ACCOMVODATI NG | NTRACCULAR LENS (AIOL), AND Al OL ASSEMBLI ES | NCLUDI NG SAVE
Field of the Invention The invention pertains to accommobdating i ntraocul ar
| enses (AvOLs)6/ 048050 Al OL assenblies including same. Baclgraunds/edioshe

I nventi on Commonly owned PCT International Application No. PCT/1L02/ 00693
entitled Accomrmpdating Lens Assenbly an8i-published under PCT International
Publ i cati on No. WD 03/015669 il lustrates and descri bes accommobdati ng

i ntraocul ar 'e“&c@@%ﬁmﬁAﬁNéllﬂq)R&Wml@EENtsme; ANIF AQDIWhi ch are
in by h I

i ncorporated here reference. The AIOL assenblies include a haptics
system adapted to be secur ASSEMBIJESANChUMANGSAMEannul ar ciliary sul cus
at at least two spaced apart stationary anchor points so that it may act as
a reference plane for an AIOL of continuously variable diopter strength
af fect ed by Eeldusfithe dgeé¢rtiomapsul ar di aphragm acting thereagainst froma
posterior direction and under the control of its sphincter-like ciliary
body. WO 03/ 0156d%esntngiongertdiname accogimodasing AniGrocatas dersey (21Qfesdi tsed t o
replicate a‘g#&t;n e %'.s natutal crystalline lens. The AIOL assenbly 2 has a
|l ens 6 made d?“ieél HECENE S48d a natural spherical shaped silicone
ball 10 both having a refractive index greater than that of water. A human

eye' s capsulBdckgradid apifedinvestidsy bears against the silicone ball 10 from a
posterior direction for resiliently elastically deformng it to a

conpressed fl att gngsmemgrewnd PelTakatinationl Applicanon &ye' BCTILOZ0§6930dy f or
decreasing its natural positive diopter strengt,h for distance vision in a

simlar fasHindited dcgommedatieg deas Asseaitdy agd pybhsher twdeRCT Intsipasional 3 human
eye, and  pyplication No. WO 03/015669 illustrates and describes accommodating
10  intraocular lens (hereinafter AIOL) assemblies, the contents of which are
incorporated herein by reference. The AIOL assemblies include a haptics system
adapted to be securely fixed in a human eye’s annular ciliary sulcus at at least
two spaced apart stationary anchor points so that it may act as a reference plane
for an AIOL of continuously variable diopter strength affected by a human eye’s
15  capsular diaphragm acting thereagainst from a posterior direction and under the
control of its sphincter-like ciliary body. WO 03/015669’s Figures 1 and 2 show
an AIOL assembly 2 designed to replicate a human eye’s natural crystalline lens.
The AIOL assembly 2 has a lens 6 made of a rigid material and a natural
spherical shaped silicone ball 10 both having a refractive index greater than that
20 of water. A human eye’s capsular diaphragm directly bears against the silicone
ball 10 from a posterior direction for resiliently elastically deforming it to a
compressed flattened shape on relaxation of a human eye’s ciliary body for
decreasing its natural positive diopter strength for distance vision in a similar
fashion to a human eye’s natural crystalline lens. However, a human eye, and
25  particularly an aging human eye, may be too weak to apply sufficient force to
overcome such a silicone ball’s inherent tendency to retain its natural shape

thereby precluding accommodation.



particularly an agi ng human eye, may be too weak to apply sufficient force
to overcone such a silicone ball's inherent tendency to retain its natural
shape t hewehyoguuesbudi ng accomnmodat i on. Exenpl ary Al OLs ace/1iidosiedwet ed and
described in US Patent No. 4,254,509 to Tennant, US Patent No. 4,409,691 to
Levy, US Patent No. 4,888,012 to Horn e2-al., US Patent No. 4,892,543 to
Turley, US 4,932,966 to Christie et al., US Patent No. 5,476,514 to

Cummi ng, US Pat erixeMplarp, ABOL80Zret dlSkateiuand URsPalbehtin NUS Patdb, B66 t o
Cunmi ng, US Patent No. 5,522,891 to Klaas, Pat ent. No. 74,282 to

Curmi ng, US 442419 Ng. Tenneat; Y ] PegnNe ﬂrﬁ‘gg‘é%?%& EWYN&FS ,%‘7,%89 to
Qummi ng, US On 29315 09054 858sEa1e . U 2652 8t31d O

cunmi ng_ et a‘Fgégngfsz RP Hof €R31. g’?’s%@? 29654, ojng?ng, US"Pat et Ko, 6, 406, 494
to Laguette @hridie.et allUPRaent NN05,466423 1®QdmhunSdl$ Raeni Nols48a86hto No.

6, 443,985 to Wods, US Patent No. 6,464,725 to otton, US ent. No.

6, 494, 911 t oSkl M PrignpNoe 4943065 las Gammige; mgﬁﬁnbﬁ‘loalfﬁ%@lpéﬁ ent No.
6, 638, 306 t URY RAL efk74\Ro aifin, 1 Qs PBAUSSRB! 6, ANt 4SiPat ent
Appl i cat i onolé% i c§t r%tgﬁNo. ﬁg 2%%%/ g(?LG 816@6 Esch. Summary of the

| nventi on Thkquuas &t PhrueNo. dinl 9%505%t0 Lunowial, AISOPatentc Noditn2P9%64i &si ng

mechani smfor elastically deformng an el asticall ef or mab hape nmenory
optical el en®Reds S 5?‘?%%?'@34£Q7£l%§“m‘% gt at‘%ﬁ‘ giﬂ% Pt%g%?&ls(gfﬁ er
strength forcRean,¥ig Phen RS, Bisp6 1408 (RGDAMUSTL S USERIGNaG, (4 2Dy a
def ormi ng fo(r:%e%%%unggd on its’ [ower gi"’égee to be mar ginal'ly greater than
a m ni num detboSarfirazn USoPatentFSoE6/4d31986 ed Woodke fldS Patelne Napt6,4@, 728 enent and
on its upper_side t he m_of t def or mat i force F d an
accomodat i &F@'@Pc@glféﬁ"é eét486’95§ t%%HGWEHg’ 08 PahiRo 650527 fo fang
et al., US Patent No. 6,638,306 to Cumming, US Patent No. 6,645,245 to
Preussner, and US Patent Application Publication No. US 2004/0169816 to Esch.

Summary of the Invention

15 The present invention is for a novel AIOL including a biasing mechanism
for elastically deforming an elastically deformable shape memory optical element
for affording the AIOL with a natural positive diopter strength for near vision.
The biasing mechanism is designed to apply a deforming force Fgy bounded on
its lower side to be marginally greater than a minimum deformation force Fgg

20  required to deform the optical element and on its upper side by the sum of the
deformation force Fop and an accommodation force F¢p effected by a human
eye’s capsular diaphragm in an anterior direction on relaxation of the human
eye’s ciliary body for enabling the optical element to revert to its natural shape to
decrease the AIOL’s natural positive diopter strength for distance vision. The

25  forces acting on the optical element of the AIOL of the present invention can be
mathematically expressed as Fop + Fep > Fgy > Foe. By virtue of this
arrangement, the AIOL of the present invention facilitates accommodation even
in the case of an aging eye capable of applying an accommodation force Fy,

which may be considerably less than that of a healthy eye.



eye's capsul ar diaphragmin an anterior direction on relaxation of the
human eye's ciliary body for enabling the optical elenent to revert to its
nat ural sWepeodi@omecr ease the AICL's natural positive dipoptiezoosteiesygt h for
di stance vision. The forces acting on the optical elenent of the Al OL of
the present invention can be mathematicgl.ly expressed as FO E + FCD > FBM >
FO E- By virtue of this arrangenent, the AIOL of the present invention

facilitates acconRdRIORTo/NEPark DitAEARIE &s¥miAD inGhoeH ﬁ)’reseflifazﬂﬁﬂﬂbﬂn%f
appl ying an accommodati on force FC which may be considerably |ess than that

of a heal t hyimpjatathm ialadlunfaor eys’ seitiary shlcan apatdeash e spcyd pparbsiaeenanyr

sel f-anchoring, i npl ant ati in human eye's. ciliary. sulcus at at. |east two
spaced apartargf’%ﬁ%rﬁ’gws‘aﬁ@%ﬁ@d“ 587 mes. Oflﬁga%AI"Cf %lgﬁre%eﬂﬁ%hcﬁtg te,lnﬁ a

di screte hapij,6fns s s@MIRpaREMBE: dMihei A0 afikac imah 98 st\isuahals fot ong a
human eye's visual axis for enabling accurate eyesi ght correction in

general , jancemabling arwpentaeyerglftocorecnpion| r geeatel aandi & campensalieg| faF .

Al ternatively, the Al O .can be j.ntegr far i hapt i em

el udi ng. pl eV APy RHPD At LoDt ecrag B Neriaby A RS g

di spl acenent forGATRh Ya WWPEE Sfsterth Nneludaid pRaticABpldefainbR Meptics also

PCT/ 1 L2005/ 08{)456 ent i%t I \gg Acc%gfmmdati ng gI %g?aodggfar Lens Asmé%nbl'i es and
Accommodat i osnabbegs un esientAlOkpidisplacements t r@emmoahyd onasdr PEEs Inderaptienadli scret e

st cal 1y AapEan e B TAROBARNERS SPlld BB FRH SRR hE T

enabl i ngid N RidethbfitOandlisRbaaRiMAdn MABuCaRhe Ihpladf i1WRIrsls ane deswidepor at ed
herein by reference. Brief Description of the Drawings In order to

under st and tswehiadisarciohapifed ystegseando vnitayaporisiugtinn incdnding ai bapgicact i ce,
preferred ensigl%{jelrnm\?vri]tmspl\a{\gt{clallp %\évfol?l%agl% Carphgse gl’ld Pr}{eg}lgﬂy %rrtpe%n\?v;th 'g‘ntAﬂﬂL
both enabling in situ AIOL displacement, the contents of which are incorporated

herein by reference.

15  Brief Description of the Drawings

In order to understand the invention and to see how it can be carried out in
practice, preferred embodiments will now be described, by way of non-limiting
examples only, with reference to the accompanying drawings in which similar
parts are likewise numbered, and in which: _

20 Fig. 1 is a cross section of an anterior part of a human eye in its natural
near vision condition in an axial plane of the human body;

Fig. 2 is a cross section of an anterior part of a human eye in its natural
distance vision condition in an axial plane of the human body;

Fig. 3 is a perspective view of a dissembled two component AIOL

25 assembly including a first preferred embodiment of an AIOL in accordance with
the present invention;

Fig. 4 is a perspective view of a unitary AIOL assembly integrally formed
with the first preferred embodiment of an AIOL in accordance with the present

invention;



exanples only, with reference to the acconpanying drawings in which simlar
parts are |ikew se nunbered, and in which: Fig. 1 is a cross section of an
ant eri or wenvosaisomohuman eye in its natural near visi onpcondions/oroéoan an
axi al plane of the human body; Fig. 2 is a cross section of an anterior
part of a human eye in its natural disté4nce vision condition in an axi al

pl ane of the human body; Fig. 3 is a perspective view of a dissenbled two
conmponent Al OL a$$grfok ynienploded nigweoffligere 3ps AI@Er ed enbodi nent of an Al QL

i d ith t tion; Fig. 4 4 f
uni tary A G ass ERbIGSpBgTaY W sen Ehidend 17 AAORhIRERELYSicthodt rent

of an AIQL iy, accordance with the present invention;- A- Fig. 5is an

expl oded view of Figure 3's AIOL; Fig. 6 is a |longitudinal cross section of
Figure 3's Al OL iFig.i? s adengitudgiabarass seaionFpigFignrd 8'saA|@ndn tigdlisfancecr oss
section of Fi,gure 3's AIOL in its distance vision state; Fig. 8 is a cross
section SR 8IS or part of a human eye inplanted with Figure 3's AlICL

inits near visi e g AtLerb® RBridkbAAn PAtaher Hirt hehimamBydIIantEd guithd is a
cross section of an anterior part of a human eye inplanted with Figure 3's
AlOL in its KigstaisAlQLshdn nsaratigion stagmninaa axjial plang ot ge huteartlyn body; Fi g.

10 is a perspective view of a second preferre od| . of . I n
accordance with e 9p15é‘_scéﬂ§s ﬁeﬁk}%’h?f]%fh?"‘%lﬂ%‘ lﬁrg(.)feﬁmﬁéﬁrgye&erélﬁ@gg iajvlgeﬂ_vi ew of
a third prefppied ¢rodiifeRdieinc@Risdfdiate in an axial plane of the human body;
10 Fig. 10 is a perspective view of a second preferred embodiment of an
AIOL in accordance with the present invention; and

Fig. 11 is a perspective view of a third preferred embodiment of an AIOL

in accordance with the present invention.

Detailed Description of Preferred Embodiments of the Present Invention

15 Figures 1 and 2 are cross sections of an anterior part of a human eye 10
having a visual axis VA in its natural near and distance vision conditions,
respectively, in an axial plane of the human body. The human eye 10 has a
cornea 11 peripherally connected to a spherical exterior body made of tough
connective tissue known as the sclera 12 at an annular sclero-corneal juncture 13.

20  Aniris 14 inwardly extends into the human eye 10 from its root 16 at the sclero-
corneal juncture 13 to divide the human eye’s anterior part into an anterior
chamber 17 and a posterior chamber 18. A sphincter-like peripheral structure
known as the ciliary body 19 includes ciliary processes housing ciliary muscles
21 fired by parasympathetic nerves. The ciliary‘ muscles 21 are connected to

25  zonular fibers 22 which in turn are peripherally connected to the equatorial edge
of a membrane known as the capsular bag 23 with an anterior capsule 24 and a
posterior capsule 26 enrobing a natural crystalline lens 27. The iris’s root 16 and
the ciliary body 19 delimit a portion of the interior surface of the sclera 12 at the

sclero-corneal juncture 13 known as the ciliary sulcus 28. Remnants of the



in accordance with the present invention. Detailed Description of Preferred
Enbodi nents of the Present Invention Figures 1 and 2 are cross sections of
an ant eriwo 2ped40d a human eye 10 having a visual axi spPéAvILmosb@E06vAL Ur al
near and di stance vision conditions, respectively, in an axial plane of the
human body. The human eye 10 has a cornéa 11 peripherally connected to a
spherical exterior body made of tough connective tissue known as the sclera
12 at an anmanteriorsepsio2dovhielimayursotain eftar3extmgtipn jo§ theangturah cesiallineg ends
into the hunan e 10 fromits root 16 at ,Lhe_ s car ] L un e 13 to
di vi de the ﬁg%?;eﬂé theginfact iPoptenay tcai?si‘f?eozéndr%r{g %?{egrt8c egg%lg%rtgrlg‘é g{ned a
posterior chapbalr d@phrAgmPiy. nChfkackiok f PR EIMRST BddyStT MIdwH thekayay &s t he
ciliary body 19 includesS ciliary processes housing ciliary nuscles 21 fired

by par asynpathfken ¢o memassal thigkness| Thalongube visgabaxia VA fsrgieaeeposiévezonul ar

fibers 22 which jn turn are peripherall onpect ed t e. t oL edge
of a nen‘pﬁ' an‘éotl?ﬁl)%wgs&’f t'i‘&drcgl‘ﬁ'é’ﬂl(é‘?e E%yezg)wRF ﬁ’xﬁtﬁonaérﬁ [eh?i %ﬁggg)ﬁg I? 24 and
a posterior ©aRSH e 2BnfIAF ABER Q23N RiRh Wi Al s GleY@ballhi By 2R AR outRard ris ' s
root 16 and the ciliary body 19 delimt a portion of the interior surface

of the scl era shewatbyt dreovscAdpocapiessang fhenlenti? @ to shaeigdvits thitckness adong ary

I 28. f th [ | e. 24 whi '
ot ract i on Tt REhatNA Oot e o I RECT MG or Rl W lPHfof SRR LA

capsul e 26 aisg FRuURIZ)d to hereinafter as the capsul ar diaphragm 29.
Contraction of the ciliary body 19 allows the lens 27 to thicken to its
natural thi cknesdigure 3 haystaneAldlsaaemblyi 3l {9 seldranghasigamphasationd opt i cal

pover f o ekl PR ot AR I Sl e 1
outward as shayn opYhuidnOWRioh. f dhe CRIDE &8sdntilyt Hie ih@ides2d diRradarapads i ts
t hi ckness along the visual axis VA to T2<T1 for |ower positive optical
power for di%sentd2viosisglectively retaining a discrete AIOL 33 therein. The haptics
system 32 is made from suitable bio-éompatible material such as PMMA, and the
15  like. The haptics system 32 includes a tubular main body 34 with a longitudinal
axis 36 and an axial length L1 (see Figure 6), and a pair of diametrically opposite
haptics 37 tangentially extending therefrom in opposite directions in a front view
of the haptics system 32. The haptics 37 have a pair of parallel and opposite
attachment plates 38 with pointed penetrating members 39 of sufficient strength
20 for forced penetration into the tough connective tissue of a human eye’s sclera
12. The penetrating members 39 are preferably dimensioned so as to penetrate
slightly more than half of a sclera’s thickness of about 1mm. Further details
regarding the haptics system 32 are illustrated and described in the
aforementioned PCT International Application No. PCT/IL2005/000456 in
25 general, and Figures 3-5 in particular.
Figure 4 shows an AIOL assembly 41 for self-anchoring implantation in a
human eye’s ciliary sulcus 28 for enabling spectacle free vision over the nominal
range of human vision. The AIOL assembly 41 includes a haptics system 42
integrally formed with an AIOL 43 similar in construction and operation as the

30 discrete AIOL 33. The haptics system 42 is similar in construction as the haptics



(see Figure 2). Figure 3 shows an AIOL assenbly 3 1 for self-anchoring

i nplantation in a human eye's ciliary sulcus 28 for enabling spectacle free
vi si on ows0 2vés40mi nal range of human vision. The Al OLpreIdEII0S/H018d9

i ncludes a discrete haptics system 32 for selectively retaining a discrete
AlOL 33 therein. The haptics system 32-6s made from suitabl e bio-conpatible
material such as PMMA, and the |ike. The haptics system 32 includes a

t ubul ar mai sybedy 33bunidifera thanffomuthsofal thaiis iBGudasdplastically edefqrengteh LI
(see Figure 6) n air of dianmetrically oppasite haptj

tangential |y ﬁé?“eﬂ‘gl"ﬁﬂp f%‘@f‘]’%lﬂ‘?rﬁg% Yt Pt“e”@ﬁf‘@ﬁtqf’%“%vei h‘o Coi“?p&hlp‘evl ew of
the haptics q¥sLEmR 38 e)I l@aﬂmacﬁeél?’Klﬂ)aééﬁslﬁv@%doc%mﬁ@rg?ééne(llc ?darﬁpp05| te

attachment plates 38 wt ol nted penet'rating nenbérs 39 of sufficient
strengt h f orthé dike eshohethat thathiaptics #4 aret plastically rdedammadba owdaeau@t@ea 66- a human

eye's sclera 12. The enetratln menbers 39 are prefera oned SO
as to peret réiled sgli‘“éh{)PV“H%?‘é“ tHRRCTALY - ? g’eécqei)?' ng&ghes “Sbout

| mm  Fur t herg Qﬁﬁf”‘h Srel B9 HEAdnd B@scﬁ‘i@@@l '1§§1e5M§Fe%{En§8n&f BCTrl Ih%ﬁdt@h@ﬁ and
described in’the aforenentioned PCI | nternational Appl i cation No.

PCT/ | L2005/ QQpplEbtiom l\@eﬂ@r’fﬂMO@ﬁdOMS@ungsnﬁaE aneh Figures Bul@im p:Ftlngare 4 shows

an Al OL assenbly 41 for s Iantatlon nah

ciliary sul cus 2&18W¢S ér?asg rfg Z‘E@i@g ?%‘b%ﬂ g’laBﬁA BEle lh'@aﬂ%’r\{?f)ﬂlal range
of ‘human visj aﬂmb%@%lé\'b%c@]ﬁ%ﬁimé M,a{’erﬂal kml MABANPA hARE the FikeySiderivi
integrally forned an Al simlar in construction and operation as
t he di screet emAdml 188gth Tz aloaptii losgisydrdmxi252,s1 Badingaurfaee 84 steppad on as

the hapt i m 32, but di.ff t f f | ud
bl st | oal |y SHEATBAIERES RASHIME WS (s o IR Porbon briag er b lioe
radi ation sepshd indfh Qd%rﬁpm b &w (alilﬁﬁ@t@ladrmmg BoriRRI kL @ight BY liirided (1 R)

sensitive indocyani ne een

internal surface 58, and a trallmg surface 59 formed with an annular flange 61
defining an aperture 62. The casing’s axial length L2 is longer than the main

15  body’s axial length L1 such that the main body 34 is capable of contacting the
casing 51 along an adjustment stroke longer than the main body’s axial length
L1. The leading portion 56 is formed with three peripherally disposed
longitudinally directed grooves 63 formed with cutouts 64 in the leading surface
53. The casing 51 has a natural disc-like shape optical element 66 made of

20 suitable elastically deformable bio-compatible material, such as, polymeric gel,
hydrogel, and the like, having a refractive index greater than that of water.
Suitable polymeric gels include silicone gel commercially available from NusSil
Technology LLC., USA (www.nusil.com). The optical element 66 begins to
undergo elastic deformation along its longitudinal axis on application of a

25  minimum deformation force Fog.

A rigid carriage 67 is slidingly mounted on the casing 51 from the exterior
and includes an annular base plate 68 formed with an aperture 69 and three
longitudinally directed struts 71 having free ends 72 each formed with an
aperture 73, and an aperture lens 74 having a leading portion 76 and a trailing

30 portion 77 formed with three equispaced radially directed protrusions 78 for snap



the like, such that the haptics 44 are plastically deformable on heating to
a socalled glass transm ssion tenperature. Further details regarding the
hapti cs swetessodr;sare illustrated and described in the atwnermesvolosved PCT

I nt ernati onal Application No. PCT/|1L2005/ 000456 in general, and Fi gures
12-16 in particular. Figures 5-7 show thhe AIOL 33 includes a cup shaped
casing 5 1 nade froma suitable rigid bio-conpatible material such as PMVA,
and the |ikefttiagdntvathengpeamreax7hl Thenbpsh plate 6% ifg peeferablyi formpddromyd s 52, a

| eadi ng surface 53, .a stepped. external surf 4 wi,th wi-gle di ter
| eadi ng portﬁ_“&ﬁblfsélgf“gpl_oé aé‘bfq 'a_ﬁlﬁfﬁif"i‘:ﬁ ap E)M’r?“gg%eyl 4 ﬂlr?a‘lpgﬁ‘r]\n%r r ow
di amet er ”%h”‘cgisﬁﬂéﬁe]t% ﬁ)émeéﬁ?n%‘%ui%ﬂléi Agid idcoiph 16 @hat&rikl sagteasd8, and

atrailing surface 59 fornmed with an annular flange 6 1 defining_an
aperture 62.PNIMAcasd tiy HikaxiTie d4pengtehldnd 74s predergely hdsasuftiientnp@siveody' s

axial length LI such that the main b 34 i I f ti th
casing 571 48R sFengl paynathe g%r}gskogq%{%e@'ﬁqo(ﬁgﬁ?@ﬁi aﬁ%?tﬁ%gl@n lIéargg:xi aF
length LI. Thed ﬁ@éﬁrlﬂﬂ:ueﬁf tiHerstrak 715a|feos’li@fg%ly\/irédéi\xehriﬁ@h@@foiop&eﬁﬁkdl(}h

di sposed longitudinally directed grooves 63 formed with cutouts 64 in the
| eadi ng sur fthaethtaperTire lowmsidiy 18trah&sthe leading avrfaiess- andkide Saseplahs cal

el ement 66 nmage of syitable elastiga def ornmbl e bi o- ati bl e naterial,
such as, pol%§ ?qaltog@ﬁtraﬁ%%%p? Sg“néj hgﬁé”faig_ﬁ@ rﬁ%{ef(’ﬁ&tega}qg?gha%f Ok i ndex
greater thang {agfeenla \ﬁ@éteéx-treﬁlé[sﬁ&mcﬁl polyhia tie ek SpaBdaideadhdencane gel
commercially available from NuSi | Technol ogy LLC, USA (www. nusil.con). The

opti cal Hl eneditingBuifegi 315 and asacndgextemesposatiaiefrowiichi e basoplgte 6% is
| ongi t udi nal ,.axi

ongl it el e OB BPRA RS Rt W B PR BATE0E 1 o,
and i ncl udesyigdlndMuehaisaBecdsaluR 8 h QoiRFesionspaingaparshused dwadtd t hree
the trailing portion 57 and the struts 71 for urging the carriage 67 to its second
extreme position. The biasing mechanism 79 applies a deforming force Fuy
15 where Fgy = Foe + A for deforming the optical element 66 to bulge through the
aperture 62 to afford the AIOL 33 with a high positive diopter strength for near
vision (see Figure 6). The biasing mechanism 79 is designed such that an
accommodation force Fcp applied against the base plate 68 in an anterior
direction on relaxation of the ciliary body 19 satistfies the condition that Fop +
20 Fcp > Fgwm such that the carriage 67 assumes its first extreme position for
allowing the optical element 66 to revert to its natural disc-like shape to decrease
the AIOL’s natural positive diopter strength for distance vision (see Figure 7).
Figures 8 and 9 show the AIOL assembly 31 self-anchored in a human
eye’s ciliary sulcus at peripherally disposed stationary anchor points AP in its
25 near vision and far distance states, respectively. The AIOL assembly 31 is
implanted in a human eye 10 such that the capsular diaphragm 29 lightly bears
against the base plate 68 in the contracted state of the human eye’s ciliary body
19 such that on its relaxation, the capsular diaphragm 29 urges the AIOL 33 from
its near vision state to its distance vision state.

30



l ongitudinally directed struts 71 having free ends 72 each formed with an
aperture 73, and an aperture lens 74 having a |l eading portion 76 and a
trailing wonbesmao’ag formed with three equi spaced radi al lPgTdLzesb@A69
protrusions 78 for snapfitting into the apertures 73. The base plate 68 is
preferably fornmed froma suitable rigi d8bio-conpatible material such as
PMMA, and the like. The aperture lens 74 is preferably fornmed froma

sui tabl e rigi d bivwhite® heainvédinnaisereealdesaribled agitiPhdspectana lilged nimbeThe
aperture lens 74 preferably has sufficient positive diopter. strength, say,
in the rangeformbndinerts 1uolibeapreciatas it "E%‘U V‘Flﬁ‘:"%%s’ﬁ‘ﬁ'@%&"é’hg’dh
correcti on. i nildd AFIbe F&REWHEH thdsddpR BTROYSHRn&R Such
that the ape(;rI;F%ra@Mlg%?r%X%it@'ﬁg?eraI to t'ﬁe | eadi ng ;u face 5 a?ld t he base
pl ate 68 is dlansr alFdroetdnepler shd ibigingumieabeni&8. 7Thenc be ringgeméited by

reci procates through a stroke S between a fjrst. extr posi.ti i n which
the base Yl deegigpimalyeampressible fex elemeants i zssﬁ‘i‘ e $®n§e’? s%mggégig %xtrene

position in L[%hllt)hﬁn@‘?ﬁ@li?é.atAﬂscﬁa)a:Lstﬁzi %je§itg§f‘%§1qe oA dnse Effédtbd 89 Ssurface

59 relative t6 the first extrene posi n. i asing nmechanism?7
consti t ut ed discubar baspplatsinsaad pf ihegipegurti lspo sEartlizetnnes the bariageaddni beg

portion 57 and the struts 71 for urging the carriage 67.to its. second
extreme posiaSSYRPledsIng; %‘%wag?ﬁcgﬁiq%&af%%@g&ﬁ’ gng N ﬁi@‘“gof FBM
where FBM = £OF 4+ D for deformng the optical elenment 66 to bul ge through
t he aperture to afford the AIOL 33 with a high positive diopter strength
for near vision (see Figure 6). The biasing nechanism 79 is designed such
that an acconmodati on force FCD applied agai nst the base plate 68 in an
anterior direction on relaxation of the ciliary body 19 satisfies the
condition that FOE + FCD > FBM such that the carriage 67 assunes its first
extreme position for allowing the optical elenent 66 to revert to its
natural disc-like shape to decrease the AIOL's natural positive diopter
strength for distance vision (see Figure 7).



Figures 8 and 9 show the Al OL assenbly 3 1 self-anchored in a human eye's
ciliary sulcus at peripherally disposed stationary anchor points AP in its
near vi siwo 005h40m0 di st ance states, respectively. The At@uiLzesenbdéy 31 is
inplanted in a human eye 10 such that the capsul ar di aphragm 29 lightly
bears agai nst the base plate 68 in the-8ontracted state of the human eye's
ciliary body 19 such that on its relaxation, the capsul ar di aphragm 29
urges the AlClai@d® fromits near vision state to its distance vision

state. Wil e the invention s been descri fth respect to a limted
number of enbodi r‘?é‘h???"ﬁ"foc{;bﬁpg "ﬁ’é‘(’ﬁg]& %’8? gf?@?ﬁ%"é‘%&#@‘p vari ations,

modi fications, ang ot Belp aRRel €adih®ABviAg atibRIingMERict QNirgiting berfagdeitind t hi n

t he scope of the dppended clains. For exanple, the biasing nechanism 79 can
be i npl enentand apgridrongnd uali keabl pne cxlticaly lefomable shapfeMen®yY PREB! Fi gure
10), leaf_springs 82 (see Figure 11), and the like. Al so, basic eyesight
correctioh caAMB: ef fect ed by a circular base plate instead of the aperture

| ens. Furthernorgp) t he Gaiddeatifvifi@n BeseapReTahehnuapditirddensreatabdicgl
techni ques, for exanple, glui 2(? wel di ng, and the Iike.d ains:
o

1. An
acconmodat i ngidingly anewnted oneswid casime Wit mpidi Bassgplaealategale tfp sy dpEting asi ng

havi ng a | eadi n urface, a trailing, surf | : . t | east
one el asti ca“i“lr{]]‘g%lz %Fmp%a%@ﬂa%eéwﬁﬁenﬁfﬁé%%ﬁ%c%\% bgflg‘rgr%%ﬁﬂ{ %Eg?q’éw%%gdrt?age
having a basgjleat GidndilaR apPRES 4he alsetsnd engnltepoiticl withngldybasophited on

said casing wth said base plate |ateral to said trailing surface for
reci procHt i odistoateddieom saifditradkingesur faseree i tisaid it exteeaicPIsHLS; picht e

o e S o SRR D SHB0 S TR P g B
position; ang@wards said second extreme position for deforming said at least one shape

memory optical element to at least partially bulge through said aperture to afford

the AIOL a natural positive diopter strength for near vision,

15 éaid carriage being driven to said first extreme position on application of
an external force to said base plate in an oppdsite direction to said urging
direction to allow said at least one shape memory optical element to revert to its
natural shape to decrease the AIOL’s natural positive diopter strength for distance
vision.

20
2. The AIOL according to Claim 1 wherein said biasing mechanism is

disposed between said trailing surface and said base plate.

3. The AIOL according to Claim 2 wherein said biasing mechanism is a

25  compression spring.

4. The AIOL according to any one of Claims 1 to 3 wherein said aperture
lens has a diopter strength in the range of about +10 to about +30 for basic
eyesight correction.

30



(c) a biasing nechanismfor urging said carriage relative to said casing
towards said second extrene position for deformng said at | east one shape
menory opwoeade/mbmaent to at | east partially bul ge throeghiszosi@perture to
afford the AICL a natural positive diopter strength for near vision, said
carriage being driven to said first extHbne position on application of an
external force to said base plate in an opposite direction to said urging
direction toS.al | GbesSiQL agcording to ameonsheifelaianbiq/4 sdicranpaid baspepiatetiy revert
to its natural shape to decrease the AICL's natural positive diopter
strength fora“d‘iui“tr'ance vision. 2. The AIOL according to Claim1 wherein said
bi asi ng nmechanismis di sposed between said trailing surface and sai d base
plate. 3. The AIOQL according to Claim2 wherein said biasing nechanismis a
conpr essi on Gpri Ahe AlOFhecordig @covyr diengl Clrimsy! né whereinasaids apertuge 3

wherein said aperture lens has a diopter strength in the range of about +10
to about §3(d)]e %5 lf)tgrsal?&o %%}‘Zlﬁdgwg SggflP?egcti on.5. The AIOL according to any one

of Clains 1 to 4 wherein said base plate is annular. 6. The Al OL according
to any one of Clainms 1 to 5 wherein said aperture lens is lateral to said

| eadi ng surface. The AR ap@rdiggdondy 9ge vd @npsoh @Mwherein said cafiégs ifher ei n
said carriage.is. externall on said casing. 8. The Al OL according
to any one O?Xt%fpﬁl? g EHE680¥S%EQE1 g said at | east one shape nenory opti cal
el ement has a natural disc-like shape. 9. An accommopdati ng intraocul ar |ens
(AIOL) assenbly for inplantation in a ) .

10 8. The AIOL according to any one of Claims 1 to 7 wherein said at least one

shape memory optical element has a natural disc-like shape.

9. An accommodating intraocular lens (AIOL) assembly for implantation in a
human eye having an annular ciliary sulcus and a ciliary body for urging a

15 capsular diaphragm in an anterior direction on relaxation from a contracted state,
the AIOL assembly comprising;:

(a) a haptics system for self-anchoring the AIOL assembly at at least
two spaced apart stationary anchoring points in the human eye’s ciliary sulcus;
and

20 (b) an AIOL according to any one of Claims 1 to 8 wherein the human
eye’s capsular diaphragm applies said external force to said base plate from a

posterior direction on relaxation of its ciliary body.

10.  The AIOL assembly according to Claim 9 wherein said haptics system has
25 a main body with an axial length L1 along its longitudinal axis and said AIOL’s
casing has an axial length L2 along its longitudinal axis where L2>L1 such that
said main body is capable of clamping said AIOL’s casing along an adjustment

stroke longer than said main body’s axial length.



human eye having an annular ciliary sulcus and a ciliary body for urging a
capsul ar di aphragmin an anterior direction on relaxation froma contracted
state, thwoAb@wsassenbly conprising: (a) a haptics syst eqrfiDz005/001069

sel f-anchoring the AlOL assenbly at at |east two spaced apart stationary
anchoring points in the human eye's ci1llary sulcus; and (b) an Al QL
according to any one of Clains 1 to 8 wherein the human eye's capsul ar

di aphr agm aphl.i eSTheaptObxassembly fcgpwieng & §daith Bakherpingsasd thaphgsasysesst er i or
direction on,relaxqtion of, Its EfI[an body. 10. The Al QL assenbly
accordi ng t o"EUdFWIasSUEALY Sr1orably MBIUYS cs system has a main body with an
axial length LI along its longitudinal axis and said AlOL's casing has an
axial length L2 along its longitudinal axis where L2>L1 such that said nain
body is capable of clanping said AIOL's casing al ong an adj ust nent stroke

| onger than said main body's axial |ength.11. The Al OL assenbly according
to daim9 wherein said haptics systemincludes plastically defornable
hapti cs.



