. In turn,
the superior shell 312 is provided with a cooperating rail
comprising an inferiorly extending stem 420 terminating
with a widened base 422. As shown in Figure 28, the
stem 420 and corresponding base 422 combine to form
a pair of sockets or recesses 414e for receiving the pair
of convex portions 402e. Although Figure 28 is shown
with a pair of convex portions 402e, it will be understood
that the disc may be designed with any number of such
portion. In such case, the number of inferiorly extending
stems 420 and associated bases 422 will also be adjust-
ed. Further, although the convex portions 402e have
been shown with convex inferior surfaces, it will be un-
derstood that, as described above, such surfaces may
be concave or a combination thereof.
[0077] Figure 29 illustrates another variation of Figure
28 wherein elements that are common with those of Fig-
ures 28 are identified with the same reference numerals
and elements that are similar but including some variation
are identified with common reference numerals but with
the letter "f" added for clarity. In this case, it will be noted

that the convex portions 402f are provided as a pair and
that such portions extend only over external lateral edges
of the respective stems 400f. This embodiment also
shows an inferiorly extending stem 420f that does not
have an outwardly flared base portion but is essentially
monolithic. That is, in Figure 29, the stem 420 and base
422 of Figure 28 are combined together. The inferior sur-
face of the stem 420f is provided with a concave curvature
to allow articulation with the superior convex surface 406
of convex portion 322 provided on the inferior shell 314.
[0078] Figure 30 illustrates a further variation of the
embodiment of Figure 22 wherein elements that are com-
mon with those of Figures 28 are identified with the same
reference numerals and elements that are similar but in-
cluding some variation are identified with common refer-
ence numerals but with the letter "g" added for clarity. In
Figure 30, the convex portion 402g is not integrally
formed with the stem 400 but is secured thereto. In the
embodiment shown, such securing is achieved by means
of a screw 424. As shown, on means of achieving this
involves inserting the screw through the inferior surface
of the inferior shell 314 and extending the screw through
the stem 400. As will be understood, this means of se-
curing would preferably be conducted prior to implanta-
tion of the disc. It will also be understood that any type
of securing means can be used to anchor the convex
portion 402g to the stem 400.
[0079] Figure 31 illustrates yet another embodiment
wherein the convex portion discussed above is secured
to the superior shell 312. As shown in Figure 31, the
inferior shell 314 includes the convex portion 322, with a
superior convex surface 406, as described previously
and the superior shell 312 includes an inferior concave
articulating surface 324 adapted to engage the afore-
mentioned convex surface 406. However, the embodi-
ment of Figure 31 differs from the embodiment of Figure
22 in that the additional "ball" portion extends inferiorly
from the superior as opposed to the opposite orientation
as shown above. That is, the posterior (318) socket por-
tion of the superior shell includes an inferiorly extending
stem 430 having a flared portion 432 at the inferior end
thereof. The flared portion 432 includes a concave infe-
rior surface, which forms the concave surface 324 that
engages the superior convex surface 406 of the ball por-
tion 322 of the inferior shell 314. As also shown in Figure
31, the ball portion 322 of the inferior shell includes a slot
436 adapted to receive the flared portion 432. The slot
436 is defined by the concave surface 324, a superiorly
extending wall 438, and an inwardly extending flange 440
provided at the superior end of the wall 438. The slot 436
is adapted to receive the flared portion 432 in the same
manner as described above with respect to Figure 22.
Similarly, the flange 440 are received within a respective
recess 442 defined by the superior surface of the flared
portion 432 and the inferior portion of the superior shell.
Thus, the combination of the flared portion 432 being
positively received within the slot 436 and the flange 440
being received within the recess 442 serves to prevent
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separation of the shells 312 and 314 while allowing any
desired amount of articulation there-between.
[0080] In the descriptions above with respect to Fig-
ures 22 to 31, various other elements of the disc were
not discussed since such elements would be the same
or similar as those described previously. For example,
the discs shown in Figures 22 to 31 would preferably
include the various force absorption and motion restrict-
ing means as described with respect to prior embodi-
ments. It will be understood that such other elements
have not been depicted in the figures simply for ease of
illustration. Similarly, as described above, the external or
bone engaging surfaces of the shells may be provided
with any manner of bone engaging or anchoring devices,
coatings or surface treatments. For example, the external
surfaces may be provided with a plurality of spikes or
keels etc. as known in the art.

Claims

1. An artificial intervertebral disc for implantation be-
tween adjacent superior and inferior vertebrae of a
spine, the disc having a posterior end (318) and an
opposite anterior end, the disc comprising:

- a superior shell (312), an inferior shell (314),
and a means for biasing (20, 120, 120a, 120b)
the superior and inferior shells apart;
- the superior (312) and inferior (314) shells be-
ing moveable with respect to each other over
two or more articulating surfaces;
- the inferior shell (314) having a superior sur-
face comprising a convex portion (322);
- the superior shell (312) having an inferior sur-
face opposing the superior surface of said infe-
rior shell, and comprising a concave portion
(324), being opposite said convex portion (322);
- the convex (322) and concave (324) portions
being in articulating cooperation to form a ball
and socket joint; characterized in that:
- at least one of the convex or concave portions
having at least one male portion (400, 400a,
400b, 400c, 400e, 400f, 400g, 402, 402a, 402b,
402c, 402e, 402f, 402g) and the other of the con-
vex or concave portions having a corresponding
number of cooperating female portions (414,
414a, 414b, 414c, 414e, 414f, 414g) adapted to
receive and positively engage said at least one
male portion, whereby said male and female
portions are engaged in a lock and key arrange-
ment thereby preventing separation of the su-
perior and inferior shells;
- the convex portion and the concave portion
being positioned at the posterior end (318) of
the disc;
- said superior shell includes a first wall (32, 132)
and said inferior shell includes a second wall

(26, 126), said first and second walls being po-
sitioned at the anterior end of the disc, at least
a portion of said walls being overlapped wherein
said first wall extends downward and said sec-
ond wall extends upward and is positioned pos-
teriorly of said first wall; and,

said inferior shell includes an anteriorly extending lip
(202) for limiting anterior movement of the superior
shell relative to the inferior shell.

2. The disc according to claim 1 wherein said male and
female portions have corresponding curved surfaces
to form a further articulation surface there-between.

3. The disc according to any one of claims 1 to 2, where-
in said female portion is sized larger than the male
portion to allow relative movement of the superior
and inferior shells.

4. The disc according to any one of claims 1 to 3, where-
in a plurality of male and corresponding female por-
tions are provided.

5. The disc according to any one of claims 1 to 4, where-
in said male portion comprises a generally disc
shaped structure (402, 402b, 402c), a ball shaped
structure (402a) or a rail shaped structure (402e,
402f).

6. The disc according to any one of claims 1 to 5, where-
in said male and female portions are provided with
a plurality of articulating surfaces.

7. The disc according to any one of claims 1 to 6, where-
in the means for biasing (20, 120, 120a, 120b) the
superior and inferior shells comprises a resilient
member provided between the superior and inferior
shells, the resilient member being provided prefera-
bly at least at an anterior portion of the disc.

8. The disc according to claim 7, wherein the superior
and inferior shells include respective wells (28, 128)
and wherein the resilient member is provided within
said wells.

9. The disc according to any one of claims 1 to 8 further
comprising at least one motion regulating means to
limit or prevent relative movement between the su-
perior and inferior shells in one or more planes.

10. The disc according to claim 9, wherein the motion
regulating means comprises one or more inferiorly
depending tabs (34, 36, 134, 136) on lateral sides
of one of the superior or inferior shells and the other
of the superior or inferior shells includes slots (38,
40, 138, 140) for receiving said tabs.
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11. The disc according to claim 10, wherein said tabs
(34, 36, 134, 136) are provided on the superior shell
and said slots (38, 40, 138, 140) are provided on the
inferior shell.

12. The disc according to any one of claims 1 to 11,
wherein said second wall (26, 126) and first wall (32,
132) combine to limit movement of the superior shell
relative to the inferior shell in a direction towards the
posterior end of the disc.

Patentansprüche

1. Künstliche Zwischenwirbel-Scheibe zur Implantati-
on zwischen einen oberen und einen unteren Wirbel
einer Wirbelsäule, die benachbart sind, wobei die
Scheibe ein hinteres Ende (318) und ein entgegen-
gesetztes vorderes Ende hat, wobei die Scheibe auf-
weist:

- eine obere Schale (312), eine untere Schale
(314) und ein Mittel zum Vorspannen (20, 120,
120a, 120b) der oberen und der unteren Schale
voneinander weg,
- wobei die obere (312) und die untere (314)
Schale relativ zueinander bewegbar sind über
zwei oder mehr Gelenkflächen,
- wobei die untere Schale (314) eine obere Flä-
che hat, die einen konvexen Abschnitt (322) auf-
weist,
- wobei die obere Schale (312) eine untere Flä-
che aufweist, die der oberen Fläche der unteren
Schale gegenüberliegt und die aufweist einen
konkaven Abschnitt (324), der dem konvexen
Abschnitt (322) gegenüberliegt,
- wobei der konvexe Abschnitt (322) und der
konkave Abschnitt (324) in einer Gelenk-Zu-
sammenwirkung sind, um ein Kugelgelenk zu
bilden,

dadurch gekennzeichnet, dass:

- wenigstens einer von dem konvexen oder dem
konkaven Abschnitt wenigstens einen Eingreif-
Abschnitt (400, 400a, 400b, 400c, 400e, 400f,
400g, 402, 402a, 402b, 402c, 402e, 402f, 402g)
und der andere von dem konvexen oder dem
konkaven Abschnitt eine korrespondierende
Anzahl von zusammenwirkenden Aufnahme-
Abschnitten (414, 414a, 414b, 414c, 414e, 414f,
414g) aufweist, angepasst, um den wenigstens
Eingreif-Abschnitt formschlüssig aufzunehmen,
wobei der Eingreif- und der Aufnahme-Abschnitt
in einer Verriegelungsanordnung sind, wodurch
eine Separation der oberen und der unteren
Schale verhindert ist,
- der konvexe Abschnitt und der konkave Ab-

schnitt am hinteren Ende (318) der Scheibe po-
sitioniert sind,
- die obere Schale eine erste Wand (32, 132)
aufweist und die untere Schale eine zweite
Wand (26, 126) aufweist, wobei die erste und
die zweite Wand am vorderen Ende der Scheibe
positioniert sind, wobei wenigstens ein Ab-
schnitt der Wände überlappt ist, wobei die erste
Wand sich nach unten erstreckt und die zweite
Wand sich nach oben erstreckt und hinter der
ersten Wand positioniert ist, und

die untere Schale eine sich vorne erstreckende Lip-
pe (202) aufweist zum Begrenzen einer Vorwärts-
bewegung der oberen Schale relativ zu der unteren
Schale.

2. Scheibe gemäß Anspruch 1, wobei der Eingreif- und
der Aufnahme-Abschnitt korrespondierende ge-
krümmte Flächen haben, um eine zusätzliche Ge-
lenkfläche dazwischen zu bilden.

3. Scheibe gemäß irgendeinem der Ansprüche 1 bis 2,
wobei der Aufnahme-Abschnitt größer bemessen ist
als der Eingreif-Abschnitt, um eine Relativbewegung
der oberen und der unteren Schale zu ermöglichen.

4. Scheibe gemäß irgendeinem der Ansprüche 1 bis 3,
wobei eine Mehrzahl von Eingreif- und korrespon-
dierenden Aufnahme-Abschnitten bereitgestellt
sind.

5. Scheibe gemäß irgendeinem der Ansprüche 1 bis 4,
wobei der Eingreif-Abschnitt aufweist eine im Allge-
meinen scheibenförmige Struktur (402, 402b, 402c),
eine kugelförmige Struktur (402a) oder eine schie-
nenförmige Struktur (402e, 402f) .

6. Scheibe gemäß irgendeinem der Ansprüche 1 bis 5,
wobei der Eingreif- und der Aufnahme-Abschnitt mit
einer Mehrzahl von Gelenkflächen bereitgestellt
sind.

7. Scheibe gemäß irgendeinem der Ansprüche 1 bis 6,
wobei das Mittel zum Vorspannen (20, 120, 120a,
120b) der oberen und der unteren Schale aufweist
ein elastisches Element, das zwischen der oberen
und der unteren Schale bereitgestellt ist, wobei das
elastische Element bevorzugt zumindest an einem
vorderen Abschnitt der Scheibe bereitgestellt ist.

8. Scheibe gemäß Anspruch 7, wobei die obere und
die untere Schale aufweisen jeweilige Schächte (28,
128), wobei das elastische Element in den Schäch-
ten bereitgestellt ist.

9. Scheibe gemäß irgendeinem der Ansprüche 1 bis 8,
ferner aufweisend wenigstens ein Bewegungsregu-
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lierungsmittel, um eine Relativbewegung zwischen
der oberen und der unteren Schale in einer oder
mehreren Ebenen zu beschränken oder zu verhin-
dern.

10. Scheibe gemäß Anspruch 9, wobei das Bewegungs-
regulierungsmittel aufweist eine oder mehrere nach
unten hängende Laschen (34, 36, 134, 136) an seit-
lichen Seiten von einer von der oberen oder der un-
teren Schale, wobei die andere von der oberen oder
der unteren Schale Schlitze (38, 40, 138, 140) zum
Aufnehmen der Laschen aufweist.

11. Scheibe gemäß Anspruch 10, wobei die Laschen
(34, 36, 134, 136) an der oberen Schale bereitge-
stellt sind und die Schlitze (38, 40, 138, 140) an der
unteren Schale bereitgestellt sind.

12. Scheibe gemäß irgendeinem der Ansprüche 1 bis
11, wobei die zweite Wand (26, 126) und die erste
Wand (32, 132) koppeln, um eine Bewegung der
oberen Schale relativ zu der unteren Schale zu be-
schränken in einer Richtung zu dem hinteren Ende
der Scheibe hin.

Revendications

1. Disque intervertébral artificiel pour une implantation
entre des vertèbres supérieur et inférieur adjacentes
d’un rachis, le disque ayant une extrémité postérieu-
re (318) et une extrémité antérieure opposée, le dis-
que comprenant :

- une coquille supérieure (312), une coquille in-
férieure (314), et un moyen d’éloignement par
sollicitation (20, 120, 120a, 120b) des coquilles
supérieure et inférieure ;
- les coquilles supérieure (312) et inférieure
(314) étant mobiles l’une par rapport à l’autre
sur deux surfaces d’articulation ou plus ;
- la coquille inférieure (314) ayant une surface
supérieure comprenant une portion convexe
(322) ;
- la coquille supérieure (312) ayant une surface
inférieure s’opposant à la surface supérieure de
ladite coquille inférieure, et comprenant une por-
tion concave (324), qui est opposée à ladite por-
tion convexe (322) ;
- les portions convexe (322) et concave (324)
étant en coopération d’articulation pour former
un joint à rotule ;

caractérisé en ce que :

- au moins l’une des portions convexe ou con-
cave ayant au moins une portion mâle (400,
400a, 400b, 400c, 400e, 400f, 400g, 402, 402a,

402b, 402c, 402e, 402f, 402g) et l’autre des por-
tions convexe ou concave ayant un nombre cor-
respondant de portions femelles coopérantes
(414, 414a, 414b, 414c, 414e, 414f, 414g) adap-
tées pour recevoir et s’engager directement
avec ladite au moins une portion mâle, moyen-
nant quoi lesdites portions mâle et femelle sont
engagées dans un agencement de clé et verrou
empêchant ainsi une séparation des coquilles
supérieure et inférieure ;
- la portion convexe et la portion concave étant
positionnées au niveau de l’extrémité postérieu-
re (318) du disque ;
- ladite coquille supérieure comporte une pre-
mière paroi (32, 132) et ladite coquille inférieure
comporte une seconde paroi (26, 126), lesdites
première et seconde parois étant positionnées
au niveau de l’extrémité antérieure du disque,
au moins une portion desdites parois étant che-
vauchée, dans lequel ladite première paroi
s’étend vers le bas et ladite seconde paroi
s’étend vers le haut et est positionnée en partie
postérieure de ladite première paroi ; et,

ladite coquille inférieure comporte une lèvre s’éten-
dant en partie antérieure (202) pour limiter un dépla-
cement antérieur de la coquille supérieure par rap-
port à la coquille inférieure.

2. Disque selon la revendication 1, dans lequel lesdites
portions mâle et femelle ont des surfaces incurvées
correspondantes pour former une surface d’articu-
lation supplémentaire entre elles.

3. Disque selon l’une quelconque des revendications
1 et 2, dans lequel ladite portion femelle est de taille
plus grande que la portion mâle pour permettre un
déplacement relatif des coquilles supérieure et infé-
rieure.

4. Disque selon l’une quelconque des revendications
1 à 3, dans lequel une pluralité de portions mâles et
femelles correspondantes sont prévues.

5. Disque selon l’une quelconque des revendications
1 à 4, dans lequel ladite portion mâle comprend une
structure généralement en forme de disque (402,
402b, 402c), une structure en forme de bille (402a)
ou une structure en forme de rail (402e, 402f).

6. Disque selon l’une quelconque des revendications
1 à 5, dans lequel lesdites portions mâle et femelle
sont pourvues d’une pluralité de surfaces d’articula-
tion.

7. Disque selon l’une quelconque des revendications
1 à 6, dans lequel le moyen de sollicitation (20, 120,
120a, 120b) des coquilles supérieure et inférieure
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comprend un organe résilient prévu entre les co-
quilles supérieure et inférieure, l’organe résilient
étant prévu de préférence au moins au niveau d’une
portion antérieure du disque.

8. Disque selon la revendication 7, dans lequel les co-
quilles supérieure et inférieure comportent des puits
(28, 128) respectifs et dans lequel l’organe résilient
est prévu au sein desdits puits.

9. Disque selon l’une quelconque des revendications
1 à 8, comprenant en outre au moins un moyen de
régulation de mouvement pour limiter ou empêcher
un déplacement relatif entre les coquilles supérieure
et inférieure dans un ou plusieurs plans.

10. Disque selon la revendication 9, dans lequel le
moyen de régulation de mouvement comprend une
ou plusieurs pattes pendant en partie inférieure (34,
36, 134, 136) sur des côtés latéraux de l’une des
coquilles supérieure ou inférieure et l’autre des co-
quilles supérieure ou inférieure comporte des fentes
(38, 40, 138, 140) pour recevoir lesdites pattes.

11. Disque selon la revendication 10, dans lequel lesdi-
tes pattes (34, 36, 134, 136) sont prévues sur la co-
quille supérieure et lesdites fentes (38, 40, 138, 140)
sont prévues sur la coquille inférieure.

12. Disque selon l’une quelconque des revendications
1 à 11, dans lequel ladite seconde paroi (26, 126) et
ladite première paroi (32, 132) se combinent pour
limiter un déplacement de la coquille supérieure par
rapport à la coquille inférieure dans une direction
vers l’extrémité postérieure du disque.
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