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INTERVERTEBRAL DISC IMPLANT

FIELD OF"I‘HE INVENTION
[691] Theiinvention is related to dévices and methods for the treatment of trauma .
and dxseases of the spine. More particularly, the invention relates to intervertebral dise
replacement
BACKGROUNE OF THE INVENTION
[002] A variety of conditions such]as spondylolysis, disc herniation, comprassion of

spmal cord merve roots, degenerative disc dlsease, and trauma are known to cause severe
discomfort requiring medical attention. Among the procedures currently used to alleviate
suoh conchtmns are spinal fusion, such as mtervertcbral and peosterolateral fusion or
arthrodcsxs In these procedures, two adjacent vertebral bodies are fused together., The
aﬂ?ected intervertebral disc is first excised, and an implant is inserted which accommodates-
bcnc gtowth between the two vertebral bodlcs to effectively bridge the gap left by the disc
.removal A:number of different implant mqtenals and implant designs have been used for

‘ ﬁxdmn thh varying success. Alithough mtervertebral and posterolateral fusion are widely
uscd drawbacks to their use include a reduced physioclogic range of motion and other fusion
related comphcatlons such as degeneration of adjacent discs and destabilization of the
fu:llctmnal spinal unit. As aresult, altemahve treatments with fewer complications, but
sinpilar cfﬁcac'y to fusion, are desirable. One such aliernative to spinal fusion is arthroplasty
anﬂ'i the use ofa prosthetic or artificial disc.!

E)QS] * In general, arthroplasty is used in the replacement of diseased joints.
Arthmplasty involves a set of procedures dxrected to maintaining motion of the joint, there‘by
presemng its integrity and keeping the adj acent motion segments from deteriorating, as they
fend 1o do after fusion. Depending on the locatmn and the condition of the affected joint,
speclﬁc arthroplasty procedures may be used For example, interpositional reconstruction
smigery, whlch reshapes the joint and adds a prosthetic disk between the two bones formmg
the Jomt is commonly used on elbow, shoulder, ankle, and finger joints. Total: joint
rep'lacement, or total joint arthroplasty, replaces the entire diseased joint with an artificial
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prosthesis and, in recent years, has bécoma;‘ihe operation of choice for most knee and hip

problems.
Y [004]  Hipand knee replacements are particularly widespread w:th nearly 300 000

lnp replacements and about as many knee replacemcnts performed in the United States in

: 2001 Wlth respect to the knee and hip joint replacement surgenes, there are sevcral implants.

or prosthe’tlcs avaﬂable For the hip prosthetic, in an exemplary design, there aré two
cOmponents, one is a metal ball attached to a metal stem which is fitted into the femur and
the secondis & matchmg plastic socket which is implanted into the pelvis. The metal pleces
are: generaliy formed from stainless steel, alloys of cobalt and chrome, titanivm; and alloys of

: tltamum, the plastic pieces are generally fon:ncd from high-density polyethylene. For the
-knée prosthetlcs in an exemplary embodlment, metal and plastic components ate aga:m used
to teplace the damaged bone ends and carmlage The metal pieces are generally formed from
‘ stamless steel, alloys of cobalt and chrome, utamum, and alloys of titanium, the plasuc piéces
-are generally formed from high-density polye.ﬂzylene ‘

[005] . Although the evolution of spma] arthroplasty and the use of prosthatxcs in the
Spme has been similar to that of other Jamtg,m the body, evolving from fusing the joint to

replacing the functional joint, the advent of spinal athroplasty, however, has been 5!9wer than
arthroplasty in other major joints in the body. - A few of the possible reasons why spinal
arthroplasty has been delayed are that spinai prdblems related to disc degeneration are

. difficult to diagnose, spinal procedures are typwa]ly crisis-driven and thus consewauve

solutions such as fusion are acceptable, and’ spinal anatomy is complex.
[0(}6] " QOver the past 40 years spinal arthroplasty technologies have been uﬁder

’ development and in the last 10 years spmal arthmplasty has won the attention of leadmg
: surgeons and implant manufacturers. The evolunon of spinal arthroplasty essentially began
in t:he 1950°s and one of several emerging concepts was the spherical concept of the disc

profstheses, The spherical concept is simply the placement of a ball, essentially

, :ciréumferential in the cavity of the nucleus‘pulposus after a discectomy procedure has been

performed. The apmulus is kept in place and the ball serves as a nucleus replacement device.
Various materials have been experimented with for the sphetical concept. For example in

 the! eaﬂy 1960 s, implants using silicone ball beanngs were implanted into the ccrwcal
‘regxons of patients, but the outcomes were yncertain. In the mid 1960’s, stainless-steel (ball

bea:mg) prostheses were implanted into patients. The results of the procedure were initially

2
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promising B?lt ove1‘" time the disc spaces lost'height due to subsidence of the steel balls into

the vertebral bodies. Presently, the concept.'ko"f a spherical prosthesis continues to be .
exdmined uéing different materials, the latest of which is a modified carbon fiber.

[007] " Another emerging concept is'the mechanical concept design, The tﬁechanical
concept desxgn is essentially a total disc replacement product which is intended to restore the .

TANEE ¢ of motwn of the vertebral motion segment unit. These devices are often compnsed of

‘metallic e:ndplates fixed to the adjacent vertebral bodies via a stabilization mcchamsm and a

core formed from polyethylene or other polymeric materials, Alternatively, msteaq of a core,
bearing surfaces can be used, the bearing surface materials being cemnﬁc—on—éﬂ@iG; metal-
on metal‘ of metalion-polyethylene The mecha.nical design concept is based on th'e same

‘pnncxples as joint reconstruction products, such as knee and hip replacements, anda vanety

of mechamcal design prostheses concepts have been proposed and continue to be pmposed
[008] . Another concept is the physiological concept. The physiological concept uses

a hydrogel, elastomer, or polyurethane-based core which is intended to restore the dmc

function by absorbmg and emnitting fluid between the patient’s vertebral endplates;; iwhile also

mamtalmng the natural shock absorbing or cushioning function of the disc. The :

physmloglcal concept devices are generally consxdered only a partial solution as they are
_dcmgncd to: replacc only the nncleus or a porhon of the disc.

[009] " All.of the approaches to disc- replacement are aimed at some or all of the
<foﬂogring: alleviating discogenic pain, restoring range of motion, maintaining the x}atural
shock absoi‘bing function of the disc, restori:hg normal form or disc height, and rmtonng
physiological kinematics. Generally, four exemplary types of artificial interverteblial discs
have been developed for replacing a portion-or all of an excised disc: elastomer/ﬂuxd fitled
dzscs, ball aud socket type discs, mechanical spring discs and hybrid discs. *

[0010] Elastomer/fluid filled discs typically include an elastomer cushion or a fluid

. filled chamber positioned hetween lower and upper rigid endplates. The cushions and

chainbers of these implants advantageously function, in mechanical behavior, sumlar to the
removed intervertebral disc tissue. ( '
[001 11 - Ball and socket type discs typxcally incorporate two plate members Imvmg
cooperanng inner ball and socket portions which permit articulating motion of the members

durmg movement of the spine.
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s [oq121 . Mechanical spring discs typically incorporate one or more coiled springs
dxsposed between metal endplates. The cmled springs define a cumulative spring constant.
that is designed to be sufficient to maintain thc spaced arrangement of the adjacent vertebrae
whhle allowmg normal movement of the vertebrae during flexion and extension of the spine.
Hin any dJrectwn : T

10 [0013] The fourth type of artificial mtervertebral disc, the hybrid disc mcorporates

| two or more of the aforementioned design principles. For example, one known hyl?nd disc.

" arrangement includes a ball and socket joint surrounded by an elastomer ring. ‘ '

) [0Q 1'4] While each of the foregoing prostheses addresses some of the problems:

relatmg to intervertebrat disc replacement, each of the implants presents signifi¢ant
15 drawbacks Thus, there is a need for an 1ntervertebra1 implant that accommodates the -
anatomy and geometry of the intervertebral space sought to be filled as well as the anatomy
i and geometry of the ends of adjacent vertebral bodies, while providing rchablhty and
. surllphclty in design. More particularly, the.re is a need for a spinal disc implant which
. provides stability for supporting the high loads applied to the vertebrae, permits sufﬁcmrgt :
20 mobi.:lity to,allow the patient an approxjmaté, normal range of motion, provides for'axial -

' compression between adjacent vertebrae, and has shock absorption abilities.

B SUMMARY OF THE INVENTION

[001 5] | The invention relates to an m;térvertebral dise that is preferably designed to
rcs{orc disc height and lordosis, allow for a natm‘al range of motion, absorb shock and

25 prqwde resistance to motion and axjal compression. Furthermore, the mtervertebral disc may
be hsed in the cervical, the thoracic, or the lzmbar regions of the spine.
[001 6] " 'The interveriebral disc incl udes a body having a footprint that is preferably
con orrmng in size and shape with at least a pomon of the euds of adjacent vertebrae. The
shapes of the intervertebral dise include, but'are not limited to, circular, oval, elhpscud

30 ludLey-bean annular, C-shaped, D-shaped, etc.
[00{17] In one embodiment, the body:of the intervertebral disc includes an upper.
enéplatc, a lower endplate, and an elastic mcmbranc disposed between the upper and lower :

lates. Alternatwely, the elastic membrane may surround and encapsulate the endplates.

The elastic membrane defines an interior that is at least partially filled with a fluid.

35  Preferably, the fluid is selected from the group consisting of & gas, a liquid, a gel or any

.A4
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co:hhmauon thereof. In addition, the fluid may be compressible, and may be selected fiom '
tha group canmstmg of, for example, gas, hqmd, or hydrogel, or may be mcompresslble, and -
may be selected from the group consisting of, for example, saline. :
Oq18] " The disc also preferably mcl;udes a valve for permitting insertion of fluid to .
thq intetior-of the intervertebral disc. The valve may be disposed on the elastic membrane
altemahvely, however the valve can be located in the upper and lower endplates of the dlSC
[001 9] The upper and lower endplates are preferably formed of metal, suchas
htszum, ‘stainless steel, titanium zlloys, cobalt—chromlmn alloys, or amorphous alloys
Altematwely, however, the upper and lower endplates may be formed of ceramics,
compomtes, polymers, such as poly—ether-etherwketone (i.e., PEEK) or an ultra thh molecular
we!lght polyethylene (i.e.,, UHMWPE), bone, mcludmg cortical, cancellous, allograft
auiogmﬂ xenograﬁ demineralized or partlally demineralized bone, or any other matenals ‘
abxe to serve as load beating supports. The:inaterials chosen for the endplates, in. '
cot bmauon with the desired fluid, are preferably selected to reduce the amount of 3 wear, and:

thus mcrease the life of the joint. :

{0020] The cuter surface of the upper and lower endplates may be substa.ntlally ﬂat
wedge-shaped, etc. The outer surfaces of tha upper and Jower endplates also may be dome
shaped w:th their radii defined in the saglttal and coronal planes to generally match those of
thq ends of the adjacent vertebra. The domes shape allows the upper and lower eudplates to
beﬂter conferm with the ends of the. adjacent vertebrae for a better fit in situ.

[0021] " The intervertchral disc also pmfcrably includes migration-resistant s shucturcs
prqwded on the outer surface of at least cme ‘or both of the endplates to impede movement
dmlodgmg, or expulsion of the endplates wﬂihm and from the ends of the adjacent vertebrae.
Tha mgrauon-resxstant structures include, but are not limited io, flaps, spikes, teeth, fins,

A dqfloyablespmes, deployable teeth, flexible splkes flexible teeth, alternatively shaped teeth,

mscrtable or expandable fins, screws, hooks, serratmns, ribs, and textured surfaces,

[0d22] Furthermore, the upper and lower endplates also preferably coated with a bone
grciwﬂa inducing or conducting substance to' promote bony ingrowth to permanently secure
thc{ disc to the adjacent vertebrae, Altemanvely, the upper and lower endplates may have a
rolﬁ:xed surface; a porous surface; laser treated endplate layers; integrate an
osteoconductive/osteoinductive scaffold; or may be provided with or made from an integral -
ost*:econductxve and/or osteoinductive matqnal, to promote bony ingrowth. The endplates

s
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may | ﬁmhm: include a membrane and/or a bamer to limit the amount and/ot dcpth af bony
ingrowth. 4
[0023) The upper and lower endplates imay also have implant mstmmentatmn .
attachment, guiding, and retainment strut:tures For example, the endplates may: have holes,
slots, threads or a dovetail for implanting the unplant and/or distracting the adgacent
vertebrae. For example, the disc may mclude a slot formed in the upper‘and/or lewer
endplates, the slot being configured to recewe an implant insertion instrument, 2. d1stra¢tor or
both b ’, g

[6024] . The upper and lower. endplatas may also preferably include artxculatmg ‘
sm‘faces, thus providing the intervertébral d:sc with greater mobility. The arnculatmg
surfaces preferably including a surface pohsh or similar wear reducing finish such as,

'dlamond finiish, TiNi finish, eic. in order to. mmumzc wear, decrease particle generahon, and
.mcrease d:sc life. : A ;-; .
' [0025] Ta some embodlments, in addmon to the fluid or in place of the ﬂmd

additional structures may be mcluded to pmvxde additional stiffness. The structures include,
but are not limited to, springs; elastomers, hcuaw balloons, closed reservoirs, hollow bod:w,
bmoompaﬁble fibers, and cables. { f *

‘ {0026] In some embod:ments the mtervertebral disc also preferably has an

arucuIaUng mechanism to allow the endplates to pivot with respect to one another such that

associated pornuns of the endplates may come claser together under compresswn while .

, mﬂ‘erent associated portions of the endplaxes may separate under tension, The amculanon

mechamsm may be in the form of a center p;lvot axis or fulcrum. Preferably, the
mtﬂ'vertebral disc also allows and provides. a mechamsm, ot is configured to allaw the

llocatxon ofthe pivot axis within the d:sc to: changc in response to the loading condmons, thus

pmwdmg a moving instantancous axls of rotatmn The intervertebral disc also prefambly
comprises a mechanism, such as providing. aﬂmd, an elastomer, a spring, a cable, etc, to
absorb axial compression forces and to prov:tde a shock absorbing effect.

[0027 1 In some embodiments the m‘tervertebral disc includes an upper en!d, a lower
end, and an outer sidewall disposed therebeﬁween The disc may have an mtenor volume
deﬁned between the upper and lower ends and the outer sidewall, with the interior volume
preferab}y mcludmg a center pivot and at least one chamber, the chamber being penphcra] to
and surrounding the center pivot. Prqferab!;r,_;he center pivot includes a central wall defining

15
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fupper surface spaced frorn and opposing a Iower surface. The spacing between: the upper .
‘surface and the lower surface may be sclectablc The body further includes an outer sidewall

pontacﬂng avertebrae, with the portion deﬁmng a hole for receiving a fastener.

WO 2004/016205 PCT/US2003/025535

ia central chamber and the at least one penpheral chamber is disposed between thc 6uter ,
's1dewall and the central wall, A first fluid may be disposed in the at least one penpheral
:chamber A second fluid may be disposed in’ the central chamber. The first and second fluids
:may or may not be the same. The mtervertebra.l disc may include additional penpheral

- :chambcrs which may or may not be in fluid’ commumcatmn with the central cham‘&gr and .
each othm' . Further, the sidewall may be formed of a first material while the ce-ntrai ‘wall may °
be- fonned of 4 second material, with the first: imaterial having a different stiffness than the

second matenal Preferably, the center prOT.’ and/or central chamber may permit the upper

'and lowcrs ends to pivot with respect to each: other, and may include a resilient element such

.lﬂx

5formmg dn outcr wall and a thru-hole formmg an inner wall, with the inner wall deﬁ.mng an
iopenmg Further, the body may be substannaily C-shaped. A chamber may also b& dlsposed
-w1thm thé. body In addition, there may be at Ieast one portion extending from the. body for

VoL

:[0029] ' 'Theintervertebral disc may be implanted in a modular fashion, if possxble, or
‘1t may be; melanted preassembled. An antenor anteriolateral, or lateral surgical appmach

may be used to implant the intervertebral dlsc\ Furthermore, depending on the mtéi‘irertebral

.dxsc to be nnplanted, a minimally invasive surgmal method or a simuliangous dzstracuon aud

mplaumuon surgical method may be used, A.Iso depending on the mtervertebral chsc to be
mplanted, the Anterior Longitudinal ngament may be attached direcily to the chsc or to the
adjacent vertebral bodies. The Anterior Longmxdmal Ligament may be formed ﬁ'om partially
demineraltized or demineralized autograft, anegzaﬁ or xenograft. Alternatively, the‘Antenor :
I.onglmdmal Ligament may be formed from biocompatlble materials such as elastamers or
braxded polymers To assist with the unplantauon of the intervertebral disc, the mtervertebral
d:sc may mclude alignment markers. ‘ '

EBRIEF DESCRIPTION OF THE DRAWINGS

[0030] ~ To facilitate an unclcrstandmg of and for the purpose of 111us1:ratmg the present
qu-ntmn, gxemplary and preferred features and embodiments are disclosed in the "

7
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acdompanymg drawmgs, it being understood, however, thut the mvenuon is not hmlted to the .
:preplse arrangements and instrumentalities shown. and whercin similar reference characters

'denote similar elements throughout the scveral views, and wherein:

[oq31] " Figure 1 is a perspective vmw of a first embodiment of an artaﬁcml
émtervertebml disc according to the present | mvennon, .
i[oqzz] . Fxgure 2 is a cross-sectional v1ew of the artificial intervertebral- msc of Fxgure
-1 tdken along line A-A;
) [0033} . - Figure 2a is an alternate: cross-sectmnal view of the artificial mtervertebral
-dis¢ of Figure 1 taken along line A-A; C '
;[OQ 341 | ! Figure 3a is a side view of a dcployable spike according to the present
‘jnviéntion. L
'[0035] Figure 3b is a side view of atiother deployable spike according to the present
.Eigii;enﬁom '
[O636] o Figure 3c is side view. of a flexible spike according to the present inb'gnﬁoh;
.[0'(_;3.7] .. Figure 3d is a side view of alifgmatively shaped teeth according to tﬁgz'present
‘invention.. .
z[Od3.8] C ,Flgure 3¢ 15 a side view of anchors accordmg to the present mvenﬁon
[0q39] Figure 4 is a perspective wew of a second embodiment of an intervertebral
dx,sc according to the present invention; ‘
.[00‘40] '~ Figure5isa cross—secuonal v:ew of the intervertebral dmc of Flgure 4 taken
-alohg line B-B; :
-[og41} . ' FigmeGisa perspective view. Of an alternative embodiment of the -
- -intervertebral disc of Figure 4; '
5[0042] ‘ F1gure 7 is a perspective vww of 4 third embodiment of an mtervertebral dlsc

p :a.cgordmg to.the present invention;

2[0043] ' Figwre8isa cross-sectlonal wew of the intervertebral disc of Flgure 7 taken
: glong lmc C-C; ‘ '
:['00"4.4] .. . TFigure9isa cross-sechonal wew of an alternative embodiment of the

: hliéwertebral disc of Figure 7 taken along hne D-D
:[0045]' ' Figarel0isa perspecuve v1ew -of a fourth embodiment of an mtervertebral

d1sc accordmg to the present invention. .
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Eod46] , . ~ Figure 11 is a side view of th'e fourth embodiment of the;imarvMéﬁt%al diéc of
Figure 12; P o |
[0047] Figure 12 is schematic view:of a fifth embodiment of an intervertebral disc

. according to the present invention.

[0048] Any of a wide variety of dlffcrent implant structures ¢an. be prepared
according to the teachings shown by the 111ustratwe examples of the 1ntervenebral discs |
disclosed herein. The intervertebral discs of the present invention are preferably damgned to
restore spinal lordosis, disc height, to allcw for a natural range of monon, absorb shock, and
to provide resistance to motion and axial oompressmn ; '
[0049] * The intervertebral discs prefcr.ably are sized and adapted, for use m the
cervical, .thoramc, and lumbar regions of the spme. Also, the mtcrvertebral discs! canbe
tailored for each individual patient allowmg for disc characteristics appropmate for the
individoal patient. For example, the core of fhe disc can include different assembhu
different components, and/or various types of ‘materials to create the desired charactensﬁcs
for ¢ach individual patient. -

- [0050] -  Furthermore, the mtervertebra] discs may allow flexion, extensxon, Iawra[

bending, rotation, and translation. Flexion {gimovement that brings two: parts of a joint:or
body into a bent position; in the spine, this iﬁs’é movement in which the s'spinc starzts'straight
and moves.into forward bending. Extenmon IS a movement that draws two patts away from
each other; in the spine, thisisa movement m which the spine starts straight and moves into
backward bending. Lateral bending is a bcndmg movement toward a lateral mde in the
spine, this movement generally involves bendmg (lateral) and coupled rotation. Rotahon isa
movement that results in a portion of the spmc twisting, rotating or turning with rcspect to the
axm of the spinal column. Translatioh is a lmnted movement that is gerierally transverse to

- the:axis of the spinal column.

[0051] Additionally, similar toa natural intervertebral disc, the arhﬁmal mtervertebral
dlSCS preferably allow for a moving mstantanﬂous axis of rotation. At every mstant for a
body in'plane motion there is a line in the body or a hypothetical e,xtenslon of ﬂ:us lme that
does not move. . The instantaneous axis of rot:atmn is this line. A mowng msta.ntaneous axis.
of pmuon fefers to the ability of the mstantgg@ous axis of rotation to mpvc (ie., :crapslatg) as

9
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aresult of d1fferent loading conditions; in other words, the location of the mstantaneaus axis
of rotation moves with respect to the disc. The preferred mean location of the moving _
instantaneous axis of rotation for the lumbar region of the spine is preferably in the posterior
half of the disc space or proxlmal to an adj acent (superior or inferior) endplate, preferably
proxunal to the inferior/caudal endplate the preferred mean location of the moving
mstaqtaneous axis of rotation for the thorac;c tegion of the spine is preferably in thegz inferior,
portidn of the disc space and proximal to the caudal vertebral body extending post‘eriorly into
the. spma.l canal, and the preferred mean loaation of the moving instantaneous axis.of rotation
for the cervical region of the spine is preferably in the posterior half of the caudal vertebral
body. : ‘ L
[0052] Also similar to a natural mtmebral disc, the response characteristics of the
artificial mtervertebral disc are preferably non-lmear For example, in response to contmued

' axwl compression, the artificial mtervertebral disc preferably undergoes a large mmal amount

‘of compresswn followed by non-linearly decreasmg amounts of compression.

[0053]. ~  Refeming to the accompanymg drawings, preferred embodiments and features

‘ of the artificial intervertebral disc will be dmnbcd in detail. It is to be noted however that -

these dmnptlons of specific embodiments and features are merely illustrative, Iti is
contemplated that one or more features or elements of the various embodiments may be
combined or used singularly, and that modiﬁcauons of the various embodiments, as well as
other embodunents are contemnplated and wxll be apparent to those persons skilled in the art.
[0054]. ‘ Referring initially to Flgures,.l-and 2, a perspective view of an examplary first.

embodiment of an artificial intervertebral disc 10 is shown. As shown, the disc 10 has a

gmerzillyid'dncy-bcan shaped footprint which includes an anterior side 11, a posteﬁor side
13, and _ﬁrét and second lateral sides 15, 17,=réspectively. The anterior side 11 and lateral
sides 15, 17 are all substantially convex in shape while the posterior side 13 is substantially ‘

" concave in shape. However, the disc 10 may take on other shapes that preferably conform

geometrically and anatomically with the adjacent vertebral bodies including, but not Iimited -
to circular, oval ellipsoid, annular, D-shaped, C-shaped, etc. '

[0055) " As shown, the intervertebral dlSc 10 includes an upper endplate 12, 8 lower
endplate 14iand an clastic membrane 16, the- etlastw membrane 16 generally extending from :
the upper endplate 12 to the Jower endplate 14 and is located, preferably, proximax;s' to the
outer periphery of the disc 10. Altemativelg}, ﬁie elastic membrane 16 may surround and/or
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enca.psulate the upper and lower endplates 12 14 The elastic membrane 16 in combination
w1th the upper-and lower endplates 12, 14 may define an interior volume that rnaybe at least
pamally filled with a fluid 22. The elastic membrane 16 preferably is formed fmm an

' e.lastomer such as polyurethane, silicone, abrmded polymer, or any other appropmate elastic

maicnal known in the art. The elasuc membranc may bé non-permeable. Altemanvely the
elastm membrane 16 may be penneable or senu-permeable to allow fluid to flow into and out
of the l.ntenor of the disc (as dcscnbed in more detail below). Preferably, the elastic
mﬁnbrane 16 may resist translanonal monon between the upper and lower endplates 12, 14,
and may also prevent soft tissue ingrowth between the endplates 12, 14 as well as contam any
wea‘r partxcles generated within the mtenorvolume The elastic membrane 16 may be -
attached 1o-the uppsr and lower endplates 12 14 by any fixation method known in the art
mcludmg, but not limited to, bondmg agents ultrasonic welding, screws, nails, machamcal

. wedgmg, -and pins.

[0@56] “ Alternatively, the elastic membrane 16 may be in the form of & bellow, t.he

‘ beﬂow assunnng an “accordion” shape, enabhng it to expand and contract under the various

loadmg conditions. The bellow may be ngldly attached to the upper and lowet endplates 12,
14 by any method known in the art mcludmg, but not limited io a circular groove formed in
each endplate 12, 14, bonding agents; ultrasoruc welding, screws, nails, mechanical ‘wedging,
and pms Preferably, the bellow is made from a metal, although other matenal such ag
elastomers or polymers may be used. .

[00'57] The disc 10 also may mclude a valve 20, the valve 20 providing access to the
mtenor 19 of disc 10 so that fluid may be m]ected into, or removed f‘rom, the interior 19 of
the idisc 10. The valve 20 preferably is a one-way valve, as known to those’ skllled in the art,
50 that the fluid, once injected, can not cscape from the interior 19 of the disc 10. As shown
in anures 1 and 2, the valve 20 preferably 15 disposed within the elastic membrane 16,
altematwely however, the valve 20 may be dlsposed within the upper and/or lower endplates
12 ]14 :as-shown in Figure 2a. ‘When the vaIve is disposed on the upper and/or lower
endplates 12, 14, a passageway 30 preferably is included to interconnect the valve 20 w1th the
int‘énor 19-of the disc 10, . .

[0(158];' * The fluid 22 provided i in the mtermr volume may be a gas, a liquid, a. gcl or
any combination thereof. Where a gas is prqmded as the fill media for the interior volmne, or
wha;;re a qombination of gas and liquid' or gefj §s provided, the ultimate gas pressure within the
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- intéﬁoi: volume should be selected to provid% adequate shock absorption during axlal
y compresswn of the disc 10. The fluid may. also permit limited articulation or movement of
. the, upper endplate 12 and lower endplate 14 w1th respect to one another. Preferably, the fluid

is a mcomprcsszblc liquid, for example, a sa.hne solution. In use, the fluid 22 may’ be

- mJected into the interior 19 of the disc 10 before insertion of the disc 10 between adjacent
'ven-ebrae A]temauvely, the fluid 22 may be injected in situ to facilitate insertion of disc 10

- and: subsequmt distraction between adj acent vertebrae. The rigidity and d1straction
: capablhtles of the disc 10 may be a funcnon of the amount of fluid 22 injected intd the

- mtenor 19 of the disc 10 and/or the elastic pature of the membrane 16. Generally, the more
‘ ﬂmd 22 prowded in the interior 19 of the d;sc 10, the more rigid the dis¢ 10, and the greater
tha dxsiractmn capability. Furthermore, phah:hty and increased articulation may be realized
by ﬁlhng only a portion of the interior volume 19 of the disc 10. Finally, variably flling the

3 interior 19 of the disc 10 with fluid 22 permits the overall height H of the disc 10 ta be varied
‘ag necessa:y depending on the needs of the. mdmdual patient.

[0059] .. Asshown in Fi igure 2a, the upper endplate 12 may have an inner sm:facc
provxded with an arcuate socket 32, while the lower endplate 14 may have an inner surface

- prqwded with an arcuate protrusion 34, or vice versa. The socket 32 and pmtmsiqn 34 are
_ coﬁﬁ'gured'and dimensioned to mate, or to e:fi)rr&epond generally with each other. The type-

- and amount of articulation desired may dmtate the curvature of the socket 32 and protrusxon
. 34 prcmded For example, if the protrusxon 34 has the same radius as the socket 32, then the
' dlsc 10 may provide greater support but mote constrained movement, Altematlvely, if the
: socket 32 has a larger radius than the protrusion 34, the disc will provide incréased
: at’twulanon Furthermore, the protrusion 34 ‘and/or socket 32 may also incorporate a flattened

' pomon which may allow translational movement of the upper endplate 12 with respect to the

.' lower endplate 14. By allowing translation; the disc 10 may provide a moving 1nstantaneous :
' ams of rotat.lon as previously explained,
. [0060] .. Itis also possible for the sockct 32 and protrusion 34 to takc on contours other
: than those described above in order to achleve a desired articulation. Moreover, while the

. socket 32 and protrusion 34 are shown with contours that generally permit mating of their

surfaces it is possible to provide non-malmg contours for the socket 32 and protrusmn 3410

- ac]:neve a desired articulation.
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[0061] " The use of a fluid filled mtenor volume 19 in combination with an artlculaung
surface may permit the socket 32 and protrusxon 34 to translate more casily with respect to
eac'h other by reducing friction between the shdmg surfaces. : o
[0q52] ' Altematwely. where the ﬂv.ud is a compressed pas, the articulation surfaces -
my not be constantly engaged, but may only ‘become engaged when sufficient compress;tve
force is placed in the disc by the adjacent vertebrae Thus, the disc of this embodlment would
have a dual performance aspect, under one loadmg scenatio performing like a ﬂu1d-ﬁ11ed ‘
chsp, and under a second scenario perfonmng like a mechanical protrusion/socket arhculatmg
dst .

[0063] Dependmg on the location i m the spine where the disc 10 is implanted, the dise
10 breferably may restore height in the range from about 4 millimeters (mm) to about 26 mm .

| In addmon, the disc 10 preferably may restore lordoms in the range between about:0° to about

20“ The disc 10 preferably may also restore stiffness in the range from about 1 Newton- -
meter per: degree (Nm/deg) to about 11 Nm/deg in axial rotation, about 0 Nim/deg to about 7
Nm/deg in flexion/extension, and about 0 Nmfdeg to about 5 Nm/deg in lateral bendmg In

- addition, the disc 10 preferably provides a compressmn stiffness from about 100 Nfmm to

abgut 5000 N/mm and tension stiffness from ahout 50 N/mm to about 1000 N/mm.
Fusthermore, depending on the location of tbe spine where the disc 10 is unpla.nted, the
int«'rvertebral disc 10 preferably allows for. a range of motion of from about 5° to about 45% in
flexion/extension, from about 3° to about 33° in lateral bending, and from about 1° to. about

60¢ in axial rotation. The intervertebral dlsc 10 preferably also allows for axial compression
m e range from about 0.2 mm to ghout 2 mm | .
[0 64] Preferably, the upper and lower endplates 12, 14 are formed of mctal, such as
titanium, stainless steel, titanium alloys, copalt—chmmnum atloys, or amorphous alloys.
Alternatively, however, the upper and lowe;; ,t.mdplatcs 12, 14 may be formed of ceramics,
cothposites, polymers, such as PEEK or UIﬂvIWPE, bone, including cortical, cancellous,
allograft, autograft; xenograft, demineralizqgl or partially demineralized bone, or any é)ther
m@tedals-appIOpﬂa;e to serve as load beariﬁ_g supports. More preferably, the matefia;s .

chdsen for the endplates, in combination wmh the fluid, may be chosen so as to minimize
[0065] ~  Furthermore, preferably, anﬁartiéulatin g surfaces in the intervertébfal .discs of
the|present invention includes a surface poliéh or similar wear reducing finish such.aé
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Lt

d;tamond finish, TiNi finish, etc. in order to iminimize wear, decrease particle generanon, and

mcrease dlsc life.

' [0066] " The outer surface of the upper and lower endplates may be substannally flat,

wedge-shaped etc. The outer surfaces of tha upper and lowcer endplates 12, 14 also ‘may be
dome shaped with their radii defined in the saglttal and coronal planes to generally match the
shq:e of the ends of the adjacent vertebral, thereby providing a better fit in situ.

'[0067] In addition, as shown in Flgures 1 through 2a, the disc 10 may mclude

rmgra’acm resistant features, such as, for example, spike-like structures 18 on the outer
swfaces of the upper and lower endplates 12 14. The migration resistant features may
facxhtate Emgagcmcnt of the disc 10 with the ends of the adjacent vertebra by prawdmg a .
mechamcal interlock as a result of penetratmn and/or deformation of the ends of the adjacent
vertebraa The initial mechanical stability aﬁ’orded by spikes 18, for example, mmmnzcs the
nsk of post-operative instability, movement, dislodgmg or expulsion of the disc 10.: Other
nugrahon resistant features may include, w1thout limitation, flaps, teeth, deployable teeth
deployahle spikes, flexible spikes, flexible teeth, fins, insertable or expandable fins, anchors
screws ridges, serrations, or other similar texturmg on the outer surfaces of the upper and
lower endplatas 12,14. Asshownin Flgure 3a, deployable spikes 21 may be prov:ded and a
cmn mechamsm 23 may be used to deploy thc spikes 21. Alternatively, as shown in'Figure .
3b an instrument may be used to deploy the spﬂces 21. Asshown in Figures 3¢ thmugh 3e,
mpecnvely, examples of flexible spikes 24 shaped teeth 25, and anchors 26 are shown ,
Alﬂernatlvely or in addition, bonding agents! sux:h as calcium phosphate cements, etc may .
also be used to secure the disc 10 to adj ace.nt vertebra, '
[00568] “‘ Furthermore, the upper and lower endplates 12, 14 may also be coated w1tl1 a |
bone growth inducing substance, such as hydroxyapatlte to promote hony mgrowth to
pmnanen’cly secure the disc 10 to the adj acent vertehrae Alternatively, the upper and lower
endplates 12, 14 may have a roughened or porous surface to facilitate bony mgrowth
Altsmanvcly, the upper and lower endplates 12,14 may have laser treated endplate layers to

| create a porous. structure, or may integrate an osteoconducuve/ostcomductwc scaffold. The
endplatas 12, 14 may also be made from an osteoconducuve and/or osteoinductive matenal to
pmrnota bony ingrowth. The endplates 12, 14 may further include a membrane and/or bamer
to Limit the depth of bony ingrowth penmtted
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~[0069] " The upper and lower endplates 12, 14 may also have implant mstmmcntauan

atmchment, guiding, and retaining structutes For example, the endplates 12, 14 may have

. holes, slots, threads, or a dovetail for accepw:lg a tool used to implant the disc 10 and/orto

chstract the yertcbrae. For example, the dis¢;may include a slot formed in the upper and/or

'.lower endplates 12, 14, the slot configured to receive an implant insertion mstrument a

. Idlstractor or -both. ¥
" :[0070] - As a result of the material aud structural components used, the disc: 10 can

allow, ﬂemen/extensmn lateral bending, amal rotation, and translation, depending on fhe

'loadmg 1mparted on the intervertebral disc. l'.n addition, under the various spinal loadmg
,condmons resultmg from spinal movements the fluid 22 may move within the mtenor

.volume, elther compressing (in the case of a.gas), or moving radially outward as. the

,membrane expands allowing the end plates to move with respect o each other. Tms varylng;
--movement or displacement of fluid 22 prov1des a moving instantaneous axis of rotahon

[007 1] * As shown in Figures 4 and 5,-a second exemplary embodiment of an artificial

-dlsc is provided. Disc 100 generally has ao’ annular shape and includes an upper- surfane 102,
‘a. lower surface 104, an outer sidewall 106 formmg an outer wall, and an inner mdewall 107
:deﬁmng an.opening 108 (i.c., a thru-hole). However, the disc 100 may take on other shapes
' ﬁthat preferably conform geometrically and anatomically with adjacent vertebral bodxes,
'mcludmg, but not limited to, kidney-bean shapa circular, oval, ellipsoid, C-shape, D-shape

etc "I‘he disc 100 is preferably made from an ¢elastomeric material that forms a closed

'reservou' having an interior volume 103, The dise 100 may further include a va.lve 118 for
‘mtroducmg or withdrawing fluid 120 from the interior volume 103 of disc 100 as. prewously

descnbed. Preferably, the valve 118 compnsm a one-way valve and is located on’ the oiter
mdawall 106, as shown in Figure 5, however, the valve 118 may also be located on the upper

: sm:face 102 the lower surface 104, or on the mner wall 107.
: [0072] As best shown in Figure 5, the disc 100 may further include a mctal mesh 105

molded onto or atherwise secured to the upper surface 102 and/or lower surface 104 The
mctal mesh 105 may impart additional strefigth and rigidity to the disc 100. The metal mesh
105 may also be flexible so as to adapt to the concavity of the ends of the ad_]acent Vertebral
bochcs to thereby facilitate a high degree of surface contact with the disc. The metal mesh

'105 may also be textured, its surface may bc porous, and it may be used in conjlmg:non with
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boqe growth mducmg or conducting substmwes to further enhance engagement and fusmn :
w1th the adjacent vertebral elements. , . '

[00‘7 3] . 'Preferably, the through—hole 108 may be filled with an elastomeric matenal
(not shown) The elastomeric material may: have a stiffness different from that of the disc
100. Preferahly, the elastomeric material has g higher stiffness than the stiffness of d;sc 100
thereby allowing the through hole 108 to be more rigid and thus to actas a center prOt or
center strut sbout which the upper and lower surfaces 102, 104 may articulate. Tha center
pivot n may allow one portion or side of the dlsc 100 to compress while at the same tnne
p_emnttmg another portion of the disc 100 to expand In an alternative mnbodxment, the
lastomenc material may have a lower stxffness than the stiffness of disc 100. Altematwely,
tb through—holc 108 may be filled with a hyrdo gel.

[0q74] " In addition, the upper and lowm' surfaces 102, 104 of disc 100 may mcludc
rmgmtmn resistant features, pcrmane:nt ﬁxatlon means and/or implant mstrmnentanon :

attachment, guiding, and retaining structuws as previously described in regards to the disc 10
of Fxgures 1 through 3. Preferably, disc 100  may be provided with at least one secunng
fwdtm-e G.e., flap) 110 to facilitate cngagemmt of the disc 100 with the vertebral bodies of the
adjanent vertebra. As shown in Figure 4, preferably two flaps 110 are provided, one ﬂap 110
foq the upper surface 102 and one flap 110 for the lower surface 104. Flaps 110 may be
gvided as one piece which extends ‘beyond the upper and lower surfaces 102, 104, or flaps
11  may be provided as two or more pieces. Flaps 110 preferably extend above and below
aces 102 104, respectively, from*lateral gide 106, and are sized to abut a portlon ofthe
e“'{:nor surface of the vertebral bod.les of the adjacent veriebrae, Flaps 110 may. mclude
ugh-ho!es 114 for receiving fasteners such as, for example, fixation screws (not shown).
ﬁxatmn screws can be used to secure chsc 100 to the vertebral bodies of the adjacent '
ve ebras . '. . :
[0075] Alternatively, as shown in Flgure 6, disc 100 may further include a. gap 126 in
1t;lc1rcmnference , producing opposed end faces 122, 124 which give the disc 100a general
" shaped appearance. Preferably, end faces 122, 124 are configured to be remhwtly biased
apart, however, end faces 122, 124 may be naturally disposed apart from each othar, wn‘.hout
T ment blaSmg The gap 126 formed between end faces 122, 124 provide the duq 100 with
mq.reased flexibility thus facilitating mscrhon and placement of the disc 100 between
e:Jf(gbrae The gap 126 permits the dlamctqr of disc 180 to be decreased by press;_gg enﬁs
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122, 124 togefher The gap 126 also may aJIow the disc to be unfolded by pulling; ends 122
" 124 apart. Thus the gap 126, allows the dxsc 100 to be configured to have at least one

smallcr oute;r dimension as compared fo its. rest state, which in tumn may allow the dise 100 to
be mscrted mto an anatomical region thmugh a cavity or other opening that is smaller than
the uncompmssed (i.e. at rest) size of disc 1&0 thus making posterior insertion possﬂ:le
[0076] . Depending on the location of the gpine where the disc 100 is lmplanted, the

,rhsc 100 pmferably restores height, lordos:s, str.fﬁmess offers compression stlfﬁaess. and

allows a range of motion similar to that descnbed in relation to previous embodn:nents.
[0077] i © As aresult of the materials, geometly, and companents used, disc 100 can
allow ﬂexmn/extensmn, lateral bending, axlal rotation, and translation, dependmg on the
loadmg unparted on the intervertebral disc.’. Sumlar to the embodiment of Flgures 1 through
2a, under vanous spinal loading conditions resultmg from spinal movements, the ﬂmd 22
may move: thhm the mterior volume, e:thm: compressmg (in the case of a gas), or movmg

iradlally outward as the membrane cxpands, aﬂowmg the end plates to move with mspcct to

each uther : This varying movement of msplacement of fluid 22 provides a moving

'mstautananus axls of rotation,
‘ [0@78] Wlﬂl reference to Figures 7 through 9, a third exemplary embodmlent ofan.
: aruﬁclal dJse will be described. Preferably, da.sc 150 has a generally cylmdncal shape witha

cu-cular footpnnt and has an upper end 152 a lower end 154, and an outer sidewall 156

: d:sposed therebetween The disc further mchldes an interior volume as defined between the

uppcr and lower ends 152, 154 and the outer suiewall 156, Although illustrated ag a cylinder,

’ the disc: 150 may take on any other shape that preferably conform geometrically and.

anatomlcally with adjacent vertebral bodlm, mcludmg, but not limited to, kldney-bean

'shaped, armular oval, ellipsoid, D-shaped, C«sha.ped etc.

[0079] f :  The disc 150 may be made from any material known in the art capahle of
setving as a load bearing support mcludmg, but not limited to, elastomers, polymers, '

: cetamics, composxtes ete. The disc 150 my - further include a valve (not shown). for

mtmducmg fluid 158 into the interior of d15c as previously described in relation to other

, embodlmcnts
. [0080] " The disc 150 may further mclude upper and lower end plates (not shown) as

prevmusly:desmbed with regards to other zmbodlmcnts Alternatively, the disc 150 may
mclude a metal mesh molded onto or otherm’se secured to the upper surface 152 and/or lower
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) surface 154 as previously described in rclanon to other embodiments, In addmon, ithe disc

150 may further include migration resistant’ features, permanent fixation means and/or

1mplant instrumentation attachment, gmdmg, and retaining siructures as prevnously descnbecl .
in rc:lanon to other embodiments. 5 )
[0081] ‘ Depcndmg on the location of the spine where the disc 150 is unplanted, the

d:sc 150 preferably restores height, lordosus, auffness offers compression stszmss, ‘and

\ allows arange of motion similar to that descnbed in relation to previous embodmients

[0082] With reference to Figure 8, the interior of disc 150 is shown. Preferahly the
interior of disc 150 includes a plurality of mterconnected peripheral chambers 160 and &
scparate central chamber 162. The mulu-chambered interior of disc 150 permits controlled
fluid flow within the mtervertebral dise 150 so that under loading, controlled artmulanon or
motion is permitted. The peripheral chambers 160 may be in fluid commumcahon w:tth the
cenh-al chambcr 162 by way of an open passageway, a porous central wall 165, an osmonc
membrane, etc. Prcfcrably, however, the pe.npheral chambers 160 are in fluid
commumcanon with the central chamber 162 by way of a baffle and/or valve. More
prefcrably, the baffle and/or valve is conﬁgured to provide for selective exchange of flnid
such that the fiuid 158 from the peripheral | chambers 160 may flow more easily or, qmckly
into the central chamber 162 than the fluid- 158 would flow out of the central chamber 162,
Altemanvely, the central chamber 162 may: be sealed with respect to the pcnpheral chambers
160. In thzs case, the peripheral chamber 160 and ceniral chamber 162 may be ﬁlled with the.

-samc or dlﬁ'erent fluids. -

[0083] "' The peripheral chambers 160 are defined by walls 163, while the central
chamber 162 is separated from the penpheral chambers 160 by a central wall 165 In .
addition to defining the geometry of chambers 160, 162, walls 163, 165 also serve as supports

Ibetween surfaccs 152, 154 by resisting loads actmg upon the disc 150 when in use

[0084] Preferably the central chamber 162 and outer periphery chambers 160 are

.arranged 50 that the central chamber 162 is more rigid than the outet peripheral chambers 160 - .

(such as by completely f' lling with mcompress;ble fluid), thus enabling the central chamber R
162 to act as a center vaot or center strut about which the upper and lower surfaces 152, 154°
may articulate. The center pivot allows one portlon or side of the disc 150 to. compress while
at the same time pemuttmg another portmn of the disc 150 to expand. The walls 163 of the
pempheral chambers 160 may be formed of a matcnal having a lower stiffness thau the

18



10

15

20

25

30

35

WO 2004/016205 PCT/US2003/025535

matenal us;ad to produce the central wall 16§' thereby allowing the central chambéf‘=162 to be
more ngnd and act as a center pivot, Altemeéhvely, the walls 163 of the peripheral chambers
160 may be formed of the same material as tlhe central wall 163, but with a geometry that
prcmdcs a lowar stiffness than the geomeny of the central wall 165 of central chamber 162
thereby allowmg the central chamber 162 tq act s & center pivot for dise 150. Furthennore a
comblnatlon of material and geometric chamctcnstics of the chamber walls 163, 165 may be
selected to make the central chamber 162 mnre rigid than the peripheral chambers 160 so that
the central chamber 162 may act as a center, vaot about which the disc 150 pivot.

.[OQSS] ‘ _ The geometry of chambers 1:50, 162, the geometry and material of tﬁe walls
_16.?:, 165? é,long with the fluid(s) disposed ﬂ:}erem can be selected to obtain the desifed

characteristics of the disc, including the desf
irelative stiffficss of the central chamber 162
promde the desired articulation between the

ired stiffness, height, pliability, and preferably the
with respect to the peripheral chambers 160 to
upper and lower ends 152, 154. Thus,the disc"

i 150 will move, deform or extend in ﬂexxom‘iextensmn, lateral bending, axial rotauon, and

.nanslauon depending on the loadings unpanted on the intervertebral disc since und:r various
,spmal loadmg coaditions, the fluid can tranilate between the peripheral chambers 160 and/or
:thex central chamber 162. This movement ol'the chambers with respect to each other, as well

the movement of the fluid within and between the chambers allows for a movmg

. mstantaneous axis of rotation of the disc 150 It should be noted that the central chamber 162
needn’t be located in the center of the disc, but rather may be positioned in any other location

thhm the d15c approprate to produce the deam'ed movement of the endplates relamve to.cach

~ gothet
[0086]
f sprmg 167 The spring 167 serves as additi

: formed from any material known in the art
: alloys stmnless steel, amorphous alloys, g
, [ObS7 ] Alternatively, the central chﬁmber 162 may house a bladder (not shown). The
‘ b]adder may be separate from the ends 152
' anh/or tremslate within the central chamben

Alternatively, as shown in F‘

ce:ntral chamber 162 to act as a center vaot
the central cha.mber 162, fluid may or may;

bladdcr may be integrally formed with, or ¢

gure 9, the central chamber 162 may house a
onal support for dis¢c 150 further enablmg the
a.nd./or sttut. When a spring 167 is prowded in
not also be provided. The spring 167 may be
for example, cobalt-chromium alloys, titanium
lymers Or COmPOositss.

onngcted to, ends 152, 154, Altcrnauvely, the
154. This bladder may articulate, compress,

162, providing the disc with a moving ‘
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msiantaneous axxs of rotation, which under vanous loading conditions, may allow for a
greatcr deg::ee of arnculauon or movement of disc 150. In addition, the ¢central bladder may
serve as additional support for disc 150 so that the central chamber 162 may act a ccnter pivot
[OQSB] Wlth reference to Figures 10 and 11, a fourth embodiment of an artlﬁmal
mtervertebral disc will be described. Disc 250 has a generally kidney-bean shaped footpnnt
w1th an upper endplate 252, a lower endplaxe 254, and at least one cable element 256 258,
Although disc 250 is shown as having a kldneymbean shaped footprint, the disc 250 may take
oniany other shape that generally conforms geometncally and anatomically with adJacent

: vertebral bodnes, including, but not limited io, circular, annular, oval, ellipsoidal, D—shaped
' Oshaped, ete. In addition, the endplates 252, 254 preferably include migration reswtam

t"eaturcs, permanent fixation means and/or lmplant instrumentation attachment, gmdmg, and’
retazmng stmctures as previously descnbed in relation to previous embodiments,

_ [0089] _ Preferably, the upper and lower endplates 252, 254 are formed of metal such
a8, utamum, stmnless steel, titaniom alloys, cobalt—chmmmm alloys, or amorphous alloys.
1A1temat1ve1y, the upper and lower endplates 251, 254 may be formed of ceramics;
‘ compomt&s, polymers, such as PEEK or UIIFMWPE bone, including cortical, cancellous,

allbgraft autograft, xenograft, demmerahzed ‘or partially demineralized bone, or any other
mqtmals appropriate to serve as load beanng supports.

'[0090] . The outer surface of the upper and lower endplates may be substaxmally ﬂat,

edge-shaped, etc. Alternatively, the onter surfaces of the upper and lower endplates 252,

‘ 254 may be dome shaped with their radii deﬁned in the sagittal and coronal planes to
' gencrally match the shape of the ends of the adjacent vertebral, thereby prov1d1ng 2 better fit

Iﬂ kﬂm

o [0091] The disc 250 may also mclude an elastic membrane, the elastic mcmbrane

30

335

ge:ltlemlly extending from the uppert endplate 252 to the lower endplate 254 as prevmusly

dmn’bed in relations to previous embodiments The disc 250 may also include a valvc, the

' valve pmwdmg access to the interior of the dxsc 250 so that a fluid may be at least pamally

[0@92] Depending on the location of’the spine where the disc 250 is Jmplanted, the
dlsc 250 preferably restores height, 1ordosis stxfﬁness, offers compression snfﬁmess, and
al.}ows a range of motion similar to that descnbed in relation to previous embodxments

20
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[0093] " Asshown, disc 250 includesa plurality of peripheral cable elements 256 and a
central cable element 258. The peripheral oable elements 256 may be located near the '
penmeter of disc 250, while the center cabla element 258 is preferably located near- the center
of the disc. The peripheral cable elements 256 and the center cable element 258 are aftached
to the upper and lower endplates 252, 254 by any fixation means know: in the art mcludmg,
but not hrmted to, bonding agents, ultrasonie weldmg, sorews, nails, mechanical wedging and
pins. Preferably, however, the cable elements 256 258 engage the upper and lower eudplates
252, 54 via boreholes 260 formed on the upper and lower endplates 252, 254. The ends of
cable clements 256, 258 are orimped where they penetrate the outer surface of the uppcr and
lowm' endplates 252 254. This permits surgeons to appropriately size the disc 250 just pnor

_ to implantation by means of cnmpmg/attachmg appropriately sized cables to the endplates.

The peripheral cable clements 256 and central ‘cable element 258 may be made from metals,
polymers, composites, or any other appropmaw material known in the art,

[0994] . Inoene embodiment, the center cable element 258 is shorter than the penpheml
cablc elements 256. This causes the penphﬁtal elements 256 to assurne a curved or bowed
shape betwean the endplates 252, 254, Asa result, the length of the central cable. elemeut
258 determmes the maximum distance between the upper and lower endplates 252 254 under
tension. Fm-thexmore as a result of the penpheral cable elements 256 being longetﬂman the"
central cable element 258, the shorter central: cable element 258 causes the longer peripheral
cable elements 256 to be held in comprcssmn. The resilience of the bowed pcnpheral cable .
elements 256 provides shack absorptmn, axml compression and articulation charactenshcs 1o

 the dise 450,

[0095] As.aresult of the matcrials, "gevbmetry, and components used, dis¢ 256:can’
a.l!ow fexion/extension, lateral bendmg, axxal -rotation, and translation, dependmg on’ the
loading condltlons In addition, under vanous spinal loading conditions resulting ﬁ'om spinal
movements, the peripheral cable elements 256 can bend or compress varying amounts, Such

' vanable bcndmg/compressxon provides the desued moving instantaneous axis of rotation.

[0096] With reference to Figure 12, an exemplary installation procedure will be -
describcd" Generally speaking the disc 300 iﬁcludas an upper endplaté 302, a lowef endplate
304 and a core mechanism 306, the coxe mechamsm being any cable, slastomer, fiber, or
ﬂmd filled disc prcwously described. Thc ‘intervertebral discs 300 may be 1mplzmted ina
modular faslnon, for example, the endplates 302 304 of disc 300 are inserted into the
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mtervertebral cavity using instruments such, as a distractor and/or holder mstmment. The
intervertébral disc space may be dxstracted usmg a standard spinal distractor wh1ch engages
the endplates 302, 304. Trial spacers are then preferably used to determine the appropnate
size of the core mechanism 306 to be mserted in the resulting disc space. In an exemplary
embod:ment, the core mechanism, 306 is mgerted and attached to endplates 302, 304 through’

" the use of a dovetail, slot, or similar connection. This modular insertion technique avoids

. over-distracting the intervertebral spabe, which may damage surrounding tissue aﬁd/ar blood

vessels.. .

[0097] | Alternatwely, the mtervertebra! disc 300 may be inserted preassembled w1th
the use-of parucular insertion tools. For examplc an endplate holding ¢lip may be used that .
allows the endplates 302, 304 to be held and locked in a parallel and spaced relatxonshxp as
they are inserted into the mtervertebra.l space Once implanted, the clip may be unlocked and
‘removed fiom the endplates 302, 304. The c11p may then be removed from the mtervertebral

" space. In addition, the disc 300 may be implanted in a compressed state to prevent over-

distraction.” The introduction of the disc 300 in a compressed stale may be accomphshed via.
a surgical insertion instrument or by an mtcmal mechanism located in the disc 300

[06098] - - An anterior, lateral, or. antemlatcral surgical approach may be used for thie
intervertebral disc 300. Furthermore, depending on the intervertebral dise 300 to be
implanted, a minimally invasive surgical niéﬂmd or a simultaneous distraction and
implantation surgical method may be used. 3imultaneous distraction and imp]aﬁiation‘ may
be accomplished, for example, by using slot's formed on the outer surface of the e‘ndplatm
302, 304 to guide the implant down the dlslxactor during implantation. Also, depmdmg on -
the intervertebral disc to be implanted, an artificial Anterior Lon gitudinal Ligament or the
natural Amterior Longitudinal Ligament may be attached direcily to the disc or to: the adJaccnt
vertebral bodies. Attachment of the Antenor Longitudinal Ligament may assist in preventmg
movement, dislodging or expulsion of the implant. To assist with the implantation of the
intervertebral discs, the intervertebral discs ﬁay include alignment markers. |

[0099] While various descriptions of the present invention are described above, it
should be understood that the various features can be used singly or in éombinatipn thereof.
Therefqt‘e, this invention is not to be limited to the specific preferred embodimenig depicted
herein. ' '
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[00100] : ' Further, it should be understood that variations and modifications within the ‘
spmt and scope of the invention may occur tn those skilled in the art to which the mven’uon '

.pertams For example, some portions of thedmplants disclosed herein may be fonned of .

bone, such as allografis, autografts, and xenografts which may be partially or fully
demineralized. .In addition, some implants tay include bone material or other bone growth ’
inducing: matenal in their interiors or on/in. the:r endplates. Such substances in the mteﬁors :

may be pemutted to interact with the Surrmmdlng apatomy, as with channels or othgr holm

formed i n the mxplant walls. Also, intra and:; post-opcratw-. alignment markers may be used :
to assist wu;h implantation of the mtcrvcrtebral discs, Furthermore, the intervertebral chscs :
can be made rigid in situations where fusmn isnecessary. The intervertebral discs may be
made ngld by, forexample, allowing fusxcm between the endplates, inserting spacers between
the endplates or by injecting a solidifying hqmd between the endplates, Accordmgly,
expedient modifications readily attainable by one versed in the art from the disclosure set :
forth herem that are within the scope and spmt of the present invention are to be included ¢ as '
further egbodments of the present mventxq;:. .The scope of the present invention is f

accordingly defined as set forth in the appended claims.,

23
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The Claims

anl is claamed isi

1. An mtervertebral disc for placement between first and second vertebrae
gor:pnsmg : ;

- an upper endplate having a first i mner surface and a first outer surface, the. ﬁrst outer

‘surlr"ace cantachng the first vertebra;

. alower endplate having a second i mner surface and a second outer surface the second
oumr surface contacting the second vertebra :
1 membrane extending between the upper endplate and the lower endplate, : ,
an interior volume defined between the endplates and the elastic membrane ancl
a valve in commumcauon with the’ mtgnor volume for at least partially ﬁ]]mg ﬂxe

xfo] ume. w1th a ﬂmd

' 2‘.' ~ An mntervertebral disc accordmg to. claiim 1, wherein one of the ﬂrst and
seéond inner surfaces has a socket and the ether of the first and second inner suxfm has a

prc‘puusmn wherem the protrusion is conﬁgured to articulate within the socket.

i3 An intervertebral disc accordmg to claim 2, wherein the protmsmn and socket .’
are configured to allow translational movement between the upper and lower endplates

3 4. An intervertebral disc accordmg to any one of the preceding clalms 1- 3

" wherein af least a portion of the valve is dmposed within the membrane.

5. Anintervertebral disc accordmg to any one of the preceding clan:us 1- 4
wherem at least a portion of the membrane is disposed between the upper and lower .
gniplates o

6.  Anintervertebral disc accor:riing:to any one of the preceding claims 1 - 5,
wherein the mcmbrane encapsulates the upper and lower endplates.

7. - Anintervertebral disc accordmg to any one of the preceding claims 1 - 6,

whercm thc membraue is formed of an clastomenc material,

8. An intervertebral disc acconimg to any one of the preceding cla1ms 1-7,

w]rm:m the membr:me comprises a bellow
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9.  Anintervertebral disc according fo any one of the preceding claims -8,

. ‘Wherein, the ﬂmd is incompressible.

10. - An intervertebral disc accordmg to any one of the preceding claims 1 9,
wherein at least one of the endplates is formed from a material selected from the group

consisting of metal, polymer, ceramic and composite.

il. An intervertebral disc accord;':ng, to any one of the preceding claims 1 - .1 0,
wherein at least-one of the endplates is formed of bone material selccted from the .gfoup
consisting of cortical, cancellous, allograft, autograft, xenograft, demineralized of partially
dcmmcrahzed bone. o

12, An intervertebral disc a,ccordmg to any one of the preceding clalms 1 11,
further compnsmg migration-resistant structures disposed on at least one of the ﬁrsf and
second outer surfaces.

13.  Anintervertebral disc according to any one of the preceding claims 1-12,
further comprising permanent fixation means disposed on at least one of the first and second.
outer surfaces. :

- 14,. An interveriebral disc accordmg to any one of the preceding claims 1 13,
further comprising implant mstmmentanon attachment guiding, or retaining structures

' disposed-on at least one of the first and second outer surfaces.

15.: An'intervertebral disc for plap.ement between first and second vqrte't;;*ae, the
disc comprising: ' o '
an first-and second surfaces adapted to contact first and second vertebrae; :

: outcr and inner sidewalls disposed between the first and second members; the inmer
mdewall deﬁmng an annulus;
whemm the annulus is at least pamally filled with a fluid.

'16.  Anintervertebral disc accorc_iing to claim 15, wherein the disc at lea#t partiaily
comprises an elastomeric material. :

17.° An intervertebral disc accordmg te either claim 15 or 16, further compnsmg
an. elastomenc material - disposed within the anmdus.

.25
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| 18.  Anintervertebral disc accardmg to claim 15 - 17, the body firther wmpnmng
a ﬁrst Stlfﬁless, wherein the elastomeric matmal has a second stiffniess, the ﬁrst and second

H
..u

sufﬁxcsses bemg substantially unequal.
19: . Anintervertebral disc accordmg to any one of the preceding claims 15 18,
whermn ’the second. stlfﬁless is greater than the fitst stiffness,

20. An intervertebral dlsc accm:dmg to any one of the preceding claims 1:5 19, .
- further compnsmg avalve in cormnumcahon wuh the annulus for at least parna.lly ﬂllmg the
annulns wﬂh the ﬂmd

21.  Anintervertebral disc accordmg to claim 20, whetein at least a portlon of the
valve is dmposed with the outer sidewall. .\ :

22 An intervertebral disc accordmg to any one of the preceding claims. 15 21
ﬁmher compnsmg a metal mesh assomated Wlﬂ‘l at least one of the surfaces. '

© 23,  Anintervertebral disc &ccordmg to ¢laim 15 - 22, frther compnsmg agap’
betwccn the first and second surfaces and the ‘mner and outer sidewalls, the gap deﬁncd by
the first and second surfaces. 2 f ;

‘ 24. : An intervertebral disc accordmg to any one of the preceding 01811118 15 23,

wherem the ﬁrst and second surfaces -are remhently biased apart.

25.  Anintervertebral disc acc';oi'diﬁg to any one of the preceding claims:iS: 24
" wherein the. dlsc is confignred so that it may be implanted into an intervertebral chsc space via
2 postenor approach to the spine, L o

.26, An intervertebral disc accordmg to any one of the preceding cla;ms 15 25
wherezn the fluid is incompressible.

_ 27.° Anintervertebral disc. accordmg to any one of the preceding clauns 15 .26,
ﬁn'ﬂ:er compnsmg migration-resistant structures disposed on at least one of the ﬁrst and
seoond members ‘

28. An intervertebral disc accordmg to claim 27, wherein the rmgratxomremstant
' structure comprises at least one flap extendmg beyond at least one of the upper and lower
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surfaces and ha\ ‘g a thru-hole for receiving a fastener to engage at least one of the ﬁrst and-

»second vertebra.

29, Anintervertebral disc accordmg to any one of the preceding clauns 15 28,
ﬁ;rther compnsmg permanent fixation means dJSposed on at least one of the first and second
members

‘30. An intervertebral dise accordmg to any one of the preceding cleums 15 29,.

further compnsmg implant instnumentation attachment guiding, ot retaining structures
Q1sposg¢ m at least one of the first and secogd:,members. Co

'31 . An intervertebral disc for plézfcement between first and second verteﬁé‘aé
compnmng ’ B

. an. upper surface for contacting the ﬁrst vertebra;

“a lower surface for contac‘ang the second vertebra; and

. an cxtenor wall having an inner and; outer surface, the exterior wall extendmg
batween the upper and lower surfaces, and ; S

an interior volume defined between the upper and lower surfaces, and the mner
surface of the extertor wall, the volume compnsmg at [east first and second chambers

32. . Anintervertebral disc accordmg to claim 31, wherein the first chamben‘ is

deﬁned by a first wall, and the second chamber is disposed between the exterior wa]l and the
'ﬁrst wall ‘ '

33.  Anintervertebral disc according to either claim 31 or 32, further cdﬁpﬁsing a
valve i m communication with the ﬁrst chamber for at least partially filling the first: chamber

6 - ,w1th the ﬂuld

oa

W N -

34. f An intervertebral disc accordmg to claim 33, wherein at least a. pomon of the

-.valve is dlspcsed with the exterior wall.

'35.  Anintervertebral disc accordmg to any one of the preceding clatms 31 34,

.wherem the first wall is formed of a first matenal having a first stiffness and the exterior wall
is formed of a second material having a second stiffness, the first and second sufﬁmscs being
-,substantmlly uneqgual. '

.27
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36 . An mtervcrtcbral dise accordmg to any one of the preceding clmms 31 35

; wherem the first wail has a first conﬁguratmn wnth a first stiffness and the exterior’ wall has a
sccond conﬁguratmn with a second shfﬁwss, the first and second stiffness being substanhally

L unequal : +

37 An intervertebral disc accordmg to any one of the precedmg clmms 31 36,

° wherem the; first chamber and the second chamber have at least a first fluid dlsposed therem

.l N

38_. . An mtervertebral disc accordmg to any one of the precechng clmms 31 37

5 wherem thc second chamber is in fluid commumcauon with the first chamber.

39, "An mtcrvertebral disc accordmg to either claim 37 or 38, further compﬂsmg a

: valve chsposed on the first wall in commumcatton with the first and second chmnbeas

ey

C 40 An intervertebral disc aocordmg to any one of the preceding claims 37 39,

wherem the interior volume further compnses a third chamber in fluid commmucahon with

- 41 © An mtcrvcrtcbral dise acoordmg ta any one of the preceding clalms 31 40,
whe.rem the second chamber is sealed from: the first chamber, the first chamber havmg a ﬁrst

3 ﬂmd disposed therein and the second cha.mbe:r having a second fluid dlsposed thetem

4'2.3 An intervertebral disc accordmg fo any one of the preceding clam:tsBl 41

: wherein the first and second chambers are ﬁlled at least partially with a first fluid, ~

43. An mtervertebral disc accordmg to any one of the precedmg c1mms40 42,

2- funthcr compnsmg a valve in commumcatmn with the second and third chambers for at least
3 A pamally ﬁl]mg the second and thud chambers with the fluid. i

- 44 An mtcrvertebml disc accordmg {o any one of the preceding claims: 33 43

wherem at least a poruon of the valve is d1sposed with the exterior wall,

)

‘ 45. An mtervcrtebral disc accordmg to any one of the preceding clalms 31 - 44,

2 .wherem the at least one second chamber campnses at least two chambers in ﬂuld
3 commumcatmn with each other.

.28
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46. An mtervertebral dise accordmg to any one of the precedmg ¢lairas: 31 45
wherem the disc has a stiffness, and the ﬁrst chambcr is adapted and configured to have a
st:fﬁlws -greater than the disc stiffness

47.  Awnintervertebral disc accordmg to any one of the precedmg clmms 31 46

wherem the first chamber is adapted and con.ﬁgured to be a pivot that allows the smfaces to.

pwot with respect to each other.

. 48 An intervertebral disc accortﬁhg to any one of the precedmg claims 31:- 47,
wherem the first chamber has a resilient element disposed therein.

. 49." . Anintervertebral disc accordmg to any one of the precedmg clalms 31 48,
wherein the disc has a stiffness and the resxhent element is a spring, the spring bemg adapted
and configured to have a second st1£ﬁ1ess greater than the first stiffness.’ :

50,  Anintervertebral disc accordmg to any one of the precedmg clalms 31 49
wherem the first chamber has a bladder d1spesed therein. ' '

51..  Anintervertebral disc accordmg to any one of the prcccdmg cla.lms 3 1 50,
wherein thc disc is formed from the group consxs’ung of an elastomer, polymer, cerarmc,
compos:ta or metal mesh. '

52. An intervertebral disc accordmg to any one of the precedmg clalms 31 51,
further campnsmg & metal mesh assomated Wlth at least one of the surfaces.

53.. An intervertebral disc accordmg 1o any one of the precedmg claims 31 52,

' f'm:ther cmnpnmng at least one endplate assoclated with at ]east one the surfaces.

54.  Anintervertebral disc accordmg to claim 53, further comprising mxgratmn—
rﬁlstent structures disposed on at lcast oné: of the endplates. ‘

'55."  Anintervertebral disc: accordmg to either claim 53 or 54, further compnsmg
permanent fixation means disposed on at least one of the endplates.

56.  Anintervertebral disc accormng to any one of the preceding claims 53- 55,
fusther comprising implant instrumentatiort attachment guiding, or retammg structures
dlsposed on at least one of the endplates,

29
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‘ 5,7 . An intervertebral disc accordmg to any one of the preceding clmms 31 36,
fm-ther comnprising migration-resistant strucmres dlSpOSed on at least one d¢f the surfa.ces :

': S8. . Anintervertebral disc accordmg to claim 57, wherein the mi gratmn-remstant
stmctu:re compnsas at least one flap extendmg beyond at least one of the upper and lower

_ sm:far.es and having a thru-hole for recewmg a fastencr to engage at least one of the ﬁrst and

‘ second vertebra.

o 59 . Anintervertebral disc for «plaf(éeln'ent between first and second Viertd:tﬂé
compnsmg ‘ :
| am upper endplate for contacting the ﬁrst ‘vertebra;

a iower endplate for contacting the second vertebra; and
f' at Ieas‘c first and second cable elements dJsposed therebetween

wherem the ﬁrst and second cable elaments each has a length, the length of the fhst cablc

: element ‘being substantially shorter than the length of the second cable element

£ 60. . An mtervertebral disc acoor'dmg to claim 59, wherein at least one of thé
mdplates inciudes at least one bore, the at least one cable elcment is assoctated mth the at

61, . Anintervertebral disc accordmg to claim 59 or 60, the disc further compnsmg .
a plurahty of penpheral cable elements chsposed between the upper and lower emdplabes each .-
penpheral cable element further having a Iength, wherein the first cable element comprises a

. cmtcr cable element, and the length of each penpheral cable element is substannally gréater

thanthc lcmgth of the center cable element

‘ 62. An intervertebral disc accordmg to any one of the preceding clanns 59 - 61,

ﬁuther cdmpnsmg a membrane disposed between the endplates.

63.  Anintervertebral disc accordmg to claim 62, whetein the membrane
encapsulates the endplates. :

64 ‘ An intervertebral disc accordmg to either claim 62 or 63, whercm the

membrane comprises a bellow.

30,
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65. An mtervertebral disc accordmg to any one of the preceding claims 59 64,

2 wherem at least one,of the endplates is formed from a material selected from the. group

3 :consumng ofmetal polymer, ceramic and ccbmposne

B W R =

w owN

66,  Anintervertebral disc accordmg to any onec of the preceding clalms 59 65

: wherem at least one of the endplates is formed of bone material selected from the group
. cons151.mg of comcal cancellous, allograft, autograft xenograft, demineralized or partxally
- dcmmerahz.ed bone '

:67.-. An intervertebral disc accordmg fo any one of the preceding claims: 59 - 66,

N

ﬁxrﬂwr conmnsmg mngratmn—resmtant su'uctures dizposed on at least one of the uppcr and
lower endplates :

68. An mtervcrtebra] dise accordmg ito any one of the preceding olaxms' 59 - 67

" further: compnsmg permanent fixation mea.ns dlsposed on at least one of the upper and lower "

endplates.

69... Auintervertebral disc accordmgtto any one of the preceding claxms: 59 - 68,
flmhcr compnsmg implant instrumentation attachmcnt guiding, or retaining stmctures ’

. d:sposed on:at least one of the upper and Iowe.-r endplates

70..  Anintervertebral dise accordmg to claims 62 - 69, wherein the me.mbrane and

: upper and lawer endplates define an intermx volume

‘ 71. ? An mtervertebral disc accordmg. o claim 70, wherein the membranem formed

- fmm an elastomer.

t

72 An intervertebral disc accord:ingg to claim 70 or 71, wherein the me@:brané

: comprises a bellow.

73 An intervertebral disc a.ccordmg to ¢claim 7 further comprising a valve in

‘ commumcatxon w1th the volume for at least partially filling the interfor volume w1th a fluid,

31
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