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(57) ABSTRACT 

An arti?cial intervertebral disc having a pair of opposing 
plate members for seating against opposing vertebral bone 
surfaces, separated by a ball joint coupling. One plate mem 
ber has a centrally located ball-shaped protrusion that is rotat 
ably coupled in a central socket in a cone-shaped protrusion 
on the other plate member. Thereby, the plate members are 
angulatable With respect to one another. Further, the disc 
assembly Will not come apart under tension loads applied to 
the plate members, and the location of the ball joint coupling 
provides the disc assembly With a stationary centroid of 
motion that is centrally located between the vertebral bone 
surfaces, both causing the disc assembly to behave similarly 
in these respects to a healthy natural intervertebral disc. 
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ARTIFICIAL INTERVERTEBRAL DISC UTILIZING 
A BALL JOINT COUPLING 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application is a continuing application 
ofU.S. patent application Ser. No. 10/151,280 ?led May 20, 
2002 and entitled “Tension Bearing Arti?cial Disc Providing 
a Centroid of Motion Centrally Located Within an Interver 
tebral Space”. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to a spinal implant 
assembly for implantation into the intervertebral space 
betWeen adjacent vertebral bones to simultaneously provide 
stabilization and continued ?exibility and proper anatomical 
motion, and more speci?cally to such a device that utiliZes a 
ball joint coupling. 

BACKGROUND OF THE INVENTION 

[0003] The bones and connective tissue of an adult human 
spinal column consists of more than 20 discrete bones 
coupled sequentially to one another by a tri-joint complex 
Which consists of an anterior disc and the tWo posterior facet 
joints, the anterior discs of adjacent bones being cushioned by 
cartilage spacers referred to as intervertebral discs. These 
more than 20 bones are anatomically categoriZed as being 
members of one of four classi?cations: cervical, thoracic, 
lumbar, or sacral. The cervical portion of the spine, Which 
comprises the top of the spine, up to the base of the skull, 
includes the ?rst 7 vertebrae. The intermediate 12 bones are 
the thoracic vertebrae, and connect to the loWer spine com 
prising the 5 lumbar vertebrae. The base of the spine is the 
sacral bones (including the coccyx). The component bones of 
the cervical spine are generally smaller than those of the 
thoracic spine, Which are in turn smaller than those of the 
lumbar region. The sacral region connects laterally to the 
pelvis. While the sacral region is an integral part of the spine, 
for the purposes of fusion surgeries and for this disclosure, the 
Word spine shall refer only to the cervical, thoracic, and 
lumbar regions. 

[0004] The spinal column of bones is highly complex in 
that it includes over tWenty bones coupled to one another, 
housing and protecting critical elements of the nervous sys 
tem having innumerable peripheral nerves and circulatory 
bodies in close proximity. In spite of these complications, the 
spine is a highly ?exible structure, capable of a high degree of 
curvature and tWist in nearly every direction. 

[0005] Genetic or developmental irregularities, trauma, 
chronic stress, tumors, and degenerative Wear are a feW of the 
causes that can result in spinal pathologies for Which surgical 
intervention may be necessary. A variety of systems have 
been disclosed in the art Which achieve immobilization and/ or 
fusion of adjacent bones by implanting arti?cial assemblies in 
or on the spinal column. The region of the back that needs to 
be immobiliZed, as Well as the individual variations in 
anatomy, determine the appropriate surgical protocol and 
implantation assembly. With respect to the failure of the inter 
vertebral disc, the interbody fusion cage has generated sub 
stantial interest because it can be implanted laparoscopically 
into the anterior of the spine, thus reducing operating room 
time, patient recovery time, and scari?cation. 
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[0006] Referring noW to FIGS. 1 and 2, in Which a side 
perspective vieW of an intervertebral body cage and an ante 
riorperspective vieW of a post implantation spinal column are 
shoWn, respectively, a more complete description of these 
devices of the prior art is herein provided. These cages 10 
generally comprise tubular metal body 12 having an external 
surface threading 14. They are inserted transverse to the axis 
of the spine 16, into preformed cylindrical holes at the junc 
tion of adjacent vertebral bodies (in FIG. 2 the pair of cages 10 
are inserted betWeen the ?fth lumbar vertebra (L5) and the top 
of the sacrum (S1). TWo cages 10 are generally inserted side 
by side With the external threading 14 tapping into the loWer 
surface of the vertebral bone above (L5), and the upper sur 
face of the vertebral bone (S1) beloW. The cages 10 include 
holes 18 through Which the adjacent bones are to groW. Addi 
tional materials, for example autogenous bone graft materi 
als, may be inserted into the holloW interior 20 of the cage 10 
to incite or accelerate the groWth of the bone into the cage. 
End caps (not shoWn) are often utiliZed to hold the bone graft 
material Within the cage 10. 

[0007] These cages of the prior art have enjoyed medical 
success in promoting fusion and grossly approximating 
proper disc height. It is, hoWever, important to note that the 
fusion of the adjacent bones is an incomplete solution to the 
underlying pathology as it does not cure the ailment, but 
rather simply masks the pathology under a stabiliZing bridge 
of bone. This bone fusion limits the overall ?exibility of the 
spinal column and arti?cially constrains the normal motion of 
the patient. This constraint can cause collateral injury to the 
patient’s spine as additional stresses of motion, normally 
borne by the noW-fused joint, are transferred onto the nearby 
facet joints and intervertebral discs. It Would therefore, be a 
considerable advance in the art to provide an implant assem 
bly Which does not promote fusion, but, rather, Which nearly 
completely mimics the biomechanical action of the natural 
disc cartilage, thereby permitting continued normal motion 
and stress distribution. 

[0008] It is, therefore, an object of the present invention to 
provide a neW and novel intervertebral spacer that stabiliZes 
the spine Without promoting a bone fusion across the inter 
vertebral space. 

[0009] It is further an object of the present invention to 
provide an implant device Which stabiliZes the spine While 
still permitting normal motion. 

[0010] It is further an object of the present invention to 
provide a device for implantation into the intervertebral space 
that does not promote the abnormal distribution of biome 
chanical stresses on the patient’s spine. 

[0011] It is further an object of the present invention to 
provide an arti?cial intervertebral disc that has an endplate 
attachment device (for attaching the endplates of the arti?cial 
intervertebral disc to the vertebral bones betWeen Which the 
disc is implanted) With superior gripping and holding strength 
upon initial implantation and thereafter, as compared With 
other arti?cial intervertebral disc endplate attachment 
devices. 

[0012] It is further an object of the present invention to 
provide an arti?cial intervertebral disc endplate attachment 
device that de?ects during insertion of the arti?cial interver 
tebral disc betWeen vertebral bodies. 
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[0013] It is further an object of the present invention to 
provide an arti?cial intervertebral disc endplate attachment 
device that conforms to the concave surface of a vertebral 
body upon implantation. 

[0014] It is further an object of the present invention to 
provide an arti?cial disc endplate attachment device that does 
not restrict the angle at Which the arti?cial intervertebral disc 
can be implanted. 

[0015] It is further an object of the present invention to 
provide an arti?cial disc that supports tension loads. 

[0016] It is further an object of the present invention to 
provide an arti?cial disc that provides a centroid of motion 
centrally located Within the intervertebral space. 

[0017] It is further an object of the present invention to 
provide an arti?cial disc that utiliZes a ball joint coupling. 

[0018] Other objects of the present invention not explicitly 
stated Will be set forth and Will be more clearly understood in 
conjunction With the descriptions of the preferred embodi 
ments disclosed hereafter. 

SUMMARY OF THE INVENTION 

[0019] The preceding objects of the invention are achieved 
by the present invention Which is an arti?cial intervertebral 
disc comprising a pair of spaced apart plate members, each 
With a vertebral body contact surface. Because the arti?cial 
intervertebral disc is to be positioned betWeen the facing 
surfaces of adjacent vertebral bodies, the plate members are 
arranged in a substantially parallel planar alignment (or 
slightly offset relative to one another in accordance With 
proper lordotic angulation) With the vertebral body contact 
surfaces face aWay from one another. The plate members are 
to mate With the vertebral bodies so as to not rotate relative 

thereto, but rather to permit the spinal segments to axially 
compress and bend relative to one another in manners that 
mimic the natural motion of the spinal segment. This natural 
motion is permitted by the performance of a spring member 
disposed betWeen the secured plates, and the securing of the 
plate members to the vertebral bone is achieved through the 
use of an oval convex metal mesh attached to the exterior 
surface of each plate member. Each convex metal mesh is 
secured at its perimeter, by laser Welds, to the exterior surface 
of the respective plate member. While domed in its initial 
unde?ected conformation, the mesh de?ects as necessary 
during insertion of the arti?cial intervertebral disc betWeen 
vertebral bodies, and, once the arti?cial intervertebral disc is 
seated betWeen the vertebral bodies, the mesh deforms as 
necessary under anatomical loads to reshape itself to the 
concave surface of the vertebral endplate. This affords the 
plate member having the metal mesh substantially superior 
gripping and holding strength upon initial implantation as 
compared With other arti?cial disc products. The convex 
metal mesh further provides an osteoconductive surface 
through Which the bone may ultimately groW. The mesh is 
preferably comprised of titanium, but can also be formed 
from other metals and/ or non-metals Without departing from 
the scope of the present invention. Inasmuch as the metal 
mesh is domed, it does not restrict the angle at Which the 
arti?cial intervertebral disc can be implanted. It should be 
understood that While the ?exible dome is described as a Wire 
mesh, other meshed or solid ?exible elements can also be 
used, including ?exible elements comprises of non-metals 
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and/or other metals. Further, the ?exibility, de?ectability and/ 
or deformability need not be provided by a ?exible material, 
but can alternatively be provided mechanically or by other 
means. 

[0020] To enhance the securing of the plate members to the 
vertebral bones, each plate member further comprises at least 
a lateral ring of porous coating (Which may be a sprayed 
deposition layer, or an adhesive applied beaded metal layer, or 
other suitable porous coatings knoWn in the art). This porous 
ring permits the long-term ingroWth of vertebral bone into the 
plate member, thus permanently securing the prosthesis 
Within the intervertebral space. It shall be understood that this 
porous layer may extend beneath the domed metal mesh as 
Well, but is more importantly applied to the lateral rim of the 
exterior surface of the plate member that seats directly against 
the vertebral body. 

[0021] The spring mechanism disposed betWeen the plate 
members provides a strong restoring force When a compres 
sive load is applied to the plates, and also permits rotation and 
angulation of the tWo plates relative to one another. While a 
Wide variety of embodiments are contemplated, a preferred 
embodiment of the spring mechanism includes a belleville 
Washer utiliZed as the restoring force providing element, the 
belleville Washer being spirally slotted and having radially 
extending grooves. In general, the belleville Washer is one of 
the strongest con?gurations for a spring, and is highly suit 
able for use as a restoring force providing subassembly for 
use in an intervertebral spacer element Which must endure 
considerable cyclical loading in an active human adult. 

[0022] Belleville Washers are Washers that are generally 
boWed in the radial direction. Speci?cally, they have a radial 
convexity (i.e., the height of the Washer is not linearly related 
to the radial distance, but may, for example, be parabolic in 
shape). The restoring force of a belleville Washer is propor 
tional to the elastic properties of the material. In addition, the 
magnitude of the compressive load support and the restoring 
force provided by the belleville Washer may be modi?ed by 
providing slots and/or grooves in the Washer. The belleville 
Washer utiliZed as the force restoring member in the illus 
trated embodiment is spirally slotted, With the slots initiating 
on the periphery of the Washer and extending along arcs 
Which are generally radially inWardly directed a distance 
toWard the center of the boWed disc, and has radially extend 
ing grooves that decrease in Width and depth from the outside 
edge of the Washer toWard the center of the Washer. 

[0023] As a compressive load is applied to a belleville 
Washer, the forces are directed into a hoop stress Which tends 
to radially expand the Washer. This hoop stress is counterbal 
anced by the material strength of the Washer, and the strain of 
the material causes a de?ection in the height of the Washer. 
Stated equivalently, a belleville Washer responds to a com 
pressive load by de?ecting compressively, but provides a 
restoring force Which is proportional to the elastic modulus of 
the material in a hoop stressed condition. With slots and/or 
grooves formed in the Washer, it expands and restores itself 
far more elastically than a solid Washer. 

[0024] To dispose the spring mechanism betWeen the plate 
members, the plate members of the arti?cial intervertebral 
disc comprise features suitable for this purpose. The spirally 
slotted and radially grooved belleville Washer is utiliZed in 
conjunction With a ball-shaped protuberance on Which it is 
free to rotate through a range of angles (thus permitting the 
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plate members to rotate relative to one another through a 
corresponding range of angles). More particularly, one of the 
plate members has a circular recess on its interior surface, for 
housing the Wide end of the belleville Washer and alloWing it 
to expand in unrestricted fashion When the belleville Washer 
is compressed. The other of the plates has the ball-shaped 
protuberance on its interior surface, for rotatably holding the 
narroW end of the belleville Washer. The protuberance has a 
central axial bore that receives a rivet (or a set screW, if the 
bore is threaded). Prior to the insertion of the rivet, the ball 
shaped protuberance can de?ect radially inWard (so that the 
ball-shaped protuberance contracts). The insertion of the rivet 
eliminates the capacity for this de?ection. The belleville 
Washer is mounted to this ball-shaped knob in such a Way that 
it may rotate freely through a range of angles equivalent to the 
fraction of normal human spine rotation (to mimic normal 
disc rotation). The belleville Washer includes an enlarged 
inner circumferential portion (at the center of the Washer) 
Which accommodates the ball-shaped protuberance. The 
enlarged portion includes a curvate volume having a substan 
tially constant radius of curvature Which is also substantially 
equivalent to the radius of the ball-shaped protuberance. The 
de?ectability of the ball-shaped protuberance, prior to the 
insertion of the rivet, permits the protuberance to be inserted 
into the interior volume at the center of the belleville Washer. 
Subsequent introduction of the rivet into the axial bore of the 
protuberance prevents the protuberance from de?ecting. 
Thereby, the Washer can be secured to the ball-shaped protu 
berance so that it can rotate thereon through a range of angles. 

[0025] This assembly provides spring-like performance 
With respect to axial compressive loads, as Well as long cycle 
life to mimic the axial biomechanical performance of the 
normal human intervertebral disc. The spiral slots and radi 
ally extending grooves of the belleville Washer alloW the 
Washer to expand radially as the slots and grooves Widen 
under the load, only to spring back into its unde?ected shape 
upon the unloading of the spring. As the Washer compresses 
and decompresses, the Walls of the circular recess maintain 
the Wide end of the Washer Within a prescribed boundary on 
the internal face of the base plate Which it contacts. The 
assembly further Withstands tension loads on the vertebral 
body contact surfaces, because the rivet in the axial bore 
prevents the protuberance from de?ecting, thus preventing 
the protuberance from exiting the curvate volume at the center 
of the belleville Washer When the arti?cial intervertebral disc 
is under a tension load. Accordingly, once the plate members 
are secured to the vertebral bones, the assembly Will not come 
apart When a normally experienced tension load is applied to 
the spine, similar to the tension-bearing integrity of a health 
natural intervertebral disc. The assembly further provides a 
centroid of motion centrally located Within the intervertebral 
space, because the plate members are made angulatable rela 
tive to one another by the ball-shaped protuberance being 
rotatably coupled in the curvate volume of the enlarged por 
tion of the belleville Washer. The centroid of motion remains 
in the protuberance, and this remains centrally located 
betWeen the vertebral bodies, similar to the centroid of 
motion in a healthy natural intervertebral disc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a side perspective vieW of an interbody 
fusion device of the prior art. 
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[0027] FIG. 2 is a front vieW of the anterior portion of the 
lumbo-sacral region of a human spine, into Which a pair of 
interbody fusion devices of the type shoWn in FIG. 1 have 
been implanted. 

[0028] FIGS. 3a and 3b are side cross-section andtop vieWs 
of a loWer plate member of an embodiment of the present 
invention. 

[0029] FIGS. 4a and 4b are side cross-section and top vieWs 
of an upper plate member of an embodiment of the present 
invention. 

[0030] FIGS. 5a and 5b are side cross-section and perspec 
tive vieWs of a belleville Washer having radially extending 
grooves and spiral slots, for use With the present invention. 

[0031] FIG. 6 is an exploded vieW ofan embodiment ofthe 
present invention, utiliZing the loWer and upper plate mem 
bers of FIGS. 3a, 3b, 4a and 4b and the belleville Washer of 
FIGS. 5a and 5b. 

[0032] FIG. 7 is an assembled vieW of the embodiment of 
the present invention shoWn in FIG. 6. 

[0033] FIGS. 8a and 8b and side cross-section and top 
vieWs of a loWer plate member of another embodiment of the 
present invention 

[0034] FIG. 9 is an exploded vieW of the other embodiment 
of the present invention, utiliZing the loWer plate member of 
FIGS. 8a and 8b and the upper plate member of FIGS. 4a and 
4b. 

[0035] FIG. 10 is an assembled vieW ofthe embodiment of 
the present invention shoWn in FIG. 9. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0036] While the present invention Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which particular embodiments and methods of 
implantation are shoWn, it is to be understood at the outset that 
persons skilled in the art may modify the invention herein 
described While achieving the functions and results of this 
invention. Accordingly, the descriptions that folloW are to be 
understood as illustrative and exemplary of speci?c struc 
tures, aspects and features Within the broad scope of the 
present invention and not as limiting of such broad scope. 
Like numbers refer to similar features of like elements 
throughout. 

[0037] Referring noW to FIGS. 3a, 3b, 4a and 4b, side 
cross-section and top vieWs of loWer and upper plate mem 
bers 100,200 of an arti?cial intervertebral disc of the present 
invention are shoWn, each of the plate members 100,200 
having a vertebral body contact surface 102,202. Because the 
disc is to be positioned betWeen the facing surfaces of adja 
cent vertebral bodies, the plate members 100,200 are dis 
posed such that the vertebral body contact surfaces 102,202 
face aWay from one another. The plate members 100,200 are 
to mate With the vertebral bodies so as to not rotate relative 
thereto, but rather to permit the spinal segments to axially 
compress and bend relative to one another in manners that 
mimic the natural motion of the spinal segment. This motion 
is permitted by the performance of a spring member 
(described in greater detail beloW) disposed betWeen the 
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secured plates 100,200. The mating of the plate members 
100,200 to the vertebral bodies is described beloW. 

[0038] More particularly, each plate member 100,200 is a 
?at metal plate having an overall shape that conforms to the 
overall shape of the respective bone endplate of the vertebral 
body With Which it is to mate. Further, each plate member 
100,200 comprises an oval convex metal mesh 102,202 that is 
attached to the exterior surface 101,201 of the plate member 
100,200. The convex metal mesh 102,202 is secured at its 
perimeter, by laser Welds, to the exterior surface 101,201 of 
the respective plate member 100,200. The metal mesh 102, 
202 is domed in its initial unde?ected conformation, but 
de?ects as necessary during insertion of the arti?cial inter 
vertebral disc betWeen vertebral bodies, and, once the arti? 
cial intervertebral disc is seated betWeen the vertebral bodies, 
deforms as necessary under anatomical loads to reshape itself 
to the concave surface of the vertebral endplate. This affords 
the plate member 100,200 having the metal mesh 102,202 
substantially superior gripping and holding strength upon 
initial implantation as compared With other arti?cial disc 
products. The convex metal mesh 102,202 further provides an 
osteoconductive surface through Which the bone may ulti 
mately groW. The mesh is preferably comprised of titanium, 
but can also be formed from other metals and/or non-metals 
Without departing from the scope of the present invention. 

[0039] In addition to the metal mesh 102,202, each plate 
member 100,200 further comprises at least a lateral ring 
105,205 of porous coating (Which may be a sprayed deposi 
tion layer, or an adhesive applied beaded metal layer, or other 
suitable porous coatings knoWn in the art). This porous ring 
105,205 permits the long-term ingroWth of vertebral bone 
into the plate member 1 00,200, thus permanently securing the 
prosthesis Within the intervertebral space. It shall be under 
stood that this porous layer 105,205 may extend beneath the 
domed metal mesh 102,202 as Well, but is more importantly 
applied to the lateral rim of the exterior surface 101,201 of the 
plate member 100,200 that seats directly against the vertebral 
body. 

[0040] It should be understood that the Wire mesh attach 
ment devices and methods described herein can be used not 
only With the arti?cial intervertebral discs and arti?cial inter 
vertebral disc endplates described or referred to herein, but 
also With other arti?cial intervertebral discs and arti?cial 
intervertebral disc endplates, including those currently 
knoWn in the art. Therefore, the description of the Wire mesh 
attachment devices and methods being used With the arti?cial 
intervertebral discs and arti?cial intervertebral disc endplates 
described or referred to herein should not be construed as 
limiting the application and/or usefulness of the Wire mesh 
attachment device. 

[0041] With regard to the disposition of a spring member 
betWeen the tWo plate members 100,200, the plate members 
100,200 each comprise features for coupling the spring mem 
ber (described beloW) therebetWeen (as described beloW). 
More speci?cally, the loWer plate member 100 includes an 
internal face 103 that includes a circular recess 109 and a pair 
of holes 108 though Which rivets 104 (shoWn in FIGS. 6 and 
7) may be provided for securing a shield 250 (more fully set 
forth hereinbeloW With and shoWn on FIG. 6). The upper plate 
member 200 includes an internal face 203 that includes a 
central interiorly directed ball-shaped protuberance 207. The 
protuberance 207 includes a series of slots 208 (shoWn on 
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FIG. 6) that render the protuberance 207 radially compress 
ible and expandable in correspondence With a radial pressure 
(or a radial component of a pressure applied thereto). The 
protuberance 207 further includes a central threaded axial 
bore 209 that is designed to receive a rivet 210 (shoWn in 
FIGS. 6 and 7) (A set screW can also be used, if the axial bore 
is threaded). Prior to the insertion of the rivet 210, the protu 
berance 207 can de?ect radially inWard because the slots 208 
Will narroW under radial pressure. The insertion of the rivet 
210 eliminates the capacity for this de?ection. Therefore, the 
protuberance 207, before receiving the rivet 210, can be com 
pressed to seat in the socket portion of the spring member (as 
described beloW), and, once the protuberance 207 has been 
seated in the socket portion, the rivet 210 can be inserted into 
the axial bore 209 to ensure that the protuberance 207 remains 
held in the socket portion. A hole can be provided in the loWer 
plate member 200 so that the interior of the device may be 
readily accessed if a need should arise. 

[0042] Referring noW to FIGS. 5a and 5b, a spring member 
130 for disposition betWeen the plate members 100,200 is 
shoWn in side cross-section and perspective vieWs as a spi 
rally slotted belleville Washer 130 having radially extending 
grooves. The belleville Washer 130 is a restoring force pro 
viding device Which comprises a circular shape, having a 
central opening 132, and Which is radially arched in shape. 
The belleville Washer 130 has a radial convexity (i.e., the 
height of the Washer 130 is not linearly related to the radial 
distance, but may, for example, be parabolic in shape). The 
restoring force of the belleville Washer 130 is proportional to 
the elastic properties of the material. It should be understood 
that belleville Washers can be used With the present invention, 
and that belleville Washers having other conformations, that 
is, Without or Without slots and/or grooves, and/or With other 
groove and slots con?gurations, including the same or differ 
ent numbers of grooves and/or slots, are encompassed by the 
present invention. 

[0043] The belleville Washer 130 comprises a series of spi 
ral slots 131 formed therein. The slots 131 extend from the 
outer edge of the belleville Washer 130, inWard along arcs 
generally directed toWard the center of the element. The slots 
131 do not extend fully to the center of the element. Prefer 
ably, the slots 131 extend anyWhere from a quarter to three 
quarters of the overall radius of the Washer 130, depending 
upon the requirements of the patient, and the anatomical 
requirements of the device. 

[0044] The belleville Washer 130 further comprises a series 
of grooves 133 formed therein. The grooves 133 extend radi 
ally from the outer edge of the belleville Washer 130 toWard 
the center of the element. Preferably, the Width 135 and depth 
137 of each groove 133 decreases along the length of the 
groove 133 from the outer edge of the Washer 130 toWard the 
center of the Washer 130, such that the center of the Washer 
130 is ?at, While the outer edge of the Washer 130 has grooves 
of a maximum groove depth. It should be understood that in 
other embodiments, one or both of the depth and the Width of 
each groove can be (1) increasing along the length of the 
groove from the outer edge of the Washer toWard the center of 
the Washer, (2) uniform along the length of the groove from 
the outer edge of the Washer toWard the center of the Washer, 
or (3) varied along the length of each groove from the outer 
edge of the Washer toWard the center of the Washer, either 
randomly or according to a pattern. Moreover, in other 
embodiments, it can be the case that each groove is not 
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formed similarly to one or more other grooves, but rather one 
or more grooves are formed in any of the abovementioned 

fashions, While one or more other grooves are formed in 
another of the abovementioned fashions or other fashions. It 
should be clear that any groove pattern can be implemented 
Without departing from the scope of the present invention. 

[0045] As a compressive load is applied to the belleville 
Washer 130, the forces are directed into a hoop stress Which 
tends to radially expand the Washer 130. This hoop stress is 
counterbalanced by the material strength of the Washer 130, 
and the force necessary to Widen the spiral slots 131 and the 
radial grooves 133 along With the strain of the material causes 
a de?ection in the height of the Washer 130. Stated equiva 
lently, the belleville Washer 130 responds to a compressive 
load by de?ecting compressively; the spiral slots and/or radial 
grooves cause the Washer to further respond to the load by 
spreading as the slots and/ or the grooves in the Washer expand 
under the load. The spring, therefore, provides a restoring 
force Which is proportional to the elastic modulus of the 
material in a hoop stressed condition. 

[0046] With regard to the above discussion regarding the 
socket portion of the spring member, the socket portion is 
provided inasmuch as the central opening 132 of the belleville 
Washer 130 is enlarged. This central opening 132 includes a 
curvate volume 233 for receiving therein the ball-shaped 
protuberance 207 of the loWer plate 200. More particularly, 
the curvate volume 233 has a substantially constant radius of 
curvature Which is also substantially equivalent to the radius 
of the ball-shaped protuberance 207. In this embodiment, the 
spiral slots 131 of the Washer 130 do not extend all the Way to 
the central opening 132, and approach the opening 132 only 
as far as the material strength of the Washer 130 can handle 
Without plastically deforming under the expected anatomical 
loading. Further in this embodiment, the depth 137 of each 
groove 133 of the Washer 130 decreases along the length of 
the groove 133 from the outer edge of the Washer 130 toWard 
the center of the Washer 13 0, such that the center of the Washer 
130 is ?at, While the outer edge of the Washer 130 has grooves 
of a maximum groove depth. Therefore, the central opening 
132 can be formed from ?at edges. It should be understood 
that this is not required, but rather is preferred for this embodi 
ment. 

[0047] Referring noW to FIGS. 6 and 7, exploded and 
assembled vieWs of the arti?cial intervertebral disc of the 
present invention are shoWn. Included in these vieWs are the 
shield 250 and the corresponding rivets 104. More particu 
larly, the device comprises a ?rst plate member 200, having an 
upper, exterior, surface 201 and a loWer interior surface 203, 
said upper, exterior surface 201 including a portion 205 
thereof Which is a porous, and a convex Wire mesh 202. The 
loWer, interior surface 203 includes a ball-shaped protuber 
ance 207 extending out therefrom, said ball-shaped protuber 
ance 207 including slits 208 and an axial bore 209 therein for 
permitting it to de?ect inWard under a compressive load. A 
rivet 210 is provided for selective insertion into said axial 
bore 209 of said ball-shaped protuberance 207 for inhibiting 
said inWard de?ection of the slits 208 once it has been inserted 
into the socket 233. A second plate member 100, disposed in 
parallel With said ?rst plate 200 also has an upper, interior, 
surface 103 including a circular recess 109 formed therein, 
and a loWer, exterior surface 101 having a portion 105 Which 
includes a porous coating and a convex mesh 102. 
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[0048] The belleville Washer 130 described above is shoWn 
With the ball-shaped socket 233 of its central opening 132 
portion including a ball-shaped socket 233 for receiving and 
retaining therein the ball-shaped protuberance 207 of the ?rst 
plate 200. When the Wide end of the belleville Washer 130 is 
seated in the circular recess 109, the shield 250 can be secured 
over the Washer 130 by passing the central hole 251 of the 
shield 250 over the central opening 132 and applying the 
rivets 104 through rivet holes 252 in the shield 250 and 
through the rivet holes 108 in the loWer plate 100. Thereafter, 
the protuberance 207 can be compressed into and thereby 
received in the socket 233 and the rivet 210 can then be 
received in the axial bore 209 to prevent the protuberance 207 
from thereafter exiting the socket 233. When the protuber 
ance 207 is in the socket 233, the belleville Washer 130 can 
rotate and angulate on the protuberance to permit normal 
anatomical rotation and angulation. Further, because the 
diameter of the circular recess 1 09 is greater than the diameter 
of the Wide end of the belleville Washer 130, compressive 
loading of the device (and therefore the Washer) can result in 
an unrestrained radial de?ection of the Washer 130, as neces 
sary for proper anatomical response. The spiral slots 131 and 
radial grooves 133 of the Washer 130 enhance this de?ection. 
When the load is removed, the Washer 130 springs back to its 
original shape. 

[0049] Further, because the protuberance 207 is held Within 
the socket 233 by the rivet 210 in the axial bore 209 prevent 
ing radial compression of the protuberance 207, the arti?cial 
intervertebral disc can Withstand tension loading of the plate 
members 100,200, as necessary for proper anatomical 
response. More particularly, When a tension load is applied to 
the plate members 100,200, the ball-shaped protuberance 207 
in the ball-shaped socket 233 of the belleville Washer 130 
seeks to radially compress to ?t through the central opening 
132 of the ball-shaped socket 233. HoWever, the rivet 210 in 
the axial bore 209 of the protuberance 207 prevents the radial 
compression, thereby preventing the protuberance 207 from 
exiting the socket 233. Further, as the Wide end of the 
belleville Washer 130 seeks to escape the circular recess 109 
of the loWer plate member 100, the rivets 104 holding the 
shield 250 in place over the belleville Washer 130 prevent the 
shield 250 from separating from the loWer plate member 100 
When the belleville Washer 130 presses against the inner sur 
face of the shield 250. Therefore, the assembly does not come 
apart under normally experienced tension loads. This ensures 
that no individual parts of the assembly Will pop out or slip out 
from betWeen the vertebral bodies When the patient stretches 
or hangs While exercising or performing other activities. 
Thus, in combination With the securing of the plate members 
100,200 to the adjacent vertebral bones via the Wire mesh 
domes 102,202, the disc assembly has an integrity similar to 
the tension-bearing integrity of a healthy natural interverte 
bral disc. 

[0050] Further, because the plate members 100,200 are 
made angulatable relative to one another by the ball-shaped 
protuberance 207 being rotatably coupled in the socket 233 of 
the belleville Washer 130, the disc assembly provides a cen 
troid of motion Within the protuberance 207. Accordingly, the 
centroid of motion of the disc assembly remains centrally 
located betWeen the vertebral bodies, similar to the centroid 
of motion in a healthy natural intervertebral disc. 

[0051] Referring noW to FIGS. 8a and 8b, side cross-sec 
tion and top vieWs of a loWer plate member 300 of another 
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embodiment of an arti?cial intervertebral disc are shown. The 
upper plate member 200 shown in FIGS. 4a and 4b is suitable 
for use in this other embodiment. Because the disc is to be 
positioned betWeen the facing surfaces of adjacent vertebral 
bodies, the plate members 300,200 are disposed such that the 
vertebral body contact surfaces 302,202 face aWay from one 
another. The loWer plate member 300, similar to the loWer 
plate member 100 shoWn in FIGS. 3a and 3b, has a vertebral 
body contact surface 302 provided by an oval convex metal 
mesh 302 that is attached to the exterior surface 301 of the 
plate member 300 by laser Welds, the mesh being constructed 
and functioning as described above With regard to plate mem 
ber 100 to provide superior gripping and holding strength 
upon initial implantation and an osteoconductive surface 
through Which the bone may ultimately groW. Also similar to 
plate member 100, as With the embodiment discussed above, 
the plate member 300 further comprises at least a lateral ring 
305 of porous coating of a type described above With regard to 
plate member 100 to enhance the attachment of the plate 
member 300 to the vertebral bones (as stated above, the 
porous coating may alternatively or additionally extend 
beneath the mesh 302. 

[0052] The loWer plate member 300 of this other embodi 
ment is different in other respects than the loWer plate mem 
ber 100. more speci?cally, rather than having a circular recess 
adapted to house a belleville Washer having a central curvate 
socket, the inner surface 303 is formed as a cone 330 With a 
central socket 333 at its apex. The central socket 333 is 
similarly dimensioned to the curvate socket 233 of the 
belleville Washer 130 discussed above, so that it can receive 
and house the ball-shaped protuberance 207 of the upper plate 
member 200 in the same manner as the curvate socket 233 of 
the belleville Washer 130 of the ?rst embodiment can receive 
and house the ball-shaped protuberance 207 as described 
above. More particularly, as discussed above, the protuber 
ance 207 includes a series of slots 208 (shoWn in FIG. 6) that 
render the protuberance 207 radially compressible and 
expandable in correspondence With a radial pres sure (or a 
radial component of a pressure applied thereto). The protu 
berance 207 further includes a central threaded axial bore 209 
that is designed to receive a rivet 210 (shoWn in FIGS. 6 and 
7). Prior to the insertion of the rivet 210, the protuberance 207 
can de?ect radially inWard because the slots 208 Will narroW 
under radial pressure. The insertion of the rivet 21 0 eliminates 
the capacity for this de?ection. Therefore, the protuberance 
207, before receiving the rivet 210, can be compressed to seat 
in the curvate socket 333 portion of the cone 330, and, once 
the protuberance 207 has been seated in the socket 333, the 
rivet 210 can be inserted into the axial bore 209 to ensure that 
the protuberance 207 remains held in the socket portion. A 
hole can be provided in the loWer plate member 3 00 so that the 
interior of the device may be readily accessed if a need should 
arise. 

[0053] Referring noW to FIGS. 9 and 10, exploded and 
assembled vieWs of this other embodiment of the arti?cial 
intervertebral disc of the present invention are shoWn. More 
particularly, the device comprises a ?rst plate member 200, 
having an upper, exterior, surface 201 and a loWer interior 
surface 203, said upper, exterior surface 201 including a 
portion 205 thereof Which is a porous, and a convex Wire mesh 
202. The loWer, interior surface 203 includes a ball-shaped 
protuberance 207 extending out therefrom, said ball-shaped 
protuberance 207 including slits 208 and an axial bore 209 
therein for permitting it to de?ect inWard under a compressive 
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load. A rivet 210 is provided for selective insertion into said 
axial bore 209 of said ball-shaped protuberance 207 for inhib 
iting said inWard de?ection of the slits 208 once it has been 
inserted into the socket 233. A second plate member 300, 
disposed in parallel With said ?rst plate 200 also has an upper, 
interior, surface 303 including a cone 330 formed thereon, 
and a loWer, exterior surface 301 having a portion 305 Which 
includes a porous coating and a convex mesh 302. 

[0054] The cone 330 has a ball-shaped socket 333 at its 
apex for receiving and retaining therein the ball-shaped pro 
tuberance 207 of the ?rst plate 200. The protuberance 207 can 
be compressed into and thereby received in the socket 333 and 
the rivet 210 can then be received in the axial bore 209 to 
prevent the protuberance 207 from thereafter exiting the 
socket 333. When the protuberance 207 is in the socket 333, 
the cone 330 can rotate and angulate on the protuberance 207 
to permit normal anatomical rotation and angulation. 

[0055] While no spring member is provided in this embodi 
ment, this embodiment can Withstand tension loading of the 
plate members 300,200, as necessary for proper anatomical 
response. More particularly, When a tension load is applied to 
the plate members 300,200, the ball-shaped protuberance 207 
in the ball-shaped socket 333 of the cone 330 seeks to radially 
compress to ?t through the opening 332 of the ball-shaped 
socket 333. HoWever, the rivet 210 in the axial bore 209 of the 
protuberance 207 prevents the radial compression, thereby 
preventing the protuberance 207 from exiting the socket 333. 
Therefore, the assembly does not come apart under normally 
experienced tension loads. This ensures that no individual 
parts of the assembly Will pop out or slip out from betWeen the 
vertebral bodies When the patient stretches or hangs While 
exercising or performing other activities. Thus, in combina 
tion With the securing of the plate members 300,200 to the 
adjacent vertebral bones via the Wire mesh domes 302,202, 
the disc assembly has an integrity similar to the tension 
bearing integrity of a healthy natural intervertebral disc. 

[0056] Further, because the plate members 300,200 are 
made angulatable relative to one another by the ball-shaped 
protuberance 207 being rotatably coupled in the socket 333 of 
the cone 330, the disc assembly of this embodiment also 
provides a centroid of motion Within the protuberance 207. 
Accordingly, the centroid of motion of the disc assembly 
remains centrally located betWeen the vertebral bodies, simi 
lar to the centroid of motion in a healthy natural intervertebral 
disc. Also, in this embodiment, the centroid of motion 
remains stationary, because the plate members 300,200 do 
not axially compress toWard one another or translate relative 
to one another. 

[0057] As an alternative to the solid cone 330, it should be 
understood that shaped inner surfaces of the loWer plates of 
other embodiments can be formed as protrusions of other 
shapes that support a central curvate socket, including but not 
limited to partial-spherical protrusions, cylindrical protru 
sions, and tapered protrusions. Further, holloW structures can 
also be used and secured to the inner surface of the loWer 
plates. As With solid protrusions, the holloW structures can be 
any shape so long as a central curvate socket is provided. A 
preferred holloW structure Would be a holloW cone structure, 
Which can be envisioned, for example, by having the 
belleville Washer 130 of the ?rst embodiment discussed 
above secured at the perimeter of its Wide end to the loWer 
plate 100. While eliminating the axial compression function 
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ality of the ?rst embodiment, this Would still provide a central 
curvate socket, and Would provide a centroid of motion that is 
stationary and that is centrally located Within the interverte 
bral space. Further, as With the second embodiment discussed 
above, there Would no longer be a need for a shield or shield 
rivets to maintain the tension-bearing capacity of such an 
embodiment. 

[0058] While there has been described and illustrated spe 
ci?c embodiments of an intervertebral spacer device, it Will 
be apparent to those skilled in the art that variations and 
modi?cations are possible Without deviating from the broad 
spirit and principle of the present invention. The invention, 
therefore, shall not be limited to the speci?c embodiments 
discussed herein. 

What is claimed is: 
1. An arti?cial intervertebral disc utilizing a ball joint cou 

pling, comprising: 
a ?rst member having a ?rst vertebral body contact surface; 

a second member having a second vertebral body contact 
surface, the ?rst and second members being disposed 
such that the contact surfaces face aWay from one 
another; and 

a ball joint by Which the ?rst and second members are 
coupled to one another such that the ?rst and second 
vertebral body contact surfaces are angulatable relative 
to one another, the ball joint including a curvate element 
and a curvate socket, the curvate socket accommodating 
the curvate element for free rotation therein through a 
plurality of angles, the ball joint preventing the uncou 
pling of the ?rst and second members under a tension 
load applied to the ?rst and second vertebral body con 
tact surfaces. 

2. The arti?cial intervertebral disc of claim 1, Wherein the 
ball joint comprises a radially compressible ball and the cur 
vate socket, the curvate socket having an interior volume and 
a mouth leading to the interior volume, the curvate socket 
accommodating the ball for free rotation therein, the ball 
?tting through the mouth only When radially compressed, the 
ball being adapted to receive a radial compression preventing 
element that When applied to the ball prevents the ball from 
?tting through the mouth. 

3. The arti?cial intervertebral disc of claim 2, Wherein the 
ball has an axial bore and the radial compression preventing 
element is a rivet that ?ts Within the axial bore. 

4. The arti?cial intervertebral disc of claim 1, Wherein the 
?rst member has an inner surface having the curvate element 
and the second member has an inner surface, the ?rst and 
second members being disposed such that the inner surfaces 
face toWard one another, the inner surface of the second 
member having a protrusion forming the curvate socket 
Within Which the curvate element is accommodated for free 
rotation. 

5. The arti?cial intervertebral disc of claim 4, Wherein the 
protrusion of the inner surface of the second member is cone 
shaped. 

6. The arti?cial intervertebral disc of claim 5, Wherein the 
cone-shaped protrusion is a solid cone. 

7. The arti?cial intervertebral disc of claim 4, Wherein the 
curvate element is radially compressible and the curvate 
socket has an interior volume and a mouth leading to the 
interior volume, the curvate socket accommodating the cur 
vate element for free rotation therein, the curvate element 
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?tting through the mouth only When radially compressed, the 
curvate element being adapted to receive a radial compres 
sion preventing element that When applied to the curvate 
element prevents the curvate element from ?tting through the 
mouth. 

8. The arti?cial intervertebral disc of claim 7, Wherein the 
curvate element has an axial bore and the radial compression 
preventing element is a rivet that ?ts Within the axial bore. 

9. An arti?cial intervertebral disc having a centroid of 
motion centrally located Within an intervertebral space, the 
arti?cial intervertebral disc comprising: 

a ?rst member having a ?rst vertebral body contact surface; 

a second member having a second vertebral body contact 
surface, the ?rst and second members being disposed 
such that the contact surfaces face aWay from one 
another; and 

a mounting by Which the ?rst and second members are 
mounted to one another such that the ?rst and second 
vertebral body contact surfaces are angulatable relative 
to one another about a centroid of motion centrally 
located betWeen the ?rst and second vertebral body con 
tact surfaces, 

the mounting including a semispherical protrusion and a 
semispherical depression on Which the semispherical 
protrusion is accommodated for free rotation through a 
plurality of angles. 

10. The arti?cial intervertebral disc of claim 9, Wherein the 
mounting includes a ball joint coupling. 

11. The arti?cial intervertebral disc of claim 10, Wherein 
the ball joint coupling comprises a radially compressible ball 
providing the semispherical protrusion and a curvate socket 
providing the semispherical depression, the curvate socket 
having an interior volume and a mouth leading to the interior 
volume, the curvate socket accommodating the ball for free 
rotation therein, the ball ?tting through the mouth only When 
radially compressed, the ball being adapted to receive a radial 
compression preventing element that When applied to the ball 
prevents the ball from ?tting through the mouth. 

12. The arti?cial intervertebral disc of claim 9, Wherein the 
second member has an inner surface forming the semispheri 
cal depression. 

13. The arti?cial intervertebral disc of claim 12, Wherein 
the inner surface of the second member is cone-shaped. 

14. The arti?cial intervertebral disc of claim 12, Wherein 
the ?rst member has an inner surface having the semispheri 
cal protrusion and the ?rst and second members are disposed 
such that the inner surfaces face toWard one another such that 
the semispherical protrusion is accommodated by the semi 
spherical depression for free rotation thereon. 

15. The arti?cial intervertebral disc of claim 14, Wherein 
the inner surface of the second member is cone-shaped. 

16. The arti?cial intervertebral disc of claim 9, Wherein the 
semispherical protrusion is provided by a radially compress 
ible semispherical element and the semispherical depression 
forms an interior volume and a mouth leading to the interior 
volume, the semispherical depression accommodating the 
radially compressible semispherical element for free rotation 
in the interior volume, the radially compressible semispheri 
cal element ?tting through the mouth only When radially 
compressed, the radially compressible semispherical element 
being adapted to receive a radial compression preventing 
element that When applied to the radially compressible semi 
spherical element prevents the radially compressible semi 
spherical element from ?tting through the mouth. 
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17. The arti?cial intervertebral disc of claim 16, wherein vertebral body contact surfaces are angulatable relative 
the radially compressible semispherical element has an axial to one another about a centroid of motion located 
bore and the radial compression preventing element is a rivet betWeen the ?rst and second vertebral body contact sur 
that ?ts Within the axial bore. faces, 

18. An arti?cial intervertebral disc having a centroid of 
motion located Within an intervertebral space, the arti?cial 
intervertebral disc comprising: 

the mounting including a semispherical protrusion and a 
semispherical depression on Which the semispherical 
protrusion is accommodated for free rotation through a 

a ?rst member having a ?rst vertebral body contact surface; plurality of angles. 
19. The arti?cial intervertebral disc of claim 18, Wherein 

the centroid of motion is stationary. 
20. The arti?cial intervertebral disc of claim 19, Wherein 

the centroid of motion is centrally located betWeen the ?rst 
and second vertebral body contact surfaces. 

21 second member having a second vertebral body contact 
surface, the ?rst and second members being disposed 
such that the contact surfaces face away from one 
another; and 

a mounting by Which the ?rst and second members are 
mounted to one another such that the ?rst and second * * * * * 


