Intervertebral D sc Replacenent FI ELD AND BACKGROUM
OF THE I NVENTI ON The present invention relates to
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it concerns an intervertebral disc replacenent which
all ows notion about three rotational axes and provides
notion attenuation to avoid end notion inpact in
nmoti on about each hitetviestebrad Disd/Replavemendl y used
Total Disc Repl acenents (TDR) are based upon a
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descri Igures 11 A-1 1C show cross-sectional
viheseoref reli esT Do asmdursiing abft -tessde ®0dkophctgeothet fagets rto 11m1t the

varlous ositions of | ateral ndi whi | e, Fi
arﬁla 10 mv@cpﬂsraaeaodeﬁsn%ﬁ&%@?éﬁa Hiees apdvie .%fﬁcent tissue. In
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| ned as a function of angular displacement
flnmmach by empaal of (¢dgesuof thk YDRdkinge apon Tach oiberrgkenaraimes repeated
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1| D, Viofenspecitfiealtii, agd toprovidd & referguce fod compgeser with the present
?@%%@{]%@gaeo@ensgggedq gelgv?/, g%rrgsO{TIEA 3¢ fh{){wcérloé)snsaelc’uonal views of a
TDR based on ball-and-socket geometry in various positions of lateral bending,
while Figures 11D and 11E show the bending moment and the elevation
(corresponding to “intervertebral spacing”, to be defined below) as a function of
angular displacement from a central (“neutral”) position. The normal range of
motion of the joint is from the neutral position of Figure 11A to the flange-on-flange
contact position of Figure 11B, here corresponding to a deflection of about 6
degrees. Within this range, as shown in Figure 11D, minimal bending moment is
required to generate motion, only needing to overcome any frictional resistance of
the joint. Once contact occurs between the flanges, there is a sudden resistance to
further deflection such that a gradually increasing applied moment does not generate

any further motion. Only if the torque exceeds a certain threshold, deflection will
1



the joint. Once contact occurs between the flanges,
there is a sudden resistance to further deflection
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not generate any further notion. Only if the torque
exceeds a certain threshold, deflection wllcontinue
by lifting the ball out of the socket as shown in

FrQytinuae by difting thedwd ambioEtheiseckes s ploowmin Figiret il adstate which is

o] e rted, the diftin ti .Wll continue . -
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appl | AtthbuzhAthe concept of joint distraction under applied load to provide a

restoring force is discussed in the aforementioned document, it is only applied in a
single mode of motion, namely, axial rotation. Furthermore, the documents currently
known to the inventor do not provide any acceptable solution for motion attenuation
in order to limit the range of motion for each type of motion without causing impact

or otherwise endangering surrounding tissue.



singl e node of notion, nanely, axial rotation.
Furthernore, the docunents currently known to the
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notion attenuation in order to limt the range of
nmotion for each type of notion without causing inpact
or otherw se endangering surrounding tissue.There is
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second member is displaceable relative to the first member in motion corresponding

to axial rotation, anterior-flexion and posterior extension, and lateral bending, each

of the motions having a corresponding range of motion; and (iii) the intervertebral
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spacing increases as a smooth function of angular displacement from a neutral

position over at least part of the range of motion in each direction for each of the

axial rotation, anterior-flexion and posterior extension, and lateral flexion, thereby

providing non-impact motion attenuation.
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spacing i ncreases as a snooth function of angul ar
di spl acenent from a neutral position over at |east
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of the axial rotation, anterior-flexion and posterior
extension, and lateral flexion, thereby providing

non-i npact notion attenuation.According to a further

f eat urccordingdopz dseher ifeppanat 0Hthe presentr inventian,i the articulation
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#
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dlexinn orepostesiar ertensién, tand Igereb bendingivent i on, the

articylati.on arrangenent |s c i gured such that the . .
appar a cirdimg §%|3f rﬁg‘glﬁ efeiajﬂ’_ﬂie LP%S&’F Beepet PRy thg gticulation
taerah@éifleritOis " @3nfigliredU 5‘&6}%‘ Mt ahb yapﬁ)fgra%sp fs€ gﬁf-'c&ﬁgrin% funder axial

neutral position. According to a further feature
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desriegend mempeoare dermdsepramaily ff e iconmac matg@ient .
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the articulation arrangement.

According to a further feature of the present invention, the first articulation
surface features a protuberance and the second articulation surface features a
cooperating recess, wherein the protuberance is shaped such that, in sagittal cross-
section, an external shape of the protuberance features: (a) a convexly curved crown
region having varying curvature with a local minimum of curvature at a crest of the

crown region; and (b)a concavely curved transition region at the base of the

protuberance.
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cooperating recess, wherein the protuberance is shaped
such that, in sagittal crosssection, an external shape

wo@Roovhesspy ot uber ance features: (a) a convexly PCF/U2007/000239

crown region having varying curvature with a | ocal

m ni mum of curvature at a crest of the crown region;

and (b) a concavely curved transition region at the ‘

base dfcconbingtorubshemfcetute ot presemt mvéntronhélie protuberance is

f ure, of the present invention, the protuberance is

o S Seh (B (RaEOroRsl ORI Bk SSEGHH ofhapgnof the

gasbﬁbeﬁlncé RaRGeO(a) J]@or%safy%%fém&su&%;i%%wnga}mng curvature
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wiithh 2a ldcat ahinmiminnufncofvature vat araesit ofatler estwiofregibe, and (b) a
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OB BIA T R BTSRRI R 08 BF NGEOLREEBR ng To a
furthel, hRA SIS aHirthdCreBfifs BF ghés Bféeﬁ@ﬁt' i20entldRe the prgttuberance is

prot uberance i s further shape that a wdth

tfhether dtapbd sacicthal a witth afahe padtuberass: methe icoroniak cross-section is
greater than é\lgggt h of the pr&%ube.ra ce in the

SAgrien then 8 vadiL ol dhs profrberncs inyih Gagiyabeiosy 195HPIf eat ur e

of th [ i r : S :
hapoaSCRRRE to a ARk Ayl oF Y Lot ARGRIS t1d Bl erance i
sheher shiipéchenchrtivdtiinenxsat ceoss-sectidns tmpkteaial yhapk lof phe pratuberance
Accarding. . to a further feature of the present
Nﬁ§@¥%@%ﬁyYFH§ﬁ% operating recess is forned

subst had; bLRLI ' M :
converl ORI AR ARl f e FARGTHNCKI, 4 Sooperating recess
s formeddsubgtaatislly af am eHiptiealocwhcavity ewithad comveslyr fiawed transition

According to a further_.feature of the pr.esent
iTRAGRCPBRECHNG &0 B SYTQIBWing 2 8 ﬁ%??@%ﬁgﬁ?‘ﬁﬁ%ﬂq fags-

r eces?’ﬁ:@oﬂiﬁ] Ko TLEIARF fe RO WHGRE 'pPesE{he irﬁ@ﬁ?@ﬁ, _atil}b ggﬂ'otuberance
recess I nclutles a corresponding pturality of ridg

rexfjibatssa pAcaldy difngedssed flhnk trégons, eatluwberein theecqopesting recess
i.nvegti on, the first articgulation surface features a

AR udeset GRTEGSPP %aliuaagltxaogrldg%ﬂqgﬁnsof ri dges, and

wher e'ﬁ[bcbltb‘?ng?&Qr}ﬂrt@thf‘eEt @bt AR jr@éfefnl@_?ﬁvefnﬁ?ﬁ,“tﬁ@% articulation
cooperating tecess including a plurality of ‘channels

fsarface deitwien g protubaralge sinchddarge b rpltutadityr iofl gedzes,ndmet a&dierein the
Wit hrgﬁdj acr%nt surfaces of the channels to generate the..
isaeonch adicplation Wriges deatyrss asﬁ%f&%eF?él.ngA&?%?Sdﬁnﬁgldt% g plurality of

fcﬂﬁﬁﬁ@% fr&aldi g e FiBSeP WERAMN thd MBS iBfract Bt ddjdlent surfaces

articul ation
of the channels to generate the increase in intervertebral spacing.

According to a further feature of the present invention, the first articulation
surface features a plurality of protuberances and the second articulation surface
features cooperating recessed features.

According to a further feature of the present invention, the first articulation
surface features a plurality of recesses and the second articulation surface features a
corresponding plurality of recesses, the articulating arrangement further including a

corresponding plurality of bearing elements, each of the bearing elements being
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surface features a plurality of protuberances and the
second articulation surface features cooperating

w0 e@menss® f eat ures. According to a further feapP@¥/B.2007/000239

the present invention, the first articulation surface

features a plurality of recesses and the second
articulation surface features a correspondi ng

pﬂn@rraamct hetgieen aclesios pairt afche redessesatfi the fstrandgenent articulation
%rft her including a corresponding plurality of bearing

ele r%%ﬁsts each of the bearing el enents bei ngentrapped

bet We@’(bc@rcﬁﬁ@ k18 dhdr BAtulehsT the PRERBFIREnIdIL ﬂ?é B@a?rm%rh‘ﬂements

second articulation surfaces. According to & further

faégtmplém@nteldh?é pré)Q@m sinvention, the beari ng el enent s

are i beari ngs. Accordin .
furth CP% &”‘?ﬁ %Ia@%r?? ﬁ’ﬁv@’i‘??‘?rﬁnmv rﬁtgm, The plurality of
RbssHMs bY ﬂig fi E‘é%cﬁﬁs%%oﬁ’(ﬂ a}t‘i\ﬁllafttldnsﬁu s Hré I lemented as partial

articul ation surfaces are inplenmented as par
sphenidat a¢cesses e sadiup bf canthiuse gfeatsnibat ﬁlednaglrlmtmgs tlb@ations of

the bal | l.ocations.of .the r e es of

Y e 8 dhe i iooteiaPn hewer et Frits welopgions of the
r@@e@ﬁés@ﬁh@iecbﬂ&aﬂf%ﬁﬁﬁ§§§ux?§cet he second articul ation
surface. According to a further feature of the present

i nvenﬁcgmdlm&éoaﬁrtfunluﬂrafaabme arfr thegpresenit inyentigy, ethre rdrédulation

with four .of the . rin four of t
Prells B ip mbigegR il it 6 e Tal beRiher Sack PR atibe grvesses in
SHeH 3£ £irBRnERREIGRI AT GFffE DRAW NGS The
invention is herein described, by way of exanple only,
with reference to the acconpanyi ng draw ngs, wherein:
FHIGEF PESSRAPTICIO MR THE DRAWR{G@N intervertebral disc
replacement, constructed and operative according to

the teachi ngs of the present nventl on, show ng first
and si@% W%%&%@rg@p{fﬁ%ﬁ@é FWay afgxpaplenonlyy with geference to

[ rvertebral disc replacenent
t@@g@?&“ﬁg%@?%’.e@% dorsal view of the
i nt er YHG! ey ads  dh ssomepicactsvendy ofn FhtgivegtebrAl disc replacement,

assenbl ed;
constructed and operative according to the teachings of the present invention,

showing first and second members separated,

FIG. 1B is an inverted isometric view of the intervertebral disc replacement
of Figure 1A;

FIG. 1C 1s a dorsal view of the intervertebral disc replacement of Figure 1A
assembled;

FIG. 1D 1s a lateral view of the intervertebral disc replacement of Figure 1A
assembled;

FIG. 2A 1s an isometric view of the intervertebral disc replacement of Figure
1A axially rotated,

FIG. 2B is a plan view of the intervertebral disc replacement of Figure 1A

axially rotated,



FIG IDis a lateral view of the intervertebral disc
repl acenent of Figure | A assenbled; FIG 2A is an

w0 someasic vi ew of the intervertebral disc repPEDEEROTI000239
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of Figure A axially rotated; FIG 2B is a plan view

of the intervertebral disc replacenent of Figure IA

axially rotated; FIG 2C is a partially cut-away view

t aken ]%/Iﬁi’ Ry is afrtarﬂlfdb’ecwtawaa'bvlaw thket thepphdberemerveftebral disc

Pl & T L rhonBie bieContion§ &rzet Tegta detpeen the two

Fjogtrgé}lbeis auﬁﬁgiﬂpﬁaﬁla@éﬁoﬂg an applied nonent of axial
rotati on and the correspondi ng angul ar defl ecti on of

axi al Frlﬁi a0 @mafgrapdn ahowuigral applsidt imomemnb rof taxeal rota'mon and the

i ntervert.ebral ment of. Figure | A unde

BHPIAEE GReular 26e<ERn; sighum itise famga gieufs position for the
ShRMaRbIHC BhRYEhLR rafgnagm fﬁ%delncdrfaﬁﬁsn\é%ff%gﬁi ?clad ing;
spacing) as a function of angular deflection o

r ot at ild6. PEasra graphwhowingcmsalteilmtwm (intfease in mtervertebral spacing)

: 325t ajrﬂ\é%?ltgg%\%lpgg&' JO?IC n rrgff@ggg?fyc{;ﬁ gl;rféutral posmon for the

rﬁ@r@&%ﬁ?ﬂ%ﬂreﬁ'a&éfﬁ&t'of?@ﬁ@{ﬁo' ng lateral bending;
FIG 3B is a coronal cross:sectional view of the

i nt er Ot ébrlala atbrsai vieplofl denmiervartebFalglisereplacement of Figure 1A
und(g o] n ter bending; FIG 3Cis a graph show ng
E%"i’ge m&f | ateral bending and the

cor r espgndimg 1sa 39 l&)?ﬁfnaﬂ eérb@&bﬁ@na@f viedh &S@lnd elH H@tebral disc

froma neutral position for the Intervertebral
rreplaaememmf Fqgurﬁlgumletg@mgﬁamraldmndmgg ons of axi aI

158 6.5 e febl SR TR i o
SO, s B AT B
Fln’gm@telbral BisGreplAcdnsena of Bigareal A windey (whdithnas of axial loading;

i nter t di sc re | acement . of Fi

under fi{} é%d%t%rgrﬁﬁ’h PRHE ghial mleyats %’B lgcrﬁas@o it rigfervertebral
pR&iag PR funBRdn ¥f SWulk deEctioRidF e BB dthg #offa neutral position
for the intervertebral disc replacement of Figure 1;

FIG. 4A 1s a lateral view of the intervertebral disc replacement of Figure 1A
undergoing posterior extension,

FIG. 4B 1s a coronal cross-sectional view of the intervertebral disc
replacement of Figure 1A undergoing anterior flexion;

FIG. 4C is a graph showing an applied moment of flexion or extension and
the corresponding angular deflection of flexion or extension from a neutral position
for the intervertebral disc replacement of Figure 1A under conditions of axial
loading;

FIG. 4D is a graph showing axial elevation (increase in intervertebral
spacing) as a function of angular deflection of flexion or extension from a neutral

position for the intervertebral disc replacement of Figure 1;



repl acenent of Figure | A undergoing anterior flexion;
FIG 4C is a graph showi ng an applied nonent of

w0 b@i02i870r ext ensi on and the correspondi ng anpCi/Hr2007/000239
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defl ection of flexion or extension froma neutral

position for the intervertebral disc replacenent of

Fi gur under condl tions of axial |oading; FIG 4D

i s a é’lﬁgh B ans fisgt a@ﬂ@@mndoﬁow‘ﬁ@rm&y put-away views of

i ece?‘.r’%ﬁe%%? SREFHREL R AT R difaced from he

pmmntﬂal q»051t10n Byhe dontitsinaesr ePraledb&s of mkﬁﬁlerm'ateo&és of lateral
 F éis 5A and 5B are first and seco
Jp paTPeN PRjaxdlt TDEW@? theexAstﬂlustretmg the positions of three

I cerre
ﬁﬁ%:éf?g%ﬁ%%% di spe?l acejﬁ?‘t?l 8esh F? ngt ﬁ%‘i P§9084 begies;
conbi FaGi 60 ivd conPRE BEHeRic VbW Hr B inferH@@bER ikl replacement of
l.ateral hending and 4 degrees of axial rotation, %

188 /A showvipgiitiersipte pEdisplicementof Figuren &4 apdisBt s of
conta b |culat|o surfaces, of ,the first and_.
secong{lg'odA ﬁ%éet%(bvi R @8 RVRAS Etel?r?L st rerlacgmespt of Figure
tmammwmaawe@sﬁt@ﬁ repl acenent of Figure IA

show ggt he state_ of di spl acenent of Figures 5A and
5B F 8 15 an galarseshutew of theedistel pottioni oft the \detivedyr syistem of

I f. u att ched del j very
&8 DA R 1 infe Bl s® el Bent et L
por t i BIGobCtibe Usditvdingl %Y&E%Q&tﬂfnaf'v% €alnt @19&“?16‘{1'1&: delivery
with the intervertebral disc replacement of Figuf

gy stemead jinferyertebrgl @lﬁ@lmpéﬂcemt -Sguteiral vi ew t aken
th t [ d intervertebral C
regloggtet}rreér# 0 ér_nf(a?%é(d é% e‘ﬁ“ﬁxﬁm I lo\ér?f h%%{?&gg' \S;i ew

of t hBIGli $tAalis p@ﬂiHs@ﬁle&ic RHgwr ef 651 dtefhatilA 'e?nb%ﬂlment of an
i.sonetric view of an alternative enbodi nent of

ieRerehrakdipar epl:ﬁ%@eﬁb ghestatedtand opastive at@ﬂdmgcto the teachings

e te chin s of, the es
BRI b AGEANCH 2ol g 5, LR sk SRR B e
aﬁaiddmmaﬂrb@m bétfru@@@lhdrbl%ﬂ%erba' | bearings therebetween;
FIG 7B is an |nverted i sonetric view of the

i nt erKH t78bisan wvsged eometeeriew of theiigtereerihral disc replacement
of Figure 7A,;

FIG. 7C is an axial cross-sectional view taken through the assembled
intervertebral disc replacement of Figure 7A in a neutral position;

FIG. 7D is an axial cross-sectional view taken through the assembled
intervertebral disc replacement of Figure 7A undergoing axial rotation;

FIG. 7E is a coronal cross-sectional view taken through the assembled
intervertebral disc replacement of Figure 7A in a neutral position;

FIG. 7F is a coronal cross-sectional view taken through the assembled

intervertebral disc replacement of Figure 7A undergoing lateral bending;



FIG 7Cis an axial cross-sectional view taken through
the assenbled intervertebral disc replacenent of

WO2@aness87A i n a neutral position; FIG 7D is aPCHKI2a07/000239

10

15

20

25

cross-sectional view taken through the assenbl ed
intervertebral disc replacenent of Figure 7A

undergoi ng axial rotation; FIG 7E is a coronal

Cross %’ﬁ@c t7Gois al dlsase@mblad dspniéinio ugzlw vhe vagad mipbamentation of the

RS S rshiaSemest of e o A By whist the Bl bidliss apreplaced
thyewuhaé,@ﬁojémeﬁ@ﬁo}éaﬁ %%ﬁ%@&th@hﬁ?ﬁb%fst ebral disc

repl acenent” of Fi'gure under goi ng | ateral bendi ng;

FI G HGi §I-hlscﬂnstas@'tmbisenhetrmoweMcnfcthe iimporveftelral disc aeplacement
[ . ition of the intervertebral disc replacenent

of 'érﬁ *7TA in which the ball bearings are repl aced

by 1 oymde d71PEO]aBC hkial TrNs VoS 'I‘gvéévo'iﬁkgﬁeﬂ@(f)uéﬂ‘%e assembled
menbers; FIG 7His an i nvertecit i sometric view of
|1nteevar®bréldrsalremla®manepf Biganeh® inh nléutgalrpe5171®, FI G 71

t | t.ak th h.th
rasonitd PnieAloPEEbsrSRetoTL pTIave . YOSl die apesmbled
| iRteRvedRYEdl ﬁisc PO hdenRnt of Figure/ %'uﬁﬂ&?hﬁlﬁ'a% n%[ﬁtlcan

cross-sectional view taken throug e asse
| nt er VéGt éKrish pdrtbfccmwaaahnmhvlm ofthguassenilibed intervertebral disc

| t tl
TaotEectRs s Fiare 10 bt me Rl BATBE ot or vert ebr al
d' sc 'P?Gl @%e'fgeﬁﬁ 9 m&Hg Wigw' &F Hnﬁﬁﬂlgp'aﬁgmbﬁlz@ fe ﬁLbodlment of an

bendi ng; FIG IS an isonetric viewo
ahhwmbrasll dise mt;dahenmmt, whstarctéchret aperateleratordingrto the teachings

acenent, constyructed.and erative,according to
CitssEt H&V&nts?mtsﬁ%wmge%émnqo i MSTRbESIERFTA O i r st
and se¢GNEREARehveranNssALed vikh Gf tﬁcBldtérv@l[ﬂeBr?IV&iE& & lacement

isonmetric view of the iIntervertebral disc replacene
off FigweaBd;8A; FIG 8C is an axial cross-sectional vi ew

t aken r h the jntervertehral disc [eplacenent of

F gur EGECH o 258 FoSEsHanl e ren hih i i pgepral dise
sfglglgl@&l@er@gfp@gréjgmer menber of the intervertebral disc

repl acenent of Figure 8A;

FIG. 8D is a plan view of the articulation surface of the upper member of the

intervertebral disc replacement of Figure 8A;

FIG. 8E is a cross-sectional view taken in a sagittal plane indicated as line X-
X in Figure 8D |

FIG. 8F is a sagittal cross-sectional view taken through the assembled
intervertebral disc replacement of Figure 8A,;

FIG. 9A 1s an isometric view of another embodiment of an intervertebral disc
replacement, constructed and operative according to the teachings of the present
invention, showing first and second members separated;

FIG. 9B is an inverted isometric view of the intervertebral disc replacement
of Figure 9A,;



FIG 8E is a cross-sectional viewtaken in a sagittal
pl ane indicated as line XX in Figure 8D, FIG 8F is a

W@ aW709&I9 cr oss- sectional view taken through tPEI/1L2007/000239
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assenbl ed intervertebral disc replacenent of Figure

8A; FIG 9A is an isonetric view of another enbodi nment

of an intervertebral disc replacenent, constructed and

oper athlGe S€ds arpdimygietvoofithe atteatdtion garfade dfihe prwestemember of the

i.nventjon how ng first_and cond nenbers separat ed,;
Ep@‘wegjg%@di%rphlggqrge@ao%gw 5&: view of the

| nt er \GReOHaIN AU fre lERLREGTRAT vRLvs '%é.l&:ﬁra(for?g ‘ib Ellﬁes % and W-
is a plan view of the articulation surfaceof the

| Wneaspestvely, inFiguedCnt er vert ebral di sc repl acenent of

Fi gur A _FIGS 9D and 9E are cross-sectjonal views

{ aton T1000 it RBIAN AR okibe HRIIANPR S9ie5a/BF gppahmemmber of the
R ; i few of the articulation
s}il}%%e?ggg%‘l dtfgﬁgeg}%%g?&ﬁgfnﬁér%&o%&t he intervertebral disc

r epl ad@@8n9GaindHH) areccrOA;-sebli Al vassvsamallerd koag ¢he lines Z-Z and Y-

ross-sectional. vi %ﬁ/s taken along the lines Z-Z and
TESReSHYRlY; Wdiigure OK: Fi gure 9F: FIG 10A is an

| SOMeRIGE 19 Qs ek ey | - - -

interverte ra%lvalgllsgig{er ep lgger%)reﬁ%%h&g%lgg{hr uc{ 8ga%hn&eweﬁebral disc

opelrcemens, ecmstrudied gantloogenaivecamiordigs toftht heachings esftthe present

i.nvention, show n i rst and second nenbers separated;

=3 n‘ﬂfés%@l%wrﬁﬁgé tesqnd GSHNCFS sePgialss: of t he

i nt er yeet ﬁ% Y arginzzgrtéacggbﬁl%ﬁ{@{?itewo{]f b ?ﬁ’c&%el]t%al Ellsgﬁeplacement

11A-1 1C, SCuss ove, are schemati € corona
of Fsmus d0A; onal vi ews taken through a conventi onal
g | at er al

bal | - - S et . joint in different stages of .
bendi SgSFﬂ%ﬁ'iﬂ fscussed AbRvenals AehearrtisppPioaal gEpasectional

fole\izsattaﬁér?{hr&g}fji E&v@f‘ﬁ{bﬂah gal'f-%c?-géﬂ&f] i P?igj‘f?éijeﬁ]{ stages of lateral

defl ection o atera endi ng froma neu posI
foendinpe bal | - and- socket joint of Figure 11A; and

FIG. 11D i1s a graph showing an applied moment of lateral bending and the
corresponding angular deflection of lateral bending from a neutral position for the
ball-and-socket joint of Figure 11A; and

FIG. 11E is a graph showing the variation of axial elevation (increase in
intervertebral spacing) as a function of angular deflection of lateral bending from a

neutral position for the ball-and-socket joint of Figure 11A.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is an intervertebral disc replacement which allows
motion about three rotational axes and provides motion attenuation to avoid end
motion impact in motion about each of the axes.

The principles and operation of intervertebral disc replacements according to
the present invention may be better understood with reference to the drawings and

the accompanying description.

10



FIG 1lIE is a graph show ng the variation of axial
el evation (increase in intervertebral spacing) as a

wo eovevdasm of angul ar defl ection of | ateral benPTHyL20070000239
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a neutral position for the ball-and-socket joint of

Figure 11 A. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS

The present invention is an intervertebral disc

r epI adereming i Ho ahe olsswings.i BigusdsolA-@ rilestratd at fish gireferred

SRR DA PRErlR, b Bt SLLonSBIVS aEomias fo thedeachings of
Pthé PEdsBhERvEKoD F6F %P'l&[hgoﬁt l'eﬁgt%rﬁ@r'h%ﬁmfain 1g1ie?ge1“cebral dlSC in a

repl acenents accordi ng pr esent 1 nvention
taptrtad colwnate bstvesed e.mdp}attaseffa @mtevembtdh éody aamdngsec@nd vertebra.l

aGco description. Referring now to the

cProg%i E npﬂﬁré?}l@g 1A-5C illustrate a first preferred
eWbOd'Iﬁr%@herﬁf te¥hs MRALAY Whher ERRIIHELS bR o g@&%ﬁg 'n4¥e a first
according to the teachings of the present in

frmmb@pll Mawgl@a fits¢ settetaalpontacosurfdce 2 fon b@a}gembﬁtbwah the first
di sc col.um bet wee | ates of a first
FerEtial b it o AR GR Pyl e 5P verpsbrel contact
GOHHEE 0 fd? AEAEANt R@ﬂhrfﬁe sdcBh& veR er &ﬁfa/ %ﬂ@ﬁ% S shd second

of the ap garatus have a first ne
fmemsbers/ 3P0 ehd 4102 con faxored suith mm@&efmhclﬁﬁmmﬁnés 194 4ind 106

o it 165t B2 i bR aR af pdcseanisChe st ghon gpangement
a SRR s fhat, Rehch 6N tcSHl%?ézssmda&% FAREA;Pthe first and
d are forne

Fi rst and second mbers 100 an
ﬁ@@]@dcvarte@rqunm;pt atifoces sare fsappartedDdganst the Gowpiresive force to

orm at art.of an articulation ar genment. The
SR arsdhinag PhivBieni Lot AL SRARRE <G Ha Resond gRber s
lieptReatib rilaGPORS BRSANEnR¥IbEE i Hfo‘ﬁ%n c(ﬂ‘r)e F}S(J?ﬁlrfoj {oS4xi@Ntation,

second vertebral contact surfaces are su
agriosflexios aunposts irvextdnsiong ahd letesilibendingr estdf ofitd motions

e R & oH By BRd PREOR MR (1) K IGHBOR FOHORS dieases

60 AR GG oh Qg Rl ar rd%#)fhtcbﬁ@ t Gltneéi hehedl! e{% tﬁ? cﬂ/rég at least

posterior extension, atera en I ng,
patt ioftlse reage 0f nzotoarin eaapiodniwn@nrfan gachodf thie takiah rotaimh, anterlor—
i ncreases as a, smoot h

t rtebral ac
Flsioh: A BT P oathne B G Rioh ek g BeTat Pregiding nonimpact
Rf%ohia@Bn¥Rh. at | east

Put in other words, the various embodiments of the present invention provide

intervertebral disc replacements which provide support for axial loading, which
allow a range of motion around three axes similar to the natural range of motion, and
which generate progressive increase in intervertebral spacing for motion around each
of the axes so as to achieve motion attenuation for all types of motion. A wide range
of geometries may be employed in order to achieve the stated properties. By way of
non-limiting examples, six particularly preferred embodiments will be presented

herebelow.

11



part of the range of notion in each direction for each
of the axial rotation, anteriorflexion and posterior

we@zioengisen, and | ateral flexion, thereby proviPCHY.2007/000239
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non-i npact notion attenuation. Put in other words, the

vari ous enbodi nents of the present invention provide
intervertebral disc replacenents which provide support

for axAtfhid el itgvilvdlieally dklappreaiateainbat the prasehniinvention offers a
around three aégg simlar to the natural .range

ge of .
nBYBeT odnpariiiuls geNertaze pospeEskitPe GXiRtingadatervprtebral disc

RN o Tar AL, OF Rl A ol in SRHACCIARA Pherkfon in cach

odlireatioh @f makion, ddull amge ef moromeitnilaeso theyndberab raplge W dnotion is

in order to achjeve the stated properties. By way of

nefiavt eﬁiwhlhgavesé%p@éler%s of Feapleraies] tssps dpeeneeaticaglue to the end-

e j ' . e t ' t ,

1Rk TRk 8, the BEisHAE XENCRE Pk cl Rlief adkHhBad R8P become

i cleant from thé fedlosvinag deythiptionf particul ar advant ages

conpar %d to .existing intervertebral disc replacenents.

In partiecdesired magsityde doih gntebtertsbralv SPACIRS c gReasal for a given
' ' ' t fq . D14 n .

CIRRHE B 1B BB MR R b0 et BTGy Rierkf Biervation

pidisreghedingtiidtend vajuiies thapr obl ens of accel erated ti ssue

degeneration due to the endnotign i npact of the

exi sting devices. This and/abhelFa@dvant ages Wil |

become clearer fromthe follow ng description. The

debéredd inthg applicdemomentiivegenenatecthe adtatipaaboug aignenexsse

for a given deflectign from utral position may
b der s SEF aEios B BhonetrBr P anioe phiiscoment

(di sr guRnk HEall1bhdihl Bbbe HESIHA &Sthe Badringigi&: M@ the
appl i ed nonent to génerate the rotation abouf a given

axi s; xdb thetihereasegu laervdeebmt spasimggener at ed by t he
appl i monent ;. F,is the axial |ogading force appJied, .. .
on’t hel bt ot Teetorhiveh epifid oty o8 gbiar SEftection is
i ) . b . des Lt
i GL KSR gD dined B 1 ), o e B ibisihed to be o
geedetamanaf comsthnt weight d17) thd retj(idgd indredsd heindgpértebaall spacing can

i.s assuned to _be a predeterm ned constant weight F,
tIFeexpEFERd B fURetine #htervertebral spacing can

x= %If(a).da

This relation can be defined for each of the directions of motion. In order to
avoid impact during motion, function fla) is chosen to be a continuous function, i.e.,
where small changes in angle correspond to small changes in the required moment
(also referred to herein as being “without any step™), thereby distinguishing the
invention from the conventional ball-and-socket as represented in Figure 11D. Most
preferably, function flo) is chosen to increase monotonically with increasing
magnitude (in positive and negative directions) of angular deflection over at least the
part of the range of motion in which motion attenuation is required. This ensures that

the slope of intervertebral spacfng as a function of angular deflection becomes

12



be expressed as a function of angle as: This relation
can be defined for each of the directions of notion.

WO pooooeisro t o avoi d i npact during notion, functPONA28)7/000239
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is chosen to be a continuous function, i.e., where

smal I changes in angle correspond to small changes in

the required nonent (also referred to herein as being

" incraasioglyasiges taspthe, maigeitedey ofi detflentgeri Shireapes héhereby providing
i hvent I%‘}%? om t he. conventi onal ball -and-socket as

r %E(é%l ST YA B st preferably, function

Xa) | 0RROEBNdsRed g&lﬁﬁ?ﬁﬁ%ﬂg@,@%&ﬂ' invetteBtdl .hspgcing and angle of

i ncreasi ng nagni tude ( Itive and negatiVv

ddeflectivmriey befenadefiriedr fateédchc axisnofowetions atteaddtionheurfaces are
part of .the range of .motion in whi tion .. .
ARG gipide e dawﬂ%. mPHPY %%@@Eg@ (eqEsiferatian ispdat motion
i dabh F VIRY Y dikechBAS LNSIA o BofbilEable AN nBUlrAz non-impact
defl ection beconesincreasingly steep as the nagni 2,68
oholert hentuabon ipnapeetisse A ddithmrapy cqre omistlibegtaken to ensure that the
pasti.cul arl ffective.notion attenuatjon. Once the . ]
cRA L} 48 et roieliAn ;(Wﬁé%% MOYe g @@omgrl%aowauble with
angheBRg 18 f ' tb’ﬁ?e}rb i e?é;«{g i i
of _refoti on?&lg&}t?i@’c%ﬁ:i? gjrainsur ’a?g{sg cg)?ﬁeéuggg Fé’%%& 0 bt facets is
pvoidede Inhgher egrainpled mhisirated Aelomdditei camter of curvature moves

consideratjon is that tion . in each of .the in. ..
SRR B e b Bifulerese e e vipaiPrienjon directions,

AR préteably 2R Uihi -

Addi?t i ona%yl Y, !(i:rg{ge&%?? be 1? 2{1(2 Eﬂg@&%ﬁg@r L ?ia%onil?] gmall extent

afff bedar vdisplanetment ghayr atsat beractwhimodatedytommumicd tité physiological

t.he noti IS, C tibl ith vertehral. kinematics, .
B EMe clrSR BEURtahuR (o R tselMaith o s 6 motion no
f%x@gérqhma@ﬁ@bgqgﬂhﬁl@te}'he exanpl es illustrated bel ow,

the center of curvature noves dynam cally during

not i off shouldhle heted that the meljuigd sgednietrival propexticsnaapbe provided

TP BRSO SRSt i s

YrSRrGCETRReatRY dvaAoR Ss AL AR B &9 BhMGiohh %afxumber of

physi 0l ogi cal behavior of the natural “intervertebr
dpbeasfic t ygri-bmiting wixatnplesr afigsuitablenatticintion greasenerithawill be
I.t.shoul d be noted, that the

%gﬁﬁlﬁitb.ﬁg 835650?’8 Tipf s B8 derigr memmeiers b ¢aie iy nsyofageometry

WheEod S mell ugiinfgfcgﬁ‘g)ﬂieraaﬂéd%%?xi (gl?sg%)%f)l@qg ]achieve the required

geonetries which have the gener erty
elyeieersforgadi megtitude ofislefledtionct i on of angul ar

defl egtjon. | f : : :
e ehetote! reféa‘m?lgqg%rt}?er details of preferred implementations of the present

invention, it will be useful to define certain terminology as used herein in the
description and claims. Firstly, reference is made to a “neutral position” of the
intervertebral disc replacement. This is a position taken to be the normal un-flexed
state of the apparatus when implanted within a spinal column. In cases in which the
articulation surfaces of the upper and lower members include substantially flat

peripheral regions, the neutral position preferably corresponds to a substantially
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specific non-limting exanples of suitable
articulation arrangenents will be descri bed bel ow.

wo-2002/0968m ng of the design paranmeters for eachpeypeo@i000239

geonetry may be performed using conputer aided design

(CAD) tools to achieve the required elevation for each
magni t ude of deflection. Before referring to further

otar@lldl staté ofrtbé éhat eehiomsp e meost réforred @mboliEngnts shetapparatus is

t ful to def t
SR AGPE hyddr aial lasdingr 8,4 o wtﬁw@gwégc@rf%{m@%? pyition.
C' al Moy khd ﬁbktﬁpar{ %ﬁeﬁﬁﬁﬁl@a@g SvleRl o%s Hére  Seometry of the

p03|t|on of t |ntervert | SC rep

i gpparapwsiofi the pekenr irmeﬂumort hsa ﬂaermﬂwuh{érkr&mddgﬁt altkough this

of t.he, appar en| thin a spinal . .

deimginalo %Béiveéw? mmc g@ﬁ YaﬂVtY'? éﬂ?f&@ﬁ%ﬂ@&?%éerapnology

R0 ehe ARUICHAURRINBRIENTE B OBt RELAMA &) il cbhiBkt of the

an’tenéexb todiort anchoserttaticanin which s déwied istb dlealopfoyelién the body,
t he

fl S nmost refe red enpodi ment s,

@8\1 Otggn@e OBY B W aécr th&?s}%a}cmm. stepding alene. 6Fhus a
r 144 »
S 0 BN i 05 P

gddfmhrqrossfw&;tsevappairlﬂams pa§s1ﬁg1e1dp4‘t®-smet 1s|talmest|t f‘edrohsl” and a
t he. rred term npl ugh _this term nol ogy

(TiZeRig Pﬁf‘% fsctﬁ%ijjgaaa‘% ﬁal aalm AR VoW 15Hs .%antra ¥, arear
KEETBGI08Ya Sl LieTPatertealPSligiAl il SuBP0l 00y [ Lo be

interpreted according t &%t “of the int ended
| ocat Regaming typescoftradticon) here tobipedfertehee ewenaoitlse hcrm medical
h the term nol ogy i ed

d | d t bod It .
ig lz’sylt riie 98¢ w%e%%g Y JREVRETET: o, élsnga orward is
@‘@ﬂftér“i’ér? Y18Lioh® Henfing 'B%cmgrﬁb 25‘1} (Eéﬁ&floﬁ 0xRAG Kyt %%Héﬁﬁb sideways

ce 1s terned a Ccross-way
\IE Flaterall bepida’lg pm‘.sswrs’gng Itasj d&et sgded ©e axnl trefationl’. For convemence

ronal." and a porizontal plane is terned "axia
S? qnﬁ?llﬁ magler {0, gxey] qaegegtg?%a “’"@@ﬁ%rﬁgwh %Fersé‘éfi"fo‘Slde for

‘ﬂeﬁi’&n dR4 S@dtensi Sfr&ﬁ-tg'b%\ff foRUGEAl" @rﬂfgngf‘ 03%18 Py for axial

"axi al ". Regardi hg types of ‘notion,
potefien.eftcshoukl He vmied, dlotvl’wm ahanthese dhatidns t e iy pichldgynot pure
j novenments. Thus, bendin

for .the .correspondjn )
FRlAtiaRaGaut a?%ﬁg éi"isog‘)‘t reibisL mere corsglﬁa.%th@aeqkm@sgwffectwe
cERESLEk Ao Riftslipindthe RRIHIMe BldiREAYS 1S "lateral
bendi ng' vv|3|gto sides 1s "axi al
rot at Itowﬂl al%orbe: aoted nthatntie, mbﬁbﬁrrefemfedlis lnsreia i#sOalways relative
‘axes" of defl ctlo or rotat ich are
g?qﬁlé)nttgzt\g?qjle e dirst an second mem ers of the apparatus, correspondlng to the
motion superior and inferior vertebrae to which the respective members are fixed.
For convenience, the motion may be referred to herein as if the lower member is
fixed in a horizontal plane and the upper member moves. Clearly, when the
apparatus 1s implanted in the body, the actual orientation of the members will be the
local orientation of the relevant vertebral segment, with the apparatus working in

cooperation with other vertebral segments (with either natural discs or additional
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fl exi on and extension, front-to-back for I|ateral
bendi ng and vertical for axial rotation. It should be

wmodoem9esmowever, that these notions are typi cabdyIn2047/000239

pure rotations about a fixed axis, but rather nore

conpl ex notions in which the effective center of

rotation shifts during the course of the notion. It

vaplparaa!sg@ ab@rdmgeto thé @teselhtemnmtum) to gievide the overall edtal motion

s a A rel g L N, between the first and second
&qu{rﬁ ° %‘ﬁe? WEUEO'MBr r espondi ng to the notion

super |Wherﬁf5feﬂeﬁéee [d Rhdy ?d t‘ﬁl@f”aﬁlé @se\éﬁﬁ&hmteﬁﬁers upless otherwise
respective nembers are fixed. For convenience, the

rasatedn itreshobld rhef essEnkd chiterths nfeatures dehenbemlv\ﬂnay be applied
e r is.fixed in a horizontal plan the u r

ﬁgﬁ%i}wgﬁﬂ?lv O &85 | SUPSHRE N (HPRSTH AR at1 T1pg W’S‘P gnt gmbers.
INotiiBstaadng thﬁg%e%&taﬁﬁl if? 'éhl%@ﬂﬁ‘ltlén?ﬂwﬁc tﬁhﬁze@méﬁent with one

wll be the loc ori entati on of e rel evant
g mherigrprbjestomend thewothir wihith eepar mbresresesskitng generally preferred
segnments (with either

t th b l.
B Pa e i Fostoed ATl A A S4P BCE SFE bR oo 1o avoid
teREurRAIBEBA bE AV RREADa] Hgorg-wmu# Bk ﬂ@%{, td Ak3 V&

nmotion properties required of the Spina
r ef er &lsed in ghergortextoof Yéntebral b]d@bs ﬁm:tmms “fiestbend, “second” are

d houl d b t th
Bl et BBl e R T bl e i o

RSt
e i

thavigsested. & dmsnwvith stulttaldn@horcemfrchrrmnmpas:tand) rgeameltry,htﬁe present
vvlth?Pe or, nor,e recess, it ner al

b’?veefléf’? d02Y the eRloved desadvaatepg, rartre‘&“‘ed A d’ff%le Itinfe dppations
HRSuShRE thOEerTRAD @horiélc 38d thﬂnﬁéﬂ‘egloﬁg o imd ﬁﬁheﬁ r&oﬂ{rmﬁ Tom the

mechani cal debris which mght find its way t
gointeof ctes*edah \fertlehraeﬁ%Eé through toght bbitah lmmhaxgsmt bﬁES/Sl
termns {.I rst". and ﬁecond are used hglrel n.in,

descr REYETBIre a4l dIadeapsenald #bnidgueiishral snasings &Elsrl@f@iﬂetef is
efpAiPedRAl 4 nfeasﬁgm@q&@ bleVRIde 8RR g %fe@e& MB:5Baratus.

the apparatus of the present rnvention I3 to
iThs eateedf changeaof thlwetelvamm wathl engitai deflaztioniumelas koink loading

and the ent inventio oyed to
SRR e R LS T Y 5 SRS S
HQSIC%‘BGH‘ Y indrB %efaﬁrl’/él&ﬁl Fo n}?ﬂ?é a%1af réafod WhaE tﬁeegﬂ);%? Snd lower
of the spinal col um, the joint of cervica
gembeby semdn/ ©3ghlyr pa;rglﬂel; thet haridsont mminterveaebralospucingf may be
1n§ul§1vely understood as the variation in distance between the vertebral contact
surfaces. In flexion, extension and lateral bending, however, the intervertebral
spacing must be more carefully defined since the tilting of one element relative to
the other necessarily generates regions of the members which get closer and regions
which get further away. The intervertebral spacing is therefore defined as the
separation between the central regions of the two vertebral contact surfaces. In more

precise terms, the parameter used may be defined as the axial component of a line

extending between a centroid of the first vertebral contact surface and a centroid of
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Ref erence is nade herein to an "intervertebral
spacing." This paraneter is enployed as a neasure of

wao b®7edesvat i on occurring during notion of the PCT/IL2007/000239

apparatus. The rate of change of this elevation with
angul ar defl ecti on under axial |oading corresponds to

the restorin force bi asi ng towards the neutra

jBe ise¢asd, vertebygl| gontast gurfeger 6@dhnsmqm@, g ébaittoifeiotken as the

d |
AR 194 94 S B3 RBEL, B 15 vt

I vitte Ehee etére rRrteBRA GoRf ciTBa DBut ﬁﬁgtllédtingedfe)ftléﬁ? q%@%tﬁfe@ ch as the
as the variation in di stance between the vertebral

CBROBLt lwﬁma@éges bnd f oths swrfacex featwicon Tdnnd“amle cahponent” is

RSB B on 5B LS8 B oPRISMATOMSS B et

glosifien tof ftEé a% patgus. CFdrhﬁos@tab icafiBAse Sv?l?é'ré |t1¥e @ro?tnfo%lon in each
regi ons of t nbers whi ch get closer and Féegions

\ﬁ#f eefioryef d¢ﬂ|¢qt11¢erls amalye sifiple digiteof degrets, ahe apgles mg sufficiently

r i ned 2 the,s tion between
té@‘% ﬁf“ Hifig gefﬁf‘ﬁ i beFyech (hg SpHpilion %Ye%mvsapéghﬁ jigpigdistance
|b€tvt76éh¢h@é&ﬁﬂo$(% i5 b Sreatt he paraneter used may be
defined as the axial conponent of a |line extending

bet we&he yavaiien of theohtarvestebial spasing tie destribed hiesedh as a “smooth
cond vert ebral érﬁ‘ont act

d of
T 262 L Sefi B a2 SBR CRoal rostioak 2R et rgmooth

f@iiioh” & ussShertin @ fehdrnofd ?tﬁlﬁ&f‘&lt \xﬂfchutﬁénfl% H}fferentlated at all
t hi ckness having a common outline with the ent

\P@mﬁe [vigain db@trabt/arar@a ge.blmt othey Iveards, ngleveaﬂatmal of intervertebral
ﬁures such, as e varéous fi a,tJo ridges and ot her

e t?‘eaéllgﬁ}aésdls e Sa S MO8 b 1tj d0ey gt fiaeedyly abrupt
aﬁaﬂgb§ i€ @rRRaaNAspataultelhet &sﬁoﬁﬁg%bﬁleﬁ{ adtitoCasdy 'r@équof axial

rotation in the neutral position of the apparatus
Hdinga ppirespanilingdo thehdervative of thegeteoiertabtal apadimg amhh'espect to

C defl ectj.on single digits.
gne%;l eéeosS ntoﬁé‘a\éehﬁrfye@dg% S@H’f’ﬁnﬁiitgﬁfq%}l(’gnﬁew&% is thggefore non-
thpdcenearintibet ween the definition given above and the
si mpl e di stance between the centroids is not great.
The Enally iwith aégardgoi defiaiticms; sbriabs ﬁepiamemgmllsbe referred to as

dEBrbe et oFatR: o ShER Paoissbiped @ﬁ teithFicei s used herein
{Oslmttb Ef é’iﬁ%b %ICH[ %aﬂ]ﬁ@geﬂ'@d’ 8* ﬁd&i@l Tlhgegﬁ%{ne to enclose a

function which can be differe |ate
Vi limenAt igeess ghesydaiined am@edeSIrnceswsawhmbmksr havbéocal projecting or

s AR LR RS S AL ey o
‘hbjéBtion” or “protuberance” from a surface 1s defined as a part of a body which
could be severed from the underlying surface by cutting along a single plane,
independent of whether the surface of the projection or protuberance includes
localized recesses or concavely curved features.

Turning now to the features of the first embodiment in more detail, Figures
1A-5C 1llustrate a first embodiment in which first and second members 100 and 102

are formed with respective articulation surfaces 104 and 106 deployed in direct
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respect to angle, does not have any sudden steps, and
the notion attenuation is therefore non inpact
attenuation. Finally with regard to definitions,

Vet fo prodide RS articlilatibs afrBhRnicel Thehid $mple@RAGHRS, thelceometry
"projections”. It should be noted that the term

"ofdbe edivulagion serdades isdhased uperemedified ellipficel prodileshi ch
can be, seal ed. ddi t] . of i | e I .
con D ESRLSE bt El Bl PR BugELOBSe in

W B8 g8y, haY et g khér Qkﬁcﬁér?‘@ldﬁfulﬁ(lﬂ\éﬁ&'cbnfa@fiﬂg% underlying
features wthin them but excludes saddle-like forns.

Gonface,seherently hasy ibequopaty” thet its genfetbemasrc 8 raised by zany angular

i i s defi t ,.of body..whi ch | d
602 cfne Bt o RS URaRrT DRGSR, AR B8 %5 ap oblate
tssl'ﬁggllo?d. A eRsult, THE RENSEAN L piadal Whgsdhallliftial Wrﬁéﬁﬁ%&fvides a good

projection or protuberance includes |ocaliZe
rebarting poind forceriaiaesibodiments of theqireseabinvaniian. ng now t o

the featyures of the.first odi ment. in . nore det gi

i gur 8. - e? ipnigGimatic of P EeREhyBURIR: S, the fist
fdrfigd]afioif segaRnlosEEhars 4QRomBeradét? 32r end AhdTREcaMdt Brticulation
restgect ive articulation surfaces 104 and 106 depl oyed

i surfidie 806 Eatiresca coapepating rgeess 3. Brotubetdangei33ris shaped such that, in

e BrEtpentiol Faite 4ER.f BNl SPans sl B LLERn® features a
eddnk ety Q:@fvearc@(lf»}dl @8gioBy 09AYvRA xiawihg QUATah @B vith & Mdca] minimum

geonetry it w be noted that an ellipse lying onits
"ofi apevature. a 2, credttld 0j afshe lsorwn zegien. Jdvippradides| aatunchomaignilar to

contact.i an underlyin urf . 1 nher ent has.t he

TR0 et el SEnbpd afgVe, AL Ry bipRaS 32 Rpreferably
aReHbdrwith| &1 8hcatdlp 8@WRd1 Frahditiéh fregiohW@12 at the base of the
per pendi cul ar axes of tilting in the case of an oblate

sphibeiadce. Aheaflanksuirfaces he prosebandnce|32;, pei, vdierpthe convex region

S R Py DY bR 3R M inctivtion

| BieepidsOrelative ) ehel iridetty BIEDAIEHATBNA iRl atiBE sBYTRREIU4 which is less
?4

i nventi on shown here, the first articul ati on surface

Tthan P@ degreess arad fypisally an receng2frambbohietG teoabeut 80 degrees.

ti ti 106 .f i
30, plotberata 35 Trelaylf duHhe wiwRd ek Thalgn{ GEFRT cross-
k0SS TRgute0BB) Fhf Witerfill) shape SXpRstirafRas® Whilkhe features a

protuberance features a ) ) ' o
convexly curved crown region 108 having varying curvature with a local minimum

of curvature at a crest 110 of the crown region, and a concavely curved transition
region 112 at the base of the protuberance. As seen in the figures, a width of
protuberance 32 in these two directions is different, with the width in the coronal
cross-section preferably greater than the width in the sagittal cross-section.

In plan view of articulation surface 104, or in axial cross-section,
protuberance 32 preferably has a substantially elliptical external shape. In other

words, the aforementioned cross-sectional shapes in a sagittal and coronal plane are
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convexly curved crown region 108 havi ng varying
curvature with a local m ni mum of curvature at a crest

wai®7o9esthe crown region. This provides a funce@DIL2007/000239

simlar to the elliptical geonmetry nentioned above.

Addi tionally, protuberance 32 is preferably forned

with a concavely curved transition region 112 at the
rsterably tipimed rsotootidy ahumghTaeubstantiallyuellipied mbfile. The overall

rot.uber ance, 32, j.e., ere the cqonyex regign joins )
et e B5 e bt pinevetohct-toniesh e whichl Jairquiesds at it
q)ag@,@smégnsg&p{nimgﬁgeqm.(st eepness) relative to the

underlying plane of articulation surface 104 which is
| ess tdhe Poefemet eaw, ilhmttates tiecq| thy doopérating asg@ses B30 formed

about 60, to abqut .80 degrees. Protuberance 32 is. )

pﬁ“gﬁa?%?gﬁyfsﬁﬁ’r%@fcag ﬁ%fﬁfg’efﬁgulc% pabet an pllipspidnmpdified to provide
. . p .

o SR Loed i 3o 31 LBl BBy gren of o

ceowd artgiletonl@gfaba®06g varying curvature with a | ocal
m ni of curvatyre at.a. crest 110 of the crown

r egi ort,1®aPRFE ot Ak B intaRg atrragrarant dRrpedyibyn cagperation of
akti duMG PSR Lralds mea#jﬁrl% [ Z8 Be u@;ersf‘tgg{f Rg '?eftefb%ce to Figures 1C
w d 0 I'n Sé two

figures, a wdth pr ot uber ance
dimosgh SE€nFuimsngififst &y Biguiresvii@ hnd B, i adtnari the betralqgiosiih of the

SagerED L 1S sietieon he fafihed cussb M f okdtee g1 on the
i i al - i .ot er. e ..
T4 Ay 8, AL SR, B L300 S

sitapertebral sgabmg. wor ds, the af orenenti oned

crossszsectional, .shapes i.n a sagittal and coraonal plane

ar epr Efgélfea?tﬁo@'g}:dﬁﬂg i mpal Mtaianhebnesn mewbesd0tand| 102 As the
®id REEC A e OdilibGeal T ' r

Sl B B bl DRI L 32 B RUBESD become
arogressivedis ont af ahmstermedre slopdd Ganle siifaces noft fretuberance 32 and
?ref eéﬁed case iLllustrated here, the cooperating

WS 30 t5lei W 95515k Gt BYPRAALENE jAnBCTERSCEN T ertgbral spacing.
ERREBVINEY mdtiof; comadtt Lps g ' ot e’
SRRl co B8 01y80 SLLLGE B i R0 an 100
omvegeway frototha ceast obthe dreowvgn ssgien, dfpitdily etapdicrided between two
arti c# ation §urf ace .106. The operation of the i .
BPYFLEA Stet SErattgRie e PRiramRY BigWcolobighes 2onThe applied axial
flrhing4h&thbAboR g el i i
un dél‘rgst ood b)‘/) r foglrgg%cté%t%g Eﬁ%‘%%g%e\ﬂf@?rﬂﬁ%%eg%X]&?&:.loadmg of 150
Russrshogmf inrSigute 21F; gk the chfreapahdiny indteass im éaerveRebral spacing
Poeruetaglr?lané)u?grl c}elﬂgcr:]tio%f is tsﬁgwn in Figure 2E. It will be noted that, as mentioned
above, the applied moment increases monotonically and continuously as a function
of deflection angle, while the intervertebral spacing climbs increasingly steeply
(approximating to a parabola).

Figures 3A and 3B illustrate lateral bending between members 100 and 102.
As the elements tip, contact pressure is transferred from the crest of the crown
portion of protuberance 32 and is split between two contact points which move

progressively across the higher-curvature regions. As the motion continues, one of
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intervertebral disc replacenent, the flattened crest

110 of protuberance 32 sits on the base of recess 30
w@e@vioglismy | oad- beari ng support with a given nPCi/mme7/000239

intervertebral spacing. Figures 2A-2C illustrate axial

rotation between nmenbers 100 and 102. As the | ong axes

of the elliptical shapes of protuberance 32 and recess

3Be bexttactepoixite griovss bvtelthe ceticawd trahdigmmsgion thews ko pemdact points
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|ntervertebr | spacing for each angul ar deflection is
shown Fighres 4 ranc ilystopga poskorcy Stqnabewa@ members 100 and

B! ERACH RGNS i te@?enﬁlﬁﬂ% sﬁ‘ﬁ’i dﬂ!ﬁﬂé 1 é}ﬁlr ?f Figures 3A and

nmonot oni cal 'y ang cont ous as a unc
&8, | eh ithe camgthpomtSI 42 bbimg shmmr mGthaber aB ﬂﬁnampp(]]ed posterior

cllnbs increasingly s appr ting to
F%Feélﬁl@lnal}lompi\ﬁg‘{ﬁr@p go g@&y chigh glixdéqr axial loading of

tt1|63|g3 coanréﬁg’gpe |sgrgfgﬁegfq%%$%8n¢ﬁg g egéesrﬁgglﬁéofeﬂebral

tshacing dunegehrdnigolar défl@tiohlbehewn én FouandDi, sHew hgdin, the applied
bet ween two contact .p |nts whi.ch ngf rogressw@éie
ABP1eRt 1nFreases gpatotnicallyiandcoplignsly. asm fungHon gt defiection angle.

GR ik RHES the l%r%rie'ﬂﬁal %?ﬂﬁ%feﬁpﬂﬁ@foév SR GSre Rl Ay Y ?tge Jpart of the
concave transition region {shown as contact pofn

irandd gfin®tidB)nean thef mauitrial pasigsn,candt then etimtsnntmpsingly steeply to
defl ection. The applied lateral bhendin

cPé?Ylg‘é FERTATRECt raofé% Atemgtpm foerls deq mg«wd@gj@maszf the range of
|l oading of 150 Nis shown in Figure 3C, and the
correspondi ng increase in intervertebral spacing for

each Ragntteticaldf, liewill be nbedshaivavceptabliegasubts ID. mdﬂﬁfrﬁattenuatlon
t oo, .the plied nonment increases nopnaotonically

e bRed aghuy vessexperimeatally fespite) sppsadarabla vanatieis mhthéhape of

r I
SHE P 5 LBl SUASLAY L FADSHLTBEASLIAY e o e
extresigindniobeipagfirniat nddaits ocbBineahtbr a prototype designed by trial and

error using parametrically defined articulation surfaces of the general form described

above and varying the parameters in conjunction with tests for solid body overlap in
basic CAD software to achieve the required profile of elevation for axial rotation.
Parameters relevant to lateral bending and flexion/extension were optimized only for
the surfaces of concave transition region 112 and the cooperating surfaces of
convexly curved transition region 114, again by trial and error. The resulting
structure was found to be highly effective in motion attenuation and self-centering

properties in all directions of motion, despite considerable non-uniformities in the
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102. Here the notion is essentially simlar to the
| ateral bending of Figures 3A and 3B, with the contact

W@oi0ingssa® bei ng shown in Figure 4B. The appl i BCI/IL2007/000239

post eri or extension noment corresponding to each
angul ar defl ection under axial |oading of 150 Nis
shown in Figure 4C, and the correspondi ng increase in
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QUELAWAP vieksPerTigufedB AS 8id ¥B! T'hé Qp]?é}gﬂug‘éﬁhﬁ)lﬁ? sfrﬁtﬂ'bﬂn@&ﬁjsly non-

profile of el evation for axial tion. Paraneters

Aapasf apatiancatienuatioal andeesdommg foncksfih exchool thx plnss ofmodoe

opti m-~zed onl r the.surface cave transjt

regi on11%8 &% %t?ﬁl@ QUGINERS e%thﬁ 8t %‘f‘b%‘%ﬁ\?g&?{/&e present
eV, i gie 1 ACHJ 9D 4 %pefe@&ﬁinﬁbl%eﬁtrah@ﬁ f@#¥perior endplate
error. Theresultlng structure was found to P Fﬁ

sentaeit0and mferisriendplatet contaat 22rcoafigursdltt achm‘vealrdgable fixation

SREF sy Siret “nut Fep DDl mefoimparalion subsequently

gideeléoth brietb Maher! dntdfsd BRAde DL S b%?i@ [}hﬁ&ﬂa%%e@rhe basic
CAD t ool s and/ or nunerical nethods may

sontot ehthsusippriopendplate cpatrcint preferably hetsea diifdf emeatity in the

Ref t,0,. Fi 5A-
TR i LB 8, B 3 SRS 0 e
biteroPp @@ Yr planee Péﬁr@éénﬁéﬂ ‘?78‘3»‘1?59513’11@ IRWHE 5ol ¥ form i is believed

di spl acenent of mbers i n nmotlon _
trobe edyrmtatieays fQI woimg wathitbe selovanddoatavityt aff therspperior cervical

endplate in which endplate contact 10 is to be affixed. Graduated convexity 28
confers to the device about 1-1.5mm anterior height elevation compared to its
posterior aspect, thereby helping to restore the mutual positioning of the vertebrae
and their interspaces, both in the intervertebral space and in the entire segmental
arrangement. This formation also helps provide engagement that reduces the risk of
migration in the early fixation stage. The LL concavity 26 helps to fit the general
anatomic superior endplate contour of the cervical vertebrae and to avoid potential

small lateral migrations in the early fixation stage of the post implantation
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the nenbers di splaced fromthe neutral position by a

conbi nation of 5 degrees of flexion, 4 degrees of

Iateral bendi ng and 4 degrees of aX|aI rotation. In
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veX|t |nth 0- pgst er,i or Ian represent ed
(P, ey Preaky o dpeareet 1 SerVBoRS SWReRee presisting
%téﬁﬂéﬁ%@@ﬁ%slaft&ﬁl 13, faﬁgn ""'1'}19 eIrR&'lcfr \Ahﬁfn%ﬁho d]%%ﬁﬁ?{én'bx 12 is

the superior cervic ate in
Ghﬂllgaed td be itgserted beittah fthe( adrtelﬁﬂaehahaﬂaid i @lndmﬁbtenhﬁl&e fixation.
about. |1 - 5mm ant er,i or

nfers to the devic B
PR it RBHRT S £ HPEoA SPRREURUER JBCTIer e Petiperted as a
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vertebrae and their 1nterspaces, ot h
icotnpauing telis appe padeceindrier tolehient br presefjtiesfieat that will fix the

arr Th| formati on al so hel ps provide
%ﬁ‘gﬁ’e?f?“etvﬁé?pl OSiGRdRCERHOR] sk of |Om gPatl on in the
ear | yFbi Hat hulbad §888brad otk 'en@;ﬁ E%ergéltrs%}fgéest ite I&)'réferably

the general anatom c superior cont our of
(b&ﬂvmw witke rat ptteere ofa fislati apn- mhancing qntmgad:tlmis sirbd to that described

S arations Lo e saly Tt on st o e
%B&aéﬂd ISWef AfRb#2ehEbde %bﬂ&%ﬂ e%othgfﬁ%?t ic] péﬁ% ?(g Bre&¥h dhigration

inits LL direction in order to faci
aud enfrand i bome putdhiasinghe anat om caI pI ane of .the

o g U Lo ShyRlt e TIELOSELSE oot
RRL YRS Nirk R 8n A SAMER HRDVAmB 0P U6 Bfstvertebral space. Consequently, its
entire superior and inferior superficial circumferences (footprints), as well as, its
entire volumetric contour preferably do not protrude out of the endplate cortical
margins. The intervertebral space that used to contain the natural cartilaginous disc
will equally accommodate the TDR. It comes into close contact with the vertebral
endplate and can be implanted in single or more then one intervertebral space

(including consecutive intervertebral spaces). Additionally, or as an alternative to
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secured against lateral mgration by these bone
structures. In addition to the overall contours of

whodon/ossdpl at e contact surfaces 10 and 22, t heBE&I/IL2007/000239

10

15

20

25

30

surfaces feature protruding ridges in order to enhance
anchorage of the device wthin the vertebral

endpl ates. The posterior anchoring ridges 14 on the

Ssted i0Brthe widragentiéhedr feahréLrcdhticernall fosatientaay be enhanced by

desj.gned to be inserted within the vertebétal endpl| at e
&

i gdaional techniques dncludipe.ahviene imated ip:opseppt sewa for fixation of

] ' I I urfac Qr X 3 i
HAEREL e Vo EoBplaB oL AR SRl vy deB-roughness;
sgidvemphy gl dsberREnd1REilve tor Btdpidebtivabiovmdpsible@naterials, such as
| ateral mgration. The anterior anchoring prom nence
1qerm§1ceemegweer peplegicalls aetivegagantsaion theengdplaiepprtpct surface to
e e, r.de 0 1an fixat]j . Th [ ra,.
PR o il Pkl SRORRRNRg. i gbiralisd b, Ripgte osteo-
btdghgeont ed as a wedge within the vertebral endpl ate.
The base of prom nence 12 is enlarged conparing to its
upper Limensions jof the kervical Heplestgecarg chopers gogqrdingeter g typical
t i fel x the ipl.ant_to hi e r api .
cStsnoy e B At IRV Eor BBl appigpions, antero-
epsipdr i AP dargeiviois Senypicaly abot nsehilinbleys fur-toth¥eyerior and
with a pattern of fixation-enhancing projections

1

sigrics engplatep dn thebbdirseton shmensiqnscare typiestly dn theyange ef about

RS LR o PEETRH L sy NSRBI g 1722

helifieeré ofopr e eflipefibgr ifrf208 ahdhennfnedriRbradOsace. For lumbar
pur chasi ng.  The_ intervertebral disc replacenent of
Fnplicetions, dsnensinss eafepout 35 gullinesiers intthe bl ghirecjion and 30-38
i . - W 1 hing. . Of i ntervertebral
s%ggg{.aegﬁl\é%%ueml{eg;ﬁcnly?}s&gﬁ]tcl&rl%hgs%peri or and inferior

super fOwdeathec dewewriierigtated aetiprthstiservatebyd! $pads, a desired
its entire volunetric contour g(r eferably do not . i
pRBLmYEE ipgtvesebreh spesiag Atmcallyr in dhe rREYi s O-Srimallimeters, is

BB EE! IR SR I oS SRR BT LIBARLARL corvic
|atpé)¢i@£tﬁfnsj Aheuedl §sectMgeshowit tof Tiddoskelty b4 about 4-6 degrees)
endpl ate and can be_ inplanted in single or nore then

o éesteredr Indhe emfered paplementatipu dil usiated e (e presence of anterior
i I i £ | | : :
EEDEE SR RhoRse LAY gl il dn e soond

arorement|
CsteBed candctl JuxRté 00 toBsthdreied BalpRd ov¥rafidaifebaih @bntact profile,

]tttggrggl )%gﬁﬁg Iﬂ?q(;lfnl’igé: ?r%erkz/%trtegr%{ dilsic rp.e;t)lggen"txe?l;c alllJ Se%fe((:)tfivesx(;vregggshaped ,
profile to provide the aforementioned Lordosis.

Preferred ranges of motion (ROM) over which the aforementioned
mechanical properties of the apparatus of the present invention hold true are
typically about 9 degrees of axial rotation in either direction from the neutral
position, and about 8 degrees in each direction of lateral bending, anterior flexion

and posterior extension. These values may be somewhat diminished during coupled

motion in more than one direction, as is true also in a natural joint. However, ranges
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surfaces to the vertebral endpl ate; providing surfaces
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materials, such as ceranmics, netals or biologically

active agents, on the endplate contact surface to

conduct or induce bone proliferation or otherw se

evfhaxigleraatianende laterele bénding i theorangBi upetvs dlmmus 4obr Shdegrees are

C .cal inplants.are chosen accordi.ng ta the typical

RN Tonls” BB, hPf focroPmpicddte [hocsieHD EgFvant Tanges of

CrabNbiE AA cRBP Firpas | NRotiG BF QRGS tili{idal( i '

are typicall yaﬂéégout 1g1rri |11 ng?g%gﬁ?g%%@%%@ﬁ?%%?&%m by

alaetorssushias thesttiatp b thesfacdt nointseanidlothitiriserrbimahing tissues. Even where
[ sions are typically in the range of .abo 18: 24 )

AR £aBs 3 Brotibhas sl g, i prr<2pEmpriGRostll provides functions
| SRWMSIIpRBN bt GPAfBu A ARCWofifz £6rell \thilBhA r8ndedf moti

the su e?r?i or éurfacg_ of the %tg%ég\%g%@e%{tg@‘?éﬁargrége #fonrmtlon'

| unbarluappginost toths, idertensohtie mieredrtebial Aisc replacement of the

BreschB o Enen diguin A7 Eh it qud anteun boldeson 18 and 20
dedHtEE oh $hd AReABE Efbevbh e the rln‘%p'f‘fxt.' Th&E LR SR @rlcgag?@%?a elivery
bra afl'y Tn

desired m nimuminterverte spaci ng, typi
tdewice dRQdF ighures-GA-AD)) comizgwred to heldrbe apparatediand retain the first and

e B PP, e A h Poiiohoiing FyeBioa it e Tierveribral

SRS USRS BN PR 18 SRRRER) ) i
lpae erdingraly pkdled nie theait, and sviil oot bayresentethepe.oni nence 12

and aprel atjvely,l ow posterior, region jn the second

vert ebPs & CLﬁ?CQ\éii Ig?ﬂ:‘?ﬁé el%foar{doﬁgztg A B \’/c%m%fdsg"é’ﬁ’eélny durable
QY SRIoMPatiBRI helRfial P@é}leltaggl, tRE ‘Pifrértl fhd &B&E&Hﬁémgif}éécgri%\/%}%@mnﬁauy

entire intervertebral di'Sc replacenent an e
Vit bodiaa Rydfepred frndteriale ipelode, dat mreenatf longek td, imetalfic materials,

S i R SRy U
AN A YsitaBle oD BnPELRIEM s IHVRMhPRVEA ﬁ‘lEl‘dﬁe,ﬁJuZ are not limited

typical l'y about 9 degrees of axial rotation I
0.1 stainless fstesh titemiureyttitahivposaltdys n suehn chsabitaitiu®-molybdenum-

degrees in e irection of |ater bendi ng, anterior .
PRSPzt 500 | S cobelfohene mless Yaheh sARpiRbromium-
sRpydeatimd OptibhalRe ﬂledé:i{iblﬂgtifr?kiﬁka%gs BPiHe Ul &té'fﬂa? Ha08Rurface
one direction, as'is true also in a natural joint.

Hieglaneats, orroaresdb imprate resisahcoiv e, foatdual frictiogliong provide

Iarrfy tohuﬁerr e %etcﬁ)an?ilga? uct)r Afné’Jica? gr% gr(tei%ss. ryeway of non-limiting

examples, suitable coating materials useful for reducing friction or wear include, but
are not limited to, CrN (chrome nitride) and other chromium based coating, TiN
(titanium nitride), diamond, and diamond-like materials.

Turning now to Figures 7A-7F, these illustrate an alternative approach to
implementing the principles of the present invention. The apparatus shown here is
analogous in function to the embodiment of Figure 1A, providing non-impact

gradual motion attenuation and restoring forces in all directions of motion through
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clinically rel evant ranges of notion. Actual ranges of
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factors such as the state of the facet joints and
ot her surrounding tissues. Even where snaller ranges
of notion are available, the present invention still

phergryag theinteryestebrab spactng. Thjsdotpleméritativradiffersufadrh omt of Figure
range_ of notion

. Qr i f . Wt hi t hat .
ST.‘Pul? Rflﬁl;é}l??{)iﬁnt?ls g?h@g r’r’?\é\ie?t'fqlc e.g?x t}tnﬁé:a q,,lb@fh‘,@ppélgﬁl%ﬂ surfaces 104
GindC1 062 flaf 6 EpluraQity bh8ed3EL8a30, hﬁ%,leégféi"r B8, arfibHMLES arrangement

1A-1C show superior” and inferior slots 18 a
dorthescimchdena edneesponding phiraitgeofdicating clemémn 64, Fvhsentrapped

SRl PR AL Benir e S5 3 e BRI pesfored

fiinbfmenieli cne R NBEORGESANE BlchiRld 64 Q]'[)ét iﬁ?dlerﬁ&ﬁb(ﬁ b9 Ball bearings
during insertion into the intervertebral® space. ’
rerebie prajeding hepadiculdrly ldetfrictioy roléing deterfack betwgérctie upper and
tlecgrni ?‘%%s wll be clear to one ordinarily skilled in
tAETHPYOSd wi Il not be presented here. First and

seconth ARERGhSod A aAkE 1RLeA¥BYin bl%‘rtécrgérf%gar@%%%gn% ;achieved by

dur abl e bi oconpati bl e materral. efera

Qffgetbiog of thenpositms ofirecessobd 8Anelativd tp reighes 18adirethe particularly
Preferred teri,als.include, but are not limted to, .

RReF Sfeliiasite el chorge soceares Bk G| {Adepre all partia
RpticichPlezessaP 8F Hdinfs ¢ @RS %é@ﬁ‘télnﬂ%ﬁ %alfl %Earﬂ?ots?hl, WWith recesses

materials suitable for I nplerenting the presén
1AQ espréadnfurthet ugert then recessesol32.iAs taetkstihy, irstled newsd position

??%%gﬁ?eg%tﬁ@gﬂﬁtﬁ@?ﬁ 5%11 E)Iei‘lgr?tgg?so(gf %:i%]-pg%e’ntea wath respect to each
€428, lcoRALMIE oFhdsAESTASACAErES a diamefeir of eaﬁ}é ball as shown at points

cobal t - chrom unmol ggdenum Optionally, t
82+ Puungnicgionsthefralatise offsetietwéanthn tpairsey fivayereseystats0, 132

r eat ts cpatings,to i nprove.resi sfance to wear,
%%afags%'?c‘}gu%é?f%eﬁ s 1o fwg&gdléosgfﬁﬂ Bichar™ festapkpomnts S8 for
aEehaithiia oPb 8RS aFi RfOPE rilth;ls%scltes%\fm\fﬁﬂ%aqg)r laterﬁlsbending of 4

non-limting exanpl es, suitable coating erra
degseesl Inosach adee;i atgledstisotrieoof ball tearingsn 64 udach huiosAiod where

not lLimted to, CrN (chronme nitride) and other

bt B eS8 PPNE o RO (ST o P OTABGY, the recesses 130
SHATE!) ¢herah ek RERdrdalilied TRESEL Bl Bt | to

Fi gur es 7%%!:, tﬁesere!ql lUstrate an al tégge%g%iigege&&'

appr dachould berpiotadethiai tlge mhmbpr ioficepises afd bak fadagntn this
i nvecpti on. The ap[par a} us ﬁho hel{)e S . .
embodiment may vary. Typically, at least three bearings and corresponding pairs of
recesses are used in order to provide stability. Larger numbers of bearings are
possible, but may overly limit the dimensions of each bearing and hence the range of
motion available. The four-ball implementation illustrated here is believed to be
particularly advantageous due to the symmetry of range of motion in along the
primary axes. The layout of the recesses in this case may be squafe or rectangular,

with square symmetry preferred as offering a symmetrical range of motion in lateral

bending and flexion-extension. The implementation shown here with sides of the
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t hroughi ncreasing the intervertebral spacing. This

i mpl ementation differs fromthat of Figure | A

primarily in the geonetrical structure. In this case,
boubreaparaliell to itlm psimdrpcass Wilatenal  bélifie aindr Bexdon-extension is

| ural i of, recesses 13 132, nd the artj cul g .
L TG ABROTAcH (e With drieasrlo marag! 9 Bess ey is also

ogosgggrl ng el ements 64, each entrapped betvveen a
facing pair of the recesses 130 and 132. In the
part i O¥hide |the ppafiar splebrical Irevesses atiésoribsd dvane hae ebelieved to be
bear rrents 64 .ar npl ement ed_ _as bal |l bearings
Cé'g%g)‘lyp? NADEASREUS: lﬁo&’ﬁ% 'be aPereriptadothet Fecessen A3 ang qﬁa may be
ﬁ}%)%éﬁé’i‘ﬁ@d klﬁt &P follfis UBPEEhiaRd \Jaﬂ\gﬁ ﬁ{ rohfést ¢ Inotion,
nment , e Increase I n I nterver ra acing i's

aatludme dadbyloohfmeﬂtto regpatialt diBpgodd tréde@sn 8r praﬁ&ﬂ: %§ﬁﬁﬁletrlc ‘egg-
Or Iatlve 0 recesses 13 In t he partlcul arly
Fﬁﬁé?eélr rEaeSSp e FERAsERS 8% pe erahly .o @ldepugdr ot ﬁ*@é@s@b’s related by

n@H‘E&ugﬁ ?ﬁ@d%rlaespﬂohf k¢ %@F&%ﬁ?:ba{)ea“ s of

I Us ur vat reater t S 64,
vv| t h Tecesg aswlta:OF@preezﬂd} T7KL; tHeee ilapatte 4 haart @fehs embodiment

8 g 7Bt herecong membieh P s esied. Gpf veeqsses 132,
Wiift 8P Qérl %QCPn eacﬁe%% S ﬁgﬁt Ql%t' a@e[ap%g ﬁgrt{agg%ﬁhencal

across a er o all as sho
l?md)jiectg)nsm& mtegrﬁl[}efdrﬁiedtwﬂeﬁﬁf hegibeb Gll)weepeﬁahﬁn PALHIS variant is

EREN o K TGN
TR L, PP BT B S o AR BTE rdcos

ddearbe she bmlms@smamétefsemsy bs aaredfto béﬂlbvdJe desiredsrange of
64 reach a position where contact with the recesses
% at a point higher on the walls of the recesses

130 ' W
ot er L5 S [RBLASXE HRLIG s BpdrBitl S R TAR b ons may
enfoly vatlerstodsise analogly bathl th eatbodgaentnoft Rigares 1A-6D described

@g‘oodl ment nmay vary. Typically, at least three
@¥S ngs and correspondi ng pairs of recesses are used

in or ‘fﬁfmﬁtp nB{;votY)' ldzﬁ}l%ts Q{% %Ft %esé‘@ﬂ y WI? [rr?%lg&entatmn of the

beari ngs df e possi ‘may” over

@revenisinoasionf caveptubliyasini Bir a6 cha f G:*“eglirbsﬂGa]‘I‘geA@inentioned the
t | abl The f bal | I t

I}q?rprlbgg ﬂ;}l %:ges%gs gn pgcog@a%gc{%%posu%fgge elgg r}s z;1101: limited to the partial

spherical recesses described above. In fact, it will be noted that the outward-facing
regions of recesses 132 closest to the axial axis of the articulation arrangement do
not normally contact projections 48 at all during operation. It is therefore possible to
vary the shape of the recesses and, as shown here, combine the recesses into a single
suitably shaped recess 68.

It follows that the only portions of recess 68 for which the shape is critical are

the portions near the ends of the X-shape where the projections, here denoted 66,
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particul arly advant ageous due to the symmetry of range
of notion in along the primary axes. The | ayout of the

WO e@en%s39 i n this case may be square or rect anpCi/ar2007/000239

with square symmetry preferred as offering a

symetrical range of notion in |ateral bending and

fl exi on-extension. The inplenentati on shown here wth
shalascaiftact NElanrthegacaltdce rediond iney beipartial spk@ss,fartial ellipses
| at er al ?ﬂdl ng and fl exjon- xtea& on js particularly

(s othed fory elinsery e Rrovipdin degted dynagRal s paral | el
to th t
spher g HAEEmEReRbAMAP B ool MeBBl PRI ip that the

aaojeciiotsadd yndchraaspanding $ecesd 68akd dé}ﬂowbmedzagdrml r&lht&kbn at 45
recessesﬂéBO and 132 may be |nplenfnted in other forns
tdogEeenitavibe Jayqu af Emgﬂfeérgﬁﬂl%rlaf% Sthegirepppcisghe structure and

S B 0Pl I 050, B P i e

remteﬁl&ﬁsntad@cnbed ghafel y, al t hough not necessarily,
rel at ed by rotation throu 180 degrees about the ]
cent e ugHng BevhE Figvees 94’&HT’@PW Hﬁxsm alp altgrgafivees embodiment

B A HobE S OG0y £ ALY Rls 30 and
lmx;raadgze Gpopeating isingle ehmﬂe&cas’gzm Wi kids akd, theaprin@s outer
64 and recesses_ 130 are repl aced

Fapimet | spridpept e riggey 88 tangn82 4183 ﬁm%@t@il}/wfcg}%as seen in
difoket, D3 TRE 28 if Bk of ARl M oot Bl 1P he case of

irfgees2epat 6f ihdicirgulap ptailé nowdriiRal folthe abethlenhinceiogh ishat away
e.of notign for a give size of recesses 132 is
rt@d%@éléﬁte AnBYacure; ﬁélevé%ilréésmar@@segﬁl paierveEekial spagingds here
(0)
oat%hféaggdﬁ pege{?)'leeéflfaﬁﬂlgg ‘{}}cé; t%gorsé%gﬁ nlf rﬂ%e's gﬁ op%z’;]‘hé well as the
icopperatiiy dahlorpriidys b chatlnels fongied atzwlﬁﬂ fleyesa MH), ggybest seen in
wi.th the enbodi nent. of Figures 1A-6D described above.
Tuguen ghily Thspiytlesongaiopsion; Kds @rlérr?éw ahg pidetieside ridge 82
t 0] e (6]
SPRARIRE, Ayt RS R0 s BN O SN for
fl@ﬂemeﬁfsbxtah SpacpeiasRasd Whit€ clunidg ddteial bér&:tmg; rit BUrdmae-back ridge
106 ijs not limted to the partl al spherical recesses
Mswhirh eapsghihgelevation Jaraxial poigrion, thise gbfy qontact pojats typically

QUENRLE h3fd 8rease in intervertebral spacing.

Turning finally to Figures 10A and 10B, this shows an embodiment which is

conceptually a hybrid between the embodiments of Figures 1A and 9A. Specifically,
this embodiment has an overall elliptical geometry substantially as described above
with reference to Figure 1A. Additionally, the protuberance in this case also includes
a plurality of recessed flank regions, and the cooperating recess includes a
corresponding plurality of ridge regions, giving additional contact surfaces similar to
those of Figure 9A. This configuration provides a larger number of design
parameters which may be adjusted in the event that it is desired to optimize the

intervertebral spacing profile for all directions of motion simultaneously.
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regions of recesses 132 closest to the axial axis of

the articulation arrangenent do not normally contact
w@e@jendsions 48 at all during operation. |t i SPCT/IL2007/000239

therefore possible to vary the shape of the recesses

and, as shown here, conbine the recesses into a single

sui tably shaped recess 68. It follows that the only

por t i dhsvilbbe appresistedghétahe abochdasbréptsmapes intended onlyato serve as

are _the portjons near, the ends of the X:shape .where
s, RO hAohatlt Blhey drodimet: s BoSURS Zorin Hhe Scope of the
GhiRaéi Yveh 168 & @&Tﬁeﬁ%t}{eeéﬂﬁgﬂéed@ﬁnﬁe partial spheres

partial ellipses or any other formchosen to provide
the desired dynam cs. This inplenentation also differs
fromthat of Figures 7G 7K in that the projections 48
and correspondi ng recess 68 are depl oyed in diagona
relation at 45 degrees to the layout of Figures 7G 7K
In all other respects, the structure and operation of
this inplenmentation may be fully understood by anal ogy
with the enbodi nents descri bed above. Turning now to
Figures 9A-9H, these illustrate an alternative

enbodi nent having a single protuberance shaped with
two perpendi cul ar shaped ridges 80 and 82, and a
cooperating single shaped recess 70. In this case, the
primary outer abutnent surfaces of the ridges 80 and
82 are substantially circular, as seen in Figures 9D
and 9E, as if part of a conventional ball-and-socket
joint. In the case of ridge 82, part of the circular
profile not critical to the abutnment functions is cut
away to facilitate manufacture. The desired increase
in intervertebral spacing is here achieved by suitable
shapi ng of the cross-section of ridges 80 and 82, as
wel | as the cooperating flank portions of channels
formed within recess 70, as best seen in Figures
9F-9H. Thus, in flexion-extension, it is primarily the
side-to-side ridge 82 interacting wth adjacent
surfaces of recess 70 which is responsible for the
intervertebral spacing increase while, during |atera
bending, it is front-to-back ridge 80 which causes the
el evation. In axial rotation, three or four contact
points typically contribute to the increase in
intervertebral spacing. Turning finally to Figures 10A
and 10B, this shows an enbodi nent which i5§
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conceptually a hybrid between the enbodi nents of

Figures I A and 9A. Specifically, this enbodi nent has
waeooowsisad | el | iptical geonetry substantially BGI/IL2007/000239

descri bed above with reference to Figure I A

Addi tionally, the protuberance in this case also

includes a plurality of recessed flank regi ons, and

tharLsraperaivIEDIIgcess i ncl udes a correspondi ng

plurality of ridge regions, giving additional contact

surfaces simlar to those of Figure 9A. This

configurati,on provides a | arger nunber of design

par amet er s FE’HI a?/?ﬁﬂ/g%ée%léflﬂgtaé deastha pREtios Rinan ;rﬁgweqtqbral
[ V. [

s LS O AR LRI STl Rl 06 el g
virdrtebtad bagspoxspnadoturat, thdgprabavecarsisingt i ons are

inten(%%g only to serve as. exanpl es and that many ot her
enbodilfeent & sk IBS@@%H@VW& Bi Hrst heersoi e cottagthsurface for
resent in i . ' ' X

Gl ai o, Al 80P T e R Vetebaf LARPERITES, and having o

repl aci ng fitst beeslatienporfhéepandf an intervertebral disc

in a i nal col ynmm between endplates of a first
ver teRPhl BSESPrAemDes Beiee Rereent derishaCatac ssphemfor

columm, th : LSk 0g: ) fir r. -
having a ' Rrogen WEb IRREbi Deetk iyl qrigplatd B Having
engagenent a seécohd atteeuldtiontsusfacd, ebr al body endpl ate, and
h vigl?l a first %rti cul ati.on surface; and (b) a second
R WAMRYETIELER HARIng ds ebned atBieraxdal enmnaneat pbp line
engagenent with the second vertebral body endpl ate,
&atendmg hefwaen ec oendraid t ofc sdidit firsh vemetiralc eontattesafaveaand a
intervertebral spacing is defined as the axial

eefmpoideiitaidfsecondiveetebral endhaiguiRiareen a centroid of
said first vertebral contact surface and a centroid of

$AH dviReGAidV it fcﬁiati%ﬁ%hﬂ‘fiée il éag& geco%ﬁdarﬁgﬂét%nnsurface

said first articulation surface and said secon
ticulatjon,surface format |east parf of an

Toom &8 1! 8ot 2¥ g BruRtion Srienétien entatied uch fivgn when

| oaded with conpressive axial force: (i) said first

dordled sathrpmpsesseigraxialdoiseact surfaces are support ed

agai nst the conpressive force to ensure a predefined

m ni myn  said first and second vertebral contact surfaces are supported

against the compressive force to ensure a predefined minimum
intervertebral spacing;

(11)  said second member is displaceable relative to said first member
in motion corresponding to axial rotation, anterior-flexion and
posterior extension, and lateral bending, each of said motions
having a corresponding range of motion; and

(1) said intervertebral spacing increases as a smooth function of
angular displacement from a neutral position over at least part of

said range of motion in each direction for each of said axial
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intervertebral spacing; (ii) said second nenber is

di spl aceable relative to said first nenber in notion
w@eororessendi ng to axial rotation, anterior-fl| erR¢DIL2807H00239

posterior extension, and | ateral bending, each of said

noti ons having a correspondi ng range of notion; and

(iii) said intervertebral spacing increases as a

snoot h f un&etaaen opntemeruflexionli andl Rewemer ektession, modt labdral

position ower. atuleast part of said range motion in
each direcpggwﬁf%?&gggwg8¢n§§P81§§$QVP8§QH? ffuation.
anterior-flexion and posterior extension, and | ateral
flexion, t ovidin ong | npact tion.

at tencat i on e FPberRp s FoMoBRGd AR ioparrpngament
ai tcbafigratd eictathbas GedteiativhtdveC S ThiegverRBral Wpheih$ 8 aFunction
first derivative of intervertebral spacing as a
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cre o - ; | e
AShObRE Y SHERERed 6 M sl AP o) s el
sitionQdvep dahajarifBbOE4ill Yare SoM6tioRAGemBTiof %l ielgcfh §i&ction

motion in each direction for each of said axia _
et gactoal saidt aralorotdtioax iateriandlepiostand postexdresigersimn, and

%t%ra!l?lgﬁiroﬁl flexion. 3. The apparatus of claim1,
eérein said articulation arrangenment is configured

such that said second nmenber is displaceable relative

comi Rat | oFE BRPAREA | Sthei G R GchFleh grrapgement

nosbrETdudéd fichehaisald seadst ndfdels B§IalieRBle rlativd & said first
apparatus of claim1, wherein said articulation

arerabry dfemption coupstopdingdtos earhbinataanst dleadphb astatiars dngerior
-centeri.n nder axi,al_|padihg so as to tend to

fﬂ;e%orn n°f§’8§t§f18ﬁ?’f%8?ﬁ“§f"@8d Zatfﬁag%@pi‘%ed neutral position.

5. The apparatus of claim1, wherein said first menber

and said cond nbe re rigid.bodies,. 6. .The

appar gt ussgl?e %ﬁ’pa?fn%lif) ﬁ%&?e]l ﬁ’%ﬁﬁ?ﬂ Sﬂ_‘f%qlcﬂléﬂﬁ% prigpgement
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to tend to return substantially to a predefined neutral position.

5. The apparatus of claim 1, wherein said first member and said

second member are rigid bodies.

6. The apparatus of claim 1, wherein said first member and said

second member are formed primarily from metallic material.

7. The apparatus of claim 1, wherein said first member and said

second member are formed primarily from ceramic material.

8. The apparatus of claim 1, wherein said first articulation surface
and said second articulation surface are deployed in direct contact to provide

said articulation arrangement.
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7. The apparatus of claim1l, wherein said first nenber
and said second nenber are formed primarily from
waeenanya7at eri al . 8. The apparatus of cl ai m 1IPCTHIZNE000239
said first articulation surface and said second
articulation surface are deployed in direct contact to
provide said articul ation arrangenent.9. The apparat us
of cl & .m 1Thelepaatus sdiaaifii | swherein saitl dirstoartisulafian surface
features a protuberance and said secand articul ajion
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RERpeREha H6Rss, Swiainedi® gf‘d%ut?]é?a{oe i'fs RhaRd dichlthat, in sagittal
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f @rassoyeetion, (an)exteruad shapel of seidrpretiberanemfeatygéson havi ng
varyi curvature with.a | ocal .m ni num of . curvature atfl
2 ot o) of 2 SAYFH GYRISH GERVEReRiRRITEIE Nery NG ERtTe with a
curved trapzht4 i :$al sian:
oot uber anceet SELER Mo a SRSEphlaid Gol repion; and
sai d bbbt ubeceamarely s ciaved hennstiopexbginc fat t that basen of said
coronal cross-.section, an external shape of said

pr ot uber anBRNERGPes: (a) a convexly curved crown
regi on having varying curvature with a |local m ninum

of curyatu at _a cre of said crown. region; and (b)

a conc@vel @ﬁ% GPRALGHIS rozin‘g?lfr? n"‘?’@ﬂ?"&ﬁa’gt prgﬂ'&”%@ 15 ffurther
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further shaped such that, 1 n axial cross-section, an
ext er (Bl shapmcavely acurvpd otradmetiam cegion  atibiht abtsealdfy said
el liptical. 8%‘1%1‘? The apparatus of claim 12, wherein

sai d coopel @ttt fecess is formed substantially as an
elliptical concavity with a convexly curved

11.  The apparatus of claim 10, wherein said protuberance is further
shaped such that a width of said protuberance in said coronal cross-section is

greater than a width of said protuberance in said sagittal cross-section.

12.  The apparatus of claim 10, wherein said protuberance is further
shaped such that, in axial cross-section, an external shape of said protuberance

1s substantially elliptical.

13.  The apparatus of claim 12, wherein said cooperating recess is
formed substantially as an elliptical concavity with a convexly curved

transition region connecting to a surrounding area of said second articulation
surface.
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transition region connecting to a surroundi ng area of
said second articulation surface.14. The apparatus of
wW@k@i7/96BCb wherei n sai d protuberance exhibits BCT/IL2007/000239
plurality of recessed flank regions, and wherein said
cooperating recess includes a corresponding plurality
ridge regions. 15. The apparatus of claim1,
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plurality of recesses, said articulating arrangenent
further including a correspondlng plurality of bearing
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sal P?g?lggrllgfsec ng'l%% at%g% %ll %ﬂdis?xﬁj cé% iaglonTﬁ‘érface

dpatarastcosp@htind @iessdd feanhrey. ei n sai d bearing el ements
are inplenmented as ball bearings. 19. The apparatus of
claim 18, wherein said plurality of recesses of said

fi rst 1and The apphratis iof ¢laiin DNwhereind&es fiddt Qurki CNAEIERBRe
partial spherical recesses of radius of curvature
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%d%dq‘iildra?t?&ﬁftb% sh{:face%‘:h of said first-and second

articulation

18.  The apparatus of claim 17, wherein said bearing elements are

implemented as ball bearings.

19.  The apparatus of claim 18, wherein said plurality of recesses of
said first and second articulation surfaces are implemented as partial spherical
recesses of radius of curvature greater than said ball bearings, locations of said
recesses of said first articulation surface being offset relative to locations of

said recesses of said second articulation surface.
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20.  The apparatus of claim 19, wherein said articulation arrangement
is implemented with four of said ball bearings and four of said recesses in each

of said first and second articulation surfaces.
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