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(57) ABSTRACT 

The invention relates to an artificial intervertebral disc for 
placement between adjacent vertebrae. The artificial interver 
tebral disc is preferably designed to restore disc height and 
natural disc curvature, allow for a natural range of motion, 
absorb shock and provide resistance to motion and axial 
compression. Furthermore, the intervertebral disc may be 
used in the cervical, the thoracic, or the lumbar regions of the 
spine. The artificial intervertebral disc may include either 
singularly or in combination: an interior including at least one 
spring member preferably incorporating an arcuate Surface 
member, a flexible core, the flexible core preferably being a 
slotted core, a ring spring, a winged leaf spring, a leaf spring, 
or the articulating member preferably being attached to one of 
the endplate by an intermediate shock absorbing element. 
Moreover, the interior may include a fluid; a valve for inject 
ing fluid into the interior of the disk; a central region having a 
stiffness that is preferably greater than the stiffness of the 
outer regions thus enabling the disc to pivot about the central 
region. The central pivot may be formed by a center opening, 
a central chamber, an inner core or a central cable. 
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ARTIFICIAL INTERVERTEBRAL DISC 
IMPLANT 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. The present application is a divisional application of 
U.S. patent application Ser. No. 11/056,010, filed Feb. 11, 
2005, entitled “Controlled Artificial Intervertebral Disc 
Implant,” now U.S. Pat. No. , which was a continua 
tion of International Patent Application No. PCT/US03/ 
25536, filed Aug. 15, 2003, which claims priority from U.S. 
Provisional Application No. 60/403,356, filed on Aug. 15, 
2002, and U.S. Provisional Patent Application No. 60/403, 
402, filed on Aug. 15, 2002, the entire contents of which are 
expressly incorporated herein by reference thereto. 
0002 The present application is also a divisional applica 
tion of U.S. patent application Ser. No. 11/056,034, filed Feb. 
11, 2005, entitled “Intervertebral Disc Implant,” now U.S. 
Pat. No. , which was a continuation of International 
Patent Application No. PCT/US03/25535, filed Aug. 15, 
2003, which claims priority from U.S. Provisional Patent 
Application No. 60/403,356, filed on Aug. 15, 2002, and U.S. 
Provisional Patent Application No. 60/403,402, filed on Aug. 
15, 2002, the entire contents of which are expressly incorpo 
rated herein by reference thereto. 

FIELD OF THE INVENTION 

0003. The invention is related to devices and methods for 
the treatment of trauma and diseases of the spine. More par 
ticularly, the invention relates to intervertebral disc replace 
ment. 

BACKGROUND OF THE INVENTION 

0004. A variety of conditions such as spondylolysis, disc 
herniation, compression of spinal cord nerve roots, degenera 
tive disc disease, and trauma are known to cause severe dis 
comfort, requiring medical attention. Among the procedures 
currently used to alleviate such conditions are spinal fusion, 
such as intervertebral and posterolateral fusion or arthrodesis. 
In these procedures, two adjacent vertebral bodies are fused 
together. The affected intervertebral disc is first excised, and 
an implant is inserted which accommodates bone growth 
between the two vertebral bodies to effectively bridge the gap 
left by the disc removal. A number of different implant mate 
rials and implant designs have been used for fusion with 
varying Success. Although intervertebral and posterolateral 
fusion are widely used, drawbacks to their use include a 
reduced physiologic range of motion and other fusion related 
complications such as degeneration of adjacent discs and 
destabilization of the functional spinal unit. As a result, alter 
native treatments with fewer complications, but similar effi 
cacy to fusion, are desirable. One Such alternative to spinal 
fusion is arthroplasty and the use of a prosthetic or artificial 
disc. 
0005. In general, arthroplasty is used in the replacement of 
diseased joints. Arthroplasty involves a set of procedures 
directed to maintaining motion of the joint, thereby preserv 
ing its integrity and keeping the adjacent motion segments 
from deteriorating, as they tend to do after fusion. Depending 
on the location and the condition of the affected joint, specific 
arthroplasty procedures may be used. For example, interpo 
sitional reconstruction Surgery, which reshapes the joint and 
adds a prosthetic disk between the two bones forming the 
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joint is commonly used on elbow, shoulder, ankle, and finger 
joints. Total joint replacement, or total joint arthroplasty, 
replaces the entire diseased joint with an artificial prosthesis 
and, in recent years, has become the operation of choice for 
most knee and hip problems. 
0006 Hip and knee replacements are particularly wide 
spread with nearly 300,000 hip replacements and about as 
many knee replacements performed in the United States in 
2001. With respect to the knee and hip joint replacement 
Surgeries, there are several implants or prosthetics available. 
For the hip prosthetic, in an exemplary design, there are two 
components, one is a metal ball attached to a metal stem 
which is fitted into the femur, and the second is a matching 
plastic socket which is implanted into the pelvis. The metal 
pieces are generally formed from stainless steel, alloys of 
cobalt and chrome, titanium, and alloys of titanium; the plas 
tic pieces are generally formed from high-density polyethyl 
ene. For the knee prosthetics, in an exemplary embodiment, 
metal and plastic components are again used to replace the 
damaged bone ends and cartilage. The metal pieces are gen 
erally formed from stainless steel, alloys of cobalt and 
chrome, titanium, and alloys of titanium; the plastic pieces are 
generally formed from high-density polyethylene. 
0007 Although the evolution of spinal arthroplasty and 
the use of prosthetics in the spine has been similar to that of 
other joints in the body, evolving from fusing the joint to 
replacing the functional joint, the advent of spinal arthro 
plasty, however, has been slower than arthroplasty in other 
major joints in the body. A few of the possible reasons why 
spinal arthroplasty has been delayed are that spinal problems 
related to disc degeneration are difficult to diagnose, spinal 
procedures are typically crisis-driven and thus conservative 
Solutions such as fusion are acceptable, and spinal anatomy is 
complex. 
0008 Over the past 40 years spinal arthroplasty technolo 
gies have been under development and in the last 10 years 
spinal arthroplasty has won the attention of leading Surgeons 
and implant manufacturers. The evolution of spinal arthro 
plasty essentially began in the 1950s and one of several 
emerging concepts was the spherical concept of the disc 
prostheses. The spherical concept is simply the placement of 
a ball, essentially circumferential, in the cavity of the nucleus 
pulposus after a discectomy procedure has been performed. 
The annulus is kept in place and the ball serves as a nucleus 
replacement device. Various materials have been experi 
mented with for the spherical concept. For example, in the 
early 1960's, implants using silicone ball bearings were 
implanted into the cervical regions of patients, but the out 
comes were uncertain. In the mid 1960s, stainless-steel (ball 
bearing) prostheses were implanted into patients. The results 
of the procedure were initially promising but over time the 
disc spaces lost height due to subsidence of the steel balls into 
the vertebral bodies. Presently, the concept of a spherical 
prosthesis continues to be examined using different materials, 
the latest of which is a modified carbon fiber. 

0009. Another emerging concept is the mechanical con 
cept design. The mechanical concept design is essentially a 
total disc replacement product which is intended to restore the 
range of motion of the vertebral motion segment unit. These 
devices are often comprised of metallic endplates fixed to the 
adjacent vertebral bodies via a stabilization mechanism and a 
core formed from polyethylene or other polymeric materials. 
Alternatively, instead of a core, bearing Surfaces can be used, 
the bearing Surface materials being ceramic-on-ceramic, 
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metal-on metal, or metal-on-polyethylene. The mechanical 
design concept is based on the same principles as joint recon 
struction products. Such as knee and hip replacements, and a 
variety of mechanical design prostheses concepts have been 
proposed and continue to be proposed. 
0010. Another concept is the physiological concept. The 
physiological concept uses a hydrogel, elastomer, or polyure 
thane-based core which is intended to restore the disc func 
tion by absorbing and emitting fluid between the patient’s 
Vertebral endplates, while also maintaining the natural shock 
absorbing or cushioning function of the disc. The physiologi 
cal concept devices are generally considered only a partial 
Solution as they are designed to replace only the nucleus or a 
portion of the disc. 
0011 All of the approaches to disc replacement are aimed 
at Some or all of the following: alleviating discogenic pain, 
restoring range of motion, maintaining the natural shock 
absorbing function of the disc, restoring normal form or disc 
height, and restoring physiological kinematics. Generally, 
four exemplary types of artificial intervertebral discs have 
been developed for replacing a portion or all of an excised 
disc: elastomer/fluid filled discs, ball and socket type discs, 
mechanical spring discs and hybrid discs. 
0012 Elastomer/fluid filled discs typically include an 
elastomer cushion or a fluid filled chamber positioned 
between lower and upper rigid endplates. The cushions and 
chambers of these implants advantageously function, in 
mechanical behavior, similar to the removed intervertebral 
disc tissue. 
0013 Ball and socket type discs typically incorporate two 
plate members having cooperating inner ball and socket por 
tions which permit articulating motion of the members during 
movement of the spine. 
0014 Mechanical spring discs typically incorporate one 
or more coiled springs disposed between metal endplates. 
The coiled springs define a cumulative spring constant that is 
designed to be sufficient to maintain the spaced arrangement 
of the adjacent vertebrae while allowing normal movement of 
the vertebrae during flexion and extension of the spine in any 
direction. 
0015 The fourth type of artificial intervertebral disc, the 
hybrid disc incorporates two or more of the aforementioned 
design principles. For example, one known hybrid disc 
arrangement includes a ball and socketjoint Surrounded by an 
elastomer ring. 
0016 While each of the foregoing prostheses addresses 
some of the problems relating to intervertebral disc replace 
ment, each of the implants presents significant drawbacks. 
Thus, there is a need for an intervertebral implant that accom 
modates the anatomy and geometry of the intervertebral 
space sought to be filled as well as the anatomy and geometry 
of the ends of adjacent vertebral bodies, while providing 
reliability and simplicity in design. More particularly, there is 
a need for a spinal disc implant which provides stability for 
Supporting the high loads applied to the vertebrae, permits 
Sufficient mobility to allow the patient an approximate normal 
range of motion, provides for axial compression between 
adjacent vertebrae, and has shock absorption abilities. 

SUMMARY OF THE INVENTION 

0017. The invention relates to an intervertebral disc that is 
preferably designed to restore disc height and lordosis, allow 
for a natural range of motion, absorb shock and provide 
resistance to motion and axial compression. Furthermore, the 
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intervertebral disc may be used in the cervical, the thoracic, or 
the lumbar regions of the spine. 
0018. The intervertebral disc includes a body having a 
footprint that is preferably conforming in size and shape with 
at least a portion of the ends of adjacent vertebrae. The shapes 
of the intervertebral disc include, but are not limited to, cir 
cular, oval, ellipsoid, kidney-bean, annular, C-shaped, 
D-shaped, etc. 
0019. In one embodiment, the intervertebral disc includes 
an upper endplate, a lower endplate, and an intermediate 
elastic membrane disposed between the upper and lower end 
plates. Alternatively, the elastic membrane may surround and 
encapsulate the endplates. The elastic membrane in combi 
nation with the upper and lower endplates defines an interior 
Volume. The interior Volume of the disc includes at least one 
spring element, the spring element being attached to the upper 
and lower endplates. Preferably, the spring element is 
attached to the lower endplate within a pocket or groove 
formed on the inner surface of the lower endplate, while the 
upper end of the spring element is attached to a hemi-spheri 
cal member. The hemi-spherical member is designed to mate 
with and articulate in a socket formed on the inner surface of 
the upper endplate. 
0020. Alternatively, the disc may be provided with a plu 
rality of spring elements with each spring element extending 
from the upper endplate to the lower endplate, and each spring 
element may have a hemi-spherical members on both ends to 
mate with corresponding Sockets formed on the inner Surface 
of the upper and lower endplates. The disc may also be con 
figured such that the disc generally contains a first spring 
element Surrounded by a plurality of second spring elements 
uniformly spaced around the first spring element. The first 
spring element preferably having a stiffness and/or spring 
constant which is greater than the stiffness of the periphery 
spring elements. 
0021. Furthermore, the disc may include a plurality of 
spring element, whereby only a portion of the spring elements 
may be attached to a hemi-spherical member, with the 
remaining spring elements being attached to the upper and 
lower endplates, preferably in pockets. In one exemplary 
embodiment, the first spring element with be attached to a 
hemi-spherical member while the Surrounding peripheral 
second spring elements will be attached directly to the upper 
and lower endplates. 
0022. The disc may also include an elastomeric strut or 
ring in place of one orall of the spring elements. Furthermore, 
the disc may incorporate casing members. 
0023 The disc may also include a fluid disposed within 
the interior Volume and a valve for permitting insertion of and 
removal of the fluid. 

0024. In some embodiments, the interior of the disc may 
include a leaf spring attached on one end to the upper and/or 
lower endplate but unattached on the other end. Disposed 
between the ends, the leaf spring preferably includes an 
enlarged convex intermediate section which mates, articu 
lates, and slides with the inner surface of one of the endplates. 
Preferably, the unattached end of the leaf spring is attached to 
a roller by means of an axle, the axle allowing the roller to 
freely rotate thus permitting the leaf spring to move freely 
during the flexing of the spring. 
0025. In some embodiments, the interior volume of the 
disc includes an articulating member which is attached to the 
upper or lower endplate. The articulating member preferably 
being attached to one of the endplate by an intermediate shock 
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absorbing layer. The shock absorbing layer preferably being 
an elastomer, polymer fibers, polyurethane, silicone, or other 
Suitable elastic material having shock absorbing properties. 
0026. In other embodiments, the disc generally includes 
an upper endplate, a lower endplate, and a flexible core dis 
posed between the upper and lower endplates, preferably 
within pockets containing mating Surfaces. The flexible core 
preferably is either a slotted core, a ring spring, a winged leaf 
spring, or a leaf spring. The flexible member may be dimen 
Sioned and configured to provide flexion/extension, lateral 
bending, axial rotation, and/or translation, depending on the 
loading conditions imparted on the intervertebral disc. 
0027. In other embodiments, the body of the intervertebral 
disc includes an upper endplate, a lower endplate, and an 
elastic membrane disposed between the upper and lower end 
plates. Alternatively, the elastic membrane may surround and 
encapsulate the endplates. The elastic membrane defines an 
interior that is at least partially filled with a fluid. Preferably, 
the fluid is selected from the group consisting of a gas, a 
liquid, a gel or any combination thereof. In addition, the fluid 
may be compressible, and may be selected from the group 
consisting of for example, gas, liquid, or hydrogel, or may be 
incompressible, and may be selected from the group consist 
ing of for example, Saline. 
0028. The disc also preferably includes a valve for permit 
ting insertion of fluid to the interior of the intervertebral disc. 
The valve may be disposed on the elastic membrane, alterna 
tively, however the valve can be located in the upper and lower 
endplates of the disc. 
0029. In some embodiments, in addition to the fluid or in 
place of the fluid, additional structures may be included to 
provide additional stiffness. The structures include, but are 
not limited to, springs, elastomers, bellow, balloons, closed 
reservoirs, hollow bodies, biocompatible fibers, and cables. 
0030. In some embodiments, the intervertebral disc also 
preferably has an articulating mechanism to allow the end 
plates to pivot with respect to one another Such that associated 
portions of the endplates may come closer together under 
compression while different associated portions of the end 
plates may separate under tension. The articulation mecha 
nism may be in the form of a center pivot axis or fulcrum. 
Preferably, the intervertebral disc also allows and provides a 
mechanism, or is configured to allow the location of the pivot 
axis within the disc to change in response to the loading 
conditions, thus providing a moving instantaneous axis of 
rotation. The intervertebral disc also preferably comprises a 
mechanism, Such as providing a fluid, an elastomer, a spring, 
a cable, etc. to absorb axial compression forces and to provide 
a shock absorbing effect. 
0031. In some embodiments the intervertebral disc 
includes an upper end, a lower end, and an outer sidewall 
disposed therebetween. The disc may have an interior volume 
defined between the upper and lower ends and the outer 
sidewall, with the interior volume preferably including a cen 
terpivot and at least one chamber, the chamber being periph 
eral to and surrounding the centerpivot. Preferably, the center 
pivot includes a central wall defining a central chamber, and 
the at least one peripheral chamber is disposed between the 
outer sidewall and the central wall. A first fluid may be dis 
posed in the at least one peripheral chamber. A second fluid 
may be disposed in the central chamber. The first and second 
fluids may or may not be the same. The intervertebral disc 
may include additional peripheral chambers which may or 
may not be in fluid communication with the central chamber 
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and each other. Further, the sidewall may be formed of a first 
material while the central wall may be formed of a second 
material, with the first material having a different stiffness 
than the second material. Preferably, the center pivot and/or 
central chamber may permit the upper and lowers ends to 
pivot with respect to each other, and may include a resilient 
element Such as a spring. 
0032. In another embodiment, the intervertebral disc 
includes a body having an upper Surface spaced from and 
opposing a lower Surface. The spacing between the upper 
surface and the lower surface may be selectable. The body 
further includes an outer sidewall forming an outer wall and a 
thru-hole forming an inner wall, with the inner wall defining 
an opening. Further, the body may be substantially C-shaped. 
A chamber may also be disposed within the body. In addition, 
there may be at least one portion extending from the body for 
contacting a vertebrae, with the portion defining a hole for 
receiving a fastener. 
0033. The upper and lower endplates are preferably 
formed of metal. Such as titanium, stainless Steel, titanium 
alloys, cobalt-chromium alloys, or amorphous alloys. Alter 
natively, however, the upper and lower endplates may be 
formed of ceramics, composites, polymers, such as poly 
ether-ether-ketone (i.e., PEEK) or an ultra high molecular 
weight polyethylene (i.e., UHMWPE), bone, including cor 
tical, cancellous, allograft, autograft, Xenograft, demineral 
ized or partially demineralized bone, or any other materials 
able to serve as load bearing Supports. The materials chosen 
for the endplates, in combination with the desired fluid, are 
preferably selected to reduce the amount of wear, and thus 
increase the life of the joint. 
0034. The outer surface of the upper and lower endplates 
may be substantially flat, wedge-shaped, etc. The outer Sur 
faces of the upper and lower endplates may also be dome 
shaped with their radii defined in the sagittal and coronal 
planes to generally match those of the ends of the adjacent 
vertebra. The dome shape allows the upper and lower end 
plates to better conform with the ends of the adjacent verte 
brae for a better fit in situ. 
0035. The intervertebral disc also preferably includes 
migration-resistant structures provided on the outer Surface 
of at least one or both of the endplates to impede movement, 
dislodging, or expulsion of the endplates within and from the 
ends of the adjacent vertebrae. The migration-resistant struc 
tures include, but are not limited to, flaps, spikes, teeth, fins, 
deployable spikes, deployable teeth, flexible spikes, flexible 
teeth, alternatively shaped teeth, insertable or expandable 
fins, Screws, hooks, serrations, ribs, and textured surfaces. 
0036 Furthermore, the upper and lower endplates also 
preferably coated with a bone growth inducing or conducting 
Substance to promote bony ingrowth to permanently secure 
the disc to the adjacent vertebrae. Alternatively, the upper and 
lower endplates may have a roughened Surface; a porous 
Surface; laser treated endplate layers; integrate an osteocon 
ductive/osteoinductive scaffold; or may be provided with or 
made from an integral osteoconductive and/or osteoinductive 
material to promote bony ingrowth. The endplates may fur 
ther include a membrane and/or a barrier to limit the amount 
and/or depth of bony ingrowth. 
0037. The upper and lower endplates may also have 
implant instrumentation attachment, guiding, and retainment 
structures. For example, the endplates may have holes, slots, 
threads, or a dovetail for implanting the implant and/or dis 
tracting the adjacent vertebrae. For example, the disc may 
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include a slot formed in the upper and/or lower endplates, the 
slot being configured to receive an implant insertion instru 
ment, a distractor or both. 
0038. The upper and lower endplates may also preferably 
include articulating Surfaces, thus providing the interverte 
bral disc with greater mobility. The articulating surfaces pref 
erably including a surface polish or similar wear reducing 
finish such as diamond finish, TiNi finish, etc. in order to 
minimize wear, decrease particle generation, and increase 
disc life. 
0039. The intervertebral disc may be implanted in a modu 
lar fashion, if possible, or may be implanted preassembled. 
An anterior, anteriolateral, or lateral Surgical approach may 
be used for the intervertebral disc. Furthermore, depending 
on the intervertebral disc to be implanted, a minimally inva 
sive Surgical method and/or a simultaneous distraction and 
implantation Surgical method may be used. Also depending 
on the intervertebral disc to be implanted, the Anterior Lon 
gitudinal Ligament may be attached directly to the disc or to 
the adjacent vertebral bodies. The Anterior Longitudinal 
Ligament may be formed from partially demineralized or 
demineralized autograft, allograft, or Xenograft. Alterna 
tively, the Anterior Longitudinal Ligament may be formed 
from biocompatible materials such as elastomers, or braided 
polymers. To assist with the implantation of the intervertebral 
disc, the intervertebral disc may include alignment markers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0040. To facilitate an understanding of and for the purpose 
of illustrating the present invention, exemplary and preferred 
features and embodiments are disclosed in the accompanying 
drawings, it being understood, however, that the invention is 
not limited to the precise arrangements and instrumentalities 
shown, and wherein similar reference characters denote simi 
lar elements throughout the several views, and wherein: 
0041 FIG. 1 is a perspective view of a first embodiment of 
an artificial intervertebral disc according to the present inven 
tion; 
0.042 FIG.2 is a cross-sectional view of the artificial inter 
vertebral disc of FIG. 1 taken along line A-A: 
0.043 FIG. 2a is an alternate cross-sectional view of the 
artificial intervertebral disc of FIG. 1 taken along line A-A; 
0044 FIG. 2b is an alternate cross-sectional view of the 
artificial intervertebral disc of FIG. 1 taken along line A-A; 
004.5 FIG. 2c is an alternate cross-sectional view of the 
artificial intervertebral disc of FIG. 1 taken along line A-A; 
0046 FIG.3a is a side view of a deployable spike accord 
ing to the present invention; 
0047 FIG. 3b is a side view of another deployable spike 
according to the present invention; 
0048 FIG.3c is side view of a flexible spike according to 
the present invention; 
0049 FIG. 3d is a side view of alternatively shaped teeth 
according to the present invention; 
0050 FIG. 3e is a side view of anchors according to the 
present invention; 
0051 FIG. 4 is a cross-sectional view of a second embodi 
ment of an artificial intervertebral disc according to the 
present invention; 
0052 FIG. 4A is a side view of the leafspring and roller of 
the artificial intervertebral disc of FIG. 4; 
0053 FIG. 5 is a cross-sectional view of a third embodi 
ment of an artificial intervertebral disc according to the 
present invention; 
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0054 FIG. 6 is a perspective view of a fourth embodiment 
of an artificial intervertebral disc according to the present 
invention; 
0055 FIG. 7 is a perspective view of a fifth embodiment of 
an artificial intervertebral disc according to the present inven 
tion; 
0056 FIG. 8 is a perspective view of a sixth embodiment 
of an artificial intervertebral disc according to the present 
invention; 
0057 FIG.9 is a cross sectional view of a seventh embodi 
ment of an artificial intervertebral disc according to the 
present invention; 
0.058 FIG. 9a is an alternate cross-sectional view of the 
seventh embodiment of an artificial intervertebral disc 
according to the present invention; 
0059 FIG.9b is an exploded view of the seventh embodi 
ment shown is FIG. 9a, 
0060 FIG.9c is an exploded view of the seventh embodi 
ment shown is FIG. 9a, 
0061 FIG. 10 is a perspective view of an eight embodi 
ment of an artificial intervertebral disc according to the 
present invention; 
0062 FIG. 11 is a cross-sectional view of the artificial 
intervertebral disc of FIG. 10 taken along line A-A: 
0063 FIG.11a is an alternate cross-sectional view of the 
artificial intervertebral disc of FIG. 10 taken along line A-A: 
0064 FIG. 12 is a perspective view of a ninth embodiment 
of an intervertebral disc according to the present invention; 
0065 FIG. 13 is a cross-sectional view of the interverte 
bral disc of FIG. 12 taken along line B-B; 
0.066 FIG. 14 is a perspective view of an alternative 
embodiment of the intervertebral disc of FIG. 12; 
0067 FIG. 15 is a perspective view of a tenth embodiment 
of an intervertebral disc according to the present invention; 
0068 FIG. 16 is a cross-sectional view of the interverte 
bral disc of FIG. 15 taken along line C-C: 
0069 FIG. 17 is a cross-sectional view of an alternative 
embodiment of the intervertebral disc of FIG. 15 taken along 
line D-D; 
(0070 FIG. 18 is a perspective view of an eleventh embodi 
ment of an intervertebral disc according to the present inven 
tion; 
(0071 FIG. 19 is a side view of the eleventh embodiment of 
the intervertebral disc of FIG. 18; and 
0072 FIG. 20 is schematic view of a twelfth embodiment 
of an intervertebral disc according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0073. Any of a wide variety of different implant structures 
can be prepared according to the teachings shown by the 
illustrative examples of the intervertebral discs disclosed 
herein. The intervertebral discs of the present invention are 
preferably designed to restore the natural spinal curvature (or 
Sagittal balance), disc height, to allow for a natural range of 
motion, absorb shock and to provide resistance to motion and 
axial compression. 
0074 The intervertebral discs preferably are sized and 
adapted for use in the cervical, thoracic, and lumbar regions 
of the spine. Also, the intervertebral discs can be tailored for 
each individual patient allowing for disc characteristics 
appropriate for the individual patient. For example, and arti 
ficial disc may be provided having a pair of endplates and a 
core, and the core of the disc can include different assemblies, 
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different components, and/or various types of materials to 
create the desired dynamic characteristics for each individual 
patient. 
0075) Furthermore, the intervertebral discs may allow 
flexion, extension, lateral bending, rotation, and translation. 
Flexion is movement that brings two parts of a joint or body 
into a bent position; in the spine, this is a movement in which 
the spine starts straight and moves into forward bending. 
Extension is a movement that draws two parts away from each 
other, in the spine, this is a movement in which the spine starts 
straight and moves into backward bending. Lateral bending is 
a bending movement toward a lateral side; in the spine, this 
movement generally involves bending (lateral) and coupled 
rotation. Rotation is a movement that results in a portion of 
the spine twisting, rotating or turning with respect to the axis 
of the spinal column. Translation is a limited movement that 
is generally transverse to the axis of the spinal column. 
0076. Additionally, similar to a natural intervertebral disc, 
the artificial intervertebral discs preferably allow for a mov 
ing instantaneous axis of rotation. At every instant for a body 
in plane motion there is a line in the body or a hypothetical 
extension of this line that does not move. The instantaneous 
axis of rotation is this line. A moving instantaneous axis of 
rotation refers to the ability of the instantaneous axis of rota 
tion to move (i.e., translate) as a result of different loading 
conditions; in other words, the location of the instantaneous 
axis of rotation moves with respect to the disc. The preferred 
mean location of the moving instantaneous axis of rotation for 
the lumbar region of the spine is preferably in the posterior 
half of the disc space or proximal to an adjacent (Superior or 
inferior) endplate, preferably proximal to the inferior/caudal 
endplate, the preferred mean location of the moving instan 
taneous axis of rotation for the thoracic region of the spine is 
preferably in the inferior portion of the disc space and proxi 
mal to the caudal vertebral body extending posteriorly into 
the spinal canal, and the preferred mean location of the mov 
ing instantaneous axis of rotation for the cervical region of the 
spine is preferably in the posterior half of the caudal vertebral 
body. 
0.077 Also similar to a natural intervertebral disc, the 
response characteristics of the artificial intervertebral disc are 
preferably non-linear. For example, in response to continued 
axial compression, the artificial intervertebral disc preferably 
undergoes a large initial amount of compression followed by 
non-linearly decreasing amounts of compression. 
0078 Referring to the accompanying drawings, preferred 
embodiments and features of the artificial intervertebral disc 
will be described in detail. It is to be noted however that these 
descriptions of specific embodiments and features are merely 
illustrative. It is contemplated that one or more features or 
elements of the various embodiments may be combined or 
used singularly, and that modifications of the various embodi 
ments, as well as other embodiments are contemplated and 
will be apparent to those persons skilled in the art. 
0079 Referring initially to FIG. 1, a perspective view of an 
exemplary first embodiment of an artificial disc 10 is shown. 
Disc 10, preferably, has a generally kidney-bean shaped foot 
print which includes an anterior side 11, a posterior side 13, 
and first and second lateral sides 15, 17, respectively. Anterior 
side 11 and lateral sides 15, 17 are all substantially convex in 
shape while posterior side 13 is substantially concave in 
shape. However, the disc 10 may take on other shapes that 
generally conform geometrically and anatomically with the 
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adjacent vertebral bodies including, but not limited to circu 
lar, oval, ellipsoid, annular, D-shaped, C-shaped, etc. 
0080. As shown, disc 10 includes an upper endplate 20, a 
lower endplate 22, and an intermediate elastic membrane 24, 
the elastic membrane 24 generally extending from the upper 
endplate 20 to the lower endplate 22, preferably, proximate 
the outer periphery of the disc 10. Alternatively, the elastic 
membrane 24 may surround and encapsulate the upper and 
lower endplates 20, 22. The elastic membrane 24 in combi 
nation with the upper and lower endplates 20, 22 define an 
interior volume 26. 
I0081. The elastic membrane 24 preferably is formed from 
an elastomer Such as polyurethane, silicone, a braided poly 
mer, or any other appropriate elastic material. The elastic 
membrane 24 may be permeable or semi-permeable to allow 
fluid to flow into and out of the interior of the disc (as 
described in more detail below). Alternatively, the membrane 
may be non-permeable. Preferably, the elastic membrane 24 
may resist translational motion between the upper and lower 
endplates 20, 22, and may also prevent Soft tissue ingrowth 
between the endplates 20, 22 as well as contain any wear 
particles generated within the interior volume. The elastic 
membrane 24 may be attached to the upper and lower end 
plates 20, 22 by any fixation method known in the art includ 
ing, but not limited to, bonding agents, ultrasonic welding, 
screws, nails, mechanical wedging, and pins. 
I0082 Alternatively, the elastic membrane 24 may be in the 
form of a bellow, the bellow assuming an “accordion' or other 
flexible shape, enabling it to expand and contract under the 
various loading conditions. The bellow may be rigidly 
attached to the upper and lower endplates 20, 22 by any 
method known in the art including, but not limited to a circu 
lar groove formed in each endplate 20, 22, bonding agents, 
ultrasonic welding, screws, nails, mechanical wedging, and 
pins. Preferably, the bellow is made from a metal, although 
other material Such as elastomers or polymers may be used. In 
an alternative embodiment, membrane 24 may be made of 
any appropriate non-elastic material known in the art. 
0083. With reference to FIG. 2, the interior 26 of disc 10 is 
shown. Preferably, the interior 26 of the disc 10 includes at 
least one spring element 30, and the spring element 30 may 
have a longitudinal axis. The spring may be oriented Such that 
its longitudinal axis is oriented Substantially perpendicular to 
the plane formed by each of the upper and lower endplates 20, 
22. Alternatively, the spring may be oriented Such that its axis 
forms an acute angle with at least one of the upper and lower 
endplates. The spring element may have a first end which 
contacts the lower endplate 22 within a pocket or groove 32 
formed on the inner surface 40 of the lower endplate 22. Such 
a pocket or groove may prevent lateral displacement of the 
spring with respect to the endplate. An upper end of the spring 
element 30 may engage an articulation member 34 having a 
spring-engaging Surface 33 and an opposite Substantially 
spherical surface 35. The spring element 30 may be fixed to 
the pocket 32 and/or the articulation member 34 using any 
appropriate fixation method known in the art including, but 
not limited to bonding agents, ultrasonic welding, screws, 
nails, press-fit, and pins. Alternatively, the spring element 30 
and the articulation member 34 may be integrally formed. 
I0084. The spherical surface 35 of articulation member 34 
may be configured to articulate within a correspondingly 
shaped socket 36 formed on the inner surface 38 of the upper 
endplate 20. The interface between the articulation member 
34 and the socket 36 may approximate a ball and socket type 
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connection, with the spherical articulation member 34 able to 
articulate within the socket 36. The type and amount of articu 
lation desired may dictate the curvature and arc of the spheri 
cal surface 35 provided on the articulation member 34 and 
socket 36. For example, if the spherical surface 35 has the 
same radius as the socket 36, then the disc 10 may provide 
greater Support but more constrained movement. Alterna 
tively, if the socket 36 has a larger radius than the spherical 
surface 35, the disc 10 may provide increased articulation 
and/or translation. 

0085. In an alternative embodiment, the socket 36 may 
incorporate a flattened portion which may permit the articu 
lation member 34 to translate within the socket, thereby pro 
viding translational movement of the upper endplate 20 rela 
tive to the lower endplate 22. By providing for such 
translation, the disc 10 may provide a moving instantaneous 
axis of rotation. It is possible for the articulation member 34 
and socket 36 to have contours other than spherical in order to 
achieve the desired articulation motion. Such other contours 
may comprise elliptical or egg-shaped, and multiply-spheri 
cal shaped in which the articulation member and the socket 
each may comprise at least two separate or cojoined spherical 
segments. Moreover, while the articulation member 34 and 
Socket 36 are illustrated as having contours that generally 
permit mating of their respective surfaces, the corresponding 
Surfaces may take on any appropriate shape to achieve the 
desired articulating mobility between the upper and lower 
endplates 20, 22. 
I0086) While the disc 10 has been described as having the 
articulating member 34 associated with the lower endplate 22 
and the socket 36 associated with the upper endplate 20, the 
elements may be reversed so that the socket 36 and articulat 
ing element 34 are instead associated with the lower and 
upper endplates, respectively. Furthermore, the socket mem 
ber may be provided integral with its respective end plate, 
Such as providing a one-piece end plate with a hollow spheri 
cal inner Surface. Also, the Socket member and articulating 
element may comprise any appropriate material known in the 
art, such as titanium, stainless Steel, polymers such as ultra 
high molecular weight polyethylene, etc. Furthermore, the 
articulating Surfaces may include a surface polish or similar 
wear reducing finish such as diamond finish, TiNi finish, etc. 
in order to minimize wear, decrease particle generation, and 
increase disc life. 
0087. The spring element 30 may encompass any appro 
priate resilient member known in the art including, but not 
limited to, spiral springs, coil springs, plate or leaf springs, 
etc. Moreover, the spring element 30 may beformed from any 
appropriate material known in the art including, for example, 
polymers, composites, or metals such as cobalt-chromium 
alloys, titanium alloys, stainless steel, shape memory alloys, 
and amorphous alloys. Likewise, the spring element 30 may 
comprise two or more individual spring elements provided 
either in series, in parallel, or in a combination of series and 
parallel elements. 
0088. The selection of a particular spring element may 
depend on the needs of the particular patient, however, the 
spring or springs selected should mimic the properties of the 
patient's normal intervertebral disc, or should be appropriate 
as required for the particular procedure. Thus, springs having 
the appropriate stiffness in axial compression and in trans 
verse bending should be selected to provide the following 
ranges: flexion/extension from about 0 Newton-meters per 
degree (Nm/deg) to about 8 Nm/deg); lateral bending from 
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about Nm/deg, to about 5 Nm/deg, and compression—from 
about 100 to about 5000 N/mm. Furthermore, the outer diam 
eter of the springs selected may range from about 5 millime 
ters (mm) to about 30mm; and the heights of the springs may 
range from about 7.5 mm to about 12 mm. It is noted that the 
preceding are provided as representative dimensions only, 
and the springs used may have any size, shape, strength and 
flexibility appropriate for the particular patient. 
I0089. The use of a spring element in combination with an 
articulating Surface may provide a combination of articula 
tion, translation and compression/shock absorption between 
the upper and lower endplates 20, 22, and thus allowing for a 
moving instantaneous axis of rotation. Articulation may be 
provided through the interaction of the articulating member 
34 and the socket 36, and/or by bending of the at least one 
spring element 30. Compression and shock absorption may 
be provided by the spring element 30, and translation may be 
provided by bending of the spring element or through the 
choice of a socket having a flattened portion Such that the 
articulating member 34 may translate within the socket. 
0090 Referring to FIG. 2a, a disc 10 comprising a plural 
ity of internal spring elements 30 is illustrated, each spring 
element 30 may extend from the upper endplate 20 to the 
lower endplate 22 such that the longitudinal axis of each 
spring element is oriented Substantially perpendicular to the 
plane formed by each of the end plates 20, 22. Alternatively, 
one or more of springs 30 may be oriented so that their 
longitudinal axis forms an acute angle relative to the plane of 
one or both of the end plates. 
0091. The plurality of spring elements 30 may be arranged 
in a configuration appropriate to provide uniform shock 
absorption, load bearing, and tension/compression resis 
tance, or the spring elements 30 may be strategically placed to 
allow for increased resistance to shock and/or compression on 
one side (i.e. anterior, posterior) of the disc as compared to the 
other. Preferably, however, the disc 10 includes at least one 
central spring element 30 and at least one peripheral spring 
element 30 spaced away from the central spring element 30. 
In the illustrated embodiment, a single central spring element 
is Surrounded by a plurality of peripheral spring elements. 
The central and peripheral spring element 30 may have sub 
stantially the same stiffness, or their stiffnesses may be dif 
ferent. Preferably, the central spring element 30 may have a 
stiffness greater than the stiffness of the peripheral spring 
elements 30. Such an arrangement may result in a disc having 
a central spring which provides primary shock absorption and 
resistance during the initial stages of an axial compression 
evolution, and having peripheral spring elements 30 which 
provide secondary shock absorption and resistance during the 
later phases of axial compression. This provides a desirable 
non-linear response to compressive loads which may closely 
mimic the response of the patient's natural disc. 
0092. As shown in FIG. 2a, each spring element 30 has 

first and second ends associated with respective upper and 
lower end plates 20, 22. The first and second ends of each 
spring may have an associated spherical articulation member 
34 configured to mate with a corresponding spherical Socket 
36 formed on the inner surface of the upper and lower end 
plates 20, 22 as previously described. The combination of 
spring and articulation members permits the upper and lower 
endplates 20, 22 to move with respect to each other. For 
example, articulation members 34 may articulate within asso 
ciated sockets 36 so that the upper and lower endplates 20, 22 
can articulate with respect to each other without creating 
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resistive torsion in spring elements 30 that would be present if 
the ends of the springs were rigidly connected to the end 
plates. Alternatively, each spring element 30 may only be 
attached to a spherical member 34 on one end, the other end 
being attached to the upper or lower endplate 20, 22 as pre 
vious described. 

0093. Referring to FIG. 2b, the disc 10 may include a 
plurality of spring elements 30 where only one end of the first 
spring element 30 comprises a spherical articulation member 
34, and the opposite end of the first spring element 30 as well 
as both ends of the second spring elements 30 are disposed 
within corresponding pockets, or recesses, in the upper and 
lower endplates 20, 22 (the arrangement and connection of 
these recesses and the associated spring elements being the 
same as previously described in relation to the embodiment of 
FIG. 2). As shown in FIG. 2b, preferably the first spring 
element 30 is attached to a hemi-spherical member 34 for 
mating with a corresponding socket 36 located in the upper or 
lower endplate 20, 22. The plurality of second spring ele 
ments 30 surrounding the first spring element 30 being 
attached directly to the upper and lower endplates 20, 22 as 
previously described. In one embodiment, the first spring may 
be attached to one hemi-spherical member 34, and the plu 
rality of second spring elements 30 may be may be attached to 
two hemi-spherical member 34. As with the previous embodi 
ments, the number, Stiffness, and arrangement of the springs, 
as well as the selection and placement of the articulating 
elements and sockets 36 may be made in any combination 
appropriate to provide a disc that mimics as closely as pos 
sible the properties of the normal intervertebral disc, or that 
provides the properties appropriate to the particular proce 
dure. 

0094) Referring to FIG. 2c, the disc 10 may include an 
elastomeric strut 54 located peripherally to a central spring 
element 30. The strut 54 may have alongitudinal axis and first 
and second ends, and each end may be associated with an 
upper or lower endplate 20, 22. The elastomeric strut 54 may 
be seated in a groove 32 formed in the associated inner Sur 
faces 38, 40 of the upper and lower endplates 20, 22 to resist 
displacement. The elastomeric strut 54 may serve essentially 
the same function as peripheral spring elements 30 previously 
described, i.e. to provide the disc 10 with compression force 
resistance and shock absorption and to resist motion. The 
elastomeric strut 54 may be formed from any appropriate 
material known in the art including, but not limited to, poly 
urethane or silicone. Any number of individual struts 54 may 
be provided, and the Struts individual struts may assume 
various shapes in order to provide the appropriate stiffness or 
resistance support for the end plates. Thus, the struts 54 may 
be cylindrical, square, rectangular, etc., and they may have 
any appropriate cross section, such as circular, triangular, 
elliptical, etc. The struts may also be provided with continu 
ous or non-continuous cross-sections, and they may be made 
up of different layers of materials, such as having alternating 
elastomeric and metallic or polymer layers. The struts 54 may 
also be hollow, or they may be ring-shaped. The ring-shaped 
Struts 54 may be configured to Surround at least a portion of 
the first spring element 30. As with earlier embodiments, the 
ends of struts 54 may be connected to the end plates using any 
appropriate method in the art, including press-fit, bonding 
agents, etc. One or more struts may also be provided to move 
within their associated groove or grooves. The arrangement, 
number and configuration of the struts 54 is not critical, but 
instead may be any combination desired to provide a disc 10 
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that mimics the properties of the patient's normal interverte 
bral disc, or that provides the properties appropriate to the 
particular procedure. 
(0095. The inner surfaces 38, 40 of endplates 20, 22 may be 
porous to allow the elastomeric strut 50 to be integrated into 
the corresponding Surfaces of the upper and lower endplates 
20, 22 during manufacture such as by molding the elastomer 
to the endplate. A membrane and/or barrier may also be 
included within endplates 20, 22 to limit the depth of impreg 
nation and bony ingrowth respectively. 
0096. The disc 10 of this embodiment also may include a 
membrane 24 and a valve (not shown), the valve providing 
access to the interior 26 of disc 10 so that fluid may be injected 
into, or removed from, the interior 26 of the disc 10. The valve 
preferably is a one-way valve, as known to those skilled in the 
art, so that the fluid, once injected, can not escape from the 
interior 26 of the disc 10. Preferably, the valve is disposed 
through the elastic membrane 24, alternatively however, the 
valve may be disposed through the upper and/or lower end 
plates 20, 22. When the valve is disposed on the upper and/or 
lower endplates 20, 22, a passageway preferably is included 
to interconnect the valve with the interior 26 of the disc 10. 
0097. The fluid may be a gas, a liquid, a gel, or any com 
bination thereof, that is sufficient to provide shock absorption 
during axial compression of the disc 10, while also permitting 
limited articulation or movement of the upper endplate 20 and 
lower endplate 22 with respect to one another. Preferably, the 
fluid is incompressible, for example, saline or mineral water. 
In use, the fluid may be injected into the interior 26 of the disc 
10 before insertion of the disc 10 between adjacent vertebrae. 
Alternatively, the fluid may be injected in situ to facilitate 
insertion of disc 10 and subsequent distraction between adja 
cent vertebrae. The rigidity and distraction capability of the 
disc 10 may be a function of the amount of fluid injected into 
the interior 26 of the disc 10. Generally, the more fluid pro 
vided in the interior 26 of the disc 10, the more rigid the disc 
10, and the greater the distraction capability. Furthermore, 
pliability and increased articulation may be realized by filling 
only a portion of the interior 26 of the disc 10. Finally, vari 
ably filling the interior 26 of the disc 10 with fluid permits the 
overall height H of the disc 10 to be varied as necessary 
depending on the needs of the individual patient. 
0098. Depending on the location of the spine where the 
disc 10 is implanted, the disc 10 preferably restore height in 
the range between about 4 millimeters to about 26 millime 
ters. In addition, the disc 10 preferably restore lordosis in the 
range between about 0° to about 20°. The disc 10 preferably 
also restore stiffness from about 1 Nm/deg, to about 11 
Nm/deg in axial rotation, about 0Nm/deg, to about 7 Nm/deg 
in flexion/extension, and about 0Nm/deg, to about 5 Nm/deg 
in lateral bending. In addition, the disc 10 preferably offers 
compression stiffness from about 100 N/mm to about 5000 
N/mm and tension stiffness from about 50 N/mm to about 
1000 N/mm. Furthermore, depending on the location of the 
spine where the disc 10 is implanted, the intervertebral disc 
10 preferably allows for a range of motion of about 5° to about 
45° in flexion/extension, of about 3° to about 33° in lateral 
bending, and about 1° to about 60° in axial rotation. The 
intervertebral disc 10 preferably also allows for axial com 
pression in the range from about 0.2 mm to about 2 mm. 
(0099 Preferably, the upper and lower endplates 20, 22 are 
formed of metal. Such as titanium, stainless Steel, titanium 
alloys, cobalt-chromium alloys, shape memory alloys, or 
amorphous alloys. Alternatively, however, the upper and 
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lower endplates 20, 22 may be formed of polymers including 
rigid polymers, PEEK or UHMWPE, ceramics, composites, 
bone including cortical, cancellous, allograft, autograft, 
Xenograft, demineralized or partially demineralized bone, or 
any other material appropriate to serve as load bearing Sup 
ports. More preferably, the materials chosen for the endplates 
are chosen so as to minimize wear. 

0100 Furthermore, preferably, any articulating surfaces in 
the intervertebral discs of the present invention include a 
Surface polish or similar wear reducing finish Such as dia 
mond finish, TiNi finish, etc. in order to minimize wear, 
decrease particle generation, and increase disc life. 
0101 The outer surface of the upper and lower endplates 
20, 22 may be substantially flat, wedge-shaped, etc. The outer 
surfaces of the upper and lower endplates 20, 22 may also be 
dome shaped with their radii defined in the sagittal and coro 
nal planes to generally match the shape of the ends of the 
adjacent vertebral, thereby providing a better fit in situ. 
0102. In addition, as shown in FIG. 1, the disc 10 may 
include migration resistant features, such as, for example, 
spike-like structures 18 on the outer surfaces of the upper and 
lower endplates 20, 22. The migration resistant features may 
facilitate engagement of the disc 10 with the ends of the 
adjacent vertebra by providing a mechanical interlock as a 
result of penetration and/or deformation of the ends of the 
adjacent vertebrae. The initial mechanical stability afforded 
by Spikes 18, for example, minimizes the risk of post-opera 
tive instability, movement, dislodging or expulsion of the disc 
10. Other migration resistant features may include, without 
limitation, flaps, teeth, deployable teeth, deployable spikes, 
flexible spikes, flexible teeth, fins, insertable or expandable 
fins, anchors, Screws, ridges, serrations, or other similar tex 
turing on the upper and lower endplates 20, 22. As shown in 
FIG. 3a, deployable spikes 41 may be provided, and a cam 
mechanism 43 may be used to deploy the spikes. Alterna 
tively, as shown in FIG. 3b, the deployable spikes may be 
configured to be deployed by an instrument (not shown). As 
shown in FIGS. 3c through 3e, respectively, examples of 
flexible spikes 44, shaped teeth 45, and anchors 46 are shown. 
Alternatively or in addition, bonding agents may also be used 
to secure the disc 10 to adjacent vertebra. 
0103) Furthermore, the upper and lower endplates 20, 22 
may also be coated with a bone growth inducing Substance, 
Such as hydroxyapatite, to promote bony ingrowth to perma 
nently secure the disc 10 to the adjacent vertebrae. Alterna 
tively, the upper and lower endplates 20, 22 may have a 
roughened or porous Surface to facilitate bony ingrowth. 
Alternatively, the upper and lower endplates 20, 22 may have 
laser treated endplate layers to create a porous structure, or 
may integrate an osteoconductivefosteoinductive scaffold. 
The endplates 20, 22 may also be made from an osteocon 
ductive and/or osteoinductive material to promote bony 
ingrowth. The endplates 20, 22 may further include a mem 
brane and/or barrier to limit the depth of bony ingrowth per 
mitted. 

0104. The upper and lower endplates 20, 22 may also have 
implant instrumentation attachment, guiding, and retaining 
structures. For example, the endplates 20, 22 may have holes, 
slots, threads, or a dovetail for accepting a tool used to implant 
and/or distract the vertebrae. For example, the disc may 
include a slot formed in the upper and/or lower endplates 20, 
22, the slot configured to receive an implant insertion instru 
ment, a distractor or both. 
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0105. As a result of the material and structural compo 
nents used, the disc 10 can allow flexion/extension, lateral 
bending, axial rotation, and translation, depending on the 
loading imparted on the intervertebral disc. In addition, under 
various spinal loading conditions resulting from spinal move 
ments, the spring element 30 can compress, tilt, articulate 
and/or bend varying amounts. 
0106 With reference to FIGS. 4 and 4a, a second exem 
plary embodiment of an intervertebral disc 100 is shown. 
Similar to the previous embodiments described, the external 
configuration of disc 100 may take on any shape that gener 
ally conforms geometrically and anatomically with the adja 
cent vertebral bodies including, but not limited to circular, 
oval, ellipsoid, annular, kidney-bean, D-shaped, C-shaped, 
etc. As shown, disc 100 includes an upper endplate 102, a 
lower endplate 104, and an intermediate elastic membrane 
106, the elastic membrane 106 in combination with the upper 
and lower endplates 102,104 defining an interior volume 108. 
The endplates 102,104 and elastic membrane 106 are similar 
to those endplates and elastic membrane described previously 
in relation to other embodiments. The disc 100 may also 
include a valve (not shown), the valve providing access to the 
interior 108 of the disc 100 for permitting the insertion of, or 
removal of a fluid as previously described in relations to 
other embodiments. Disc 100 may also include migration 
resistant features, permanent fixation means and/or implant 
instrumentation attachment, guiding, and retaining structures 
as previously described in relation to FIGS. 3a-3e and previ 
ous embodiments. 

0107 Disc 100 further may include a leaf spring 110 hav 
ing a first end 112 and second end 114. The first end 112 may 
be attached to the upper endplate 102, while the second end 
114 of leaf spring 110 may comprise a roller 130 capable of 
rolling on the inner surface of the upper end plate 102. The 
leaf spring may have a central portion 116 disposed between 
the first and second end 112,114, and this central portion 116 
may comprise a concavo-convex shape. The convex surface 
may generally face the lower endplate 24 and the concave 
Surface generally facing the upper endplate 24. Lower end 
plate 104 may comprise a Surface configured to accept inter 
mediate section 116 which itself is configured to mate, articu 
late, slide and pivot with the inner surface like a ball in a 
socket. While the leaf spring 110 is described herein as 
attached to the upper endplate, it may alternatively be 
attached to the lower endplate 104 so that its concavo-convex 
intermediate section 116 interacts with the inner surface of 
the upper end plate 102. It is noted that although the articu 
lating Surface of leaf spring 110 is illustrated as being dis 
posed near the center of the leaf spring, the articulating Sur 
face may be located at any point along the length and/or width 
of the leaf spring, as appropriate to provide the desired articu 
lation. 

0108. The second unattached end 114 of leaf spring 110 
may be provided with a roller 130 on an axle 132, the roller 
130 being freely rotatable about the axle 132. The second end 
114 of leaf spring 110 may slide or roll along the inner surface 
of the upper endplate 102 during axial loading or compres 
sion and during axial unloading or tension. The leaf spring of 
this embodiment is thus allowed to translate as it is flexed, 
providing a greater range of flexibility compared to leaf 
springs constrained at both ends. In an alternative embodi 
ment, the leaf spring 110 may have a rounded end instead of 
a roller 130 for sliding directly along the inner surface of the 
upper endplate 102. 
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0109 The lower endplate 104 may comprise a pocket 106 
for receiving a pad 120. The pad 120 may have a lower surface 
for engaging the lower endplate 104, and an upper Surface 
comprising a concave section 122 configured and dimen 
Sioned to mate with the enlarged intermediate convex section 
116 of leaf spring 110. The type and amount of articulation 
provided by the spring and pad may be adjusted by control 
ling the curvature provided on the intermediate section 116 
and concave section 122. Where the intermediate section 116 
has the same radius as the concave section 122, the disc 100 
may provide greater Support but more constrained movement. 
Alternatively, where the concave section 122 has a larger 
radius of curvature than the intermediate section 116, the disc 
may provide increased articulation. 
0110. The intermediate member 116 and concave section 
122 may also take on other contours to achieve the desired 
articulation. The concave section 122 of the pad 120 may be 
convex to mate with a concave intermediate section 116. 
Moreover, while the concave section 122 and intermediate 
member 116 are shown with contours that generally permit 
mating of their surfaces, non-mating contours may be pro 
vided to achieve the desired articulation. 
0111. Furthermore, the compression and sliding of leaf 
spring 110 may vary depending on the area or areas of load 
ing. For example, loading one end of disc 100 may result in 
greater compression of disc 100 when compared with an 
opposing end of disc 100. Additionally, the pad 120 and the 
pocket 106 may be configured to allow the pad to translate 
within the pocket 106. The varying movements, i.e. compres 
sion, of leaf spring 110 and translation of leaf spring 110 with 
respect to the pocket 106 may allow a moving instantaneous 
axis of rotation. 
0112 Leaf spring 110 may be formed from any appropri 
ate material known in the art including, for example, poly 
mers, ceramics, composites and metals, such as cobalt-chro 
mium alloys, titanium alloys, stainless steel, shape memory 
alloys, and amorphous alloys. The pad 120 may likewise be 
formed of similar materials. 

0113 Depending on the location of the spine where the 
disc 100 is implanted, the disc 100 preferably restores height, 
natural spinal curve (or Sagittal balance), stiffness, offers 
compression stiffness, and allows a range of motion similar to 
that described in relation to previous embodiments. 
0114 With reference to FIG.5, a third exemplary embodi 
ment of an intervertebral disc 150 is shown. Similar to the 
previous embodiments described, disc 150 may take on any 
shape that generally conforms geometrically and anatomi 
cally with the adjacent vertebral bodies including, but not 
limited to circular, oval, ellipsoid, annular, kidney-bean, 
D-shaped, C-shaped, etc. As shown, disc 150 includes an 
upper endplate 152, a lower endplate 154, and an intermediate 
elastic membrane 156, the elastic membrane 156 in combi 
nation with the upper and lower endplates 152, 154 defining 
an interior volume 158. The endplates 152, 154 and elastic 
membrane 156 are similar to those previously described in 
relation to other embodiments. The disc 150 may also include 
a valve (not shown), the valve providing access to the interior 
158 of the disc 150 for permitting the insertion of, or removal 
of a fluid as previously described in relations to other 
embodiments. Disc 150 may also include migration resistant 
features, permanent fixation means and/or implant instru 
mentation attachment, guiding, and retaining structures as 
previously described in relation to FIGS. 3a-3e and the pre 
vious embodiments. 
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0115 Disc 150 may further include a medial articulating 
member 160 attached to one of the upper or lower endplates 
152, 154, preferably the lower endplate 152. The articulating 
member 160 may have a convex lower surface 162 that is 
configured and dimensioned to articulate with respect to con 
cave surface 164 formed on the inner surface of one of the 
lower endplate 154. The curvature of the corresponding 
articulating Surfaces 162, 164 may be manipulated as neces 
sary to provide the desired amount of articulation and trans 
lation between the endplates 152, 154, as has already been 
described in relation to other embodiments. 
0116. Alternatively, the articulating member 162 may 
comprise a concave lower Surface configured and dimen 
Sioned to mate and articulate with respect to a convex surface 
formed on the inner surface of the opposing endplates 152, 
154. Furthermore, the concave surface 164 may be integrally 
formed on the inner surface of one of the endplates 152, 154 
or it may be separately formed and mounted thereon. Mount 
ing the concave Surface 164 onto the inner Surface of one of 
the endplates 152, 154 permits the concave surface 164 to be 
made from a material different from that of the associated 
endplate, for example, polyethylene or other polymer, or a 
shock absorbing material may be provided, as described in 
more detail later. 
0117 The articulating member 160 may be attached to one 
of the endplates 152, 154 by any fixation method known in the 
art including, but not limited to bonding agents, ultrasonic 
welding, screws, nails, mechanical wedging, and pins. Pref 
erably, however, the articulating member 160 may be 
attached to one of the endplate 150, 152 via an intermediate 
shock absorbing layer 170. The shock absorbing layer 170 
may be an elastomer, molded or bound polymer fibers, poly 
urethane, silicone, or any other Suitable elastic material hav 
ing the appropriate shock absorbing properties. Articulating 
member 160 may be fabricated from a metals, polymers, 
composites, ceramics, or any combination thereof. 
0118. The disc 150 may also include an additional elastic 
membrane 172 configured to confine and/or secure the articu 
lating member 160 to one of the endplates 152, 154, and/or to 
encapsulate the shock absorbing layer 170. The additional 
elastic membrane may be a bellow which may provide shock 
absorption, compression resistance, and added Stability for 
the articulating member 160 in shear. 
0119) Depending on the location of the spine where the 
disc 150 is implanted, the disc 150 preferably restores height, 
natural spinal curve (or Sagittal balance), stiffness, offers 
compression stiffness, and allows a range of motion similar to 
that described in relation to previous embodiments. 
0.120. As a result of the materials, geometry, and compo 
nents used, disc 150 can allow flexion/extension, lateral bend 
ing, axial rotation, and translation, depending on the loading 
conditions imparted on the intervertebral disc. In addition, 
under various spinal loading conditions, the shock-absorbing 
layer disposed between the articulating member 160 and one 
of the endplates 152, 154 can compress and/or bend varying 
amounts, depending on the location of the compressed and/or 
bent area with respect to the area or areas of loading. Further 
more, disc 150 permits different regions of the disc 150 to 
compress varying amounts. 
I0121. With reference to FIG. 6, a fourth exemplary 
embodiment of an intervertebral disc 200 is shown. Disc 200 
has a generally circular shape with an upper endplate 202, a 
lower endplate 204, and a slotted core 206 having an upper 
curved surface and a lower flat surface. The disc 200 may take 
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on any other shape that appropriately conforms geometrically 
and anatomically with adjacent vertebral bodies, including, 
but not limited to, kidney-bean shape, oval, annular, ellipsoid, 
C-shape, D-shape etc. Other features described previously 
with respect to the other embodiments, such as the migration 
resistant structures, permanent fixation features and/or 
implant instrument attachment, guiding, and retaining struc 
tures may be included on endplates 202, 204. Furthermore, 
the outer surfaces of the upper and lower endplates 202, 204 
may be substantially flat, wedge-shaped, etc. The outer Sur 
faces of the upper and lower endplates 202, 204 also may be 
dome shaped with their radii defined in the sagittal and coro 
nal planes to generally match the shape of the ends of the 
adjacent vertebrae, thereby providing a better fit in situ. Pref 
erably, the upper and lower endplates 202, 204 may be made 
from metal. However, the upper and lower endplate 202, 204 
may alternatively be made from any of the endplate materials 
previously described in relation to earlier embodiments. 
0122. As shown, the lower endplate 204 preferably 
includes a pocket 208 located on its inner surface, the pocket 
208 designed to receive the lower flat surface of slotted core 
206. Alternatively, the slotted core 206 and lower endplate 
204 may be formed as an integral piece. Where the core is 
formed as a separate piece, it may comprise a different mate 
rial from the end plate 204, thus, a metal end plate may be 
provided having, for example, a polymer mating feature core 
206. 

(0123. Where the core 206 and endplate 204 are formed 
separately, the disc 200 may also include a c-ring (not shown) 
or similar structure, Such as a lip or ring located within or 
adjacent to pocket 208, to retain the core 206 within the 
endplate pocket 208. Such a ring may be configured to pre 
vent the core from translating with respect to the endplate 
204, or it may allow translation of the core in one or more 
directions. Alternatively, the core 206 may be retained in 
pocket 208 by means Such as welding, press-fitting, staking, 
or bonding a cap (not shown) to the lower endplate 204, the 
cap covering a portion of the core 206. 
0.124. Although pocket 208 is shown as having a circular 
shape, the pocket may take on any other appropriate shape 
including, but not limited to oval, elliptical, kidney-bean 
shaped, rectangular, etc. Where the core and endplate are 
formed as separate pieces, pocket 208 may be wider or longer 
than slotted core 206, thus allowing the core 206 to translate 
within the pocket 208 during operation. Alternatively, the 
pocket 208 may assume various dimensional configurations 
necessary to allow translation of the core 206 within the 
pocket only along specific directions. Thus, the pocket may 
be provided with a same general width as the core in all 
directions but one, the pocket being wider than the core in that 
one direction (e.g. the anterior posterior direction). Thus, a 
pocket that is wider than the core along the anterior-posterior 
axis may allow the core to translate in the anterior-posterior 
direction during use. Corresponding modifications to the 
pocket geometry may be made to allow translation in other 
directions, such as medial-lateral translation. 
0.125. The inner surface of the upper endplate 202 may 
have a concave mating feature 210 configured to accept the 
upper curved surface 212 of the slotted core 206. Preferably, 
the mating feature 210 allows the upper end plate 202 to 
articulate with respect to the slotted core 206. This mating 
feature 210 may be integral to the upper end plate 202, or it 
may be formed as a separate piece, fit to the end plate. Where 
the mating feature is formed as a separate piece, it may 

Oct. 29, 2009 

comprise a different material from the end plate 202. Thus, a 
metal end plate may be provided having, for example, a 
polymer mating feature 210. 
I0126. As previously described in relation to other embodi 
ments, the articulating Surfaces may be reversed, that is, mat 
ing feature 210 may be provided in convex form, and the 
slotted core may be provided with a concave surface. Further 
more, the type and amount of articulation and/or translation 
provided by the disc of this embodiment may likewise be 
adjusted by adjusting the curvature of the convex and concave 
surfaces as previously described in relation to other embodi 
ments. By allowing articulating and translational movement 
between the endplates, a moving instantaneous axis of rota 
tion is allowed that approximates the motion of a natural 
intervertebral disc. 

I0127. The slotted core 206 may be resilient, allowing it to 
compress under axial loading, thereby providing shock 
absorption. Thus the core 206 may have at least one slot 216 
cut into its periphery. Slots 216 may be straight or curved and 
may extend horizontally, vertically, or obliquely. Slots 216 
may also vary in length and width and may be provided at 
various depths through the core. The slots 216 may increase 
the compressibility of slotted core 206 and thus give addi 
tional shock absorbing qualities to the disc 200. The arrange 
ment and configuration of the slots provided in the core 206 
may be of any combination appropriate to provide the desired 
degree of compressibility. 
I0128. Although shown as having a round footprint, the 
slotted core 206 may be any other shape including oval, 
rectangular, elliptical, and kidney-bean. Preferably the shape 
of the slotted core 206 matches with the shape of the pocket 
208 formed on the inner surface of the lower endplate 204. 
Slotted core 206 may beformed from materials including, for 
example, ceramics, composites, polymers, or metals such as 
cobalt-chromium alloys, stainless steel, and titanium alloys. 
Alternatively, slotted core 206 may be made up of two com 
ponents (not shown) of differing materials. Also, as previ 
ously stated, the slotted core 206 may be made integral with 
the lower endplate 204. 
I0129. Disc 200 may also include stiffness restoration fea 
tures such as an elastic membrane, an elastomer ring, bellow, 
springs, or fluid as previously discussed in relations to other 
embodiments. Disc 200 may also incorporate additional 
shock absorbing features as previously discussed in relations 
to other embodiments. 

0.130. The disc 200 endplates may have migration-resis 
tant structures provided on the outer Surface of at least one or 
both of the endplates to impede movement, dislodging, or 
expulsion of the endplates within and from the ends of the 
adjacent vertebrae. The migration-resistant structures 
include, but are not limited to, flaps, spikes, teeth, fins, 
deployable spikes, deployable teeth, flexible spikes, flexible 
teeth, alternatively shaped teeth, insertable or expandable 
fins, Screws, hooks, serrations, ribs, and textured surfaces. 
I0131 Furthermore, the upper and lower endplates of disc 
200 also may be coated with a bone growth inducing or 
conducting Substance to promote bony ingrowth to perma 
nently secure the disc to the adjacent vertebrae. Alternatively, 
the upper and lower endplates may have a roughened surface; 
a porous Surface; laser treated endplate layers; integrate an 
osteoconductive/osteoinductive scaffold; or may be provided 
with or made from an integral osteoconductive and/or 
osteoinductive material to promote bony ingrowth. 
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0132) Depending on the location of the spine where the 
disc 200 is implanted, the disc 200 may restore height, lordo 
sis, stiffness, offer compression stiffness, and allow a range of 
motion intended to mimic that of the natural intervertebral 
disc, or as required for the particular procedure. 
0133. In addition, preferably, as discussed with previous 
embodiments, the articulating surfaces of disc 200 include a 
Surface polish or similar wear reducing finish Such as dia 
mond finish, TiNi finish, etc. in order to minimize wear, 
decrease particle generation, and increase disc life. 
0134. As a result of the materials, geometry, and compo 
nents used, disc 200 can allow flexion/extension, lateral bend 
ing, axial rotation, and translation, depending on the loading 
conditions imparted on the intervertebral disc. In addition, 
under various spinal loading conditions, the slotted core 206 
can variably compress and allow for different regions of the 
slotted core 206 to compress in different amounts, depending 
on the location and type of spinal loading, thus allowing 
different regions of the endplates 202, 204 to be compressed 
different amounts. This variable compression of slotted core 
206 also allows for a moving instantaneous axis of rotation. 
0135 With reference to FIG. 7, a fifth exemplary embodi 
ment of an intervertebral disc 250 is shown. Disc 250 has a 
generally circular shape with an upper endplate 252, a lower 
endplate 254, a cap 256 and a ring spring 258. Disc 250, 
however, may take on other shapes that preferably conform 
geometrically and anatomically with adjacent vertebral bod 
ies, including, but not limited to, kidney-bean shape, oval, 
annular, ellipsoid, C-shape, D-shape etc. 
0136. As shown, the lower endplate 254 preferably 
includes a pocket 260 located on its inner surface, the pocket 
260 is designed to receive a ring spring 258 having a tapered 
outer surface, and a cylindrical inner surface. Preferably, the 
pocket 260 has a tapered inner surface for mating with the 
tapered outer surface of the ring spring 258. Although pocket 
260 is shown as having a circular or conical shape, the pocket 
260 may take on any other shape including, but not limited to 
oval, elliptical, kidney-bean, or rectangular. 
0.137 Pocket 260 may be larger in dimension than the ring 
spring 258 to allow the ring spring 258 to translate within the 
pocket 260. As with the pocket of the previous embodiment, 
pocket 260 may be specifically dimensioned to allow limited 
translation of the ring spring 258 in one direction. By allow 
ing translational movement, a moving instantaneous axis of 
rotation is created. This moving instantaneous axis of rotation 
more naturally replicates the motion of a natural interverte 
bral disc. 
0.138. The disc 250 may also include a c-ring (not shown) 
or similar type structure. Such as a lip or a ring located within 
or adjacent to the pocket 260, to retain the ring spring 258 in 
the pocket 260. Alternatively, the ring spring 258 may be 
retained in pocket 260 by any means known in the art includ 
ing, but not limited to, welding, press-fitting, staking, or 
bonding. As previously stated, the ring spring 258 is main 
tained in the pocket 260 in a manner permitting the ring spring 
258 to translate within pocket 260. In one embodiment, the 
ring spring and cap may be retained in the pocket 260 by a lid 
that engages the lower endplate 254 and that covers at least a 
portion of the ring spring 258 and/or the cap 256. 
0.139. The ring spring 258 is preferably a spring-like ele 
ment that compresses under axial loading to provide shock 
absorption, flex and compression resistance. Although shown 
as having a general “C” shape with a circular footprint, the 
ring spring 258 may be any other shape including oval, rect 

Oct. 29, 2009 

angular, elliptical, and kidney-bean. Preferably the shape of 
the ring spring 258 matches with the shape of the pocket 260 
formed on the inner surface of the lower endplate 254. The 
ring spring 258 may be formed of any appropriate material 
known in the art including, for example, ceramics, compos 
ites, polymers or metals, such as cobalt-chromium alloys, 
stainless steel and titanium alloys. 
0140. As shown, the ring spring 258 has a top surface 264, 
a bottom surface 266, an outer surface 268 and an inner 
surface 270 defining a central bore 272 for mating with a 
shank 276 formed on the cap 256. Preferably, the outer sur 
face 268 of the ring spring 258 is tapered to mate and engage 
with the inner surface of the pocket 260. In addition, the ring 
spring 258 may include at least one slot 262 formed and/or cut 
into its periphery. The slot 262 may be straight or curved and 
may extend horizontally, vertically, or obliquely. The slot 262 
may also vary in length and width. Preferably, as shown, the 
ring spring 258 includes one vertical slot 262 extending from 
the top surface 264 the bottom surface 266 of the ring spring 
258, and extending from the outer surface 268 to the inner 
surface 270 of the ring spring 258. The inclusion of this slot 
262 increases the compressibility of the ring spring 258 and 
thus provides additional shock absorbing qualities to the disc 
2SO. 

0.141. In an alternative embodiment, the ring spring 258 
may incorporate a plurality of slots 262 (not shown) running 
from the top and/or bottom surfaces 264, 266 part way 
through the thickness of the ring spring 258 to provide desired 
compressive characteristics of the disc. 
0142. The disc 250 may also include a cap 256 having an 
enlarged body section 274 and a shank 276. The juncture 
between the enlarged body section 274 and the shank 276 
may form a shoulder 278, the shank 276 be configured and 
dimensioned to be received within the central bore 272 of the 
ring spring 258, and the shoulder configured to engage the top 
Surface 264 of the ring spring so that the cap 256 may sit on 
top of the ring spring 258 when the two pieces are assembled. 
In one embodiment, the central bore 272 is larger than the 
shank 276 thus permitting compression of the ring spring 258 
via closure of the gap created by the at least one slot 262 when 
a compressive force is placed on the disc 250. Also, providing 
a central bore 272 which is larger than the shank 276 may 
permit the cap 256 to translate with respect to the ring spring 
258. 

0143. As previously described, the shoulder 278 of cap 
256 contacts the top surface 264 of the ring spring 258. Thus, 
axial loads applied to the cap 256 may be transmitted directly 
to the ring spring 258, pressing it down into the pocket 260. As 
the ring spring 258 is pressed into the pocket 260, the tapered 
outside surface 268 of the ring spring 710 engages the tapered 
Surface of the pocket 260, in the process compressing the at 
least one slots 262. This elastic compression of ring spring 
258 under axial loading provides the desired shock absorp 
tion and compression resistance. The size of and number of 
slots provided in the ring spring may be selected as appropri 
ate to provide the desired compressive characteristics of the 
disc. 
0144. The axial displacement of the ring spring 258 may 
be limited by decreasing the depth of the pocket 260, by 
decreasing the width of the slot 262, by increasing the thick 
ness and/or length of the shank 276, or by a combination of 
any or all of these options. Alternatively, a coil spring or 
elastic layer (both not shown) may be Supplied in the pocket 
260 to provide an upward bias to the ring spring 258. 
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0145 The disc 250, as previously stated, also includes an 
upper endplate 252. Preferably, the inner surface of the upper 
endplate 252 includes a mating surface 280 which is dimen 
Sioned and configured to mate with the top Surface of the 
enlarged body section 274 of the cap 256. Preferably, the 
mating surface 280 on the upper endplate 252 has a concave 
Surface configured to articulate with a convex surface formed 
on the top surface of the cap 256. Alternatively, the mating 
Surface 280 may comprise a convex surface and the top Sur 
face of the cap 256 may be concave. As previously described 
in relation to other embodiments, the degree of curvature may 
be adjusted for either or both surfaces in order to provide the 
desired articulation and/or translation between the upper end 
plate and the cap 256. 
0146 In an alternative embodiment, the mating surface 
280 is provided as a separate piece from the upper endplate 
252. The mating surface 280 in such a case may comprise a 
material different from that of the endplate 252 (for example, 
the end plate may be titanium while the mating Surface may 
be a UHMWPE). The articulating surfaces of disc 250 may 
also include a surface polish or similar wear reducing finish 
such as diamond finish, TiNi finish, etc. in order to minimize 
wear, decrease particle generation, and increase disc life. 
0147 In an alternative embodiment, the separate cap 256 
may be eliminated, and the ring spring 256 may incorporate a 
convex upper surface 264 configured to articulate within the 
mating surface 280 of the upper endplate 252. 
0148. The disc 250 of this embodiment may comprise the 
additional features described previously with respect to the 
other embodiments, such as migration resistant structures, 
permanent fixation features such as porous Surfaces or coated 
Surfaces, and/or implant instrument attachment, guiding, and 
retaining structures may be included on endplates 252, 254. 
Furthermore, the outer surfaces of the upper and lower end 
plates 252,254 may be substantially flat, wedge-shaped, etc. 
The outer surfaces of the upper and lower endplates 252,254 
may also be dome shaped with their radii defined in the 
Sagittal and coronal planes to generally match the shape of the 
ends of the adjacent vertebral, thereby providing a better fit in 
situ. The outer Surfaces may further comprise at least one 
groove, slot, or other features appropriate to allow the disc to 
be engaged by an insertion instrument. Preferably, the upper 
and lower endplates 252,254 are made from metal. However, 
the upper and lower endplate 252, 254 may alternatively be 
made from other materials as previously described. 
0149 Disc 250 may also include stiffness restoration fea 
tures such as an elastic membrane, an elastomer ring, bellow, 
springs, or fluid as previously discussed in relations to other 
embodiments. Disc 250 may also incorporate any of the 
shock absorbing features previously discussed in relations to 
other embodiments. 

0150. Depending on the location of the spine where the 
disc 250 is implanted, the disc 250 preferably restores height, 
lordosis, stiffness, offers compression stiffness, and allows a 
range of motion similar to that described in relation to previ 
ous embodiments. 

0151. As a result of the materials, geometry, and compo 
nents used, disc 250 can allow flexion/extension, lateral bend 
ing, axial rotation, and translation, depending on the loading 
conditions. In addition under various spinal loading condi 
tions the ring spring 258 can compress varying amounts. This 
varying compression of ring spring 258 allows for a moving 
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instantaneous axis of rotation. In addition, the ring spring 258 
permits different regions of the disc 250 to compress varying 
amountS. 

0152. With reference to FIG. 8, a sixth exemplary embodi 
ment of an intervertebral disc 300 is shown. Disc 300 has a 
generally circular shape with an upper endplate 302, a lower 
endplate 304, and a winged leafspring 306 having lateral ends 
310. The disc 300, however, may take on other shapes that 
preferably conform geometrically and anatomically with 
adjacent vertebral bodies, including, but not limited to, kid 
ney-bean shape, oval, annular, ellipsoid, C-shape, D-shape 
etc. Other features described previously with respect to the 
other embodiments, such as migration resistant structures, 
permanent fixation features and/or implant instrument attach 
ment, guiding, and retaining structures may also be included 
on the outer surfaces of endplates 302,304. Furthermore, the 
outer surfaces of the endplates 302,304 may be substantially 
flat, wedge-shaped, etc. The outer Surfaces of the upper and 
lower endplates 302,304 may also be dome shaped with their 
radii defined in the Sagittal and coronal planes to generally 
match the shape of the ends of the adjacent vertebral, thereby 
providing a better fit in situ. Preferably, the upper and lower 
endplates 302,304 are made from metal. However, the upper 
and lower endplate 302,304 may alternatively be made from 
other materials as already described. 
0153. As shown, the lower endplate 304 preferably 
includes a cut-out 308 (i.e., a pocket) on its inner surface, the 
cut-out 308 configured to receive at least a center portion of 
winged leaf spring 306. The lower endplate 304 may support 
the winged leafspring 306 along at least a portion of its lateral 
ends 310, and the centerportion 314 of the leaf spring 306 sits 
within the cut-out 308, there being a gap between the bottom 
surface of the leaf spring 306 and the bottom surface of the 
cut-out 308. Thus, when the leafspring is subjected to an axial 
compressive load, the lateral ends 110 may flex, allowing the 
center portion 314 of the leaf spring to be pressed down into 
the cut-out 308 until the bottom surface of the center portion 
contacts the bottom surface of the cut-out 308. The size of the 
initial gap between the leaf spring and the cutout may be 
selected, along with the stiffness of the lateral ends 310, to 
achieve a desired compressive stiffness, as well as a maxi 
mum axial compression, of the disc 300. The lateral ends may 
have stiffnesses that are substantially equivalent, or their stiff 
nesses may be substantially different. Likewise, the bottom of 
the cut-out 308 may be substantially flat, or it may be angled 
to allow greater deflection of the center portion of the leaf 
spring in a desired direction. The stiffnesses and gaps may be 
selected as appropriate to mimic the properties of the patient's 
normal intervertebral disc, or as appropriate for the particular 
procedure. 
0154) Further, the depth of the cut-out 308 may be prefer 
ably deep enough to allow the winged leaf spring 306 to flex, 
however, it is more preferable that the depth of the cut-out 308 
is not so deep as to prevent failure of the flexing portions of the 
winged leaf spring 306 as flexing of the winged leaf spring 
306 provides shock absorption and compression resistance 
which is preferably designed in disc 300 to mimic the com 
pression resistance and shock absorption characteristics of 
the natural intervertebral disc, or that provides the compres 
sion resistance appropriate to the particular procedure. 
0155 Although cut-out 308 is shown as having a rectan 
gular shape, the cut-out 308 may take on any other shape 
including, but not limited to circular, oval, elliptical, kidney 
bean, or rectangular. The cut-out 308 may be larger in dimen 
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sion than the central body portion 314 of winged leaf spring 
306 thus allowing for translational movement of the winged 
leaf spring 306 within the cut-out. By allowing translational 
movement, a moving instantaneous axis of rotation is created 
which more naturally replicates the motion of a natural inter 
vertebral disc. 
0156 The disc 300 may include an upper endplate 302 
having in inner Surface comprising a mating Surface 316 
which is dimensioned and configured to mate with the articu 
lating surface 312 on the central body 314 of the winged leaf 
spring 306. Preferably, the mating surface 316 is concave. 
Alternatively, however, the mating Surface may have a convex 
profile, and themating surface 316 of the upper endplate 302 
may be convex and the articulating surface 312 of the central 
body 314 may be concave. As discussed previously in relation 
to other embodiments, the degree of curvature of the concave/ 
convex surfaces may be selected to provide the desired 
amount of articulation to mimic the properties of the normal 
intervertebral disc, or may be as required for the particular 
procedure. 
O157. In an alternative embodiment the lateral ends 310 of 
the winged leaf spring 306 may have a constant thickness, 
length and width. Alternatively, the lateral ends 310 may have 
a variable thickness, length, and/or width. The transition from 
the lateral ends 310 to the central body 314 may be gradual 
Such that the thickness gradually increases from the outer 
periphery of the lateral edge 310 toward the articulating sur 
face 312 or it may be fairly abrupt. In addition, the winged leaf 
spring 306 may include one or more slots or grooves in either 
the lateral ends (not shown) to further increase the spring's 
flexibility. 
0158 Although shown as having a rectangular shape, the 
winged leaf spring 306 may be any other shape including 
oval, circular, elliptical, kidney-bean, etc. Preferably the 
shape of the winged leaf spring 306 matches with the shape of 
the cut-out 308 formed on the inner surface of the lower 
endplate 304. The winged leaf spring 306 is preferably 
formed from materials including, for example, ceramics, 
composites, polymers or metals, such as cobalt-chromium 
alloys, stainless steel and titanium alloys. 
0159. Alternatively, the disc 300, may include a lid or ring 
member (not shown), configured to retain the winged leaf 
spring 306 in the cutout 308, thus preventing the spring 306 
from dislodging. In this instance, the lid or ring member may 
be attached to the lower endplate 304 after the winged leaf 
spring 306 is placed within the cut-out 308. The lid or ring 
member may be attached to the lower endplate 304 by any 
fixation means known in the art including, but not limited to 
pins, screws, welding, bonding, press-fit, etc. 
0160 Disc 300 may also include stiffness restoration fea 
tures such as an elastic membrane, an elastomer ring, bellow, 
springs, or fluid as previously discussed in relation to various 
other embodiments. Disc 300 may also incorporate additional 
shock absorbing features as previously described in relation 
to other embodiments, for example, manufacturing portions 
of the disc from elastomeric material, etc. 
0161 In addition, the articulating surfaces of disc 300 may 
be provided with a surface polish or similar wear reducing 
finish such as diamond finish, TiNi finish, etc. in order to 
minimize wear, decrease particle generation, and increase 
disc life. 
0162. Depending on the location of the spine where the 
disc 300 is implanted, the disc 300 preferably restores height, 
natural spine curve (or Sagittal balance), stiffness, offers com 
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pression stiffness, and allows a range of motion similar to that 
described in relation to previous embodiments. 
0163 As a result of the materials, geometry, and compo 
nents used, disc 300 can allow flexion/extension, lateral bend 
ing, axial rotation, and translation, depending on the loading 
conditions imparted on the intervertebral disc. 
(0164. With reference to FIG. 9, a seventh exemplary 
embodiment of an intervertebral disc 350 is shown. Disc 350 
has a generally circular shape with an upper endplate 352, a 
lower endplate 354, a leaf spring 356 and an articulating cap 
358. However, the disc 350 may take on other shapes that 
preferably conform geometrically and anatomically with 
adjacent vertebral bodies, including, but not limited to, kid 
ney-bean shape, oval, annular, ellipsoid, C-shape, D-shape 
etc. Other features described previously with respect to other 
embodiments, such as migration resistant structures, perma 
nent fixation features and/or implant instrument attachment, 
guiding, and retaining structures may be included on end 
plates 352,354. Furthermore, the outer surfaces of the upper 
and lower endplates 352, 354 may be substantially flat, 
wedge-shaped, etc. The outer Surfaces of the upper and lower 
endplates 352, 34 may also be dome shaped with their radii 
defined in the Sagittal and coronal planes to generally match 
the shape of the ends of the adjacent vertebra, thereby pro 
viding a better fit in situ. Preferably, the upper and lower 
endplates 352,354 are made from metal. However, the upper 
and lower endplate 352,354 may alternatively be made from 
other materials as previously described. 
(0165. As shown, the lower endplate 354 may comprise a 
first recess 362 defined by a pair of first shoulder members 
364. These shoulder members 364 are configured to support 
leaf spring 356 along a bottom surface of the leaf spring near 
its outer perimeter, creating an axial gap between the leaf 
spring 356 and the recess 362. Thus, when an axial load is 
applied to the top Surface of the leaf spring, it may flex toward 
and into the recess. The pair of first shoulder members 364 
may be integrally formed with the lower endplate 354 or they 
may comprise separate pieces. 
0166 The lower endplate 354 further may have a pair of 
second shoulder members 365 located axially above and radi 
ally outward from the first shoulder members 364. The sec 
ond shoulder members 365 are configured to engage the 
perimeter edge of the leaf spring 356, to retain the spring 
laterally (i.e. translationally) to ensure that the leaf spring 
remains centered with respect to the first shoulder members 
364 and the recess 362, thus assuring appropriate spring 
flexion. The second shoulder members 365 may be config 
ured to restrain the leaf spring so as to prevent all translational 
movement. Alternatively, however, the second shoulder 
members 365 may be laterally offset from the leaf spring in at 
least one direction, thus allowing the leafspring to translate in 
the at least one direction. By allowing Such translational 
movement, a moving instantaneous axis of rotation is created, 
which more naturally replicates the motion of a natural inter 
vertebral disc. 

(0167 A cover plate 360 may be provided to cover the leaf 
spring, preventing the leaf spring from moving axially out of 
engagement with the pairs of first and second shoulder mem 
bers 364. In this embodiment, the cover plate 360 may be 
attached to the top surface of the pair of second shoulder 
members 365. The cover plate 360 may be attached to the 
second shoulder members 365 by any fixation means known 
in the art including, but not limited to press-fit, welding, pins, 
screws, bonding, etc. The cover plate 360 may have an outer 
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perimeter sized to approximate the outer perimeter of the 
lower endplate 354, and an inner opening 369 sized to accept 
an articulation element (to be discussed in more detail below). 
The cover plate 360 inner opening may include an upwardly 
extending inner edge 367 that may act in combination with a 
corresponding surface on the upper endplate 352 to limit 
articulation of the disc 350. The cover plate may also be 
configured to accept a disc insertion instrument. The embodi 
ment of FIG. 9 illustrates the leaf spring 356 as a separate 
element from the lower endplate 354, however, in an alterna 
tive embodiment shown in FIG.9a, the leaf spring 356 may be 
integrally formed with the lower endplate 354. 
0168 The leaf spring 356 may be a spring-like element 
that flexes under axial loading to provide shock absorption, 
flexion and compression resistance. The leaf spring 356 may 
have a uniform thickness, or its thickness may vary. In the 
embodiment illustrated in FIG.9, the leaf spring has a greater 
thickness in the center than at its ends; in the embodiment 
illustrated in FIG. 9a, the leaf spring is thicker at the center 
and the ends, and has thinner segments between the ends and 
the center, rendering the leaf spring with a waved shape when 
viewed in cross section. The leaf spring may have any thick 
ness appropriate to provide the required shock absorption, 
flexion and compression resistance. 
0169. The leaf spring 356 may be formed from any appro 
priate material known in the art, including, for example, 
ceramics, composites, polymers, or metals such as cobalt 
chromium alloys, stainless steel and titanium alloys. 
(0170 Articulating cap 358 may be provided with a convex 
upper articulation surface 368 and with a lower, leaf spring 
engaging, protrusion 370. The articulation surface 368 may 
be configured to mate and articulate with amating surface 371 
formed on the inner surface of the upper endplate 352. The 
mating Surface 371 may comprise a concave Surface corre 
sponding to the convex surface of the articulating cap 358. 
Alternatively, the upper endplate mating surface 371 may be 
convex and the top surface of the articulating cap 358 may be 
concave. The curvatures of the respective articulation surface 
368 and mating surface 371 may be selected to provide the 
appropriate type and amount of articulation and/or translation 
to mimic the movement of the patient's natural disc, or as 
required for the particular procedure. 
(0171 The mating surface 371 of the upper endplate 352 
may be integral with the endplate, or as illustrated in FIG. 9a 
it may be formed as a separate piece and attached to the 
endplate using any appropriate fixation method known in the 
art, and as previously described for other embodiments. 
When formed as a separate piece, themating surface 371 may 
comprise a material different from that of the endplate, such 
as the various materials described as appropriate for articula 
tion Surfaces in relation to other embodiments. The mating 
surface 371 may be recessed into a raised portion 372 of 
endplate 352, which may allow the endplate 352 to be rela 
tively thin without limiting the radius of curvature that may be 
provided for the concave mating Surface 371 and/or requiring 
the mating Surface to be too shallow. 
(0172. The raised portion 372 of the upper endplate 352 
may comprise a raised face 374 having a raised face height 
“h.” The raised face 374 may be configured to engage the 
upwardly extending inner edge 367 of the leaf spring cover 
plate 360 to limit articulation of the disc 350 in at least one 
direction. Alternatively, the raised face 374 and the upwardly 
extending inner edge 367 may be configured to limit articu 
lation of the disc in all directions. In one embodiment, the 
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raised face 374 and inner edge 367 may be configured to limit 
articulation of the disc in a single plane only, (e.g. the medial 
lateral plane). The raised face 374 and inner edge 367 may 
comprise any combination of configurations appropriate to 
provide the disc 350 with the desired range of articulation in 
all planes. Thus, the raised face 374 height “h” may be dif 
ferent at different locations about the disc, for example, the 
height “h” may be smaller on the anterior and posterior sides 
of the disc 350 and greater on the lateral sides of the disc, thus 
controlling the degree of articulation in the anterior-posterior 
direction. Alternatively, the raised face 374 and inner edge 
367 may comprise mating Surfaces, such as flat faces, corre 
spondingly curved surfaces, angled faces, stepped faces, etc., 
to control the degree of articulation of the disc in the desired 
direction. 

0173 The bottom surface of the articulating cap 358 may 
further comprise a protrusion 370 which is dimensioned and 
configured to mate with a groove 366 formed on the upper 
surface of the leaf spring 356. Thus, the cap 358 may be at 
least partially restrained within groove 366. In one embodi 
ment, groove 366 may be sized the same or only slightly 
larger than the protrusion 370, thereby rendering the cap 
restrained transversely. In an alternative embodiment, the 
groove may be larger than the protrusion in at least one 
direction (e.g. along the anterior-posterior axis), thus allow 
ing the cap 358 to move transversely (i.e. translate) in that 
direction during operation. By allowing translational move 
ment, a moving instantaneous axis of rotation is provided. 
This moving instantaneous axis of rotation may more natu 
rally replicate the motion of a natural intervertebral disc. 
0.174 Alternatively, the protrusion 370 may be rigidly 
secured within the groove 366, thus permitting no transla 
tional movement. 

0.175. It is noted that although the groove and protrusion 
are illustrated as having Substantially corresponding rectan 
gular shapes, the protrusion 370 and groove 366 may take on 
any other appropriate shape known in the art including, but 
not limited to circular, oval, ellipsoidal, etc., to provide the 
requisite translational freedom. 
(0176). In an alternative embodiment, shown in FIGS. 9a 
through9c, the leaf spring 356 may comprise a post 380 and 
the cap 358 may have a groove 382 for receiving the post 380. 
The groove 366 and post 380 may be sized and configured to 
allow translation of the cap 358 with respect to the lower 
endplate 354 in at least one direction. When the groove 382 
and post 380 are configured to allow translation of the cap 
358, the cover plate 360 also must be configured so that the 
translating cap 358 does not interfere with the cover plate 
center opening 369. Thus, in Such a case, the center opening 
may be elongated or rectangular in the direction of transla 
tion. 

(0177. The upperendplate 352 may include a recess 384 for 
receiving an articulating insert 386, the insert having a con 
cave surface 385 configured to articulate with the convex 
articulating surface 368 of the cap 358. As previously 
described, providing a concave articulating insert 384 may 
provide the surgeon with greater flexibility in selecting the 
appropriate material to comprise the articulating Surfaces 
while not affecting the material of the endplates 352, or oth 
erwise affecting the design or installation of the other com 
ponents of the disc 350. Thus the insert 384 may beformed of 
any appropriate material known in the art including but not 
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limited to polymers including rigid polymers, such as PEEK 
or UHMWPE, ceramics, composites or any combinations 
thereof. 

0.178 When an articulating insert 386 is provided, the 
recess 384 in the upper endplate 352 may comprise a surface 
configured to retain the insert 386. The recess may comprise 
a radial ridge configured to fit within a corresponding radial 
groove in the insert Such that the insert may be Snapped into 
the recess. Alternatively, the insert may be attached to the 
recess via a press fit, by using a bonding agent, or any com 
bination thereof. 

0179. In an alternative embodiment, disc 350 may also 
include stiffness restoration features Such as an elastic mem 
brane, an elastomer ring, bellow, springs, or fluid as previ 
ously discussed in relations to other embodiments. Disc 350 
may also incorporate additional shock absorbing features as 
previously discussed in relations to other embodiments. 
0180. In addition, as discussed with previous embodi 
ments, the articulating surfaces of disc 350 may include a 
Surface polish or similar wear reducing finish Such as dia 
mond finish, TiNi finish, etc. in order to minimize wear, 
decrease particle generation, and increase disc life. 
0181. The disc 350 endplates may have migration-resis 
tant structures provided on the outer Surface of at least one or 
both of the endplates to impede movement, dislodging, or 
expulsion of the endplates within and from the ends of the 
adjacent vertebrae. The migration-resistant structures 
include, but are not limited to, flaps, spikes, teeth, fins, 
deployable spikes, deployable teeth, flexible spikes, flexible 
teeth, alternatively shaped teeth, insertable or expandable 
fins, Screws, hooks, serrations, ribs, and textured surfaces. 
0182 Furthermore, the upper and lower endplates of disc 
350 also may be coated with a bone growth inducing or 
conducting Substance to promote bony ingrowth to perma 
nently secure the disc to the adjacent vertebrae. Alternatively, 
the upper and lower endplates may have a roughened surface; 
a porous Surface; laser treated endplate layers; integrate an 
osteoconductive/osteoinductive scaffold; or may be provided 
with or made from an integral osteoconductive and/or 
osteoinductive material to promote bony ingrowth. 
0183) Depending on the location of the spine where the 
disc 350 is implanted, the disc 350 may restore height, lordo 
sis, stiffness, offer compression stiffness, and allow a range of 
motion intended to mimic that of the natural intervertebral 
disc, or as required for the particular procedure. 
0184 As a result of the materials, geometry, and compo 
nents used, disc 350 can allow flexion/extension, lateral bend 
ing, axial rotation, and translation, depending on the loading 
conditions imparted on the intervertebral disc. 
0185. Referring initially to FIGS. 10 and 11, a perspective 
view of an exemplary eighth embodiment of an artificial 
intervertebral disc 400 is shown. As shown, the disc 400 has 
a generally kidney-bean shaped footprint which includes an 
anterior side 411, a posterior side 413, and first and second 
lateral sides 415,417, respectively. The anterior side 411 and 
lateral sides 415, 417 are all substantially convex in shape 
while the posterior side 413 is substantially concave in shape. 
However, the disc 400 may take on other shapes that prefer 
ably conform geometrically and anatomically with the adja 
cent vertebral bodies including, but not limited to circular, 
oval, ellipsoid, annular, D-shaped, C-shaped, etc. Disc 400 
may also include migration resistant features, permanent 
fixation means and/or implant instrumentation attachment, 

Oct. 29, 2009 

guiding, and retaining structures as previously described in 
relation to FIGS. 3a-3e and previous embodiments. 
0186. As shown, the intervertebral disc 400 includes an 
upper endplate 412, a lower endplate 414 and an elastic mem 
brane 416, the elastic membrane 416 generally extending 
from the upper endplate 412 to the lower endplate 414 and is 
located, preferably, proximate to the outer periphery of the 
disc 400. Alternatively, the elastic membrane 416 may sur 
round and/or encapsulate the upper and lower endplates 412, 
414. The elastic membrane 416 in combination with the upper 
and lower endplates 412,414 may define an interior volume 
that may beat least partially filled with a fluid 422. The elastic 
membrane 416 preferably is formed from an elastomer such 
as polyurethane, silicone, a braided polymer, or any other 
appropriate elastic material known in the art. The elastic 
membrane may be non-permeable. Alternatively the elastic 
membrane 416 may be permeable or semi-permeable to allow 
fluid to flow into and out of the interior of the disc (as 
described in more detail below). Preferably, the elastic mem 
brane 416 may resist translational motion between the upper 
and lower endplates 412,414, and may also prevent soft tissue 
ingrowth between the endplates 412,414 as well as contain 
any wear particles generated within the interior volume. The 
elastic membrane 416 may be attached to the upper and lower 
endplates 412,414 by any fixation method known in the art 
including, but not limited to, bonding agents, ultrasonic weld 
ing, screws, nails, mechanical wedging, and pins. 
0187. Alternatively, the elastic membrane 416 may be in 
the form of a below, the below assuming an “accordion” 
shape, enabling it to expand and contract under the various 
loading conditions. The bellow may be rigidly attached to the 
upper and lower endplates 412,414 by any method known in 
the art including, but not limited to a circular groove formed 
in each endplate 412, 414, bonding agents, ultrasonic weld 
ing, Screws, nails, mechanical wedging, and pins. Preferably, 
the bellow is made from a metal, although other material such 
as elastomers or polymers may be used. 
0188 The disc 400 also may include a valve 420, the valve 
420 providing access to the interior 419 of disc 400 so that 
fluid may be injected into, or removed from, the interior 419 
of the disc 400. The valve 420 preferably is a one-way valve, 
as known to those skilled in the art, so that the fluid, once 
injected, can not escape from the interior 419 of the disc 400. 
As shown in FIGS. 10 and 11, the valve 420 preferably is 
disposed within the elastic membrane 416, alternatively how 
ever, the valve 420 may be disposed within the upper and/or 
lower endplates 412, 414, as shown in FIG. 11a. When the 
valve 420 is disposed on the upper and/or lower endplates 
412, 414, a passageway 430 preferably is included to inter 
connect the valve 420 with the interior 419 of the disc 400. 

0189 The fluid 422 provided in the interior volume may 
be a gas, a liquid, a gel, or any combination thereof. Where a 
gas is provided as the fill media for the interior volume, or 
where a combination of gas and liquid or gel is provided, the 
ultimate gas pressure within the interior volume should be 
selected to provide adequate shock absorption during axial 
compression of the disc 400. The fluid may also permit lim 
ited articulation or movement of the upper endplate 412 and 
lower endplate 414 with respect to one another. Preferably, 
the fluid is an incompressible liquid, for example, a saline 
solution. In use, the fluid 422 may be injected into the interior 
419 of the disc 400 before insertion of the disc 400 between 
adjacent vertebrae. Alternatively, the fluid 422 may be 
injected in situ to facilitate insertion of disc 400 and subse 
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quent distraction between adjacent vertebrae. The rigidity 
and distraction capabilities of the disc 400 may be a function 
of the amount of fluid 422 injected into the interior 419 of the 
disc 400 and/or the elastic nature of the membrane 416. 
Generally, the more fluid 422 provided in the interior 419 of 
the disc 400, the more rigid the disc 400, and the greater the 
distraction capability. Furthermore, pliability and increased 
articulation may be realized by filling only a portion of the 
interior volume 419 of the disc 400. Finally, variably filling 
the interior 419 of the disc 400 with fluid 422 permits the 
overall height H of the disc 400 to be varied as necessary 
depending on the needs of the individual patient. 
0190. As shown in FIG.11a, the upper endplate 412 may 
have an inner Surface provided with an arcuate Socket 432, 
while the lower endplate 414 may have an inner surface 
provided with an arcuate protrusion 434, or vice versa. The 
Socket 432 and protrusion 434 are configured and dimen 
Sioned to mate, or to correspond generally with each other. 
The type and amount of articulation desired may dictate the 
curvature of the socket 432 and protrusion 434 provided. For 
example, if the protrusion 434 has the same radius as the 
socket 432, then the disc 400 may provide greater support but 
more constrained movement. Alternatively, if the socket 432 
has a larger radius than the protrusion 434, the disc will 
provide increased articulation. Furthermore, the protrusion 
434 and/or socket 432 may also incorporate a flattened por 
tion which may allow translational movement of the upper 
endplate 412 with respect to the lower endplate 414. By 
allowing translation, the disc 400 may provide a moving 
instantaneous axis of rotation as previously explained. 
0191 It is also possible for the socket 432 and protrusion 
434 to take on contours other than those described above in 
order to achieve a desired articulation. Moreover, while the 
socket 432 and protrusion 434 are shown with contours that 
generally permit mating of their surfaces, it is possible to 
provide non-mating contours for the Socket 432 and protru 
sion 434 to achieve a desired articulation. 
(0192. The use of a fluid filled interior volume 419 in com 
bination with an articulating Surface may permit the Socket 
432 and protrusion 434 to translate more easily with respect to 
each other by reducing friction between the sliding Surfaces. 
0193 Alternatively, where the fluid is a compressed gas, 
the articulation Surfaces may not be constantly engaged, but 
may only become engaged when Sufficient compressive force 
is placed in the disc by the adjacent vertebrae. Thus, the disc 
of this embodiment would have a dual performance aspect, 
under one loading scenario performing like a fluid-filled disc, 
and under a second scenario performing like a mechanical 
protrusion/socket articulating disc. 
0194 Depending on the location in the spine where the 
disc 400 is implanted, the disc 400 preferably may restore 
height in the range from about 4 millimeters (mm) to about 26 
mm. In addition, the disc 400 preferably may restore lordosis 
in the range between about 0° to about 20°. The disc 400 
preferably may also restore stiffness in the range from about 
1 Newton-meter per degree (Nm/deg) to about 11 Nm/deg in 
axial rotation, about 0Nm/deg, to about 7 Nm/deg in flexion/ 
extension, and about 0 Nm/deg, to about 5 Nm/deg in lateral 
bending. In addition, the disc 400 preferably provides a com 
pression stiffness from about 100 N/mm to about 5000 N/mm. 
and tension stiffness from about 50 N/mm to about 1000 
N/mm. Furthermore, depending on the location of the spine 
where the disc 400 is implanted, the intervertebral disc 400 
preferably allows for a range of motion of from about 5° to 
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about 45° in flexion/extension, from about 3° to about 33° in 
lateral bending, and from about 1° to about 60° in axial 
rotation. The intervertebral disc 400 preferably also allows 
for axial compression in the range from about 0.2 mm to 
about 2 mm. 
(0195 Preferably, the upper and lower endplates 412,414 
are formed of metal. Such as titanium, stainless steel, titanium 
alloys, cobalt-chromium alloys, or amorphous alloys. Alter 
natively, however, the upper and lower endplates 412, 414 
may be formed of ceramics, composites, polymers, such as 
PEEK or UHMWPE, bone, including cortical, cancellous, 
allograft, autograft, Xenograft, demineralized or partially 
demineralized bone, or any other materials appropriate to 
serve as loadbearing Supports. More preferably, the materials 
chosen for the endplates, in combination with the fluid, may 
be chosen so as to minimize wear. 
0196. Furthermore, preferably, any articulating surfaces in 
the intervertebral discs of the present invention includes a 
Surface polish or similar wear reducing finish Such as dia 
mond finish, TiNi finish, etc. in order to minimize wear, 
decrease particle generation, and increase disc life. 
0197) The outer surface of the upper and lower endplates 
may be substantially flat, wedge-shaped, etc. The outer Sur 
faces of the upper and lower endplates 412,414 also may be 
dome shaped with their radii defined in the sagittal and coro 
nal planes to generally match the shape of the ends of the 
adjacent vertebral, thereby providing a better fit in situ. 
0198 As a result of the material and structural compo 
nents used, the disc 400 can allow flexion/extension, lateral 
bending, axial rotation, and translation, depending on the 
loading imparted on the intervertebral disc. In addition, under 
the various spinal loading conditions resulting from spinal 
movements, the fluid 422 may move within the interior Vol 
ume, either compressing (in the case of a gas), or moving 
radially outward as the membrane expands, allowing the end 
plates to move with respect to each other. This varying move 
ment or displacement of fluid 422 provides a moving instan 
taneous axis of rotation. 
(0199. As shown in FIGS. 12 and 13, a ninth exemplary 
embodiment of an artificial disc is provided. Disc 500 gener 
ally has an annular shape and includes an upper Surface 502, 
a lower surface 504, an outer sidewall 506 forming an outer 
wall, and an inner sidewall 507 defining an opening 508 (i.e., 
a thru-hole). However, the disc 500 may take on other shapes 
that preferably conform geometrically and anatomically with 
adjacent vertebral bodies, including, but not limited to, kid 
ney-bean shape, circular, oval, ellipsoid, C-shape, D-shape 
etc. The disc 500 is preferably made from an elastomeric 
material that forms a closed reservoir having an interior Vol 
ume 503. The disc 500 may further include a valve 518 for 
introducing or withdrawing fluid 520 from the interior vol 
ume 503 of disc 500 as previously described. Preferably, the 
valve 518 comprises a one-way valve and is located on the 
outer sidewall 506, as shown in FIG. 13, however, the valve 
518 may also be located on the upper surface 502, the lower 
surface 504, or on the inner wall 507. 
(0200. As best shown in FIG. 13, the disc 500 may further 
include a metal mesh 505 molded onto or otherwise secured 
to the upper surface 502 and/or lower surface 504. The metal 
mesh 505 may impart additional strength and rigidity to the 
disc 500. The metal mesh 505 may also be flexible so as to 
adapt to the concavity of the ends of the adjacent vertebral 
bodies to thereby facilitate a high degree of surface contact 
with the disc. The metal mesh 505 may also be textured, its 
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Surface may be porous, and it may be used in conjunction with 
bone growth inducing or conducting Substances to further 
enhance engagement and fusion with the adjacent vertebral 
elements. 
0201 Preferably, the through-hole 508 may be filled with 
an elastomeric material (not shown). The elastomeric mate 
rial may have a stiffness different from that of the disc 500. 
Preferably, the elastomeric material has a higher stiffness 
than the stiffness of disc 500 thereby allowing the through 
hole 508 to be more rigid and thus to act as a center pivot or 
center strut about which the upper and lower surfaces 502, 
504 may articulate. The centerpivot may allow one portion or 
side of the disc 500 to compress while at the same time 
permitting another portion of the disc 500 to expand. In an 
alternative embodiment, the elastomeric material may have a 
lower stiffness than the stiffness of disc 500. Alternatively, the 
through-hole 508 may be filled with a hydrogel. 
0202 In addition, the upper and lower surfaces 502,504 of 
disc 500 may include migration resistant features, permanent 
fixation means and/or implant instrumentation attachment, 
guiding, and retaining structures as previously described in 
regards to the disc 10 of FIGS. 1 through 3. Preferably, disc 
500 may be provided with at least one securing feature (i.e., 
flap) 510 to facilitate engagement of the disc 500 with the 
vertebral bodies of the adjacent vertebra. As shown in FIG. 
12, preferably two flaps 510 are provided, one flap 510 for the 
upper surface 502 and one flap 510 for the lower surface 504. 
Flaps 510 may be provided as one piece which extends 
beyond the upper and lower surfaces 502,504, or flaps 510 
may be provided as two or more pieces. Flaps 510 preferably 
extend above and below surfaces 502,504, respectively, from 
lateral side 506, and are sized to abut a portion of the exterior 
surface of the vertebral bodies of the adjacent vertebrae. Flaps 
510 may include through-holes 514 for receiving fasteners 
Such as, for example, fixation screws (not shown). The fixa 
tion screws can be used to secure disc 500 to the vertebral 
bodies of the adjacent vertebrae. 
0203 Alternatively, as shown in FIG. 14, disc 500 may 
further include a gap 526 in its circumference, producing 
opposed end faces 522,524 which give the disc 500 a general 
“C” shaped appearance. Preferably, end faces 522. 524 are 
configured to be resiliently biased apart, however, end faces 
522. 524 may be naturally disposed apart from each other, 
without resilient biasing. The gap 526 formed between end 
faces 522,524 provide the disc 500 with increased flexibility 
thus facilitating insertion and placement of the disc 500 
between vertebrae. The gap 526 permits the diameter of disc 
500 to be decreased by pressing ends 522. 524 together. The 
gap 526 also may allow the disc to be unfolded by pulling 
ends 522,524 apart. Thus, the gap 526, allows the disc 500 to 
be configured to have at least one Smaller outer dimension as 
compared to its rest state, which in turn may allow the disc 
500 to be inserted into an anatomical region through a cavity 
or other opening that is Smaller than the uncompressed (i.e. at 
rest) size of disc 500, thus making posterior insertion pos 
sible. 
0204 Depending on the location of the spine where the 
disc 500 is implanted, the disc 500 preferably restores height, 
lordosis, stiffness, offers compression stiffness, and allows a 
range of motion similar to that described in relation to previ 
ous embodiments. 

0205 As a result of the materials, geometry, and compo 
nents used, disc 500 can allow flexion/extension, lateral bend 
ing, axial rotation, and translation, depending on the loading 
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imparted on the intervertebral disc. Similar to the embodi 
ment of FIGS. 10 through 11a, under various spinal loading 
conditions resulting from spinal movements, the fluid 522 
may move within the interior Volume, either compressing (in 
the case of a gas), or moving radially outward as the mem 
brane expands, allowing the end plates to move with respect 
to each other. This varying movement or displacement of fluid 
522 provides a moving instantaneous axis of rotation. 
(0206 With reference to FIGS. 15 through 17, a tenth 
exemplary embodiment of an artificial disc will be described. 
Preferably, disc 550 has a generally cylindrical shape with a 
circular footprint and has an upper end 552, a lower end 554, 
and an outer sidewall 556 disposed therebetween. The disc 
further includes an interior volume as defined between the 
upper and lower ends 552, 554 and the outer sidewall 556. 
Although illustrated as a cylinder, the disc 550 may take on 
any other shape that preferably conform geometrically and 
anatomically with adjacent vertebral bodies, including, but 
not limited to, kidney-bean shaped, annular, oval, ellipsoid, 
D-shaped, C-shaped, etc. 
0207. The disc 550 may be made from any material known 
in the art capable of serving as a load bearing Support includ 
ing, but not limited to, elastomers, polymers, ceramics, com 
posites, etc. The disc 550 may further include a valve (not 
shown) for introducing fluid 558 into the interior of disc as 
previously described in relation to other embodiments. 
(0208. The disc 550 may further include upper and lower 
end plates (not shown) as previously described with regards to 
other embodiments. Alternatively, the disc 550 may include a 
metal mesh molded onto or otherwise secured to the upper 
surface 552 and/or lower surface 554 as previously described 
in relation to other embodiments. In addition, the disc 550 
may further include migration resistant features, permanent 
fixation means and/or implant instrumentation attachment, 
guiding, and retaining structures as previously described in 
relation to other embodiments. 
0209. Depending on the location of the spine where the 
disc 550 is implanted, the disc 550 preferably restores height, 
lordosis, stiffness, offers compression stiffness, and allows a 
range of motion similar to that described in relation to previ 
ous embodiments. 

0210. With reference to FIG.16, the interior of disc 550 is 
shown. Preferably the interior of disc 550 includes a plurality 
of interconnected peripheral chambers 560 and a separate 
central chamber 562. The multi-chambered interior of disc 
550 permits controlled fluid flow within the intervertebral 
disc 550 so that under loading, controlled articulation or 
motion is permitted. The peripheral chambers 560 may be in 
fluid communication with the central chamber 562 by way of 
an open passageway, a porous central wall 565, an osmotic 
membrane, etc. Preferably, however, the peripheral chambers 
560 are in fluid communication with the central chamber 562 
by way of a baffle and/or valve. More preferably, the baffle 
and/or valve is configured to provide for selective exchange 
of fluid such that the fluid 558 from the peripheral chambers 
560 may flow more easily or quickly into the central chamber 
562 than the fluid 558 would flow out of the central chamber 
562. Alternatively, the central chamber 562 may be sealed 
with respect to the peripheral chambers 560. In this case, the 
peripheral chamber 560 and central chamber 562 may be 
filled with the same or different fluids. 
0211. The peripheral chambers 560 are defined by walls 
563, while the central chamber 562 is separated from the 
peripheral chambers 560 by a central wall 565. In addition to 
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defining the geometry of chambers 560, 562, walls 563, 565 
also serve as supports between surfaces 552,554 by resisting 
loads acting upon the disc 550 when in use. 
0212 Preferably the central chamber 562 and outer 
periphery chambers 560 are arranged so that the central 
chamber 562 is more rigid than the outer peripheral chambers 
560 (such as by completely filling with incompressible fluid), 
thus enabling the central chamber 562 to act as a centerpivot 
or center strut about which the upper and lower surfaces 552, 
554 may articulate. The center pivot allows one portion or 
side of the disc 550 to compress while at the same time 
permitting another portion of the disc 550 to expand. The 
walls 563 of the peripheral chambers 560 may be formed of a 
material having a lower stiffness than the material used to 
produce the central wall 565, thereby allowing the central 
chamber 562 to be more rigid and act as a center pivot. 
Alternatively, the walls 563 of the peripheral chambers 560 
may be formed of the same material as the central wall 565, 
but with a geometry that provides a lower stiffness than the 
geometry of the central wall 565 of central chamber 562 
thereby allowing the central chamber 562 to act as a center 
pivot for disc 550. Furthermore, a combination of material 
and geometric characteristics of the chamber walls 563, 565 
may be selected to make the central chamber 562 more rigid 
than the peripheral chambers 560 so that the central chamber 
562 may act as a center pivot about which the disc 550 pivot. 
0213. The geometry of chambers 560, 562, the geometry 
and material of the walls 563, 565, along with the fluid(s) 
disposed therein can be selected to obtain the desired charac 
teristics of the disc, including the desired stiffness, height, 
pliability, and preferably the relative stiffness of the central 
chamber 562 with respect to the peripheral chambers 560 to 
provide the desired articulation between the upper and lower 
ends 552,554. Thus, the disc 550 will move, deform or extend 
inflexion/extension, lateral bending, axial rotation, and trans 
lation depending on the loadings imparted on the interverte 
bral disc since under various spinal loading conditions, the 
fluid can translate between the peripheral chambers 560 and/ 
or the central chamber 562. This movement of the chambers 
with respect to each other, as well as the movement of the fluid 
within and between the chambers allows for a moving instan 
taneous axis of rotation of the disc 550. It should be noted that 
the central chamber 562 needn't belocated in the center of the 
disc, but rather may be positioned in any other location within 
the disc appropriate to produce the desired movement of the 
endplates relative to each other. 
0214. Alternatively, as shown in FIG. 17, the central 
chamber 562 may house a spring 567. The spring 567 serves 
as additional support for disc 550 further enabling the central 
chamber 562 to act as a center pivot and/or strut. When a 
spring 567 is provided in the central chamber 562, fluid may 
or may not also be provided. The spring 567 may be formed 
from any material known in the art, for example, cobalt 
chromium alloys, titanium alloys, stainless steel, amorphous 
alloys, polymers, or composites. 
0215. Alternatively, the central chamber 562 may house a 
bladder (not shown). The bladder may be integrally formed 
with, or connected to, ends 552, 554. Alternatively, the blad 
der may be separate from the ends 552,554. This bladder may 
articulate, compress, and/or translate within the central cham 
ber 562, providing the disc with a moving instantaneous axis 
of rotation, which under various loading conditions, may 
allow for a greater degree of articulation or movement of disc 
550. In addition, the central bladder may serve as additional 
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support for disc 550 so that the central chamber 562 may act 
a center pivot and also permit the desired motion. 
0216. With reference to FIGS. 18 and 19, an eleventh 
embodiment of an artificial intervertebral disc will be 
described. Disc 650, has a generally kidney-bean shaped 
footprint with an upper endplate 652, a lower endplate 654, 
and at least one cable element 656, 658. Although disc 650 is 
shown as having a kidney-bean shaped footprint, the disc 650 
may take on any other shape that generally conforms geo 
metrically and anatomically with adjacent vertebral bodies, 
including, but not limited to, circular, annular, oval, ellipsoi 
dal, D-shaped, C-shaped, etc. In addition, the endplates 652, 
654 preferably include migration resistant features, perma 
nent fixation means and/or implant instrumentation attach 
ment, guiding, and retaining structures as previously 
described in relation to previous embodiments. 
0217 Preferably, the upper and lower endplates 652, 654 
are formed of metal. Such as titanium, stainless steel, titanium 
alloys, cobalt-chromium alloys, or amorphous alloys. Alter 
natively, the upper and lower endplates 652, 654 may be 
formed of ceramics, composites, polymers, such as PEEK or 
UHMWPE, bone, including cortical, cancellous, allograft, 
autograft, Xenograft, demineralized or partially demineral 
ized bone, or any other materials appropriate to serve as load 
bearing Supports. 
0218. The outer surface of the upper and lower endplates 
may be substantially flat, wedge-shaped, etc. Alternatively, 
the outer surfaces of the upper and lower endplates 652, 654 
may be dome shaped with their radii defined in the sagittal 
and coronal planes to generally match the shape of the ends of 
the adjacent vertebral, thereby providing a better fit in situ. 
0219. The disc 650 may also include an elastic membrane, 
the elastic membrane generally extending from the upper 
endplate 652 to the lower endplate 654 as previously 
described in relations to previous embodiments. The disc 650 
may also include a valve, the valve providing access to the 
interior of the disc 650 so that a fluid may be at least partially 
injected into the interior of the disc as described in relation to 
previous embodiments. 
0220 Depending on the location of the spine where the 
disc 650 is implanted, the disc 650 preferably restores height, 
lordosis, stiffness, offers compression stiffness, and allows a 
range of motion similar to that described in relation to previ 
ous embodiments. 
0221. As shown, disc 650 includes a plurality of peripheral 
cable elements 656 and a central cable element 658. The 
peripheral cable elements 656 may be located near the perim 
eter of disc 650, while the center cable element 658 is pref 
erably located near the center of the disc. The peripheral cable 
elements 656 and the center cable element 658 are attached to 
the upper and lower endplates 652, 654 by any fixation means 
know in the art including, but not limited to, bonding agents, 
ultrasonic welding, screws, nails, mechanical wedging and 
pins. Preferably, however, the cable elements 656, 658 
engage the upper and lower endplates 652, 654 via boreholes 
660 formed on the upper and lower endplates 652, 654. The 
ends of cable elements 656, 658 are crimped where they 
penetrate the outer surface of the upper and lower endplates 
652, 654. This permits surgeons to appropriately size the disc 
650 just prior to implantation by means of crimping/attaching 
appropriately sized cables to the endplates. The peripheral 
cable elements 656 and central cable element 658 may be 
made from metals, polymers, composites, or any other appro 
priate material known in the art. 
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0222. In one embodiment, the center cable element 658 is 
shorter than the peripheral cable elements 656. This causes 
the peripheral elements 656 to assume a curved or bowed 
shape between the endplates 652, 654. As a result, the length 
of the central cable element 658 determines the maximum 
distance between the upper and lower endplates 652, 654 
under tension. Furthermore, as a result of the peripheral cable 
elements 656 being longer than the central cable element 658, 
the shorter central cable element 658 causes the longer 
peripheral cable elements 656 to be held in compression. The 
resilience of the bowed peripheral cable elements 656 pro 
vides shock absorption, axial compression and articulation 
characteristics to the disc 650. 

0223. As a result of the materials, geometry, and compo 
nents used, disc 650 can allow flexion/extension, lateral bend 
ing, axial rotation, and translation, depending on the loading 
conditions. In addition, under various spinal loading condi 
tions resulting from spinal movements, the peripheral cable 
elements 656 can bend or compress varying amounts. Such 
variable bending/compression provides the desired moving 
instantaneous axis of rotation. 

0224 With reference to FIG. 20, an exemplary installation 
procedure will be described. Generally speaking the disc 700 
includes an upper endplate 702, a lower endplate 704 and a 
core mechanism 706, the core mechanism being any spring, 
slotted core, ring spring, leaf spring, coil spring, elastomer, 
fluid filled, articulating disc, cable or fiber disc previously 
described. The intervertebral discs 700 may be implanted in a 
modular fashion, for example, the endplates 702, 704 of disc 
700 are inserted into the intervertebral cavity using instru 
ments such as a distractor and/or holder instrument. The 
intervertebral disc space may be distracted using a standard 
spinal distractor which engages the endplates 702, 704. Trial 
spacers are then preferably used to determine the appropriate 
size of the core mechanism 706 to be inserted in the resulting 
disc space. In an exemplary embodiment, the core mecha 
nism, 706 is inserted and attached to endplates 702, 704 
through the use of a dovetail, slot, or similar connection. This 
modular insertion technique avoids over-distracting the inter 
Vertebral space, which may damage surrounding tissue and/or 
blood vessels. 

0225. Alternatively, the intervertebral disc 700 may be 
inserted preassembled with the use of particular insertion 
tools. For example, an endplate holding clip may be used that 
allows the endplates 702, 704 to be held and locked in a 
parallel and spaced relationship as they are inserted into the 
intervertebral space. Once implanted, the clip may be 
unlocked and removed from the endplates 702, 704. The clip 
may then be removed from the intervertebral space. In addi 
tion, the disc 700 may be implanted in a compressed state to 
prevent over-distraction. The introduction of the disc 700 in a 
compressed State may be accomplished via a Surgical inser 
tion instrument or by an internal mechanism located in the 
disc 700. 

0226. An anterior, lateral, or anterolateral surgical 
approach may be used for the intervertebral disc 700. Fur 
thermore, depending on the intervertebral disc 700 to be 
implanted, a minimally invasive Surgical method or a simul 
taneous distraction and implantation Surgical method may be 
used. Simultaneous distraction and implantation may be 
accomplished, for example, by using slots formed on the 
outer surface of the endplates 702, 704 to guide the implant 
down the distractor during implantation. Also, depending on 
the intervertebral disc to be implanted, an artificial Anterior 
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Longitudinal Ligament or the natural Anterior Longitudinal 
Ligament may be attached directly to the disc or to the adja 
cent vertebral bodies. Attachment of the Anterior Longitudi 
nal Ligament may assist in preventing movement, dislodging 
or expulsion of the implant. To assist with the implantation of 
the intervertebral discs, the intervertebral discs may include 
alignment markers. 
0227. While various descriptions of the present invention 
are described above, it should be understood that the various 
features can be used singly or in combination thereof. There 
fore, this invention is not to be limited to the specific preferred 
embodiments depicted herein. 
0228. Further, it should be understood that variations and 
modifications within the spirit and scope of the invention may 
occur to those skilled in the art to which the invention per 
tains. For example, Some portions of the implants disclosed 
herein may be formed of bone. Such as allografts, autografts, 
and Xenografts, which may be partially or fully demineral 
ized. In addition, Some implants may include bone material or 
other bone growth inducing material in their interiors or on/in 
their endplates. Such substances in the interiors may be per 
mitted to interact with the Surrounding anatomy, as with chan 
nels or otherholes formed in the implant walls. Also, intra and 
post-operative alignment markers may be used to assist with 
implantation of the intervertebral discs. Furthermore, the 
intervertebral discs can be made rigid in situations where 
fusion is necessary. The intervertebral discs may be made 
rigid by, for example, allowing fusion between the endplates, 
inserting spacers between the endplates, or by injecting a 
Solidifying liquid between the endplates. Accordingly, all 
expedient modifications readily attainable by one versed in 
the art from the disclosure set forth herein that are within the 
Scope and spirit of the present invention are to be included as 
further embodiments of the present invention. The scope of 
the present invention is accordingly defined as set forth in the 
appended claims. 
What is claimed is: 
1. An intervertebral disc for placement between first and 

second vertebrae comprising: 
a first endplate having a first inner Surface and a first outer 

Surface, the first outer Surface contacting the first verte 
bra; 

a second endplate having a second inner Surface and a 
second outer Surface, the second outer Surface contact 
ing the second vertebra; 

a leaf spring having first and second resilient ends, config 
ured to engage the second endplate, and a length, the leaf 
spring further comprising a central body having first and 
second Surfaces, the first Surface comprising an articu 
lating Surface. 

2. The intervertebral disc according to claim 1, wherein the 
second endplate further comprises a recess having a length 
smaller than the leaf spring length, wherein when the leaf 
spring engages the second endplate so that the first and second 
resilient ends are supported on the inner Surface of the end 
plate and the central body is positioned over the endplate 
recess, at least a portion of the central body may move into the 
recess when a compressive force is applied to the leaf spring 
first Surface allowing the second Surface to contact the recess 
Surface. 

3. The intervertebral disc according to claim 2, the recess 
further comprising a recess Surface, the leaf spring second 
Surface and the recess Surface configured to define a gap 
therebetween so that when a predetermined compressive 
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force is applied to the leaf spring first Surface the leaf spring 
second Surface contacts at least a portion of the recess Surface. 

4. The intervertebral disc according to claim 2, wherein the 
central body and the recess are configured so that the leaf 
spring may translate in at least one direction with respect to 
the second end plate. 

5. The intervertebral disc according to claim 1, wherein the 
first endplate further comprises an inner Surface having an 
articulating Surface configured to correspond with the leaf 
spring articulating Surface. 

6. The intervertebral disc according to claim 5, wherein the 
articulating Surfaces are configured to allow the leaf spring to 
articulate, and to translate, relative to the first endplate. 

7. The intervertebral disc according to claim 1, further 
comprising a membrane disposed between the first and sec 
ond endplates. 

8. The intervertebral disc according to claim 7, further 
comprising a membrane disposed between the upper and 
lower endplates, the membrane encapsulating at least the leaf 
Spring. 

9. The intervertebral disc according to claim 7, wherein the 
endplates and membrane define an interior Volume, the Vol 
ume being at least partially filled a fluid. 

10. An intervertebral disc for placement between first and 
second vertebrae comprising: 

an upper endplate for contacting the first vertebra; 
a lower endplate for contacting the second vertebra; and 
at least first and second cable elements disposed therebe 

tween; wherein the first and second cable elements each 
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has a length, the length of the first cable element being 
substantially shorter than the length of the second cable 
element. 

11. An intervertebral disc according to claim 10, wherein at 
least one of the endplates includes at least one bore, the at 
least one cable element is associated with theat least one bore. 

12. An intervertebral disc according to claim 11, the disc 
further comprising a plurality of peripheral cable elements 
disposed between the upper and lower endplates, each periph 
eral cable element further having a length, wherein the first 
cable element comprises a center cable element, and the 
length of each peripheral cable element is substantially 
greater than the length of the center cable element. 

13. An intervertebral disc for placement between first and 
second vertebrae comprising: 

a first endplate having a first inner Surface and a first outer 
Surface, the first outer Surface contacting the first verte 
bra, the inner Surface including a first curved articulating 
Surface; 

a second endplate having a second inner Surface and a 
second outer Surface, the second outer Surface contact 
ing the second vertebra; 

an elastic membrane operatively coupled to the first and 
second endplates; 

a medial articulating member operatively coupled to the 
second endplate, the articulating member including a 
second curved articulating Surface for contacting the 
first curved articulating Surface; 

a shock absorbing layer located between the medial articu 
lating member and the second endplate. 
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