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(57) Abstract: The invention relates to an artificial intervertebral disc for placement between adjacent vertebrae. The artificial
intervertebral 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 a arcuate surface member, a flexible core, the flexible core
preferably being a slotted core, a ring spring, a winged leaf spring, or a leaf spring, or. The articulating member preferably being
attached to one of the endplate by an intermediate shock absorbing element.
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CONTROLLED ARTIFICIAL
INTERVERTEBRAL DISC IMPLANT

FIELD OF THE INVENTION

[0001] The invention is relategt to devices and methods for the treatment of
auma and diseases of the spine. More particularly, the invention relates to mtervertebral
sc : replacemeént.

BACKGROUND OF THE INVENTION

[0002] A variety of conditions such as spondylolysis, disc 'herniation,

mptessmn of spinal cord nerve roots, degeneratwe disc disease, and trauma are known to
c nse severe discomfort, requiring medwa.l attention. Among the procedures cum:ntly nsed
10 alleviate such conditions are spinal fusmn, such as intervertebral and postcrolatetal fusion
6 arthrod%ls In these procedures, two adJacent vertebral bodies are fiused together The
cted mtervertebral disc 1s first excmed and an implant is inserted which accommodates
bne growth between the two vertebral bod1es to effectively bridge the gap left by the disc
oval. -A number of different 1mplant matenals and implant designs have been used for

dsion with varying success. Although mtervertebral and posterolateral fusion are w1de1y

! ed, drawbacks to their use include a reduced physiologic range of motion and otéher fusmn
related comphcauons such as dcgcneratmn of adjacent discs and destabilization ofthe
ctxonal spinal unit. As aresult, alternaq;ve treatments with fewer cumphcatlons, but
imilar eﬂ;'lcacy 10 fusion, are desirable, C}ne such altemmative to gpinal fusion is arthroplasty
ad the use of a prosthetic or artificial disc,

‘ ‘[OéOS] In general, anhrOplasty i used in the replacement of dlscascdjomts
Althroplasty involves a set of procedures dn:ectcd to maintaining motion of the Joxnt,
ﬂ:iereby preserving its integrity and keepmg the adjacent motion segments from.
d&tmoratmg, as they tend to do after ﬁmon Dependmg on the location and the condltxon
off the affected joint, specific arthroplasty gmcedures may be used. Fot example,

interpositional reconstruction surgery, whiéh reshapes the joint and adds a prosthetic disk
‘between the two bones forming the joint is‘i':cozhmonly used on elbow, shouldera ankle, amd
finiger joints. Total joint replacement, or tc;tal joint arthroplasty, replaces the entire diseaséd
Joint with an artificial prosthesis and, in rocent years, has become the operation of choxce
formost knee and hip problems. .

[0004] Hip and knee replacements are particularly wxdespread with. nearly
BOD,OOO hip rcplacements and about as many knee replacements pen‘.‘onned in the' Umted
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Siatcs in 2001 With respect ta the knee and hip joint replacement surgeries, there are

‘ several 1mplants or prosthetics available. . For the hip prosthetic, in an exemplary des;gn,

there are two components, one is a metal ba.ll attached to a metal stem which is ﬁtted into
the femur, and the second is a matclnng plastlc socket which is implanted into the pelws
'E}he metal pleces are generally formed from.: stamless steel, alloys of cobalt and chrome
ntamum, and alloys of titanium; the plastlc p1eces are generally formed from Iugh-densxty

: pblyethylcnc For the knee prosthetics, in: an exemplary embodiment, metal and plastm )

componem:s are again used to replace the damaged bone ends and cartilage. The mqtal
pleces are generally formed from stainless steel alloys of cobalt and chrome, mtamum and
alloys of ntamum, the plastic pieces are gmwa.lly formed from high-density polyethylene.

: [00()5] Although the evolut;on of spinal arthroplasty and the use of prostheucs

u;the spme has been similar to that of other Jomts in the body, evolving from fusing the
Jdmt to replamng the functional joint, the advent of spinal athroplasty, however, has been

' s]:ower than arthroplasty in other major Jomts in the body. A few of the possible reasons
Aw‘ihy spmal arthroplasty has been délayed. are that spinal problems related to disc

degernerauan are difficult to diagnose, s pmal procedures are typically cns1s-dnven and thus
censervanve solutions such as fusion are acceptable and spinal anatomy is complex.

[ [0006]  Over the past 40 years spmal arthroplasty technologies have been under .
dc;:velopmﬁnt and in the last 10 years spmal arthroplasty has won the attention of Ieadmg
tjrgeons and implant manufacturers. The: evolutmn of spinal arthroplasty essennally began
in the 1950’8 and one of several emerging concepts was the spherical concept of the disc
plfostheses The spherical concept is s1mply the placement of a ball, essentially
mrcmnferentml in the cavity of the nucleus pulposus after a discectomy procedure.; has been -
P l ormed. The annulus is kept in place and the ball serves as a nucleus replacement
dévice. Vanous materials have been expemmented with for the spherical concept. ‘For

: ample, in the early 1960°s, implants usirig silicone ball bearings were implanted: into the
drvical regmns of patients, but the outcomw were uncertain, In the mid 1960’3, stainless-
steel (balt beanng) prostheses were 1mplanted into patients. The results of the procedure
were lmtlal]y promising but over time the chsc spaces lost height due to subszdence of the
steel balls mto the vertebral bodies. Presently, the concept of a spherical prosthems
co;ntmues to be examined using different matenals the latest of which is a modlﬁed carbon :

[0007] Anaother emerging concept is the mechanical concept design. The
me hamca.i concept design is essentially a total disc replacement product which is intended

fo- re phc range of motion of the vertcbral maotion segment unit. These devices are often
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cbmpnsed of metalhc endplatcs fixed to the adjacent vertebra) bodies via a stabﬂlzatmn

gchanism; :md a core formed from ponen‘hylene or other polymeric materials. ‘

Itermatively, instead of a core, bearing swfaces can be uscd, the bearing surface matena]s
bemg cerazmc-on—ceranuc, metal-on metal ‘or metal-on-polyethylene. The mechmcal
desngn concept is based on the same pnnmpies as joint reconstruction products, such as’
knee aud hip replanemen‘rs, and a variety of mechanical design prostheses concepts have
been proposed and continue to be proposcd '

l ' [0008] * Another concept is the. physmloglcal concepl. The physmlagzca} _
cq:ncept uses 2 hyd.rogel elastomer, or polyurethane—based core which is intendeq.: to restore
1.46 dige ﬁmchon by absorbing and emlttmg fluid between the patient’s vertebral endplates

e also maintaining the natural shock absorbmg or cushioning function of the dasc. The

:Iyﬂsmloglcal concept devices are generally considered only a partial solution as they are
d&ngned to replace only the nucleus or a pomon of the disc,

-[0609] © © All of the approaches 6 dise replacement are aimed at some or all of the
following: allevmtmg discogenic pain, restanng range of motion, maintaining the namral
shock:absorbing function of the disc; restormg normal form or disc height, and restonng .
pﬂlysnologxcal kinematics. Generally, four exemplary types of artificial mtcrvertcbral discs
have been d"veloped for replacing a portzon or all of an excised disc: elastomer/ﬂwd filled-
d' , ball and socket type discs, mechamcal spring discs and hybrid discs.

[0010] " Blastomer/fluid filled chscs typically include an elastomer cusluon or a
flnid filled chamber positioned between lower and upper rigid endplates. The cushmns and
cE]:.mbers of these implants advantageously funetion, in mechanical behavior, sumlar to; the.
rei-noved mtervertebral disc tissue. . S
[001. 1] : Ball a.ud socket type dlscs typically incorporate two plate members
ht.:g cooperatmg irmer ball and socket portwns which permit articulating motmn of the
bcrs dm'mg movement of the spine. : :

m

[0012] . Mechanical spring dlscs ‘typically incorporate one or more co:led

springs disposed hetween metal endplates, The coiled springs define a cumulative Spnng
constant that is designed to be sufficient to mamtam the spaced arrangement of the adjacent

'vertebrae while allowing normal movement of the vertebrae during flexion and extension of

th# spine in any d:rcchon 1 :

[0013] - The fourth type of artlﬁmal intervertebral disc, the hybrid disc
ingorpotates two or more of the sforemmnoned design principles. For example, one known
hybrid disc arrangement includes a ball and socket Joint surrounded by an clastomer nng
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50014] : | While each of the foregomg prostheses addresses some ui the problems
relatmg to mtervertebral disc replacement, each of the implanis prebents mgmﬁcant
ch:awbacks Thus, there is a need for an mterve:rtebral implant that accommodates the

'anatomy and geometry of the mtervertebral space sought to be filled as well as thc anatomy

and geometry of the ends of adjacent vertebra.l bodies, while providing reliability : and

' sﬁnphclty in dwxgn More particularly, there is a need for a spinal disc implant thch
, pr{ovxdes stability for supporting the high loads applied to the vertebrae, permits s suﬂ'iment

miobmty to allow the patient an approximate pormal range of motion, prov1des for axial

Ecdmpresswn between adjacent vertebrae, and has shock absorption abilities.

h

SUMMARY OF TEE INVENTION

! .
' i [00' 151 - The invention’ relat&n to an intervertebral disc that is preferably

'délsngned to restore disc height and lordusw, allow for 2 natural range of motion; absorb

sliock and provide resistance to motion and axial compression. Furthermore, the
mten'vertebral disc may be used in the cemcal the thoracic, or the lumbar reglons of the -

spme
|

¥

pr .,fcrably confomung in size and shape with at least a portion of the ends of ad]acent
vertebrae "The shapes of the mtervertebral:dlsc include, but are not limited to, cirqular,

) ovpl elhpsmd, kidney-bean, annular, C-shaped, D-shaped, ctc.

[0017]  Inome embodiment, the intervertebral disc mcludes an upper endplate,
loYver é;dplate, and an intermediate elastic membrane disposed between the uppe; and
lower eﬁdplates, Alternatively, the elastic membrane may surround and encapsuléic the
eniplatés. The elastic membrane in'combi:;:#ti(m with the upper and lower endplates
defines an imterior volume, The interim; volume of the disc includes at least one spnng

¢l t','thé spring element being attached té the upper and lower endplates. Preferably,
the spnng element is attached to the lower endplate within a pocket or groove formed on the
inter surface of the lower endplate, while the upper end of the spring element is attached to

a ﬂemx-sPhcncal member. The hemi-spherical member is designed to mate with a;t;d
articuiate in a socket formed on the inner surface of the upper endplate.

| [0018] Altematively, the disc may be provided with a plurality of sprmg
Ief:nents with each gpring clement extendmg from the upper endplate to the lower endplate,

and each spnng element may have ahenu—sphmcal members on both ends to mate w1th

ndmg sockets formed on the inner surface of the upper and lower endplates. The
may also be configured such that the dlSC generally contains a first spring element
undgdby a plurality of second sprm g elements uniformly spaced around the ﬁrst

4 .
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. spring.element. The first spring element prcferably having a stiffness and.'cr sprmg

c%mstant whlch is greater than the snffnessx: f the penphery spring elements. t

[0019] Furthermore, the disc may Jnclude a plurality of s;mng clcmcnt
w[he:eby cmly a portion of the spring elemimts may be attached fo a herhi- 3phenca1 member,
u&uth the remaining spring elements being’ attached to the upper and lower endplates, '
: preferably in pockets. In one exemplary mbodlment, the first spring element w1th be'

. an‘tached to a hemi-spherical member whtle the surrounding peripheral second sprmg
gleients wxll be attached directly to the uppm‘ arid lower endplates.

[0020] The disc may also mclude an elastomeric strut or ring in planc of one or
all of the sprmg ¢lements. Furthermore, the dlsc may incorporate casing membcrs .o
[0021] The disc may also mclude a fluid disposed within the interior volume
and avalve for penmttmg insertion of and mmoval of the fluid. :

o [0022] The upper and lower endplates are preferably formed of metal such as
mamum, stainless steel, titanium alloys, cabalt-chromlum alloys, or amorphous alloys
Alteinatively, however, the upper and lowe.r endplatcs may be formed of ceramms

mulecularwexght polyethylene (i.e. UI-]MWPE), bone, including cortical, cancellous, o
‘al ograﬁ autograft, xenograft, demmcrahzed or partially demincralized bone, or any other

matenals able to serve as load bearing supports The materials chosen for the cndplates, in

bination with the desired fluid, are praferahly selected to reduce the amount of Wear,

-and thu&mcrease the life of the joint. -
[0023] i The outer surface of the upper and lower endplates may be substantxally

wedge-shaped, etc. The outer surfaces of the upper and lower cndplates may:; also be
e shaped with their radii defined in the sagittal and coronal planes to generally maix:h
tlmse of the ends of the adjacent vertebra. Thc dotne shape allows the upper and lower

[0024] The intervertebral disc also preferably includes mlgranon-re51stant

' stn,wtures provided on the outer surface of at least one or both of the endplatcs to lmpede

. movement, dislodging, or expulsion of the endplates within and from thc ends of the
30

adj ent vertebrae The mlgratzon-resxstant structures include, but are not lumtedto ﬂaps,

. spi cs teeth, fins, deployable spikes, deployable teeth, flexible spikes, flexible tee'l:h,

altemanvcly shaped teeth, insertable or expandable fins, screws, hooks, serratlons, nbs, and

tgknmed surfaces

[0025] Furthermore, the upper : and lower endplates also preferably coated w1th

3



10

15

20

25

30

WO 2004/016217 PCT/US2003/025536

secure the disc 0 the adjacent vertebrae, Altematlvely, the upper and lower endplates may
have aroughened surface; a porous Surface laser treated endplate layers; mtegratc an :
osteoconductzve/osteomducuve scaffold; or may be provided with or made ﬁom an mtegml
osteoconducnve and/or osteoinductive matenal to promote bony ingrowth. The endplates

-may ﬁ.lrthcr include a membrane and/or a; bamer to limit the amount and/or depth of bony

mgrowth . . P
[0026] The upper and.lower é‘;i&plates may also have implant insﬁi@mtatfon_
attachment,- guiding, and retainment su-ucfﬁres For example, the endplétes may ha{re holes,
slots, threads, or a dovetail for 1mp1ant1ng the implant and/or distracting the adJacent
vertebrae For example, the disc may 1nclude a slot formed in the upper and/or lower .
mdplates, the slot being confi gured to receive an implant insertion instrument, a dlstractor
or both ; : % o

: . [0027] The upper and lower eudplates may also preferably include! amculamng
surfaces, thus providing the mtervertebral dlsc with greater mobility. The artlculatmg
surfaces preferably inchuding a surface pohsh or similar wear reducing finish such as

..dmmond ﬁmsh, TiNi finish, etc. in order to minimize wear, decrease particle generanon, -

and mcrease disc life.

] [0028] In some cmbodunents the interior of the disc may include a Ieaf spnng
atfached on one end to the upper and/or lower endplate but unattached on the ofher end. .
D1sposed bctwem the ends, the leaf spnng preferably includes an enlarged convex :
mtermedmta section which mates, artwulates 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 frcely totate thus permitting the leaf sprmg to ;
move freely dm‘mg the flexing of the spring. '

; e [0029] In some embodlments, the interior volume of the dis¢ mcludesan
amculatmg member which is attached to the- upper or lower endplate. The arnculatmg ‘
membcr preferably being attached to one of the endplate by an intermediate shock
absorbmg laycr The shock absorbing layer preferably being an elastomer, polymer ﬁbcrs
polyurethané silicone, or other suitable elastm material having shock absorbmg propertxes

[0030] In other embodiments, the disc generally includes an upper endplate,
lower endplate and a flexible core d1sposed between the upper and lower endplates .
prcfcrably mﬂun pockets containing matmg surfaces. The flexible core preferab}y is elther
a slotted core, aring spring, a winged leaf spnng, or a leaf spring. The flexible member

m I be dimehsioned and configured to provide ﬂex:on/extensmn, lateral bcndmg, axml
| .
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: rotabon, and/or. translatxon, depenrling on the loadm g conditions imparted on the

‘ mterver:tebral disc. . ™,

[0031] " The intervertebral disé'ir‘lsiy be implanted in a modular fashion; if
ppsszble or may be implanted preassembled :An anterior, anteriolateral, or lateral surgxca.l
approach ‘may be used for the mtervertebral disc Furthermore, dcpendmg on the
uitervenebral disc to be implanted, a mlmmally invasive surgical method and/or a :
sm'mltaneous distraction and implantation: surglcal method may be used. Also dependmg
on the intervertebral disc to be implanted, the Anterior Longitudinal Ligament may be-
aﬁtached directly to thc disc or to the adjacent vertebral bodies. The Anterior Longlmd!.nal
ngament may be formed from partially denunerahzed or demineralized autograft, allograft,
or xenograﬁ Alternatively, the Anterior Lnnglmdma] Ligament may be formed ﬁ'om
bmcompanble materials such as e]astomers, ot braided polymers. To assist with the.
m:plantahon of the mtcrvertebral disc, the mtervertebral disc may include ahgnme.nt

rqarkm’s :
BmEF DESCRIPTION gﬁ’r@ DRAWINGS

[0032] To facﬂjtate an undersmdmg of and for the purpose of lllustratmg the
present invention, exemplary and preferred features and embodiments are disclosed j m the.
aécompanmng drawings, it being undarstood, however, that the invention is not lnmted to

ﬂ:ne precise arrangements and mstmmentahﬁes shown, and wherein similar reference

: characters denote similar elements th:oughout the several views, and wherein:

| [0033] Figure 1 is a perspectxve view of a first embodiment of an amﬁcial
.tezrvertebral disc according to the prescnt ifvention; j b
_ [0034] Figure 2 is a cross~secuenal view of the artificial mtervertebral dlsc of
Figure 1 taken along line A-A;

[0035] Fxgure 2aisan altemate cmss—sectional view of the artificial

[0636] Figure 2b is an alternate cros:v.-scctmnal view of the artificial

mterver:ebral disc of Figure 1 taken along ].me A-A;

[0037] Figure 2c is an alternate ‘eross-sectional view of the art:ficnal
mtervertebral msc of Figure 1 taken alnng ]me A-A;
{0038] F1gure 2dis an altenmtc cross~secnona1 view of the artificial

» inb@rvcrtebra.l disc of Figure 1 taken along: lme A-A;

[0039] Figure 3a is a side vxew of a deployable spike according to the prcscnt

inyention.” .
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[0040] . - Figure 3b is a side viéw. of another deployable spike according to: the
present inyention. L o '
i o [0041] Figure 3¢ is side view -6fﬁa flexible spike according to thepr@séﬁt

[0042] Figure 3d is a side view ¢f altenatively shaped teeth according to the

: present mwentmn

[0643] . Figure 3¢ is a side viewof anchors according to the present mvennon
[0044] " Figwedisa cross-seéﬁ&hal view of a second embodiment of an

i
aruﬂclal mtervertebral disc according to the present invention;

; [0045] Figure4Aisa s1de v1ew ‘of the leaf spring and roller of the amﬁclal

mtervertebral disc.of Figure 4;

l : [0046] “FigureSisa cross~sectlona1 view of a third embodiment of an artlﬁcml
m‘tgrvertebral disc according to the present ] mvemwn o

) [0047] - Figure6isa perspecuve v1ew of a fourth embodiment of an arnﬁc:al

mtervertehral dlsc accordmg to the present mvennon,

x [0048] Figure 7is a perspectwe view of a fifth embodunent of an artlﬁcml

- mtawertehral d1sc accordmg to the present. mventwn,

l."
H

[0049] Figure 8is a perspecttw: wew of a sixth embodiment of an- artlﬁcml

-miervertebral dISG accordmg to the present mvennon,

[0050] Figure 9 is a cross sect.mnal view of a seventh embodiment of an.

E

-
ar_tlﬁcial mtervertebral disc according to the pmsent invention;

l

[005 1] Figure 9a is an altemate cross-sccnonal view of the seventh embodmlent
of an artificial intervertebral disc according; o the present invention; '
[0052] - Figure 9b is an exploded view of the seventh embodiment shown is

[OG;SB] ,Figure 9c is an explodqq;view of the seventh embodiment shown is
Figure 9a; and - " -

s [0054] . F1g1.u-e 101s schemanc view of a eight embodiment of an mtervcrtcbral

diso accordmg t0 the present invention.

DETAILED DESCRIPTION OF ’rm: PREFERRED EMBOD[MENTS

fo055] -Any of a wide variety of dlﬁ'erent implant structures can be pi'epared
ac ordmg ‘to the'teachings shown by the 1llustrat1ve examples of the mtervertcbral discs
losed herem The intervertebral discs of the present invention are pteferably demgned
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: to restore the natural spmal curvature (or saglttal balance), disc height, to allow for a natural
' range of motmn, absotb shock and to prowde resistance to motion and axial compressmn

I

i [0056] The intervertebral dlscs preferably are sized and adapted for use in the
cetv:cal, thoracie, and Jumbar regions of the spine. Also, the intervertebral discs can be

‘ ta.ﬂored for each individual patient aﬂowmg for disc characteristics appropriate for the

mdlwdual patient. For example, and artificial disc may be provided having 2 palr of
Pndplates and a core, and the core of the dxsc can include different assemblies, dlfferent ‘
cmmponents, and/or various types of matenals to create the desired dynamic charactensucs

‘ fcfr each individual patient.

i [0057] - Furthermore, the mtervm'tebral discs may allow flexion, extens.lou,
!

lateral bendlng, rotation, and translation. Flexmn is movement that brings two parts ofa

|
]qmt or body into a bcnt position; in the spme., this is a movement in which the spme starts

: stralght and moves into forward bending. Extensmn is a movement that draws two parts
. aWay from each other; in the spine, this is amovement in which the spine starts s&a:ght and .

n:k;oves into backward bending. Lateral bendzng is a bending movement toward a lateral

snle, in the spine; this movement generally involves bending (lateral) and coupled rotation.

: Rbtaﬁon is a movement that resultsin a portion of the spine twisting, rotating or turmng

with respect to the axis of the spinal columm. Translation is a limited movement t'ha:t is
gti:nerally transverse to the axis of the spmal ;column.

' ~ [0058]  Additionally, similar to a natural intervertebral disc, the artificfal ©
mr:ervm-tebral discs preferably allow for 2 moving instantaneous axis of rotauon At every
mstant for a body in plane motion there ia a line in the body or a hypothetical extcnsmn of .
lhTs line that does not move. The instantarieous axis of rotation is this line. A movmg

. instanteaneous axis of rotation refers to the ability of the instantancous axis of rotation to

mpve (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 instantancous axis of rotation for the lumbar region of the épine is
preferably in the posterior half of the disc space or proximal to an adjacent (supenor or
mfenor) endplate, preferably proximal to the inferior/caudal endplate, the preferred mean

' Iocanon of the moving instantaneous axis of rotation for the thoracic region of the spine is

tbferably in the inferior portion of the dis¢ space and proximal to the candal vertebral body
extending posteriorly into the spinal canal, and the preferred mean location of the moving
iu;tantanoous axis of rotation for the cervical region of the spine is preferably in the

posterior half of the caudal vertebral body. .
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[0059] Also similar to a naturaluntewertebral dise, the response charactenshcs
of the artlﬁcml intervertebral disc are preferably non-linear. For example, in response o
contmued axial compression, the artlﬁcml mtervertebml disc preferably undergoes a large
mmal amount of compression followed by non-hnearly decreasing amounts of
cqmpmsmn -;; f
: [0060] Referring to the accorﬁi::anying drawings, preferred embodiments and
features of the artificial intervertebral disc’ Wl]l be described in detail. It is to be noted
however that these descriptions of spemﬁc cvmbodlmcnts and features are merely ‘
111ustrat1ve It is contemplated that one or. more features or elements of the various
embodmxents may be combined or used smgularly, and that modifications of the various
em'bodmlenm as well as other embodxments are contemplated and will be apparent to those
persons skilled in the art. '

[006 1] Referring mmally to Flgure 1, a perspective view of an exemplary first
embodmment of an artificial disc 10 is shown Disc 10, preferably, has a generally kidney-
bean shaped footprint which includes an a.ntenor side 11, a postetior side 13, and first and

‘ seoond lateral sides 18, 17, respectively. Antenor side 11 and lateral sides 15, 17 are all

su'bStanually convex in shape while postenor side 13 is substantially concave in shape
Howwer the disc 10 may take on other sh;apes that generally conform geometrically and
anatommally with the adjacent vertebral hoches mcludmg, but not limited to circular, oval
elhpsmd, ammular, D-shaped, C-shaped, etc

: " :[0062]  As shown, disc-10 mcludes an upper endplate 20, a lower endplate 22,
and anintermediate elastic membrane 24, ﬂle ¢lastic membranc 24 generally extending
fréam thc upper. endplate 20 to the lower endplatc 24, preferably, proximate the outer

‘ 'penphery of the disc 10, Altematively, the #lastic membrane 24 may surround and

éncapsulate the upper and lower endplates 20, 22. The elastic membrane 24 in combination
w:lth thb;uppér and lower endplates 20, 22 d‘eﬁne an interior volume 26.

4 f{0063] The elastic membrane. 24' preferably is formed from an elastomer such
as ,polym'ethaue gilicone, a braided polymezr. or any other appropriate elastlc material. The
¢lastic membrane 24 may be permeable or sémi-permeable to allow ﬂmd to flow into and
out of the interior of the disc (as described i xhore detail below). Alternatively, the

|
. membranc may be non-permeable. Preferably, the elastic membrane 24 may resist

trmslauonal motion between the upper and lower endplates 12, 14, and may also prevent
soh tissue ingrowth between the endplates ] 12 14 as well as contain any wear particles
ehetated within the interior volume. The elastxc membrane 24 may be attached to the
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uﬁper and lower endplates 12, 14 by any ﬁxatlon method known in the art mcludmg, ‘but not
]ilmted to, bonding:agents, wltrasonic weldmg, screws, nails, mechanical wedgmg, and pins.
| [0064] Altematively, the elastm membrane 24 may be in the form of & bellow, .
the bellow assuming an “accordion” or other flexible shape, enabling it to expand and.
cvrntract ‘undet the Various loading condméns The bellow may be rigidly attached to the

per and lower endplates 12, 14 by any method known in the art including, but not hmlted
t a cucular groove formed in each’ endplatc 12, 14, bonding agents, ultrasonic weldmg

: sqrews nails, mechanical wedging, and pms Preferably, the bellow is made from a metal,

al]though other material such as elastomers” ‘or polymers may be used, In an altcmanve
embodlment, membrane 16 may be made of any appropriate non-elastic matenal known in

' } . [0065] With reference to F:gm:e 2, the interior 26 of disc 10 is shown. .
PTeferably, the interior 26 of the disc 10 mcludes at least one spring element 30; and the

iring element 30 may have a longitudinat. axis. The spring may be oriented such: that its
Ior:xgltudmal axis is oriented substantially perpendxcular to the plane formed by each ofthe -
upper and Iower endplates 20, 22. AJtemagyely, the spring may be oriented such that its.

axis forms an acute angle with at least Onel':('if the upper and lower endplates. The spring

. element may have a first end which contaci?f the lower endplate 22 within a pocket or

gl‘oove_; 32 formed on the inner surface 40 of the lower endplate 22. Such a pocket.or
groove may prevent lateral displacément ofthe spring with respect to the endplate: An

quer end of the spnng element 30 may engage an articulation member 34 havmg a spring-
quagmg sutface 33 and an opposite substzmually spherical surface 35 . The sprmg element
30 may be fixed to the pocket 32 and/or the a.rtlculatmn member 34 using any appropnatc
ation method known in the art mcIudmg, but not limited to bonding agents, ulu'asomc
welding, screws, nails, press-fii, and pins. - Altemanvely, the spring element 30 and the
feulatxon member 34 may be integrally formed
[0066] The spherical surface 350f articulation member 34 may be conﬁgured to
_’culate w1thm a correspondingly shaped socket 36 formed on the inner surface 38 of the
up‘per endplate 20. The interface between the articulation member 34 and the sooket 36
may approximate a ball and socket type connectmn, with the spherical articulation member

. 341 ahle to articulate within the socket 36. 'I‘he type and amount of articulation desired may

dlétatc the curvature and arc of the sphencal surface 35 provided on the articulation
member 34 and socket 36. For example, 1fthe spherical surface 35 has the same radms as
the socket’ 36 then the disc 10 may prowda greater support but more constrained

A1
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miovement. Alternatively, if the socket 36;11as a larger radius than the spherical: sirface 35, -
thc disc 10 may provide increased arnculamon and/or translation. o .

[0067] In an alternative embodlment the socket 36 may iricorporate a ﬂattened
pcfarti'on which may permit the articulation’ r;xember 34 1o ranslate within the socket, thereby
p}qviding translational movement of the upper endplate 20 relative to the lower endplate 22.
By providing for such translation, tﬁc disq.;io may provide a moving instantaneoigs axis of -
r(étation, Tt is possible for the articulatiom:jiémbcr 34 and socket 36 to have contc@,urs other

‘ than spherical in order to achieve the desirgd articulation motion. Such other confours may -

comprise.elliptical or egg-shaped, and mulﬁﬁly-sphericm shaped in which the aiticulation
mamber and the socket each may compnse at least two separate ot cojoined sphierical
scgmm:l’ls Moreover, while the amculanon member 34 and socket 36 are ﬂlustrated as
havmg contours that generally permit matmg of their respective surfaces, the correspondmg

. surfaces may take on any appropriate shape to achieve the desired articulating moblhty

between the upper and lower endplates 20, 22,
[0068] ‘While the disc 10 has been described as having the arnmllanng 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 arhculatmg element 35.

- aqc instead associated with the lower and upper endplates, respectively, Furthermore, the

sqcket member may be provided integral with its respective end plate, such as prowdmg a

one-piece end plate with a hollow spherical inner surface. Also, the socket member and

m‘tlculatmg element may comprise any appropriate material known in the art, such as
nfamum, ‘stainless steel, polymers such as. ultra high molecular weight pu]yethylma ete.,
Furthermore the articnlating surfaces may: mclude a surface polish or similar weat reduomg

: ﬁmsh such as diamond finish, TiNi finish, . etc in order to minimize wear, decrease parncle
; gPTnem‘atmn, and increase disc life.

' | [0069]  The spring element 30 may encompass any appropriate resilient member

}knom in the art including, but not limited' to spiral springs, coil springs, plate or Ieaf
‘ Sprnngs, ete. Moreover, the spring element; 30 may be formed from any appropnate material

known in the art including, for example, pq.lym,ers, composites, or metals such as.cobalt-
chromium alloys, titanium alloys, stajnless_s'teél, shape memory alloys, and amorphous '

‘alloys. - Likewise, the spring element 30 may comprise two or more individual 'spring

el¢ments provided either in series, in parallel ot in a combination of series and parallel

.elements

[0070] The selection of a pa.rtlcular spring element may depend on fhe needs of -
thL part.xcular patient, however, the spring o;r springs selected should mimic the propertles of

.12
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. tﬂe phﬁeﬂi’s novmal izterve. ebral disc, or 's‘nould be appropriate as required for 'the

parucxﬂarprocedure Thus, springs havmg the appropriate stiffness in axial compressmn
hd i in transverse bending should be selected to provide the following ranges:

‘ﬂ,emon/extensxon from about 0 Newton-meters per degree (Nnv/deg) to about 8 Nim/deg);

lateral bending - from about - Nm/deg to about 5 Nmv/deg; and compressmn from about
1 to about 5000 N/mm. Furthermore, the outer diameter of the springs selectéd may

fr;fnge from about 5 millimeters {mm) o about 30 mm; and the heights of the springs may

range ﬁ'om about 7.5 mm to about 12 mm." Tt is noted that the preceding are prowded as
mprwentanve dimensions only, and the spnngs used may have any size, shape, strength and
i 1b1111:y appmpnate for the particular panent
; [0071] The use of a spring element in combination with an artwulatmg surface -
! y provxde a combination of articulation, translation and compression/shock absorphon
ptween ﬁhe upper and lower endplates 20; 22, and thus allowing for a moving
taneous axis of rotation, Arnclﬂanon may be provided through the interaction of the

culating mmnber 35 and the socket 36, and/or by bending of the at least one spnng

‘elemmt 30. Compression and shock absorptmn may be provided by the spring element 30,

zmd translatmn may be prov1dcd by bending:of the spring element or through the choice of a
sacket havmg a flattened portion such that the articulating member 36 may translate within

[0072] - - Refetring to Figure 2a,'a disc 10 comprising a phurality of internal

ring elements 30 is illustrated, each spring element 30 may extend from the upper

dplate 20 to the lower endplate 22 such that the longitudinal axis of each spring element
1q oriented substannally perpendicular to the plane formed by each of the end platm 20, 22.
Alltematwely, one ot 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.
[0073] The plurality of spring elements 30 may be arranged in a configuration ‘

répria;te to provide uniform shock absdiption, load bearing, and tension/compression
T istance’, or the spring elements 30 may Bé’ strategically placed to allow for increased.
resnstance ‘to shock and/or compression on one side (i.e. anterior, posterior) of the disc as
cempared to the other. Preferably, however the disc 10 includes at least one central spnng
ent 30 and at least one peripheral spnng element 30 spaced away from the central.’
spring element 30. Inthe illustrated embodlment a single central spring element is
swrounded by a plurality of peripheral spring elements. The central and peripheral spring
element 30 may have substantially the same stiffness, or their stiffnesses may be different.
eferably, the central spring element 30 may have a stiffness greater than the stiffness of -

©o13
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eentra] sprmg which provides primary shockf absorptlon and resistance during the'mmal
stages of an axial compression evolution, and having peripheral spring elements 30 which

' provxde secondary shock absorption.and reslstance during the later phases of axml

cémpresmon This provides a desirable non-hnea.r response to compressive Ioads whmh

'may c]osely mimic the response of the patlcnt’s natural disc. -z :

B
ok ; To074] As shown in Figure 2a, each spring element 30 has first and' second ends’

, assuclated with respective upper and lower end plates 20, 22. The first and seoond ends of

cach sprmg may have an associated sphencal articulation member 34 conﬁgured to mate
mth a coxrespondmg spherical socket 36 formed on the inner surface of the upper ‘and lcwer
endplates 20, 22 as previously described. The combination of spring and arncmnon
lzfsmbre:t's permits the upper and lower endplates 20, 22 to move with respect to eac.h other
Fbr exa.mple, articulation members 34 may arnculate within associated sockets 36 so that .
th)e upper and lower endplates 20, 22 can amculatc with respect to each other thhout
crcanng resistive torsion in spring elements 3& that would be present if the ends. of the
s;imngs were rigidly connected to the endplates Alternatively, each spring element 30may -
onlybe attached to a spherical member 34 on one end, the other end being attached to. the
upper or lower endplate 20, 22 as pcrewous descnbed :
. I : [0075] Referring to Figure 2b; the «disc 10 may include a plurality of sprmg
elements 30 where only one end of the ﬁrst spring element 30 comprises a sphencal
a:tmulatxon member 34, and the opposite end of the first spring element 30 as well as both
ends of the ‘second spring clemcnts 30 are’ dJspose:d within corresponding pockets or

]
recesses, m the upper and lower cndplates 20 22 (the arrangement and connectton of these

: recesses and the associated spring elements being the same as previously descnbed in

'relatmn to the embodiment of Figure 2). As shown in Figure 2b, preferably the ﬁrst spring .

e ement 30:s attached to a heml-sphencal ‘member 34 for mating with a correspondmg

" s cket 36 located in the upper or lower endplate 20, 22. The plurality of second spnng

]Iements 30 surrounding the first spring element 30 being attached directly to the upper and
lower endplatm 20, 22 as previously descnbcd In one embodiment, the first spnng may be
a,ttached to one hemi-spherical member 34 and the plurality of second spring elements 30
qay be may be aftached to two heml-Sphencal member 34. As with the prewous ‘
cx{nbodlmcnts the number, stiffness, and a.trangemcnt of the springs, as well as the selection

] plﬂcement of the articulating elem:lents and sockets 36 may be made in any combmatmn

: propnate to provide a disc that mimics as closely as possible the properties of the normal
exvertebral disc, or that provides the propernes appropriate to the particular procedure

14
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[0076]: Referring to Figure: Zc the disc 10 may include an elastommc strut 54
located penpherally 1o a central spring ¢ element 30. The strut 54 may have a longxtudmal
ams and first and second ends, and each end may be associated with an upper or IOWcr
endplate 20, 22. The elastomeric strut 54 may be seated in a groove 32 formed in the
assoczatcd inner surfaces 38, 40 of the upper and lower endplates 20, 22 to resist
dwplacement. “The elastomeric strut 54may serve essentially the same function as
pertphg:ml spring elements 30 prevmusly.descnbed, i.e. to provide the disc 10 w_lth P

, compression force resistance and shock,‘gbsorption and to resist motion, The elastomeric

|strut 54 may be formed from any appropﬁate material known in the art mcluding; but not

i lumted to, polyurethane or silicone. Any number of individual struts 54 may be proVIded,
'and the struts md.1V1duaI struts may assume various shapes in order to provide the
nappropnate stlﬂhess or resistance support for the end plates. Thus, the struts 54 may be
*cy]mdncal square, rectangular, etc., and. they may have any appropriate cross sectmn, such
as cmmlar triangular, elliptical, etc. The struts may also be prov1ded with contmuous or
non-continuous cross-sections, and they may be made up of different layers of materxals

also be hollow, or they may be rmg—shaped The ring-shaped struts. 54 may be conﬁgﬂred
‘to surround at least a portion of the first sprmg element 30. As with earlier embodiments,
the ends of struts 54 may be connected to the end plates using any appropriate method i in'the
art mcludmg press-fit, bonding agents, etc One or more struts may also be prowded to

conﬁgurauon of the struts 54 is not cntxcal, but instead may be any combination desn’ed to
PI'OVldG a disc 10 that mimics the properties of the patient’s normal intervertebrat dlsc, Or.
tlhat provides the properties appropriate to; the particular procedure. :

! [0077] The inner surfaces 38,'40 of endplates 20, 22 may be porous to aliow the

: dndplates 20, 22 during manufacture such’ as by molding the elastomer to the endplate A

membmne and/or barrier may also be mcluded within endplates 20, 22 to limit the depth of
zmpregnanon and bony ingrowth reSpectwer

[0078] The disc 10 of this embodlmcnt also may include a membrane 24 and a
valve (not shown), the valve prov1d1ng aecess to the interior 26 of disc 10 so that ﬂuld may

‘ bf: mjected into, or removed from, the mtenor 26 of the disc 10. The valve preferably isa
: one-way valve, as known to those skilled i m the art, so that the fluid, once injected, can not

ape from the interior 26 of the disc 10. . Preferably, the valve is disposed through thex

: elpstic membrane 24, alternatively however , the valve may be disposed through the upper

15
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and'/'or lower ehdplatcs 20, 22. When thé valve is disposed on the upper and/offév)ei’
endplates 20, 22 a passageway preterably is included to interconnect the valve thh the .

. mtenor 26 of the disc 10. ;

‘ [0079] The fluid may be a gas, a liquid, a gel, or any combination thereof that
is siiﬂio’ient to j:nmwde shack absorptwn dunng axial compression of the disc 10 ' while also’
permitting hmzted articulation or- movemmt of the upper endplate 20 and lower éndplate 22
swith respect to one another. Preferably, the fluid is incompressible, for example, saline or ,
rmne:ra] water In use, the fluid may be; mjected into the interior 26 of the disc 10 before:
msernon of the disc 10 between adjacent vertebrae . Alternatively, the flnid may be .
m_]ected in situ to facilitate insertion of dlsc 10 and subsequent distraction bctwcen adjacent
vertebrae The rigidity and distraction capablhty of the disc 10 maybe a ﬁmcnon of the
amount of fluid i injected into the mtenor 26 of the disc 10. Generally, the more ﬂmd
provu;led in the interior 26 of the disc 10 the more rigid the disc 10, and the greater the
dlstl‘actton capabzhty Furthermore, plmblhty and increased articulation may bc reahzcd by
ﬁllmg only a pomon of the interior 26 of the disc 10. Finally, variably filling the interior 26
of the disc 10 with fluid permits the overall height H of the disc 10 to be varied a necessary
dependmg on the needs of the mdxvxdual pataent

[0080]); Depending on the locatmn of the spine where the disc 10is. lmplanted,
the. disc 10 preferably restore height in tbcrangc between about 4 mnlhmeters to: about 26 .

i mﬂlmmters 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 ahout’
11 Nm/deg in axial rotation, about 0 Nm/deg to about 7 Nm/deg in ﬂemon/extenswn, and

‘ about 0 Nm/deg to about 5 Nnv/deg in Iateral bending. In addition, the disc 10 preferably

offers compressxon stiffness from about! 100 N/mm to about 5000 N/mm and tension.
ltlﬁ‘ness from about 50 N/mm to about 1000 N/mm. Furthermore, depending on the
!ocamon of the spine where the disc 10 i is | Jmplanted the intervertebral disc 10 pmfcrably
allows for a range of motion of about 5° to about 45° in flexion/extension, of about 3%t
about 337 in lateral bending, and about 1" to about 60° in axial rotation. The mtervertebra]

. disc 10 preferably also allows for axial compression in the range from about .2 mm to about

2 mm.

: [0081] Preferably, the upper & a.nd lower endplates 20, 22 are formed.of metal,
such as titanium,; stainless steel, tltamum alloys cobalt-chromium alloys, shape’ mcmory
qlloys or amorphous alloys. Altemahvely, however, the upper and lower endplates 20, 22
n’lay be formed of polymers including ngld -polymers, PEEK or UHMWPE, ceramics, -
composites, bone including cortical, qang:gllpus, allograft, autograft, xenograft,
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. ,deminerahzed or partially dcmmerahzcd Bone, or any other material appropnate 10 serve as
' load bearmg supports More preferably, the materials chosen for the endplaxes are chiosen’

."so a5 to.minimize wear.

' [0082]°  Furthermore, preferably, any articulating surfaces in the mtervertebral

: dxscs of the present invention include a surface polish or similar wear reducmg ﬁ'msh such

as dmmond finigh, TiNi finish, ete. in order to minimize wear, decrease partmle generatlon,

" and mcrease disc life.

[0083] The outer surface of fhe upper and lower endplates 20, 22 may be

substantially flat, wedge-shaped, etc. The outer surfaces of the upper and lower endplates
10
o generally match the shape of the ends of the adjacent vertebral, thereby provxdmg a better

20 22 may also be dome shaped with theu' radii defined in the sagittal and coronal planes to

. ﬁt in sztu

[0084] In addition, as shown in. Flgure 1, the disc 10 may include nngratmn

I resmtant features, such as, for example, splke-hke structures 18 on the outer surfaces of the
: fupper and lower endplates 20, 22. The mlgratlon resistant features may f'acihtate

engagement of the disc 10 with the ends. of the adjacent vertebra by providing. a mechamcal

. mterlock as a result of penetration and/or deformatmn of the ends of the adj acent vertebrae

'I'he initial-mechanical stability afforded hy spﬂces 18, for example, minimizos tbe risk of

L posboperaﬁve instability, movement, dtslodgmg or expulsion of the disc 10. Other
20 .
' deployable spikes, flexible spikes, flexible teeth, fins, insertable or expandable ﬁns

mgranon resistant features may include, “ithout limitation, flaps, teeth, deployable teeth

anchors, screws, ridges, serrations, or other similar texturing on the upper and lower
end.plates 20,22. Asshownin Figure 3a, deployable spikes 41 may be prov1ded and a cam

B . mechamsm 43 may be used to deploy thel splkes Alternatively, as shown in Flgure 3b, the

deployable Splkes may be configured to be deployed by an instroment (not shown) As

. shown in Figures 3¢ through 3e, respecﬁvely, examples of flexible spikes 44, shaped teeth

45, and anchors 46 are shown. Altmnauvely or in addition, bonding agents may also be

) sed to secure the disc 10 to adjacent vertebra

[0085] Furthermore, the upper :and lower endplates 20, 22 may also be coated

with abone growth inducing substance, such as hydroxyapatite, to promote bony mgrowth

o pennanently secure the disc 10 to the adjacent vertebrae. Alternatively, the upper and
lower endpiates 20, 22 may have a toughened or porous surface to facilitate hony mgrowth
A}Itemauvely, the upper and lower e:xdplates 20, 22 may have lager treated endplate layers
0 create a porous structure, or may mtegrate an ostcoconductive/osteoinductive. scaﬁ'old

'I'heendplatw 20, 22 may also be made from an osteoconductive and/or osteomducnve

17
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matenal to promote bony ingrowth. The endplates 20, 22 may further mclude amembrane
.and/or bamer to.limit the depth of bony: mgrow‘th permitted. '

’ : x : [0086] The upper and lowen endplates 20, 22 may also have 1mplant

5 '
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mnstxumentatlon attachment, guiding, and retalmng structures. For example, the: endplatas
20, 22 may have holes, slots, threads, ori i dovetail for accepting a tool used to rmplaut ‘
‘,and/or distract the vertebrae. For example the disc may include a slot formed i m the upper
and/or lower endplates 28, 22, the slot con:ﬁgured to receive an implant msemon
mstrument, a distractor or both. ) .i .

[0087] As a result of the matenal and strisctural components used, the thsc 10

- can allow flexion/extension, lateral bendmg, axial rotation, and translanon, dependmg on -
thc Ioadmg impatted on the mtcwertebra] disc. In addltlon, under various spmal loadmg
condltmns resulting from spinal movements the spring element 30 can compress, hlt,
arﬁculate and/or bend varying amounts, :

i': f [0088] With reference to F1gures 4 and 4a, a second exemplary embodxment of -

. a.n intarvertebral disc 100 is shown. Slmﬂar to the previous embodiments descnbed the '

externnl configuration of disc 100 may take on any shape that generally conforms
gecmetncally and anatomically with the: adjacemt vertebral bodies including, but not hm.wed
to cm:ular oval, ellipsoid, annular, kldney-bean, D-ghaped, C-shaped, eto. As shown dlsc
:00 includes an upper endplate 102, a lower endplate 104, and an mtennedlate elastac
mbrane 106, the elastic membrane 106 in combmatmn with the upper and lower
membmnc 106 are similar to those endplates and elastic membrane described premously in
l,'elalmn to other embodiments. The disc. 100 may also include a valve (oot ShOWIl), the =
Valve providing access to the interior 108 ofthe disc 100 for permitting the i 1nsemon of or-
qemoval 'of, a fluid as previously descnbed in relations to other embodiments. D;sc 100 -
may also include migration resistant features permanent fixation means and/or mlplmt f
mstrumamatmn attachment, guiding, and retammg structures as previously dwcnbcd in
relauon to Figures 3a - 3e and previous embodunents

T [0089] Disc 100 further may mclude a leaf spring 110 having a ﬁrst end 112
acnd second end 114. The first end 112 may be attached to the upper endplate 102 wh11e the
#econd end 114 of leaf spring 110 may compnse a roller 130 capable of rolling | on the inner
surfacc of the upper end plate 102. The leaf spring may have a central portion 116 disposed
bctween the first and second end 112, 114 and this central portion 116 may oompnse a
ﬂoncavo-convcx shape. The convex surface may generally face the lower cndp]ate 24 and
tPe concave surface generally facing the upper endplate 24. Lower end plate 104 -may
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X 'compnse a surface configured 0., accept mtennedxate section 116 which 1tse:1f 13 conﬂgured
: .to mate, aruculate, slide and pivot with fhe inner surface like aballin a socket Whlle: the

1ea.f spring 110 is described herem as attached to the upper endplate, it may altematlvely be

. attached to the Iower endplate 104 so that its concavo-convex intermediate secnon 116
= mteracts with the inner surface of the uppm' end plate 102. Tt is noted that altlmugh the

artlculatmg surface of leaf spring;110 is :}lustrated as being disposed near the center of the
iInﬁzaf spnng, the articulating surface may be located at any point along the 1eng1h and/or
mdth of the leaf spring, as appropnate to prowde the desired articulation.

- {0090] The second nnattached end 114 of leaf spring 110 may be pmv;ded thh .

%a roller 130 on an axle 132, the mllcr 130 bemg freely rotatable about the axle 132. Thc

.second end 114 of leaf spring 110 may shde or roll along the inner surface of the upper -

' endplate 102 dunng axial loadmg or compressmn and during axial unloading or tensmn

. |The leaf spring.of this embodlment is thus a.'llowed to translate as it is flexed, pmvtldmg a

greater range of flexibility compared to leaf springs constrained at both ends, Inan
altematwe embodiment, the leaf : sprmg IID may have a rounded end instead of a rol]er 130 '
for shdmg directly along the inner surface of the upper endplate 102.

" [0091] The lower endplate 1~04 may comprise a pocket 106 for rccewmg a pad
120 The pad 120 may have a- lower surface for engaging the lower endplate 104, and an’
upper Surfage comprising a concaVc secnon 122 configured and dimensioned to mate w1th

- ithe: eniarged intérmediate convex secnon 116 of leaf spring 110. The type and amount of

§arhculat-10n provided by the spnng and pad may be adjusted by controlling the ¢urvature

) provnded on the intermediate sectlon 116 and concave section 122. Where the mtcm:emate

‘ ;iectmn 116 has the same radius as the concave section 122, the disc 100 may prowde

greater support but more constrained movement Altematively, where the concave section

‘ 122 has a larger radius of curvature than the intermediate scetion 1 16, the disc may provide

)

[0092] The mtermcdxate member 116 and concave secuon 122 may also takc on:
:)ther contours to achieve the des1red articuldtion. The concave section 122 of the pad 120
rnay be convex to mate with a concave lntermedlate section 116. Moreover, while the

concave section 122 and xntennemate member 116 are shown with contours that generally

des:red articulation, .
[0093] Furthermore, the compressxon and sliding of leaf spring 110 may vary

ep;‘-ndmg on the area or areas of Ioadlng For example, loading one end of disc: 100 may

ti !.n greater compression of d.lsc 100; «when compared with an opposing end of dlsc 100.
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Additionally, the pad 120 and the pocket 106 may be configured to allow the pad to
uanslata within the pockct 106. The varymg movcments, i.e. compression, of leaf spnng
110 and u'anslanon'of leaf spring 110 Wlﬂ'l respect to the pocket 106 may allow a movmg
msmntaneou.s axis of rotation. - '
: [0094] Leaf spring 110 may be formed from any appropriate matenal known in.
: ’the art including, for example, polymers, ceramics, composites and metals, such as cobalt-
‘chromium alloys, titamium alloys, stamless steel, shape memory alloys, and amorphous
alloys. The pad 120 may likewise be formed of similar materials.
[0095] Dependmg on the locatmn of the spine where the disc 100 is lmplanted,
the dlsc 100 preferab]y restores height, natural spinal curve (or sagittal balance) shfﬁxess
‘ offers compresmon snffness, and allows a range of motion similar to that dmcnbcd in ’
relaﬁon to previous: embodiments.
. [0096]) With reference to Flgure 5, a third exemplary embodiment of an

R mIe'rVertebra] disc 150 is shown. Similar to the previous embodiments descnbad disc 150
15:

may take on any shape that generally conforms geometrically and anatomxcally with the
.ad_]as:ent vertebral bodics including, but niot limited to circular, oval, ellipsoid, annular,
,ludney-bean, D-shaped, C-shaped, etc. As shown, disc 150 includes an upper endplate 152,

, !a lower endplate 154, and an intermediate elasttc membrane 156, the elastic membrarie 156

‘ m combination with the upper and lower: endplates 152, 154 deﬁmng an interior- volume
158 The endplates 152, 154 and elastic membrane 156 are similar to those prewously
des::nbed in relation to other embodimenits. The disc 150 may also include avalve (not

‘, shown), the valve providing access to t.he mtenor 158 of the disc 150 for pcrmlttmg the.

‘ mserhon of, or removal of, a fluid as prevmusly described in relations to other
ﬁmbodunents Disc 150 may also include mlgratlon resistant features, permanent ﬁxatmn
means and/or implant instramentation attachment guiding, and retaining stmctures as

' -prevmusly described in relation to Figures 3a-3¢ and the previous embodiments.

; [0097]  Disc 150 may further include a medial articulating member 160 attanhed
to one-of the upper or lower endplates 152, 154, preferably the lower endplate 152 The
arnculatmg member 160 may have a convex lower surface 162 that is conﬁgm-ed and
dxmensxoned to articulate with respect to concavc surface 164 formed on the inher sm'face
of one of the lower endplate 154. The curvature of the corresponding amculatmg surfaces
{162 164 may be mampulated as necessary to provide the desired amount of aruculanon and

translation between the endplates 152, 154, as has already been described in relatlon to ’
ther embodiments. ' '
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[0098] Alternatively, the artiéﬁlating member 162 may comprise éli:.ilzaiicéve ‘
iower surface configured and damensmned to tate and articulate with respect’ to a convex
surface formed on the inner surface of the opposing endplates 152, 154. Furthermore, the
concave surf‘ace 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. Mounting the concave '

surface 164 onto the inner surface of one:of the endplates 152, 154 permits the concave

‘ gurface 164 to be made from a material d:fi‘erent from that of the associated endplate, for .

. - ﬁxample, polyethylene or other polymer or a shock absorbmg material may be prov1dcd, as

1o

15

20

25

35.

:‘thereof

: descn'bedm more detail later, . ;

[0099] The articulating member 160 may be attached to one of the endplates

1152 154 by any fixation method known m the art including, but not limited to bondmg

agents ultrasomc welding, screws, nmls, mechamcal wedging, and pins. Prefembly, '
'howe.ver, the articulating member 160 may be attached to one of the endplate. 150 152 via
an mtermedaate shock absorbing layer 170 The shock absorbing layer 170 may bean

'!elastomer, molded or bound polymer ﬁbera polyurethane, silicone, or any other surtable

}elasuc matena.l having the appropriate shock absorbing properties. Articulating member
160 may be fabncated from a metals, polymers, composites, ceramics, or any oombmauon

[001 00] The disc 150 may also include an additional elastic membrane 172
lconﬁgured to confine and/or secure the artlcula’cmg member 160 to one of the endplates

' 152 154 and/or to encapsulate the shock absorbmg layer 170. The additional elastlc

membtane may be a bellow which may pmwde shock absorption, compressmn res:stance

: iaud added stability for the articulating member 160 1n shear.

[001 01] Depending on the 1ocatmn of the spine where the disc 150 i 1s implanted,

, tbe dzsc 150 preferably restores height, natural spinal curve (or sagittal balance), stszness, _

oﬁers compressmn stiffhess, and allows 4 range of motion similar to that descnbed in -
relatzon o prcvmus embodiments.

[001 02]  Asaresult of the materxals geometry, and components used, chsc 150
can allow flexion/extension, lateral bendmg, axial rotation, and translation, dependmg on
the loadmg conditions imparted on the mtervertebral disc. In addition, under vanous spmal

;loadmg conditions, the shock-absorbing layer disposed between the aruculanng member
r160 and one of the ¢endplates 152, 154 can’ ‘compress and/or bend varying amounts,

de dmg on the location of the compressed and/or bent area with respect to the area or -
ms of leadmg. Furthermore, disc 150 penmts different regions of the disc 150 to
mptess varymg amounts. '
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- [00103}  With reference to Fxgure 6, a fourth exemplary embodimcﬂ: 6f an '
mtervcrtcbral disc 200 is shown. :Dis¢ 200 has a generally circular shape with an upper

o endplate 202 a lower endplate 204, and; a slotted core 206 having an upper curved surface

:and a lower flat surface. The dlSC 200 may take on any other shape that appropriately

:;ccnforms geometrically and anatomlcally with adjacent vertebral bodies, mcludmg, but nat

‘limited to, kidney-bean shape, oval, annular, ellipsoid, C-shape, D-shape etc. Other featurcs
: ,.descnbed prevmusly with respect to the other embodiments, such as the mlgxamon resistant

‘ structures, permanent fixation features and/or implant imstrument attachment, gmdmg and

. "retzumng structures may be mcluded an endplates 202, 204. Furthermore, the outer surfaces

:of the upper and lower endplates, 202, 204 smay be substantially flat, wcdge—shaped etc.”
The outer surfaces of the upper and lower endplates 202, 204 also may be dome shaped
with then- radii defined in the saglttal and coronal planes to generally match the shape of the
‘ends of the adjacent vertebrae, thereby prov1dmg a better fit in situ. Preferably, 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 matenals prcwously
idescribed’in relation to earlier embodzments '

: [001 04]  Asshown, the lower »endplate 204 preferably includes a pocket 208
Tocated or its inner surface, the pocket 298 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 mtegral piece. Where the core is formcd as a separate piece, it may compnsa a
different material from the end plate 204, thus, a metal end plate may be prowded having,
;for example, a polymer mating feature core 206.

‘ [00105] Where the core 206 stnd endplate 204 are formed separately, the dlsc
‘200 may also include a c-ring (not shown) or simnilar structure, such as a lip or rmg located
thhm or adjacent to pocket 208, to retain the core 206 within the endplate pocket 208.
'Such a ring may be configured to prevent the )core from translating with respect to the
sndplate 204, or it may allow translatmn o:f the core in one or moro du'ecnons.
Altemahvely, the cote 206 may be retamed in pocket 208 by means such as wcldmg, press-
fitting, staking, or bonding a cap (not shown) 1o the lower endplate 204, the cap covering a
portwn of‘the core 206. 1 . ,

' ' [00106]  Although pocket 20&1s shown as having a circular shape, the: pocket
may take on any other appropriate shape ‘including, but not limited to oval, elhpﬁcal
ludney-bean shaped, rectangular, ete, ‘Wiiere the core and endplate are formed as separate
-ineces, pocket 208 may be wider or lcmger than slotted core 206, thus allowmg the core 206
to lranslatc within the pocket 208 durmg opcratlon Alternatively, the pocket 208 may
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faséume various. chmensmnai conﬁgu.ratiqms necessary to allow translation of ﬂ'xe core 206
‘'within the pocket only along syaczﬁc dlrectlons Thus, the pocket may be provnded thh a
saine general Wldth as the core in all dm,ctlons but one, the pocket being w1d6'r than the
.:corc in that one.direction (e.g. the anteri or postenor direction). Thus, a pocket that is wider

-than the core along the antenor~postenor axis may allow the core to translate m the

:antenor-postenor direction during use. Correspondmg modifications to the pocket

N geomeu-y may be made to allow translatmn in other directions, such as medlal-lateral

: : '[001 071,  The inner surface of tihe upper endplate 202 may have a coneave matmg -
feature 210 configured to acoept the uppier curved surface 212 of the slotted core 206
:Preferably, the mating feature 210 allows the upper end plate 202 to artlculate Wlth respect

Cto the slotted core 206. This mating feature 210 may be integral to the upper ehd plate 202

or it may be formed as a separate piece, fit to the end plate. Where the matmg fea‘axre is

* :formed as a separate piece, it may comppse a different material from the end plate 202,

Thus, 2 metal end plate may be prov1ded having, for example, a polymer matmg feature
210, : i : SN
[o01 08}' As prewously descnbed in relation to other embodunents the '

' m'uculahng surfac&s may be reversed, that is, mating feature 210 may be pmmded in

.convex form, and the slotted core may bb provxdcd with a concave surface. Furthermore,
the type and amount of articulation and/or translation provided by the disc of ﬂus

' embodiment may likewise be adjusted by adjustmg the curvature of the canvexand concave
surfaces as previously described in relatlon to other embodiments. By allowmg artmulatmg
-and translational movement between the endplates, a moving instantaneous axxs of rotation.
‘is-allowed that appmxnnates the motxon'of a natural intervertebral disc. '

[00109]°  The slotted core 206]may be resilient, allowing it to compress under
axml loading, thereby providing shock absorpuon Thus the core 206 may have at least one
slot 216 cut into its periphery. Slots Zlq may be straight or curved and may extend
hOnZOntally, vertically, or obhquely Slots 216 may also vary in length and vndth and may .

" be prov:ded at various depths through tha core. The slots 216 may increase the '
compressxbxhty of slotted core 206 and thus give additional shock absorbing qualmes to the’
chsc 200. The arrangement and conﬁgurauon of the slots provided in the core 206 maybe
of any combination appropriate to pr0v1de the desired degree of compre551b111ty

[00110]  Although shown as havmg a round footprint, the slotted core 206 may
be any other shape including oval, rectaqgular elliptical, and kidney-bean. Preferably the .
shape of the slotted core 206 matches thh the shape of the pocket 208 formed on the inner
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Lsurfacc of the lower endplate 204. Slotted core 206 may be formed from matenals
,mcludmg, for example, ceramics, compemtes, polymers, or metals such as cobait-chromlum

.alloys, stainless steel, and tltamum alloys Alternatively, slotted core 206 may be made up

.lof two components (not shown) ¢ of d}ffemr,g materials. Also, as previously stated, the

'slottcd core 206 may be made integral wrth the lower endplate 204,

[001 111 Disc 200 may also mclude stiffness restoration features such as an
elastlc membranc, an elastomer rmg, beIlow, springs, or fluid as previously discussed in
relatwns to other embodiments. Dlsc 200;may also incorporate additional shock absorbing
features as prevxously dxscussed in relatlens to other embadiments. : :
i . [001 12] Thedisc 200 endplatcs -may have migration-resistant structures provxded "

: .on the outer surface of at least one or both of the endplates to impede movement,
‘ ‘dlslodgmg, or expulsion of the endplates within and from the ends of the adjacent vertebrae.

The mlgratlon-resmtant structures mclude. but are not limited to, flaps, splkes, teeth, fins, .

-,dcployable spikes, deployable teeth, ﬂex:ble spikes, flexible teeth, altcmanvely shaped
. 5te=th, msertable or expandable ﬁns scrcws hooks, serrations, ribs, and textured surfaces

[()01 13] Furthetmore, the upper and lower endplates of disc 200 aIso may be

icoated with a bone growth inducing or conducting substance to promote bony mg;;ow-th to
l~p_erman¢nﬂ:y secure the disc o the adjacent vertcbrae. Altemnatively, the upper:gnd lower -

;endplates may have a roughened surface; a porous surface; laser treated endplat'e layers;

iintegrate an osteoconductwe/osteomducﬁve scaffold; or may be provided with or made

from an integral osteocOnducnve and/or osteomductlve material to promote bony ingrowth.
[001 14] Depending on the locatlon of the spine where the disc 200 i 1s lmplamted,

the dlsc 200 may restore height, lordosm, stlﬁ"ncss offer compression shffness, and allow a

range of motlon intended to rmmlc that of the natural intervertebral disc, or as requned for :

|the parucular procedurc

[001 15] In addition, preferably, as discussed with previous embodmmts, the .
arnculanng surfaces of disc 200 mclude a ‘surface polish or similar wear reduclng ﬁmsh
such as dmmond finish, TiNi ﬁmsh ete. m order to minimize wear, decrease parucle

‘ geratlon, and increase disc life.

[001 16] Asaresult of' the mateznals geometry, and components used, disc 200

‘can allow ﬂcx:on/cxtcnsmn latcral bcndmg, axial rotation, and translation, depe;ndmg on

' ithe loading conditions imparted i on the mtervertebral disc. In addition, under vanqus spinal

ﬂoading'condiﬁons the slotted core 206 dﬁn variably compress and allow for diﬁ'efent
regions of the slotted core 206 to comprees in different amounts, depending on the locanon

and type of spinal loading, thus allow1ngd1fferent regions of the endplates 202; 204 fo be
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. compressed different amounis. This vmablc compression of slotted core 206 &lso allows

' xfor a movmg instantaneous axis of rotatmn

[00117]  With reference to Flgure 7, a fifth exemplary embodiment of an
‘-mtervertebral disc 250 is shown. Disc 250 has a generally circular shape with an upper
rendplate 252, a lower endplate 254 a cap 256 and a ring spring 258, Disc 250, howaver

_ ,may take on other shapes that prefearably confonn geometrically and anatommal]y with -

,adJacent vertebral bodies, including, but not llmltbd to, kidney-bean shape, oval, annular

eIllpsmd C-shape, D-shape ete, , '
{001 18] As shown, the lower endplate 254 preferably includes a pocket 260

‘located ‘on its inmer surface, the pocket 260 is designed to receive a ring spring 258 having 2 '

. tapered outer surface, and a cylindrical i mner surface Preferably, the pocket 260 has a

itapered inner surface for mating with thc tapcrcd outer surface of the ring spnng 258,

Although pocket 260 is shown as havmg a circular or conical shape, the pocket 260 may
'take on any other shape including, but not limited to oval, elliptical, !udney-bean, or

B rectangular . .
' [001 19]  Pocket 260 may be larger in dimension than the nng spring 258 to. al]ow
the rmg spring 258 to translate within the pocket 260. As with the pocket of the prewous '
',embodlment, pocket 260 may be specifically dimensioned to allow limited tanslatmn of the

- rmg spring 258 in one direction, By allowing translational movement, a moving

'fmstantaneous axis of rotation is ¢created... This movmg Instantaneous axis of rotatmn more
‘natm-a]ly replicates the motion of 2 natural intervertebral disc.

: [00120] The dis¢ 250 may also include a c-ring (not siown) or similar ‘type
structure, such as a lip or a ring located w1th1n or adjacent to the pocket 260, to retaln the
rmg spring 258 in the pocket 260. Altcrntwely, the ring spring 258 may be retamed in

pocket 260 by any means known in the art including, but not limited to, Weld.lng press-

< ';ﬁttlng, stakmg, or bonding, As prewously statecl the ring spring 258 is mamtamed in the

pocket 260 in a manner permitting the nng spring 258 to translate within pocket 260, In
ione- embodunent, the ring spring and cap. may be retained in the pocket 260 by alid that
5m:\gages; the lowe:r endplate 254 and that covers at least a portion of the ring spnng 258
and/or. the cap 256. '

'f00121]  Thering spring 258 1s preferably a spring-like element that compresses
under axlal loading to provide shock absorptxon flex and compression resustance Although
shown as having a general “C” shape wnth a circular footprint, the nng spring 258 may be
any other shape including oval, rectangular, elliptical, and kidney-bean. Prefera.bly the

shap‘e‘of the ring spring 238 matches w:th the shape of the pocket 260 formed on the inner
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surface of the Iower endplate 254., The nng sprmg 258 may be formed of any appropnate
materal known in the art mcludmg, for example, ceramics, composites, polyn}ers or metals,
such as cobalt-chromlum alloys, stmnlcss steel and titanium alloys. ’ '

[00122] As shown, the ring. spnng 258 has a top surface 264, 8 bottom surface
266, an-outer surface, 268 and an inner surface 270 defining a central bore 272 for mating
mth a shank 276 formed on the cap 256. Prefcrably, the outer surface 268 of the ting
spnng 258 is tapered to mate and. engage with the inner surface of the pocket 260 In
‘addition, the ring spnng 258 may mclude at Jeast one slot 262 formed and/or dut into its-

f penphery The slot 262 may be straight or curved and may extend honzontally, vemcally,

-oT ob]lquely The slot 262 may also vary m length and width. Preferably, as s’hown, the
rmg spring 258 mcludcs one vertical slot 262 extending from the top surface 264 the hottom
surface 266 of the ring spring 258, and extendmg from the outer surface 268 to the inner
_surface 270 of the ring spring 258, The' mclusmn of this slot 262 increases the

‘compressibility of the ring spring 258 and t.hus provides additional shock absorbmg

quahu«es to the d1sc 250. .
[00123]  In an alternative embodlmcnt the ring spring 258 may mcarporate a

plurahty of slots 262-(not shown) runmng from the top and/or bottom surfaces 264, 266

part way through the thickness of the nng spnng 258 to provide desired compreSSWe

‘ charactcnstlcs of the disc.

[00124] . The disc 250 may also mcIude a cap 256 having an enlarged body

_section 274 and a shank 276. The juncture between the enlarged body sectlon.'274 and the

shank 276 may form a shoulder 278, the shank 276 e configured and dxmensmned tobe

' recelved within the central hore 272 of the i ting spring 258, and the shoulder conﬁgured to

engage the top surface 264 of the ting sprmg so that the cap 256 may sit on top of the nng

sprmg 258 when the two pieces are assembled. In one embodiment, the central bore 272 is

latger than the shank 276 thus per;mttmg compression of the ring spring 258 ma closure of

_’the gap created by the at least one slot 262 ivhcn a compressive force is placed on the disc

'250. Also, providing a central bore 272 wluch is larger than the shank 276 may petiit the

‘cap 256 to translate with respect to the rmg :spring 258.

1
t

[00125] As previously descnbed the shoulder 278 of cap 256 ccmtacts the top
surface 264 of the ring spring 258. Thus, axxal loads applied to the cap 256 may be
tmnsmltted dlrectly to the ring spring 258 pressing it down into the pocket 260 As the ring
spnng 258 is pressed into the pocket 260 the tapered outside surface 268 of the ring spring
’710 ‘engages the: tapered surface of the pockct 260, in the process compressmg the at least

:One slof:s 262. This e.:lastlc compre;ssmn gf nng spring 258 under axial loadmg provides the

o
1 .
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desu'ed shock absorption and compressmn resistance. The size of and number: ef slots
prowded in the ring spring may be selected as appropriate to provide the desued
compxesswe characteristics of the disc..

[00126] The axial d1splacement of the ring spring 258 may be lumted by
decreasmg the depth of the pocket 260, by decreasing the width of the slot 262; .by
mcreasmg the thickness and/or length ofthe shank 276, or by a combination of any orall of
these options. Alternatively, a coil spnng or elastic layer (both not shown) may be supphed
in the pocket 260 to provide an upward bias to the ring spring 258. P '
[00127]  The disc 250, as previously stated, also includes an upper endplate 252.

. Preferably, the inner surface of the uppex;.endplate 252 includes a mating surfac!g 280 which

‘is dimensioned and configured to mate v"v'ith the 1op surface of the enlarged hodﬁ/’ secticm
274 of the cap 256. Preferably, the matmg surface 280 on the upper endplate 252 has a
concave surface configured fo articulate thh a convex surface formed on the: top surfaceof
.the cap 256. Alternatively, the mating surfaca 280 may comprise a convex surface and the
top surface of the cap 256 may be concave As previously described in relatlon to other -~ *
_embodiments, the degree of curvature may be-adjusted for either or both surfap;s in order to
' provi'dé the desired articulation and/or éﬁnslation between the upper endplate and the cap .
256 "
' [00128] In an alternative embodlment the mating surface 280 is provxded asa.
 separate plecc from the upper endplate. 252 -The mating surface 280 in such a case may :
_comptise 2 material different from that of the endplate 252 (for example, the cnd plate ma,y
- betitanium while the mating surface may be a UHMWPE). The articulating surfaces of .
: : disc 250 may also include a surface pol_;sh or similar wear reducing finish such as diamond
* finigh, TiNi finish, ete. in order to rmmmlze wear, decrease particle generaﬁon,é'and increase .
chsc life. | o |
: [00129] In an alternative emﬁédimént, the separate cap 256 may be elmunated, ;
.and the ring spring 256 may mcorporatea convex upper surface 264 configured to articulate
. within the mating surface 280 of the upper cndplate 252 .
[00130] The disc 250 of this embodnncnt may comprise the addluonal features '
. described previously with respect to the’ other ernbodiments, such as migration mmstant
structum, permanent fixation features such as porous surfaces or coated surfaces, and/or
mlplant instrument attachment, guldmg, and retaining structures may-be 1ncluded on
endp]ates 252, 254. Furthermore, the outer surfaces of the upper and lower endplates 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 w1th their radii defined in the; sag:ttal and.-
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corpnal planes to generally match the shape of the ends of the adjacent vertebral tbereby
prov:dmg a better fit in sitw. The outer’ surfaces may further corprise at ‘east: uur: gluove
slot or other features appropriate to allow the disc to be engaged by an mseruon instrument.
Prefcrably, the.upper and lower endplates 252, 254 are made from metal. However, the:
;prevmusly described. .

: [00131]  Disc 250 may alse mclude stiffiess restoration features such as an
eIasuc membrane, an elastomer ring, bellow, springs, or fluid as previously chs«:usscd m
re]auons to other embodiments. Disc 250 may also incorporate any of the shock absor’omg

s featurcm previously discussed in relauonsto other embodiments. o §

[00132] Depending on the locanon of the spine where the disc 250 iy 1mp1anted
the disc 250 preferably restores height, lordoms, stiffness, offers compression’ st:ﬂi:less, a;nd
allows a range of motion similar to that descnbed in relation to previous embodunents

[00133] As aresult of the ma.tenals geometry, and components used, disc 250

‘can allow flexion/extension, lateral bendmg, axial rotation, and translation, dependmg un

the loading conditions, In addition undm' various spinal loading conditions the ring sprmg
258 can compress varying amounts, Tlus varying compression of ring spring 258 a]lows

.for a movmg instantaneous axis of rotation, In addition, the ring spring 258. penmts

dlffe:rent rchons of the disc 250 to compress varying amounis.
. [00134]  With reference to Fxgure 8, a sixth exemplary embodiment of an

‘mterveztebral disc 300 is shown. Disc 300 has 2 generally circular shape with an upper:
) endeate 302, 2 lower endplate 304, and a winged leaf spring 306 having lateral ends-310.

The disc 300, however, may take on othér shapes that preferably conform geometncally and

: ana‘comlcally with adjacent vertebral bodles, including, but not limited to, kidney-bean .

shape, oval, annular, ellipsoid, C-shape, Dushape etc. Other features described prewously

Emth respect to the other embodiments, such as migration resistant structures, permancnt
. ﬁxatzon features and/or implant mstrument attachment, guiding, and retaining smlcturm
5may also be included on the outer surfaces of endplates 302, 304. Furthermore, the oute.r
fsmfacm of the endplates 302, 304 may be substantially flat, wedge-shaped, ete. The outer

sttrfaces of the upper and lower endplatcs 302, 304 may also be dome shaped with their

~radn defined in the sagittal and coronal planes to generally match the shape of the ends of -
‘the adjacent vertebral, thercby prowdmg a better it in situ. Preferably, the upper and IOWcr
endplates 302, 304 are made from metal, However. the upper and lower endplatc 302, 304

may alternatwely be made from other matena]s as already described.
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[00135] As shown, the lower endplate 304 preferably includes a cut-out 308

| :(z e., dpoct:= ) on its inner surface, the cut-out 308 configured to receive at least a center

i .portlon of winged leaf spring 306. The lower endplate 304 may support the wmged Jeaf
;spnng 306 along at least a portion of its- lateral ¢nds 310, and the center portion . 314 of the
‘Ieaf spring 306 sits within the cut-out 308, there being a gap between the bottorn surface of
-the leaf spring 306 and the bottom surfade of the cut-out 308. Thus, when the leaf sprmg 1s
; subjected to an axial compressive load, the lateral ends 110 may flex, allowmg 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 sme of the

initial gap between the leaf spring and the cutout may be selected, along with the suffness

jZ'of the lateral ends 310, to achieve a dcsn:ed compressive stiffness, as well as amaxunum

- axial compression, of the disc 300. The latetal ends may have stiffnesses that are.

. substantially equivalent, or their snffnesscs may be substantially different. Likewise, the

: bottom:of the cut-out 308 may be substannally flat, or it may be angled to allow greatar ;
deflection of the center portion of the 1eaf sprmg in a desired direction. The smffnesses and
" gaps may be selected as appropriate to mmuc the properties of the patient’s nonnal
mtervertebral disc, or as appropriate for the particular procedure.

[00136] Further, the depth of the cut-out 308 may be preferably dc:‘ep enough- to

allow the winged leaf spring 306 to flex, however it is more preferable that the dcpth of the
'cut-out 308 is not so deep as to prevent faﬂure of the flexing portions of the winged leaf

. spring 306 as flexing of the winged leaf spnng 306 provides shock absorption and -

‘ compressxon resistance which is prcferably desxgned in disc 300 to mimic the compressmn
. Tesistance and shock absorption characteristics of the natural intervertebral dlsc, orthat

: prowdes the compression resistance approprnate to the particular procedure,

[00137] Although cut-out 308 1s shown as having a rectangular shape, the cut-

" out 308 may take on any other shape mcludzng, but not limited to circular, oval, elliptical,
kidney-bean, or rectangular. The out-oit 308 may be larger in dimension 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 movemmt, amoving
instantaneous axis of rotation is created{ which more naturally replicates the motion of a -
_naturak mtervcrtcbral disc, - .

. [001 38] The disc 300 may mclqde an upper endplate 302 having in inner surface

comprising a mating surface 316 whtch_ 1s dimensioned and configured to mate with the
articulating 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 havea
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| convex proﬁle -and the mating surface 316 of the upper endplate 302 may be convex and
the 2 artlcula..mg surface 312 of the cenu-al body 314 may be concave. As dlscussied P

prevmusly in relation to other cmbodunents, the degree of curvature of the concave/cnnvex
suifaces may be selected to provide the desncd amount of articulation to mimic the
propemes of the normal intervertebral dlsc, or may be as required for the parucular
proc.edure

' [00139] Tn an alternative embodlment the Jateral ends 310 of the wmged Ieaf
sprmg 306 may have a constant ﬂnckness, length and width. Altemnatively, the lateml 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 gradua}ly 1mreases
ﬁnm thc outer periphery of the lateral edge 310 toward the articulating surface 312 Or 1t

' may- be fairly abrupt. In addition, the wmged leaf spring 306 may include one or more slots

or growes in either the lateral ends (not shown) to further increase the spring’ ) ﬁe:ubllity
[00140] Although shown as havmg a rectangular shape, the winged 1caf spnng

1306 may be any other shape including oval circular, elliptical, kidney-bean, etc. Preferably

thc shape of the winged leaf spring 306; matches with the shape of the cut-out 308 fon'ned
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 mctals
“such as cobalt-chromium alloys, stamless steel and titaniurm alloys.

[00141] Alternatively, the chsc 300, may include a lid or nng member (not 4

: shown), configured to retain the wmged leaf spring 306 in the cutout 308, thus prevcntmg
'the spring 306 from dislodging. In thls mstancc, the lid or ring member may be attached to

the lower endplate 304 after the wmgcd 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 ﬁxatmn means
kx;mm in the art including, but not hxm;ed to pins, screws, welding, bonding, prﬁs—ﬁt, etc.

{00142]  Disc 300 may also iﬁclude: stiffhess restoration features sucil as an
elastic membrane, an ¢lagtomer ring, bellow, springs, or fluid as previously dascussed m

 relation to various other embodiments.. “Disc 300 may also incorporate addmonal shock
] absorbmg featuxes as previously desanbed in relation to other embodiments, for example,
: manufactmmg portions of the disc ﬁom elastormeric material, ete.

-[00143]  In addition, the arucula’ung surfaces of disc 300 may be prowded with a

" surface polish or similar wear reducing! fimsh such as diamond finish, TiNi finish, efc. in

order to minimize wear, decrsase pa.rttcle generation, and increase disc life. ;
.[00144] = Depending on the locatmn of the spine where the disc 300 rs lmplanted
the disc 300 preferably restores helght,:nat\ual spine curve (or sagittal balance)? stiffness,
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-offers. compressxon stiffness, and allows a range of motion similar to that descnbed in

relation to previous embodlmenfq

[001 45} As a result of the matcnals, geometry, and components used, disc 300
can allow ﬁexmn/extensmn, lateral bendmg, axial rotation, and translation, dependmg on
the loadmg; conditions imparted on the mtervertebral disc. :

[00146]  With referencé to Flgure 9, a seventh exeniplary embodiment af an !

: intervertebral disc 350 is shown. Disc 350 has a generally circular shape with an upper;
, endplaw 352, a lower endplate 354 a leaf spring 356 and an articulating cap 358 However,
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. the disc 350 may take on other shapes that preferably conform geometrically and

. anatomically with adjacent vertebral bodies; including, but not limited to, ksdney-bean

shape, oval, annular, ellipsoid, C- shape, D-shapc ete. Other features described prevmusly

. with respect to other embo&mcnts, such as migration resistant structures, permanent

fixation features and/ot implant mstrument attachment, guiding, and retmnmg structures

- may be included on endplates 352 354." Furthermore, the outer surfaces of the upper and

lower endplates 352, 354 may be substanﬂally flat, wedge-shaped, etc. The outer su:faces

" of the upper and lower endplates 352 34 may also be dome shaped with their radu defined -

in the sagittal and coronal planes’ to gcnerally match the shape of the ends of the adjacent
vertehra, thereby providing a better fit in situ. Preferably, the upper and lower mdplates

352, 354 are made from metal. Howevpr, the upper and lower endplate 352, 35_4 may

alternatively be made from other materials. as previously described.
[00147]  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 aleng a bottom surface of the leaf spring near its outer

perimeter, creating an axial gap betwccn the leaf spring 356 and the recess 362. Thus,

- when an axial load is applied to the top: surfacc of the leaf spring, it may flex toward and

* into the recess. The pair of first shoulder members 364 may be integrally forried thh the

Jower endplate 354 or they may cornpnse separate pieces.

[00148] The lower endplate 354 further may have a pair-of second shoulder

" membets 365 located axially above and radially outward from the first shoulder membcrs

364. The second shoulder members 365 are configured to engage the penmeter edge of the
leaf spring 356 to retain the spring Iaterally (ie. translationally) to ensure that the leaf
spring remains centered with respect to. the first shoulder members 364 and the recess 362,

. thus agsuring appropriate spring flexmn, The second shoulder members 365 may be

conﬁgured to restrain the leaf spring sa as to prevent all translational movement.
Alternatively, however, the second shqgﬂder members 365 may be laterally offset from the -
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| disol

,' ' leaf sprmg in at least one dxrectlon thus allawmg the leaf spring to translate in the at least
© one dlrecuan. By allowing such uanslainonai movement, 4 moving mstantancous axis of

rotanon is created, which more naturally rephcates the motion of a natural mtervertcbral

[00149} A cover plate 360 may be provided to cover the leaf spring, preventmg

;the leaf spring from moving amally out of emgagement with the pairs of first and second
shoulder members 364. In this embodxmmt, the cover plate 360 may be attactied to the top
:,mxrface of the pair of second shoulder members 365. The cover plate 360 may be attached |

io the second shoulder members 365 by any fixation means known in the art mcludmg, but

‘not limited to press-fit, welding, pins, screws bonding, etc. The cover plate 360 may have
_ - an outer perimeter sized to approximate; the outer perimeter of the lower cndplate 354, and

an inner opening 369 sized to accept an: aruculatwn element (to be discussed i m more detail

‘ beiow) The cover plate 360 inner openmg may include an upwardly extendmg inner edge

36‘7 that may act in combmatmn with a: conaspondmg surface on the upper endplate 352t

- limit articulation of the disc 350. The cover plate may also be configured to accept adisc

msertlon instrument. The embodiment of Figure 9 illusirates the leaf spnng 356 asa-

‘ separate element from the lower endplate 354, however, in an altemative embod:ment
N shown in Figure 94, the leaf spring 356 may be integrally formed with the lower endplate

[00150] The leaf spring 356 may be a spring-like element that ﬂexes under ax:al ‘

loadmg to provnde shock absorpnorx, ﬂcxmn and compression resistance. The: leaf Spnng

- 356 may have a uniform thickness, or 1ts tluckness may vary. In the ermbodiment 111ustrated

. in Figure 9, the leaf spring has a greater’ thlck:ness in the center thanat its ends* in the

- embodm:lent illustrated in Figure 9a, the leaf spring is thicker at the center and the ends, and

' has. thmner segments between the ends and the center, rendering the leaf spring with a

“waved shapc when viewed in cross sec’non. The leaf spring may have any t}nck:ness

. appropriate to provide the required shock absorpnon flexion and compresswn r&mstance

{00151]  The leaf spring 356 may be formed from any appropriate material

s ‘known inr the art, including, for example,,ceramms, composites, polymers, or metals such as
30 °

35

'cobalt-chmmlum alloys, stainless steel and titanium alloys.

[00152]  Articulating cap 358 may be provided with a convex upper articulation

-surface 368 and with a lower, leaf sprmg-engagmg, protrusion 370, The artmulauon surface

368 may be configured to mate and amculate with a mating surface 371 formeéd on the inner

'surfac;: of the upper endplate 352, Th_e ;matmg surface 371 may comprise a cpncave

surface corresponding to the convex surface of the articulating cap 358. Alternatively, the
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upper eﬂdplate matmg surface 371 may be convex and the top surface of the artxculatmg cap

358 may be concave. The curvatures of the respective articulation surface 368 and matmg

surface 371 may be selected to provide’ thc appropriate type and amount of articulation

_ and/or translation to mimic the movm;:nt of the patient’s natural disc, or as required for the
.parucular procedure.

. [00153]  The mating surface 371 of the upper endplate 352 may be mtegral with

.‘the endplate or as illustrated in Figure 9a it may be formed as a separate plece and attached
‘to the endplate using any appropriate ﬁxanon method known in the art, and as prevmusly

- deseribed for other embodiments. When, formed as a separate piece, the mating surface an

. may comprise a material different from that of the endplate, such as the various materials

' descnbed as appropriate for amculanon surfaces i telation to other embodlments. The

. mating surface 371 may be recessed into.a raised portion 372 of endplate 352, which may

allow the endplate 352 to be relatively thin without limiting the radlus of curvanute that may

" be provided for the concave mating surface 371 and/or requining the mating surface to be
100 shsllow. '

D

- '{00154]  The raised portion | 372 of the upper endplate 352 may compnse. a rmsed

. face 3‘74 having a raised face height “h.” The raised face 374 may be coufigured to engage

the upwardly extending irmer edge 367: of the leaf spring cover plate 360 to [imit

arhculanon of the disc 350 in at least one dlrectmn. Alternatively, the raised face 374 and
f the upwardly extending inner edge 367 may be confipured to limit articulation of the disc in

all directions. In one embodiment, the_: r;used facc 374 and inner edge 367 may be
conﬁghred to limit articulation of the msc in a single plane only, (e.g. the medial-lateral
plane). The raised face 374 and inner édge 367 may comprise any combination of

. configurations appropriate to provide thé disc 350 with the desired range of articulation in

all planes. Thus, the raised face 374 helght “h” may be different at different locations
about the disc, for example, the he:ght “h” may be smaller on the anterior and posterior
sides of the disc 350 and greater on the lateral sides of the disc, thus controllmg the degree
of articulation in the anterior-posterior: d:rect:on Alternatively, the raised face 374 and
inner edge 367 may comprise mating smfaces, such as flat faces, correspondingly curved
surfaces, angled faces, stepped faces, eté., to control the degree of articulation of the disc in
the dmred difection.

- [00155]  The hottom surface of the articulating cap 358 may furthen.' comprise 2 .
protrusion 370 which is dimensioned a.nd configured to mate with a groove 366 formed on
the upper surface of the leaf spring 3561 Thus, the cap 358 may be at least partlally
mtraaned within groove 366, In one embodxment groove 366 may be sized the same or
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only shghtly larger than the protrusion 3“/’0 thereby rendering the cap restramed ;
transversely In an alternative embodmﬁent the groove may be larger than the protrusioi in
.at least one direction (e.g. along the antenor-postenor axis), thus allowing the cap 358 to
.move transversely (Z.e. translate) in that 'dxrccnon during operation, By allowing
translattonal movcmemt a moving mstamtaneous axis of rotation is provided. Thls movmg
mstantaneous axis of rotation may more naturally replicate the motion of a natural
mtervertebral disc. '. ; ' :

[001 56] Alternatively, the pmtmsmn 370 may be rigidly secured w:thin the
| groove:366, thus permitting no translanpna] movenent. L

[00157] 1t is noted that althcugh the groove and protrusion are lllustrated as .
havmg substannally corresponding rectangular shapes, the protrusion 370 and gmove 366
may take on any other appropriate shapc known i1 the art including, but not timited to
circular, oval, ellipsoidal, etc., to prov1de the requisite translational freedom.

"~ [00158] TIn an alternative embodlment shown in Figures 9a through 9¢, the leaf
spring ?56 may comprise a post 380 an,élthe cap 358 may have a groove 382 for receiving
the post 380. The groove 366 and postl380 may be sized and configured to allow
translation of the cap 358 with respect ﬁcx the lower endplate 354 in at least oné’ direction.
When the groave 366 and post 380 are conﬁgurcd to allow translation of the cap 358, the
cover plate 360 also must be conﬁgm'ec'l 5o that the translating cap 360 does not interfere
with the coveér plate center opening 369 ' Thus, in such a case, the center openmg may be
elongzted or rectangular in the du-ectlon of translation,

'[00159]  The upper endplate. 352 may include a recess 384 for recemng an -
artxculatmg insert 386, the insert havmg a concave surface 385 configured to arhcula.te with
the convex articulating surface 368 of thc cap 358. As previously descnbed, prowdmg a
concave articulating insert 384 may pmwde the surgeon with greater ﬂexﬂnhty in selecting -
the appropriate material to comprise thp articulating surfaces while not affecting the .
material of the endplates 352, or othenmse affecting the design or installation of the other
components of the disc 350. Thus the msert 384 may be formed of any approptiate material
known in the art including but not hxmted to polymers including rigid polymers, such as
PEEK or UHMWPE, ceramics, composxtes or any combinations thereof.

[00160] When an arnculanng insert 386 is provided, the recess 384 in the upper
endplate 352 may comprise a surface ctmﬁgured to retain the insert 386, The recess may
compnse a radial rdge configured to f‘ t:within a corresponding radial groove in the msert
such that the insert may be snapped mto the recess. Altemnatively, the i msert may be.
attach?_.d.to the recess via a press fit, by using a bonding agent, or any combmﬁon thereof.
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[00161] Tn an alternative embodlmcnt disc 350 may also inclnde stlfﬁicss
restoratmn features such as an elastic memhrane an elastomer Ting, bellow, spnngs or fluid
as previously discussed in relations to other embodiments. Disc 350 may algo mcorporate
addltxonal shock absorhing features as prevmusly discussed in relations to other

: .embodlments. . .

[00162]  In addition, as discussed with previous embodiments, the articulating-
:surfaées‘of disc 350 may include a surf#ée polish or similar wear reducing finigh sugh as '
diainbnd finish, TiNi finish, etc. in crdc_;; to minimize wear, decrease particle ge;ieraﬁc:xn, '

. andmcrease dise life.
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[00163] The disc 350 endplates may have migration-resistant structures prowded :
on the outer surface of at least one or both of the endplates to impede movement,
dislodging, or expulsion of the cndplates within and from the ends of the adjacent vertebrae.
The migration-resistant structures mclude, but are not limited to, flaps, spikes, teeth, fins,
) deployable spikes, deployable teeth, ﬂexzble spikes, flexible teeth, alternatively shaped

. teeth, insertable or expandable fins, screws, hooks, serrations, ribs, and textured surfaces,
: '[00164]  Furthermore, the upper and lower endplates of disc 350 also may be
- cogted with a bone growth inducing or conductmg substance to promote bony mgrowth 1o
' pennananﬂy secure the disc to the adjacent vertebrae. Alternatively, the upper and lower
- endplates may have a roughened surfac:"e; a porous surface; laser treated endplate layers;
- mtegmte an osteoconductive/osteoindugtive scaffold; or may be provided with or made
from an integral osteoconductive and/or osteoinductive material to promote bony mgrowth

[00165] Depending on the location of the spine where the disc 350 is mtplanted,
the disc 350 may restore height, lordosis stiffness, offer compression stifﬁless,: and allow a

' range of motion intended to mimic that of the natural intervertebral disc, or as requited for
 the: partxcu.’lar procedure. ;

" [00166]  As aresult of the matenals, geometry, and components used, dch 350
can allow flexion/extension, lateral bendmg, axial rotation, and translation, depcndmg on
the loading conditions 1mpartcd on the'intervertebral disc.

[00167] With reference to Flgurc 10, an exemplary installation procedure will be
described. Generally speaking the dlsc A00 may include an upper endplate 402, a lower
endplate 404 and a core mechanism 406, the core mechanism being any spring, slotted core,
ring spring, leaf spring, coil spring, elaétomer, fluid filled or articulating disc pfeviously
described herein. The intervertebral dfsc 400 may be implanted in a modular fas}ﬂo:n, for

. example, the endplates 402, 404 of disé 400 may be inserted into the intervertebral cavity
- nsing instruments such as a distractor a:nd/or holder instrument. The intervertebral disc
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space’ may then be distracted using a standard spinal distractor which engages- ‘the endplates :
402, 404 Trial spacers may then be used to determine the appropriate size cf fhe rnTE
Inechanism 406 to be inserted in the rmultmg disc space. In an exemplary. embodnnent, thc

' core mechanism, 406 is inserted and attached to endplates 402, 404 through the use of a

dovetail, slot, or similar connection. This'modular insertion technique may avoid over-

. dxstranting the intervertebral space, wluch may damage surrounding tissue and/or blood

- 'vesscls

[001683 Alternatively, the mtervertebral disc 400 may be 1nscrtcd prcassembled '

.with the use of parncular insertion tools. For example, an endplate holding chp may be .
. used that allows the endplates 402, 404 to be held and Jocked in a parallel and spaced .
4 relatlonslup as they are inserted into the intervertebral space. Once 1mplanted, the chp may"

' be mxlocked and removed from the endp}ates 402, 404, The clip may then bc removed from

the intervertebral space. In addition, the dzsc 400 may be implanted in a compressed state

to prevent over-distraction. The mtroduc'aon of the disc 400 in a compressexd §ta1e may be

. accomplished via a surgical insertion instrument or by an intemal mechanism located in the
disc 400. 8 i

1

[00169]  An antetior, lateral,.or:anterolateral surgical approach may@-be‘ used for

' the intervertebral disc 400. Furthermore, depending on the intervertebral disc 400 to be -
" implanted, a minimally invasive surgical method or a simultaneous distraction and

implantation surgical method may be used, Simultaneous distraction and impiantation may

: be accomphshed for example, by using slots formed on the outer surface of the endplates
402, 404 to guide the implant down thc distractor during implantation. Also, dcpendmg on.

- the intervertebral disc to be implanted, an:artificial Anterior Longitudinal hgament or the

f nat\n‘al Anterior Lotigitudinal Lxgament may be attached directly to the disc or ta the
. adjacent vertebral bodies. Attachment of ‘the Anterior Longitudinal Lxgament:may assist in

preventing movement, dislodging or expilsion of the implant. To assist with the

" implantation of the intervertebral discs; the intervertebral discs may include ahgument

. markers

(001 70] While various descnptlons of the present invention are descnbcd above,

it should be understood that the various features can be used singly or in combmauon

thereof. Therefore, this invention is not to be limited to the specific preferred embodlments

. deplcted herein.

}

[00171]  Further, it should be understood that variations and modtﬁcatlons within

§ the spirit and scope of the invention may oceur to those skilled in the art to Whlch the

invention pertains. For example, some portions of the implants disclosed herem ‘may be
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- formed of bone, such as allografts, autog;afts, and xenogralts, which may be partzally or
- fully demuneralized. In addition, some nnplants may include bone m:terial or othcr bone
‘growth inducing material in their mtcnors or on/in their endplates. Such substances in the ,

- interiors may be perrmtted to interact wfth the surrounding anatoniy, as with charmels or

:Z other holes 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

] mtervertebral discs can be made rigid in: mtuatmns where fusion is necessary The
mtm-vertebral discs may be made rigid by, for example, allowing fusion between the -

: endplates, inserting spacers between thqﬁendplates, or by injecting a solidifying liquid

‘between the endplates. Accordingly, all éxpedient modifications readily attainable by one
v;réed in the art from the disclosure set:forth herein that are within the scope and spirit of
the preée.fnt inveniion are to be included':as further embodiments of the present invenﬁon.
The scope of the prescnt invention is accordmgly defined as set forth in the apptmded
claims.
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‘The Claims
: ?'Whaf is ¢laimed is '
1. An intervertebral disc for _i)lacement between first and second vertebrae

comprimng ,
. anupper endplate having a ﬁrst nmer surface and a first outer surface, the first outer

sm-face conﬁgured to contact the first Vertcbra,

a lower endplate having a secoud inner surface and a second outer surface, the

s&coud outer surface configured to contax:t the second vertebra;

2 membranc extending between the upper endplate and the lower endplate and
‘ at least one resilient member d;sposed between the upper and lower endplaies, the
res:hent member associated with at least one arcuate surface member configured to

amculate within at least one socket assoc1ated with at least one of the endplatcs

2. ‘The intervertebral disc accordmg to claim 1, wherein the at least one mhent

mcmber ﬁ.trthm' comprises a first end and a second end, the first end assomated w1th the
arcuate sutface member, the second end d15posed within a recess formed in the inBer
surface of one of the endplates.

3. The intervertebral disc éécofding to claim 1 or 2, wherein the af least'one

arcuate surface member is fixed within the recess formed on the inner surface of one of the

' endplates

‘4. The intervertebral disc accordmg to any one of the precedmg clauns 1-3,
Whe:rem the at least one resilient mcmber ‘further comprises first and second eznds aach cnd '

: further bemg connected to a separate arcuate surface member.

i
1K

“~5.  Theintervertebral disc accordmg to any one of the prccethng claxms 1-4;
wherem the at least one arcuate rnember and the resilient member are conﬁgured to, allow

!translz;tmnal movement between the upper and lower endplates.

"6.  The intervertebral disc accordmg to any one of the preceding clalms 1-5,
whe:rem the at least one resilient membem‘ comprises at least one first resilient nember and a-
;pluralﬁy of second resilient members

i'
i

A The intervertebral disc accordmg to claim 6, wherein the at least one first
mment member has a first spring constant, the at least one second reslhent membm‘ has a
sec:ond spnng constant, the first and second spring constants being substantxally unequal
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.S substanually greater than thc second spnng constant.

10

15

8:  The intervertebral disc accordmg 1o ¢laim 7, wherein the first sgnng constant:

9. The intervertebral disc ancordmg io claim 8, further compnsmg. ﬂnrd

‘ pésilient member, the second and third resﬂwnt members disposed nearer to apanpheral

:"edge of ﬂze disc than the first resilient member

10. The interveriebral disc accordmg to claim 6, wherein the first remhcnt

‘member and the plurality of second res111ent members are each attached {o at least one.

rcspectwo arcuate surface member conﬁgured to ariiculate within a correspondmg

'respecuve socket formed on the inner surface of one of the endplates.

11.  The intervertebral disc accurdmg to any one of the precedmg,cfmms 1- 10

" further compnsmg at least one elastommc strut disposed between the upper’ amd lower.

12. The intervertebral disc accordmg to any one of the precedmg clmms 1 11

o ﬁn‘ther compnmng a casing mermber dxsposed adjacent the at least one resx]:ent mcmber, ,the

: casing metuber having an articulating stirface configured to engage the arcuate suxface L

. mcmber assocxated with the resilient member

13. The mtervertcbml dise- accordmg to any one of the precedmg clalms 1 12 :

. wherein the resﬂlent member and arcuaxe surface member are integally formed

20 ¢

' inembran: encapsulates at 1east apoﬂioﬂ{of the ut least one resilient member.i >

14. . The interveriebral disc atcording to any one of the preceding clauﬂs 1-13],
further comprising a membrane disposed between the upper and lower endplates, the

15. . The intervertebral disc accordmg to any one of the precedmg clauns 1< 14

. wherem the membrane encapsulates the upper and lower endplates.

25

. 16.  The intervertebral disc accordmg to any one of the preccdmg clmms b 15

) wherem the membrane is formed of an, clastomenc material.

17. - The mtervertebral disc accordmg to any one of the precedmg cla.tmg 1-16,.

. 'Wherein the membrane comprises a ballow
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. t8.  The intervertebral disc accordxng to any one of the preceding ¢ clmms 1 17,
.wherem the endplatés and membrane deﬁne an intefior volume, the volume bemg at least

. pamally filled with a fluid.

!

§

.19. "The intervertebral disc a.ccOrdmg to claim 18, further compr:smg a valve in .

cornmunication with the volume for at least partially filling the volume with the’ fivid.

14
w
N

20, The intervertebral disc aczcordmg to claim 18 or 19, wherein the fluid is
, compresmble '

21. The intervertebral disc accordmg to claim 18 or 19, wherein the ﬂmd is

<moompresmb1e . s A

'22. ' The intervertebral disc accordmg to any one of the precedmg clmms 18 - 21,

wherem the membrana is at least seml-p}ermeablc

23, The intervertebral disc a.ccordmg to any one of the preceding cla.lms 18- 22
wherem the membrane is non—permeable

24.- . The intervertebral dise ar;cordmg to any one of the preceding: clalms 1- 23
wherem -at least one of the endplates is formed from a material selected from the group
conSIstmg of metal polymer, ceramic a.gd composuc ' f..

25. ‘The intervertebral disc aecordmg to any one of the preceding clan:ns 1- 24
‘wherein at least one of the endplates is _t’ormed of hone material selected from the group

consxstmg of cortical, ¢cancellous, allogmﬁ, autograft xenograft, demlncrahzed orpamally :

'dmnmerahzed bone. -ij‘

l"

26.  Theinterveriebral disc accordmg to any one of the preceding clmrns 1 25; .

further comprising migration-resistant structurcs disposed on at least one of the first and
- sacond outer surfaces :

27.  'The intervertebral disc accordmg to any one of the preceding clazms 1-26,
further comprising permanent ﬁxahon means disposed on at least one of the ﬁrst and
f second outer surfaces.

28. The intervertebral disc accordmg to any one of the preceding claims 1 -27, :

: ﬁlrther comprising iumplant mstrmnentaﬁon attachment, goiding, or retaining strucnnes
 disposed on at least one of the first or second end plates. ‘

40
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‘ 29.  The intervertebral disc foj_l_-;placement between first and second Y_i;z{fe}brge '

compnsmg i
a first endplate having a first mner surface and a first outer surface, thc ﬁrst outer

‘surface contacting the first vertebra;

a second endplate having a sccond inner surface and a second outer surfacc, the

. second outer surface contacting the aecond vertebra;

a membrane extending between the first and second endplates; and _
at least one leaf spring dmposed between the endplates, the leaf spring havmg first .

" and second ends, the first end attached to the first endplate and the second end conﬁgured to
he movable laterally along the inner surface of the first endplate in response to a force on

. the leaf sprmg.

30. “The intervertebral disc accordmg to claim 29, wherein the leaf spnng semnd

‘énd further comprises a roller conﬁgured to allow the second end to roll along the umer

surface of the first end plate in response to a force on the leaf spring.

31.  The intervertebral disc accordmg to ¢laim 29 or 30, wherein the second end

- further compnses an axle for plvotably mountmg the roller.

32. The intervertebral disc ej,ccording to any claim 31, wherein the roller .

.* comprises a rounded end.

33,  The intervertebral disc abcordmg to any one of the preceding cla.ims 29 - 32
Wwherein the leaf spring further ccmpnses an intermediate portion disposed between the ﬁrst
dnd second ends, the intermediate pamon having an articulating surface conﬁgured to mate
w1t]1 the inner surface of the second endplatc

34,  The intervertebral disc a@;iﬁ:ording to claim 33, wherein the ixmei':surfaceof
the second endplate further comprises an articulating surface configured to mate with the

_ articulating surface of the leaf spring i;z;termediate portion.

35,  The intervertebral disc accordmg to claim 33, wherem the inner surface of

. the second endplate further comprises a pad configured to mate with the artlculamlg smface
: of the leaf spring intermediate pm-txon

-36.  The intervertebral disc accordmg to any one of the preceding claxms 29 - 35

! further. compnsmg a membrane msposed between the upper and lower endplates the é
membrane encapsulates the leaf spnng.
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. l

37.  The intervertebral disc accordmg 10 any one of the preceding clauns 29 36,

'
H

wherem the membrane encapsulates the: upper and lower endplates. -

38.  The intervertebral disc accordmg to any one of the preceding clmms 29- 137,

39.  Theintervertebral disc accordmg to any one of the prcccdmg cla:ms 29 38

fwherem the membrane comprises a bellow o

]

’ : . 40. ° The intervertebral disc accordmg to any one of the preceding c.lanns 29 -39,

wherem the endplates and membrane deﬁne an interior volume, the volume bemg at least

. :. pam&lly filled with a fluid.

41. The intervertebral disc accordmg to claim 40, further compnsmg a valve in
i commumcahon with the volume for at Ieast partially filling the volume with the fluid:

i
!
H

i - 42.  Theintervertebral disc a(:cprding to claim 40 or 41, wherein the fluid is

43,  The intervertebral disc accordmg to claim 40 or 41, wherein the ﬂmd is

: mcompresmble

44, The intervertebral disc accordmg to any on¢ of the precedmg clmms 40 - 43,

i

i wherem the membrane is at least scml-penneable

45.  The intervertebral disc accordmg to any one of the preceding clam:s 40-43,

. wherem the membrane is non—penneable

H 1
i
!

46,  The intervertebral disc accordmg to any one of the preceding clalms 29 45,
wherein at least one of the endplates is formed from a material selected from the group

+ consisting of metal, polymer, ceramic and composite.

47.  The intervertebral disc accordmg to any one of the preceding claums 29 - 46,
wherein at least one of the endplates is formed of bone material selected from ﬁ:w group
consmtmg of cortical, cancellous, allograﬁ autograft, xenograft, dennmerahzed or partxally
! demineralized bone.

48.  The mtcrvertebral disc accordmg to any one of the preceding clmms claim
29 . 47, further comprising nngrahon—resxstant structures disposed on at least one of the first -

and sec0nd outer surfaces.
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'49. .The intervertebral disc according to any one of the preceding clalms 29 - 48,
further comprising permanent fixation méans,disposed on at least one of the fﬁfgt and

secotd outer surfaces.

50.  The intervertebral disc according to any one of the preceding cléiims 29 -49, .-
wherein at least one of the endplates is formed of bone material s¢lected from the group
consxstmg of cortical, cancellous, allo graﬁ, -autograft, xenograft, demmerallzed or partially

. de;mmeralued bone.

$1.  Auintervertebral disc for:i‘blacement between first and second vg'{rtcbrae
comprising: o .
~'a first endplate having a first innér surface and a fitst outer surface, the first outer

-gurface contacting the first vertebra

‘a second endplate having a second inner surface and a second outer surface, the
second outer surface contacting the second vertebra;

a membrane extending between the first and second cndplatcs, ,

an articulating member dlSpOSEd. ;between the first and second endplates, the
articulating member having a first and: second surface, the first surface being conﬁgured to
mate w1th the inner surface of at least one endplate; and .

a shock absorbing element disposed between the second surface and one of the
endplates,

52.  The intervertebral disc according to claim 51, wherein the i mner surface of
one of the enddplates further comprises an articnlating surface configured to mate With the
aruculatmg member,

33.  The intervertebral dise accordmg lo claim 51 or 52, wherein. the arﬂcm;mng :

' surface ﬁmher compnses an artlcula.tmg pad

'54.  The intervertebral disc accordmg o any one of the preceding clmms 51 - 53,

wherei;n the articulating surface further comprises a recess sized and configur’é.‘d receive at

least a portion of the articulating pad, the Tecess further configured to allow th§ articulating
pad to translate in at least one directionwith respect to the articulating surface,

55.  The intervertebral disc. accordmg to any one of the preceding c]mms 51 - 54,

further: compnsmg a membrane d:sposcd between the upper and lower endplates, the

membrane encapsulates the amCulatmg member.
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5‘6. The intervertebral disc accoxdmg to any one of the precedmg cla:ms 51 - 55
wherem the membrane encapsulates the ﬁrst and second endplates. ‘

57. The intervertebral disc acoordmg to any one of the preceding clmms 51 - 56,

wherem the membrane is formed of an elastomenc matenial.

5 58,  The intervertebral disc accordmg to any one of the preceding clmms 51 57,
wherem the membrane comprises a bellow, and wherein the bellow encapsulatss at least the
- 8 shock a.bsorbmg element. 2‘; B

59. The intervertebral disc accordmg to any one of the preceding clmms 51 - 58 '
whermn the endplates and membrane deﬁne an interior volume, the volume bemg at least -

10 partlally filled with & fluid.

A 60. ‘The intervertebral disc accordmg to claim 59, further compnsmg a Valve i in’
.commmncauon with the volume for at least partially filling the volume with' thc: Lﬂuid

‘ 61.  The intervertebral disc ac?‘cbrding to claim 59, wherein the ﬂuidfi‘g :'
;'pomprqé'.sible. L ' : » ,

15 - 62.  The intervertebral disc accordmg to claim 59 or 60, wherein the ﬂmd 1s
§mcompresmb1e ‘ ’

' ‘63. .The intervertebral disc accordmg to claim 59 or 6Q, wherein thc iuembrane is
Lat least: sem.t-penne.able B '

.-,

. : 64.  The intervertebral disc accordmg to claim 59 or 60, whergin thp membrane is
: 20 non—permeable

: -65. The mtervertebral disc accordmg ta claim 51, wherein at lcast one of the
endplates is formed from a material selacted from the group consisting of metal, polyrner,
: ceramxc .and composite, ' '

.66.  The intervertebral disc accardmg to any one of the preceding clmms 51.- 685,
25  wherein at least one of the endplates is formed of bone material selected fromi: the group

oonsmtmg of cortical, cancellous, allog;raﬁ, autografl, xenograft, dernmerallzed*ur pamally
demmerahzed bone.
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67. The intervertebral disc according to any one of the preceding clazms 51 - 66,
further comprising migration-tesistant su'uctures disposcd on at least one oftl;e ﬁrst and

. sccond outer surfaces. i ;‘

68. The intervertebral disc accordmg to any one of the preceding clalms 51 67
'S5 : further comprising permanent ﬁxatmn means disposed on at least one of the ﬁrst and

: second outer surfaces.

i 69.  The intervertebral disc aicédrding to any one of the preceding ¢laims 51 -'68,.
-+ further comprising implant mstrumentafmn attachment, guiding, or retaining ; structurw

d1sp0sed on at least one of the first and second inner and/or outer surfaces.

10 . 70.  The intervertebral disc fgsr placement between first and second yqxtebraé b
compnmng L
a first endplate having a first i mner surface and a first outer surface, the ﬁrst outer
surface contacting the first vertebra; - .

: a second endplate having a second inner surfuce and a second outer surface, the
15 . ‘second outer surface contacting the second vertebra; and '
' a slotted core disposed between the first and second endplates, the slotted core.
having a first and second surface, the ﬁrst surface configured to mate with apocket formed
on the inner surface of first endplate, and the second surface comprising an arnculatmg
surface configured to mate with a correspondmg surface associated with the second :
20 . endplate.

71.  The intervertebral disc 'étééording to claim 70, the slotted core first surface
havmg a first diameter and the pocket havmg a second diameter larger than the first '
dlameter so that the slotted core may translatc within the pocket.

72.  Theintervertebral disc according to claim 70 or 71, further écinipﬁsinga lid:
25  disposed between the first and second: cndplates, the 1id configured to engage at least a-
portlon of the pocket and the slotted core to axxal]y retain the core within the pocket

73. The intervertebral disc accordmg to any one of the precedmg cleums 70- 72,
wherem the second surface of the slotted gore is configured to articulate wzthm the second
endplate corresponding surfuce, '
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.74.  The intervertebral chsc accordmg to any one of the precedmg cla:ms 70 73
further compnsmg a membrane disposed between the upper and lower endplates, the .
membrane encapsulating at least the sldtted core and pocket.

73, The intervertebralidisc q@:qordxng to claim 74, wherein the membrane ﬁmhe;

encapsulates the upper and lower, endplﬁt.es;

76.  The intervertebralidisc accordmg to claim 74, wherein the membrans is-
formed of an elastomeric material. )

R

77.  The mtervcrtebral disc accordmg to any one of the precedmg clauns 74 76 :

wherem the membrane compnses a bellow

N
'

78,  The intervertebral disc accordmg to any one of the preceding clalms 74 ’77 '
wherem the endplates and membtane dlaﬁne an interior volume, the volume bemg at least
_ parhally filled a fluid. s '

'79. . The intervertebral disc accordmg to claim 78, further compnsmg avalve in
commumcahon with the volume for atleast partially filling the volume with: the fluid.

1

_ 80.  The intervertebral disc ac'corchng to claim 78 or 79, wherein the fluid is
compressible. '

81,  The intervertebral disc accordmg to claim 78 or 79, wherem thc ﬂtud is

’mcompmmble

' . 82, The intervertebral disc: accordmg to any one of the preceding ¢ clmms 70-81,
wherem at least one of the endplates is formed from a material selected from the group
‘ .conmstmg of metal, polymer, ceramma.nd composne

* 83.  The intervertebral dlSU accordmg to any one of the preceding claims 70 - 82,
wherem at least one of the endplaies i§; formed of bone material selected from'the group

consmtmg of cortical, cancellous, allograﬁ, autografl, xenograft, demineralized or partmlly
demmerahzed bone. : :

84.. The mtervertebral d1$c accorchng to any one of the precedmg clmms 70 - 83,

further comprising mlgranonnresmtant structurcs disposed on at least one of the first and
second outer surfaccs g
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:85. The intervertebral disc aibcording to any one of the preceding éia'ims 70- 84,

jﬁzrther compnsmg permanent fixation means disposed on at least one of the first and

‘second outer. surfaces

.i.

86,  The intervertebral disc accordmg to any one of the precedlng clalms 70 - 83,

ﬁlrﬂlefcompnsmg implant 1nstnnnentatmn attachment, guiding, or retaunng ;mcmrqs

- dlsposed on at least one of the first and second inner or outer surfaces.

:‘ '87. . Anintervertebral disc fm‘ placement betwcen first and second vertebrae

compnsmg : I

, - a first endplate having a first mnar surface and a first outer surface, the ﬁrst outer
:smface contacting the first vertebra; o
a2 second endplate having a second inner surface and a second outer surface the .

. vsecond outer surface contacfing the second vertebra;

acap hawng a top surface and hottom surface; the top surfacc bemg conﬁgured to

S mate w1th the inner surface of the ﬁrst!endplate, and
157
iy the sacond endplate

'3 nng spring disposed between the bottom surface of the cap and the inner surface of .

. 88.  Theintervertebral disc accordmg to claim 87, wherein the ring Sprmg has

© first: and second surfaces, the first surface configured to mate with the bottom surface of the

© cap, and the second surface conﬁgured o mate with the pocket formed on thei intier swface
20 .

of the second endplate.

E r“89 The intervertebral disc mcordmg to claim 87 or 88, further compnsmg aslot |

deﬁmng a gap between first and second cnd faces of the ring spring, wherem the gap is

sized: 1:0 allovi the ring spring {o remlxently compress so that the end faces approach each

. othér when a.compressive force is placed on the ring spring by the cap.

25‘::

© 90, . The intervertebral disc 'accordmg to any one of the preceding claims 87 - 89,

* thering spring further comprising a ﬁ'_rst diameter, and the bottom surface of the cap having

an axial protrusion comprising a second diameter, the first diameter being substantlally
larger than the second diameter, Wherpm when the bottom surface of the cap engages the

top first surface of the ring spring, the! cap may translate with respect to the ring Spring.

30.°

' 91,  The intervertebral d1sc!aocordmg to any one of the preceding clauns 87 - 90,
fm'ther compnsmg a plurality of slots 100ated between the first and second surfaces, the
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' slbts operative to ender at least a portion;of the ting spring resiliently comprﬁslblﬁ When a

c{impressiVe force is placed on the ﬁngf’spﬁng by the cap.

‘ | "92. The mtervenebml disc accordmg to claim 91, the protrusion compnsmg 2
‘ ra.dxal hp having an outer diameter Iarger than the first diameter of the ring sprmg, the lxp
allowmg the cap protrusion to be press-ﬁt into the ring spring first dlamcter

93. ' The intervertebral disc accordmg to any one of the precedmg clanns 87 - 92
fllrther comprising a lid disposed between the first and second end plates, the hd cunﬁgurcd
to engage at least a portion of the pocket and either the ring spring or the cap to ax1ally
retain’ the ring spring and the cap mthm the pocket.

’ 94, The intervertebral disc accordmg to any one of the precedmg clmms 87 93
further compnsmg a membrane dlsposed betwcen the upper and lower endplam '

- 95. The intervertebral disc accordmg to any one of the precedmg claims 87 - 94
further compnsmg a membrane disposéd between the upper and lowe,r endplates, the
membrane encapsulaung at least the cap, ring spring and pocket, :

96.  The intervertebral disc accordmg to ¢laim 95, wherem the membmnc
encapslﬂates the upper and lower endp!ates

97.  The intervertebral disc accordmg to claim 95 or 96, wherein the memhrane is

formed of an elastomcm: material.
‘j: .

" 98,  The intervertebral disc accordmg to any one of the precedmg clmms 95 97
. wherem the membrane comprises a bellow

69, The intervertebral disc accordmg to any one of the precedmg claims 95 98
whereln the endplates and membrane dcﬁne an interior volume, the volume. being at least
partially filled a fluid. .7 ' ' ;

' 1 - The intervertebral dlSC accordmg to claim 99, fusther compnsmg a valvc in
communication with the volume for at, least partially filling the volume with the ﬂu:d

101.  The intervertebral disc accordmg to claim 99 or 100, wherein the ﬂlud is
mcompress:ble '

102, The intervertebral disc ,;ég@:zcording to claim 99 or 100, whereinthe ﬂmdas
compressible. ‘ ;
’ Co 48
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. ,103. The intervertebral disc accordmg to any one of the preceding: cla;ms 87-

' 102 ‘wherein at least one of the eudplatcs is formed from a material selected ﬁom the group.
. consisting of metal, polymer, ceramic and composite.

104. ' The intervertebral disc according to any one of the preceding cla?'ims 87 -
103, wherein at least one of the endpla‘@;{:s is formed of bone material selected from the
gioup consisting of cortical, czincclloué, allograft, autograft, xenograft, demit_ldr‘a,lized or.

' partially demineralized bone. .

t Y

105, The intervertebral disc accordmg to any one of the preceding clmms 87 o
104 ﬁzrther comprising mtgranon-remstant structures disposed on at least one of the ﬁrst

. and second ‘outer surfaces,

- 106. The mtervertebral disc accordmg to any one of the precemng claims- 87 -

- 105 further compnsmg permanent ﬁxatwn means disposed on at least one of the ﬁrst and

107. The mtervcrtebral disc accordmg, to any one of the preceding claums 87-"

106, further comprising unplant mstnunentatmn attachment, guiding, or metammg

structures disposed on at least.one of t};f: first and second inner or outer surfaces,

108. An intervertebral disc for placement between first and second vertebrae
compnsmg : :

a first endplate having a first i nmer surface and a first outer surface, the first outer

gsurface contacting the first vertebra;

" asecond endplate having a second inner surface and a second outer surface, the

"+ second outer surface contax:tmg the second vertebra;

10

a leaf'spring having first and second resilient ends, configured to engage. thc sccond

‘endplatc and a length, the leaf spring] further comprising a central body havmg ﬁrst and
second surfaces, the first surface comprising an articulating surface.

. 109. The intervertebral disc: accordmg to claim 108, wherein the second- endplate

further comprises a recess having a lcngth simaller than the leaf spring length, wherein when
_the Jeaf spring engages the second cndplate so that the first and second resilient ends are

supported on the inner surface of the cndplatc and the central body is positioned over the :

endplate recess, at least a portion of the central body may move mto the recess, whena .

‘compresswe force is applied to the leaf spring first surface allowmg the second surface fo A

:cor;tgct the recess surface.
o 49
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: surface con.ﬁgured to correspond with thc leaf spring articulating surface.
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+110.  The intervertebral disc accordmg to claim 108 or 109, the reccss further .

, compnsmg a recess surface, the leaf spnng second surface and the recess surfaca

- configured to define a gap therebetween 50 that when a predetermined compressxve force is
, applied to the leaf spring first surface the leaf spring second surface contacts at least a
. poruon of the recess surface.

“111.  The intervertebral disc Sécording to any one of the preceding ciaifns 109 -

_ 110, wherein the central body and the recess are configured so that the leaf spnng may
: translate in at least one direction with r&ipect to the second end plate. ‘

© 112, The interveriebral disc 'according to any one of the preceding claims 108~ °
111, wherein the first endplate further compnses an inner surface having an artwulatmg

© 113. The intervertebral disc accordmg to claim 112, wherein the aru:ulaUng

.‘ surfacm are configured to allow the leaf spring to amculate and to translate, telatlve to the
: .ﬁrst endplate ' '

- 114. 'The intervertebral disc’ accordmg to any one of the preceding clmms 108 -
113, further comprising a membrane dlsposed between the first and second cndplates

. 113. - The intervertebral dise. ancordmg to ciaim 114, further compnsmg a
membrane disposed betwecn the upper and lower endplates, the membrane encapsulatmg at
least the leaf spring. . ‘

1 16 The intervertebral disc, accordmg to claim 114 or 115, whercm the -
membrane encapsulates the first and second endplates. -
117. The intervertebral disc ascordmg to any one of the preceding claxms 1 14 -

116, wherem the membrane is formed of an elastomeric material.

* 118, The intervertebral disq ig%:cording to any one of the preceding claims 114 -
117, wherein the membrane comprises'b, bellow.

119.  The intervertebral disc. accordmg to any one of the preceding claims 114 -
1 18 wherein the endplates and membrane define an interior volume, the volums being at

lcast partlally filled a fluid.
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120,  The intervertebral disc acsording to claim 119, further comprising a/valve in
communication with the volume for at least partially filling the volume with’ thé: ﬂu’id.

121, . The intervertebral disc according to claim 119 or 120, wherem the ﬂuxd is
mcompressxble '
§ : 122, - The mtervcrtebral d.tsc accordmg 1o any one of the prece:dmg clauns 108 -

121, wherein at least one of the eudplates is formed from a material selected fmm the group

cgnswmng oﬂmetal, polymer, cera;tmc and.composuc.

123. © The intervertebral dlsc acc«ardmg to any one of the precedmg clmms 108: N
o122, wherem at least one of the endplates is formed of bone material selected: from the
10 - group conszstmg of cortical, canccllous, allograﬁ autograft, xcnograﬁ dcmmerahzed or
parhally dmnerahzed bone. -

124. . The intervertsbral disc socording to any one of the preceding dlaims 108 .
123, further comprising mi gratmn-resxstant structures disposed on at least ane of the ﬁrst~ :

and second outer surfaces.

15 S 1128, - The intervertebral disc accordmg to any one of the precedmg clalms 108 -
124, further comprising permanent, ﬁxatmn means disposed on at least one of the first and
second outer surfaces. ‘ i

1126.. The intervertebral disc according to any one of the preceding Glaims 108 - -
125, further comprising xmplant mstrumentanon attachment, guiding, or retammg structures
20 : disposed on at least one of the ﬁrst and second inner or outer surfaces,

1

127. An intervertebral di;sc for placement between first and sécond&ertaiarae 'A
comprising S : .
- a first endplate having-a ﬁrst mner surface and a first outer surface, the ﬁrst outer
surface configured for contacting the first vertebra; :
25 - & second endplate having a: sacond inner surface and a second outer surface, the
second outer surface configured for contacnng the second vcrtebra,

8 ﬁrst articulation mmnber hawng a first surface associated with the ﬁrst endplate,

a leafsprmg having at: least a ﬁrst surface associated with the second endplate and a
second surface associated with a second surface of the first articulation member; :
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10
S compnses a corresponding convex shape

20

‘25

30 .

- the end plates

b Wherem tha first articulation member i 1s conﬂgured to allow the first and second endplates
"o artxculate with respect to cach other and the leaf spring is configred to anow the end

platm ‘to approach one another in resmmse to a compressive force apphed to at least one of

Lo

1

L 128'3 The intervertebral disc éceordmg to claim 127, wherein at lcast one of the

: ﬁxst endplate inner surface and the ﬁrst arnculanon member first surface compnses a
: concave surface the other surface bemg convex the surfaces configured to allow the

' aruculauon member to articulate with resPect the first endplate.

. 129, The intervertebral disc accordmg to claim 127 or 128, whea-em the first
endplate inner surface comprises a cont:avc ‘shape, and the first articulation member

L 130 The intervertebral disc accordmg to any one of the precedmg clalms 127 =
129 further comprising a second am::ﬁ!atmn member having a first surface associated with

: ‘the ﬁl:st endplate inner surface and a second surface associated with the first articulation
15 - -

member ﬁrst swrface.

l

M
1

i

' 13%.  The intervertebral disc ?,ccordmg to claim 130, wherein the second
amcu.iauon member second susface is ooncave and configured to corrcspond {0 a convex

'ﬁmt surface of the first articulation member

1
l
i

i 132‘-.‘ The mtervertebral disc accordmg to claim 131, wherein the eoncave. and

’c.onvex surfaces are configured to allow both articulation and translation betwaan the
o arﬁc\ﬂauon members. ;

: 133, The intervertebral disc- accordmg to any one of the preceding clmms 130 -
132 wherein at least one of the artlculatmn members comprises a material that is different

' ,ﬁ’om the matcnal of one of the first onsecond endplates,

(

134 The intervertebral disc azcordmg to any oxne of the preoedmg clalms 127 -
133 wherem the first endplate inner surface and the articulation member ﬁrst surface are

. further conﬁgurcd to allow the artxculauon member to translate relative to the first endplate,

" 135, Theintervertebral disc ‘mording to any one of the preceding claims 127 -
134, the second endplate further compnsmg a recess in the second inner surface, the leaf
sprmg havmg a length sufficient to span the recess so that at least opposite ends of the leaf
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. sprmg are supported by the inner surface and a central portion of the leaf spm:g is
posmoued over the recess, wherein when the central portion may tiove into the recess when

" a compressxve force is applied to a second surface of the leaf spring.

‘ . 36, The intervertebral disc accordmg to claim 135, the second endplate furcher
5 compnsmg a perimeter edge sized and: ccnﬁgured to allow the leaf spring'to translate thh
' respect to the seccmd endplate in at least one direction.

137. The intervertebral disc accordmg 10 claim 135 or 136, the second endplaﬁe
! further compnsmg a perimeter edge smed and configured to prevent the leaf sPnng ﬁ:om
C translatmg in at least one other d1rect1cm

10  138. The intervertebral disc accordmg to any one of the precedmg clmms 134 -
" 137, the leaf spring second surface fm-thcr comprising a recess configured to. accept a
: prOjecuon formed on 2 second surface: ofthe articulation member., )

139, The intervertebral disc accordmg to claim 138, wherein the receas and
: projection are sized and configured to allow the articulation member to transla;te in at least
. 15 ' onedirection relative to the leaf spring. ey

" 140.  The intervertebral disc accordmg o any one of the precedmg clmms 136~
139 ﬁn-ther compnsmg a cap member conﬁgured to engage at least a pomon ef the second
L endplatc and to cover at least a portxon of the leaf spring to prevent the le.af spnng from
axna]ly dlsengagmg from the second endplate
.;20 ' ... 141, The intervertebral disc accordmg to any one of the preceding cIalms 135.-
' 140 the cap member further compnsmg at least one raised ridge conﬁgurcd to contact aI 'i
j Jeast one raised ridge associated with the first endplate to limit articulation: between the :

endplates in at least one direction.

. " 142. " The intervertebral disé accordmg to claim 141, wherein the. msed ndgem

25 have correspendmg flat surface proﬁles ‘
o 143. The intervertebral disc accordmg to claim 141 or 142, wherem the raused
v ndges have correspondmgly angled surfaces ‘

. !

144, The intervertebral dise accordmg 1o any one of the preceding claims 127 -
. 143, wherem at least one of the endplatm is formed from a material selected fmm the group
30 conmstmg of metal, polymcr ceramic : and compasite.
’ 53
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10

oy

© 148, ‘The intervertebral disc accordmg to any one of the preceding, clmms 127 -

144, wnerein at lgast one of the endplates is formed of bone material selccted ﬁ'om the

group.consisting of cortical, cancellous; allograft, autograft, xenograft, deminéralized: or
partidlly demineralized bone. ‘

146, The intervertebral disc accordmg to any one of the precedmg claxms 127 -
145, further comprising migration-resistant structures disposed on at least one. of the first

and second outer surfaces.

147. The intervertebral disc accordmg to any one of the preceding clanns 127 -
146, ﬁlrther comprising permanent ﬁxatlon means disposed on at least one of the first and .

second outer surfaces.

148. The intervertebral disc accordmg to any one of the precedmg clanns 127-
147, further compriging implant instrumentation attachment, guuhug, or retammg structurcs
disposed on at least one of the first and second inner or outer surfaces. '

54



WO 2004/016217 PCT/US2003/025536

1/12



WO 2004/016217 PCT/US2003/025536

2/12



WO 2004/016217 PCT/US2003/025536

36

- , - -/ 30 L
10 - p .
- / I. r._._J' l,‘ - 26
38 | 2.
40 LN : -
: ; ,' m

1

32 54 2 22 32

Figurje 2c

3/12



WO 2004/016217 PCT/US2003/025536

41

4

43

"FiG. 3A

Fie. xC

4/12



WO 2004/016217 PCT/US2003/025536

100

110

130

114

Figurei4a

5/12



WO 2004/016217 PCT/US2003/025536

150
{ 170

152

. 172

156 £

158 -

160

164 162 154

6/12



WO 2004/016217 PCT/US2003/025536

Figure 6

7/12



WO 2004/016217 PCT/US2003/025536

250

254

8/12



WO 2004/016217 PCT/US2003/025536

314

310

9/12



WO 2004/016217 PCT/US2003/025536

368 . i ATy
35 370 , e s W

336 " 366 362 364

150

360

Figure 9a

10/12



WO 2004/016217 PCT/US2003/025536

350

Figure 9b

350

Figure 9¢

11/12



WO 2004/016217 PCT/US2003/025536

400

402

Figugp 10

12/12



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

