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- 1- ACCOVMODATI NG | NTRAOCULAR LENS ASSEMBLI ES AND
ACCOVMODATI ON MEASUREMENT | MPLANT Field of the
I nvention The invention pertains to accommodati ng
intraocul ar Iens assenblies @and 5 apparatus for
measuri ng accommodation in an experinental set-up
i ncluding an animal eye. Background of the Invention
CAMOINMMORATING INTRAQCULARABNSASSEMBOIES AND
PCT/ 1 LO2/ ntitl Acconmodating Lens Assenbly
frd pubACCOMMONAFESN MEATTREMANT BURIAR: | o
No. WO 03/015669 illustrates and descri bes
.accommodating intraocular lens (hereinafter AlQL)
Field oftheloventiom contents of which are incorporated
herein by reference. The Al CL assenblies include a
hapihe nvgicenpertainp te dctamhmdadagistryodulaeldns assemblies and
human eye's annular ciliary sulcus at _at least twy
apRAPFAMS 4 OF pRGASULNE tceRRmOdationon FbExperimentahaet-yp inglyding an

'anigtgagtes,ﬁua reference plane 15 for an Al COL of

ously variable D opter strength affected by a
human eye's capsul ar di aphragm acti ng t her eagai nst

Baf:k%iﬁlﬂupﬁﬁﬂﬁriwenﬁbheﬁi on and under control of its
sphincter-li1ke ciliary body. The haptics system

ol Sonatofly’ pRhgd HCT MernBiba Al ARRRE Mh P GTLRL00693

entithid Aesomhaidatiapd ¢ %Mﬂl?éﬂdﬁf&ﬁﬂﬂ[sh@ﬂ eindee Perrhit¥rnational

sel f-anchoring as illustrate and described in
Pubjigationl WNown®@® PE01H669 nHiustratds Amgl ideaciibes Mzcommodating

. PCT/1L02/00128 enjitled Intraocular Lens and published
intrgaglar pleps | é}eé‘?lﬁa o OL piassemblicsn theo consnp/ el 3gich are

inchiieted HERCHR f asthefich, e SR BSLeBitdjes 1501507 g Hlptics system
, ; C S
SRS BT gLRH] TP oI} Mndk Sy Bty o
twhspacedeapart Shiidhary wnther poimd 66 ithdt iMesFRtas Dfefdrence fplane
human_eye's capsul ar di aphragm may | ead to bulging o

for an AlQ). of continugusly, variabletidiapéer strangéh affectedl bytahumen eye’s
et Hianaam SOk BB S st e Gl o 8 under
control of its sphincter-like ciliary body. The haptics system includes a rigid
planar haptics plate with a telescoping haptics member for sliding extension. The
haptics plate and the haptics member are preferably self-anchoring as illustrated
and described in commonly owned PCT International Application No.
PCT/IL02/00128 entitled Intraocular Lens and published under PCT International
Publication No. WO 02/065951, the contents of which are incorporated herein by

reference. However, the haptics systems are not readily foldable thereby

- requiring a relatively large incision for insertion of an AIOL assembly into a

human eye. Still further, anterior movements of a human eye’s capsular
diaphragm may lead to bulging of an AIOL assembly in an anterior direction
instead of affecting an AIOL’s Diopter strength. Moreover, the AIOL assemblies

do not afford in situ re-adjustment along a human eye's visual axis which may be



do not afford in situ re-adjustnment along a human

eye's visual axis which may be 2 required due to

capsul ar contraction there requiring that a subject

resort to wearing spectacles or undergoing a surgica

procedure for correcting his eyesight. US Patent No.

6, 739,722 to Laguette et al. illustrates and descri bes

ap pathaﬂlsduef T@rcapadslucdnm@cmmembgra‘eqwringﬁhm ahuheet sgert to

udln a tar a Badal da viewng .

wedgl P e B g h AV O Y AL oo FreeP Rl derei o

ar eUp Patcht Ma€d,739,70haé Laﬁéi@ﬂ% dtRE ifladtatss 408 \RScriRYAppkTatus

or away fromthe 1ens, e apparent size of the target
for mepwining acepmmasdatianota bubpw eye insbidingp fargatieBedal dpnsgand a

Q5 R 5 U D LAY B v

whe the hﬁgﬂrrﬁsﬁsttowmnirlamy fidne kiee liefis, PhONppaesht aixe of the target
accommodat i ng intraocul ar | ens (Al (l) assenbly for
remggst CORRERbq Mg STRiptalerkingoty fhe Wewishancsire n@a&zﬁl@gs &f the
disthh YRS 148k fhovelld including a sclera of tough
connective tissue, an annular ciliary sulcus, and a
sphincter-like ciliary body having a rel axed state for
S t ensi O{J n%& capsul ar di aphragmin an anterior
ummaEy. of he I0veion he visual axis, the Al OL assenbly
conprising: (a) an acconmodating intraocul ar | ens

(Al acrd]ﬁ’% ggaa?ﬁli;t Qsi%@cr b Eheﬁ gfefsérﬁem%}ﬂlo?l RRSE 915 e]ﬁ[wlded an

sur t one shape nenory opti cal
accmremoﬂatﬂrg injraedudestl ercsal A 11 J @fsemivi for sbldtaneteming m@lantaztion ina
shaevvlth first Do(gte trength and.a defo

A8 NG VIS i B ing 48 ﬁ'iatPfdP‘F%?‘EWFCtl‘f?aﬁ‘?sue an
annfR} Gilfdry %ﬁlc& ORieh spﬁfnﬁ%ﬁ-ﬁkg %’%Vﬁl b GhlaRES site for

conti nuously variable Diopter strength between a
tensmmnmmapﬁldm éraphtagehgt hn fagteridr sltuactmn glogg dhe pisupbsxis, the
nuleo strenthfo I‘VIS .
Ao BlR il T st b St Rl e O gving an
anteéfof Yufhdelind @ poegibf HeAe8)] and sk ﬁealsmr@@ﬁasé hemB#; optical element
co-directional with the hunan eye's visual axis and

resilignt]yeddatticellio defapnatle betawdsn winafrak shlﬁ@%amthcmﬁrsp Biontercstrength
and%g%ﬁéﬁﬁ{;%d\r)sglaﬁg g@tglre %egfntng ﬁ‘(ﬁptt[:raétrengtg &Slﬁglbe%ﬂg *ri'%n a1d first Diopter

strefigthfwigenedyosaid) A IOIPhaNd déritiroudy vadilsle IHpptee Stréngs}t Befwiedn a
t he human eye's annul ar ciliary sulcus at at |east two
minggyume Hiopigy aftrengthy fo1o ﬁ@?aycwe%m DYBI0SESs anéra mppnpmppiopter

streﬁ&hq"oﬁlleg‘vﬁ 091%1‘[3&%&%&9(9) £ }ﬂgptfscs \Qrs%iﬁlmcludmg a main body with

a longitudinal axis intended to be co-directional with the human eye's visual axis and
at least two haptics each with at least one pointed puncturing member for penetrating
the tough connective tissue of the human eye's sclera for self-anchoring implantation
of said haptics system in the human eye's annular ciliary sulcus at at least two spaced
apart stationary anchor points for retailing said AIOL along the human eye's visual
-axis at an in situ manually selectively displaceable desired position therealong relative
to said at least two stationary anchor points for urging said posterior surface against
the human eye's capsular diaphragm from an anterior direction for determining said

AIOL's Diopter strength at said desired position whereupon relaxation of the human



axis at an in situ manual ly sel ectively displ aceabl e

desi red position therealong relative to said at |east

two stationary anchor poin¢d for urging said posterior

surface against the human eye's capsul ar di aphragm

froman anterior direction for determ ning said

AlQL's Diopter strength at said desired position
eyetheflianpbody etgexahé hnmeh eybie chpsbay daphregme’agaibit sadd posterior

ody urges the human e. s capsul di.aphragm agai nst
surlidt {oBERRT T SUSTRIHCL A RrSHEgS oIl PUrbier SRR Ton T o
af f ReddriBgSP! & s@oRl dhORIAT the LfreRat %veﬁﬁ&i’,rtﬂbﬂ%gisstﬁo@ided a

second aspect of the present invention, there is
hapbice vytiend far réfaipingean sgeomemdating imtamewian denar(AIOL) in a human

cconmodat i,ng.intr.aocylar lens (AIQL) in human eye
ey TR, Sobriotia M AGR A o508 of fyd cobPedyS SRR pter
ciliggTHRmk ol 4 shSiifer-1ae Ay ibdly hevibg A¥laked St foPf@siBning a
sphincter-like ciliary body having a relaxed state for
cappasdigphragman agaptanion direstigoalensihevismal axis.dhe 44OL having an
. ; Lo ; . o .
et S Bl PORIE R G SRR ChneliY) At
resitinstls Hagticaity doformableibetl ect| acimtiiral sHaps WTIHI Efsy Diopterhstrength
el gstically deformabl e bhetween a natural shape wth_a
andFy fRorBrb e wih arigeand Lientes suengsh duiderentpan fhe firshDiopter
r r . .
S e oL R Syl P8 DibfE: ket betyeen
minjmpina Dieptd eipéregth or disgrniee basioe grurposesrianil nammdimpine Diopter

strength far, di stance vi si on purposes and a maxi )
streo b PaTGYIFgR QUG thi BFPIFS STHT SORBESEE 2 T body with a

lonfidRfihdl axBYifteRMRERNRY dosdiRgttidndTRlith BRBnYntdYe? visual axis and at
ongi tudi nal axis intended to be co-directional wth

 leagt w0 fhapiégs taygengally sxtending fromasadd aain bedysin appositeagitdctions in
angenti al | xtendi ng from,said.min body i.n [
S S e e e e
onespéihed! surchitigict membal fopehetraith BRCIduh tbnddctiveaitue of the
one pointed puncturing nenber for penetrating the

hurpasy je'sosshare &1 sel-anchering istplatiatiominrthe hupan sye's laapwlar gilary
5. . C . . eyel s . .

sul G gt P TERE 8 b ANl ol B BIRE 57 i B Afor

alorsd thicihonanhyeya's ¢isnnl $ad wherefrogach BhptidRi oTGaidne [AkGlwo Iaiptidghas
t.he human eye's visual _axjs wherein each halot ics of i

a thinmohle nesqid plape nemendiculap 4@ said haptigs sygemisdongitugingd axis
I Ik GH 1.0 ' i . : .

sucf I SARESNEENEH 1RbGGOE SRl R B Theidicling sround sid

maiarbedy ahd iacvidntprofilé hkmiishid Hapticsesysientd longitadinalnotissfat Holding

the%}e%%g&/ p%%l}g?tta%\gp%g;egé% Igl)rgszrit %gqi }Slg I@gcﬂ] ?I?Jtlrglse’ixation of the
human eye's ciliary body urges the human eye's capsular diaphragm against the
AIOL’s posterior surface from a posterior direction for affecting the AIOL's Diopter
strength.

According to a third aspect of the present invention, there is provided a
discrete accommodating intraocular lens (AIOL) for implantation in a human eye
having a visual axis and including a sclera of tough connective tissue, an annular
ciliary sulcus, and a sphincter-like ciliary body having a relaxed state for tensioning a

capsular diaphragm in an anterior direction along the visual axis, a discrete haptics



the AIOL rigid agai nst a conpressive force thereal ong

such that rel axation of thg human eye's ciliary body

urges the human eye's caps Par di aphragm agai nst the

Al CL's posterior surface froma posterior direction

for affecting the AIOL's Diopter strength. According

to a third aspect of the present invention, there is
sysipmphirving agubelps mais @@C’@'ﬁﬁ]ﬁd@aﬂtﬂ@n&l riisaoeiudtdeast gwme haptics

. i mpl.antation.in a hungan e .hayi .
cach Nt 143 QAR AR Bt g R ubRERE pit g el hhucamngaive
tisshie DFURe haMaRRRels 3€leraClok IseanshirgSimpiaatéon in the human eye's

sghl ncter-like ciliary body havi n? a rel axed state for

Siliswy pyeus at @hleastitwp spacep par stafianary anehos ppigts for retaining
difect | he. Vi g i fnapt i

e KIGENAR SRt B Sl B30, 8 55 SHE0081 6o

desirrd positidn dier¢abasy relative haid sileastawt spadel aphrt Isetishargri@chor

.poi nte unct ur.i.n nber for penetrating the tough .
poif, ek il C?mpggag arﬁ‘;wﬁe trtincasipg having loptedindl axis, an
ant&fdrisuABERId zﬂ%ské%%r QR 81 dt :Featsh&‘lerktl‘l%@ﬁﬁggﬁ(g)tical element

annular ciliary sulcus at at |east two space part
residiently elastiopllndefoomaploibetveceharnatethshape gvitht hBrsADidpter streggth

th uman .eye' s..vi sual is at, an.i itu._ selective
and ' QP HERLHAEE Gt Fesing Spdtebinsdis Rty 161261 45T Dot
stronBf WhedeBathe AIOLIRAGEEbRAHEs] LaHANE WiY¥ptaN hath between a

.points, the AICL conprising a discrete tubular casing

mirthEyh Piepteio sgenatielifom distauics | visian pampeses and s mfaxineuanBiepter

' J d. h
s B 35 582008 Ao e

eyele Cumetir adiytiriga| freh afe aletibr didebtic &) a@t®fiinlpr MRIANOL’s
.and a deforned shape with a second Diopter strength
Diogterstrergth at thedlesisedpasition: sugh $nt selaxation of gherhugpasy Sigys ciliary
. i . ‘ ¢
vody gl B 1 RS BEAS, BB ch B oo
postdrir diregtiomfos effecting said IOy Didptaptengthst rengt h f or
n pur poEes; sai.d pasteriaqr surface bei

neay, Vi sio 19
ourg aneééﬁax trepkipRhe prpseRt iRNrBton pEjEDS té’rAH?IaEFﬁP%Bﬂ?Sff%ﬁ?lf'
. N i -dir tq . 1 N - !
e ARDIRlaUh TR il S (BRI 1l BBl Bay tvo and
prefegdbdx storospactd apret Htativmarsesreher poihisaung having yn Ui@dsoft vaeiable

. human eye's capsul ar di aphragm.agai nst said posterior |
i sieBd Srplle plo B ot SRR BRaTGH APt S hamas s
visull @kisSoPbiBliRl addur 8B Q%/ igHeRBREA dnYinSRASK], REd 5@ mpensating

present invention pertains to AIOL assenblies for

for gapsular contraction in particular. The AIOLs include at least one shape memory
- optical clement resiliently elastically deformable between a natural shape with a first
Diopter strength and a deformed shape with a second Diopter strength different than
the first Diopter strength whereby the AIOL has a continuously variable Diopter
strength between a minimum Diopter strength for distance vision purposes and a
maximum Diopter strength for near vision purposes. The first Diopter strength can be
greater than the second Diopter strength or vice versa.

The AIOL assemblies can be implemented in either a two component

‘construction including a discrete haptics system for selectively retaining a discrete

AIOL or a unitary construction including a haptics system integrally formed with an



anchoring inplantation in a human eye's annul ar

ciliary sulcus at at least _two and preferably nore

spaced apart stationary anéfior poi nts and havi ng an

Al OL of variable Diopter strength capable of in situ

sel ective di splacenent along the human eye's visua

axis for enabling accurate eyesight correction in
Al@Qenehzial mrpbsitoningo mfe s awion gconfponetapsl@iLar assembly  involves

AR AR S o P S PP Foflnd Sonary
rel@iva b iighdtionas aﬁfcﬂabﬂ;cﬁml@.ekgmgt Maf) akial ?é-ﬁmﬁn%\iﬁf B witary

first Diopter strength and a deforned shape w a

AlQk essetnbly bwobves adipetingthe poditier efthet han the first

D opter strength whereby the AIOL has a continuously
vari able Diopter strength between a m ni num Di opter
strength for distance vision purposes and a naxi nmum
Di opter strength for near vision purposes. The first
Diopter strength can be greater than the second

Di opter strength or vice versa. The Al OL assenblies
can be inplenented in either a two conmponent
construction including a discrete haptics system for
selectively retaining a discrete AIQOL or a unitary
construction including a haptics systemintegrally
formed with an 2c AIOL. Axial re-positioning of a two
conmponent Al OL assenbly involves displacenent of its
AlOL relative to its haptics systemwhich remains
stationary relative to its stationary anchor points.
Agai nst that, axial re-positioning of a unitary AICL
assenbly involves adjusting the position of the 3
portion of its haptics systemholding its AlOL
relative to its stationary anchor points. 1In the

| atter case, this is achieved by the haptics system

i ncluding haptics plastically deformable on heating
to a so-called glass transition tenperature higher
than a human eye's nornmal 36C tenperature but
sufficiently low not to damage a human eye's interna
structures by irradiation with selective

el ectromagnetic radiation. The present invention also
pertains to an accommodati on neasurenent . i npl ant

(AM) for determ ning accommopdati on and the
accommodation forces in an experinental set-up

i ncluding an ani mal - eye.



Brief Description of the Drawings In order to

understand the invention and to see how it can be

carried out in practice, %referred enbodi ments wil |

now be described, by way of non-limting exanples

only, with reference to the acconpanying draw ngs in

which simlar parts are |likew se nunbered, and in
poriipi Qf]l’fs h«mjlcs ﬁystgndmo‘,dmg éts SOLL wlative ewtafstaannzamtaachan rpoints.

r t ur al
in $84reF e, T Eackeit byl bR bRl SremiRliclisda PR glastically
defbinablCoOBG1IHG @é k@0-cHii@d\elats PahsRidhQEmPérat@s highbr Rah dMathan
eye in its natural distance vision condition in an

eyezx neimap|38He tempenabire b suiisipily Apy. ng tosdampgexg huaed cye’s
' - I
inteE RGN By iR Pieh MO ARURRIED Al 1ARREID LY o
nat TiieapresenninDenidrealse peregi th aAlaClommodAeanheiRtement infplant
t he present .i.nvention; Fl 4 is an assenbl ed front

(AN Do fPro eterginiag egommiadatiats gl Jae aepgmmodatiomy fores in an
expeﬁﬁlgﬂfg ﬁg—Uﬁ'I%dihgﬁfl glflmﬁll e 3's AIOL assenbly; Fig.

Is a longitudin Cross sectl on view of Figure 3's
Al(l inits natural extended position along Iine B-B

el Figure 5. Fig. 7.is a longitudinal cross section
B"@FQWC “ﬁPj’EF‘éegr%WHgél in a conpressed position

along line B-Bin Figure 5 -4- Fig. 8 is a _

| Ol driek BAlndehRRR BEGHIANBH ol R'sB nADL BEH bllcAHA S in

natural |ow Diopter strengt InTts natural stat
praétivea podeniah cmbadintenth evifr meerite désosibett, i ton wali gf n@n-lhsmang

| ongi t dln r oSs tional view of a natura
xa P e AL rETCgREy B, SO PRATy S Nepihesgh e simjjag parts
areﬁkmehﬁng&@@rfgﬂqg@mﬂh the present invention; Fig.

10 is a cross section view of an anterior part of a

huride. bysea m@ww@on afew of en ahteporspart ofa bhmBn gye & s satural

neaﬁy(?gn p a% %l}g%%ggm (%gagu ey e s dVI sual axis in an

Fig. 2 is a cross section view 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 an exploded perspective view of a two component AIOL assembly
including a discrete haptics system and a discrete natural low Diopter strength AIOL
in accordance with the present invention; '

Fig. 4 is an assembled front view of Figure 3’s ATOL assembly;

Fig. 5 is an assembled side view of Figure 3’s AIOL assembly;

Fig. 6 is a longitudinal cross section view of Figure 3’s AIOL in its natural
extended position along line B-B in Figure 3;

| Fig. 7 is a longitudinal cross section view of Figure 3’s AIOL in a compressed

position along line B-B in Figure 5;
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10 Fig. 11 is a cross section view of an anterior part

of a human eye showi ng a subsequent position of

Figure 3's AlOL assenbly al ong the hunan eye's vi sual

axis for conpensating for cagpsular contraction in an

axi al plane of the human body; Fig. 12 is a

per ?fﬁg CeLyg 1@%@%‘&1 ?:ﬁ%@ :Os%gtrié(n Iv%w%%sa%%m& gi%}'eti galtusral low

accordance resent 1 nvention;

- DiaplerofrengdtBWAQOLFif URte rbtural Altéle &P SREBEdAnce Fvith fife ipPesent

_aside view of Figure 12's AIOL assenbly; Fig. 15 is"a

inwmdeM; secti on view of an anterior part of a human eye
showi.ng_ an initjal position of Figure 12's Al QL . .
assan®{ ¥ 1) slgngiedingl arpsaypeconglsyigw ob@ agfusal; disgrete high

axi al he_h n.body. Fig 16 | ClLAss
Dt e fRE APt T S Sk B &Rplffe chliSthe present
in®Rng @ subsequent position of Figure 12's AIQL
assenbly along the human eye's visual axis for
confreg.sH} isna) cfass seetpmuViaw obmi aateriod pairtrofeanhamianleye showing
pl ane of .the human body; 25 Fig. 17 is a perspective
an\ingigl grosifiom ©f d?fﬁwaﬁ180%1%a@§pmbéynal¢ngam1humﬁnreye’s visual

nmeasurin cconmppdat i on and accommodati on forces in an
axpEIpAN %%t@?‘n%g?ﬂ’eaﬂ'm%s?&%g an ani nal eye; and Fig.
18 i . p . '
acco ol b e aed b MR o P o AUl Fliupgh Vg Showing
a sbibsejueat pbision iaftHignre 3’ s RTOT eagsechtiragsigmatifingdn éRes visual
Present Invention Figures 1 and 2 are cross section
axisi @nscashpensating dor sappdan corftractionnm aryaxialiplahenofrthe duman

b i sual axis VA in its natural near and distance vision
%€¥nditions, respectively, in an axial plane of the

T ER g IR o S T Bl g

Wima@h@pyésetn@wbnﬁ@gpnec‘:tive ti ssue known as the sclera
12 at an annul ar sclero-corneal juncture 13. An iris

14 Figel3disya franevidy ofifigutehE2’h ABOL ayenililyf rom i ts
root . 16 at the sclerq-.
Fig. 14 15 a side view of Figure 12’s AIOL assembly;

Fig. 15 is a cross section view of an anterior part of a human eye showing
an initial position of Figure 12’s AIOL assembly along the human eye’s visual
axis in an axial plane of the human body;

Fig. 16 is a cross section view of an anterior part of 2 human eye showing
a subsequent position of Figure 12°s AIOL assembly along the human eye’s
visual axis for compensating for capsular contraction in an axial plane of the
human body;

Fig. 17 is a perspective view of an accommodation measurement implant
for measuring accommodation and accommodation forces in an experimental set-
up including an animal eye; and

Fig. 18 is a cross section view showing deployment of the accommodation

measurement implant of Figure 17.
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corneal juncture 13 to divide the human eye's anterior
part into an anterior chanber 17 and a posterior
chanber 18. A sphincter-like peripheral structure 10
known as the ciliary body 1% includes ciliary
processes housing ciliary miscles 21 fired by

R T
et G T T ——

i 6.1 i1z ...
OSSR VAP a8 EBAPVIRoR cnpion

respBétivdlyl af ¥nbodyt ARndedf e hamR@r b6@n Ofhe! AgmbhAt&fd 90 has a
surface of the sclera 12 at the sclero-corneal

cofingact Liperipbetatlywoorasctdde taial spherical| exterid@8bod3e mvadet of tough
of the ,antgli or capsule 24 which nay remain after
copngeiiygtissie KpovRasihe selgra b2 gt anappplar selerpscorpealimnchue 13.

A 364 iRPRHELEEnGEREN vfe ApR el  CHRRD 4 Peqt 16 atthesilero-
coidkal fen@htd ABYtoPaRidd Sha! lﬁlﬁﬂﬁnti}%_}s{, QRferiof ]%eﬁ‘t 3ffto an anterior

thicken to its natural thicknes al ong the visual
chamber VA 4 a grosterier ghasiliervES. Qftsphitictgreliier péxpherebstructure

vision (see Figure 1). Relaxation of the ciliary_body
knawn asethei caharyt bedy; b9 indlndes siary Jroogssenhensing ciliagy muscles

21 BT BRI P SUHEE S oD A i o
oI Uil G S DA ATT R LT et

of Firgermnbgarid- bn®he\ws ahé w@ﬁ)ﬂiﬂﬁﬂ by OB wRRembinteddr o@stald 2orand a
suitabl e bio- conpatible material such as PMMVA, and

postedpueapsiilea2é aprabing 8 yatiwal Gystajling énis-27antheinisigroot 16 and

i npl ang ati in a human eye's ciliary sul cus 28 for

therfgﬁa%ﬁﬁéy 39 defientt 2 portiompL the fspriah spTacePIdhE eless 42 at the
e 1.Si r nom_n r e of ; hu -6=

selbfcsophedt, bl 11 Bl af s SRRy Ul P Rangags of the
anteAgy cggsd’lb 02 FRickndy rehfadbiftel lex@abién 3RO BhEksl &3stalline

axi s (see Figure B), and a pair of dianetrically
lens (i sintietHeapitactsp&teriom gaprulell A6/ asx refetiedotct herediaften as the

in ogﬁgsi te directions in a front view of the haptics
capsplar dinplragmmd.n fmirestion ofdhe ciligrzibodyt 1haklews dhe lang 27 to
thi%@%g{)cf ﬁ%lt eﬁh@&g&p@g%gﬂgﬁoﬁf %I%C%Mélfl]a{l &xs [{}f‘? (iior greater positive
optical power for near vision (see Figure 1). Relaxation of the ciliary body 19
tensions the zonular fibers 22 which draws the capsular bag 23 radially outward
as shown by arrows A for compressing the lens 27 to shorten its thickness along
the visual axis VA to T2<T1 for lower positive optical power for distance vision
(see Figure 2).

Figures 3-5 show a two part AIOL assembly 31 made from suitable bio-

compatible material such as PMMA, and including a haptics system 32 for self-
anchoring implantation in a human eye’s ciliary sulcus 28 for retaining an AIOL

33 therein for enabling spectacle free vision over the nominal range of human
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strength for forced penetration into the tough
connective tissue of a human eye's sclera 12. The
penetrati ng menbers 39 are preferably di nensioned so
as to penetrate slightly nmyye than half of a sclera's
t hi ckness of about 1 mm The naln body 34 is in the

Vl%%ﬁf ofh$ D€ i PL bl 2 ppla Infin Body 34 Wit %n axial
Ieﬂﬁ)ﬁ H don! %ﬁﬁﬁin%.l aRe f6’3 S%qui 1*&36 ah8& [%Hg + Bf Bi%ﬁlﬂetrlcally

4 1is capable of assumngaca I ng state r tight
oppbsitphapticd B tﬁig@ntlaﬁytdmﬂ&img thérefiorl én epposite dﬂdctidms ina

femal e end 43 are each provided with an axially
fromt rdeweef ‘ib@rhe’iPMS syRtRmy Bt Thechagdics:37 haye apaeraﬂf B@rallel and

oo b SRR M Pl
str@fi 'fo@"fﬁ#ﬂeﬁ%ﬂ%ﬁ&h@ﬁ iftB]né #&gﬁ”@oﬁ ctiv@RiskhBE H%uman eye’s

OSGS conpensating for~ca ar contracti on,

scletes lent he p@ﬁtﬁ@ﬁgﬂﬁkmﬁaﬁ@@eaﬁapmfel&b@ difensioked so as to
The hagtlcs 37 have a thin Froflle in atpl ane
pepetrafestighbtly amore dharnbalfiod agictardisibickaggss %)oyuémm hat

gget Ib?rﬁaﬁnﬁvqﬁadi/fn%ythfe!ﬁéﬁ%i’%ﬁ NCi ch in % %male end
42“%[‘ rfel% AHI&?]? éq{tt fnl? a%orh Qﬁ é%ﬁmﬁzsuch that
a re ion |n

I NClI

thé:irﬁiﬂxli Q)oﬂ ing bﬁiﬁi@l@oh aBduramg3d cﬂaﬁnﬁﬂgtﬁﬁd ﬂoB Q%hﬁl?’f clamplng
showi ng |ts encircling around the nmain

thenABOILCI3 rerbiav ellze mad:l@eml d2idnel ﬁ)lediaglalehmd éB\ gire gdcnprovided
XIS 36.sugh ey are rigid agaln
wi @élwﬁrMQ dughy ﬁv@ !t theneplitine % &1 bg prized apart by

; %&Fﬂﬁ% XIS, SorfsB ol Wi Pkl 28 OF avfbtnpi pgee for

endBITRY GaxiAle U éEE}ne-ﬁli‘eo 'I‘]ﬁlé A3OINghugss dﬁ:gltitﬁﬁhérpurposes for

casing 47 vv| h an axi a ngth L2 al on

compogsdtitg far capsubar Antractienditn @ntipé ireplatementetfi necessary, and
aperture lens 49 with an anterior surface 51, and a
the b Ilng flange, 52. The casing's axial length L2 is

t hat Benbastin Holgvae it phabie thya pifng pependicilar to the
o 8, S5 EEy] o SOANLSHIP e i aound
the%lﬁimﬁog 34lipdi diﬂzlcﬁoﬁlsﬁbﬁﬁhtl@ ﬁtrbwb@f@f favilfatifg lihdetion of the
haptics system 32 through a relatively small incision into a human eye. Figure 4
includes a haptics 37 in dotted lines for showing its encircling around the main

body 34. The haptics 37 have a wide profile along the longitudinal axis 36 such

- that they are rigid against a compressive force therealong. The wide profile

preferably tapers from a haptics’ proximal end 37A adjacent the main body 34
towards its distal end 37B remote therefrom.

The AIOL 33 includes a tubular casing 47 with an axial length L2 along a
longitudinal axis 48, a leading optically clear aperture lens 49 with an anterior
surface 51, and a trailing flange 52. The casing’s axial length L2 is longer than
the main body’s axial length L1 such that the main body 34 is capable of fully
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‘bulging thereiata forgrendesng &y e 8t !
(oo FRRRC PRkl b 5 e By Gl ostion

with a leading flange 54 and a trailing flange 56
acting as a posterior surface against which a hunman
eye's capsul ar di aphragm 29 bears. The Al OL 33 houses
5 a shape nenory opti cal e::r?nent 57 made from soft gel
"or a fluid or gas filled nmbrane. The soft gel or

r

consgis B salings 42 TSN o S5 Pint Secks HGE ey termpin body’s
o AR, P SRS e o5
with/a deadifi§ fhdrle. S RdAd GaiBig i MlgedsE adtihg ARAE podtetior surface

abutting against the main body 34 10 to stop
againstpwhicgraehmman eyhts capsulagdiaphragma2® bearsr ThierAWQL &3 houses
The optical el.e t 57 s a,natural .disc shagpe with a
2 SHAPS PP OB (Slpmeat EZ@aﬁe?famcﬁog& grlcer 9iibyigpr gas filled
e ' r ' AN
58 STALSoIhER ok 88, 5 Bk SRR KRBE S bl fr
exdtitpleC BalflcRTESHIt Slutfort ARSRY, Cor0hny BEHRDibESIpAEHIE! tYansparent
elastically deforned to a deforned shape by a force
liquidideaviegl a byfraGive indersimilet to thap ef thse natited orpsgablios lens 27 or

relaxation of its ciliary body acting against  the,
gregiest drha AL Sinsiudss 5 Hange S$fer abyiting pepinsbiheanain body 34

t.hat,.t he piston-li er 53 assuynes.a conpressed
to 9508 il S Af L FEEh PRt oE R 57 ™ but g1 ng
near T CRCHYICHEAEST HaD ahaMual R BE AU EpEhital Ry Diopter
strenpnb dor Gtance wigied purposestandewhivhemges! tipopistorplike @nember 53

outwards to its natural extended position by the
to apatusall exédnslednosiion ee Figurg 6o Thesoptival lemiens hd i capable of
.const.rictio f ugan eye's.clliary, body. Thus,.the
beifgagsiigaty Slasan deemedip aaclonnefl RBE Y adgres ishparted by
ef ween.s 10 ' e i ke f1Or, 4z .
o HFMER o0 £in SRS of AP O acting agans
theS piseatgliRe Sichel €53 Gh amQifteNbS [dHRcABA pﬁﬁ:ﬁst}ﬁ@pmedgi%ﬂon-like
oh the degree of conpression of the piston-like 2
membenei3 &3uinestaheompsiseel pasitiongwith sd@nehofitheaoptidabelGhent 57

al so suitable for deploypent in the haptics system 32
BiphgRioptyn sire &l 191 et Nkl PRTDOSES

cuSAESELST ARG gl LoRRE by e o s
natifdl Whape dh Tonstiiiion ANCh@mas Bye SdifahCcBody.r ThapaheMIOL has
a continuous variable Diopter strength between a minimum Diopter strength
suitable for distance vision purposes and a maximum Diopter strength suitable for
near vision purposes depending on the degree of compression of the piston-like
member 53 in the casing 47.

Figure 8 shows an AIOL 61 also suitable for deployment in the haptics

system 32 for correcting human eyesight. The AIOL 61 includes a tubular casing

62 with a longitudinal axis 63, and a flat aperture lens 64 constituting an anterior

surface and having a central aperture 66. The casing 62 houses a shape memory

optical element 67 of a natural disc shape, and a semi-spherical transparent
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-8- piston-like nenber 68 having a flat surface 69

j uxt aposed against the optical elenent 67 and a
convex shaped posterior surface 71 agai nst which a
human eye's capsul ar di aphr@gm 29 directly bears for
affecting the AIOL's Diopter strength. The optical

piflaR TR it ef AZtn R e Ykt SLbF GuRiap Sl et iy dptical
eldféf’ 9 hrhaR®OMMek fhhﬁg&? go@feridr ﬁiﬂﬁ&lengl ta%aﬁ’lgﬂ 'WHl&? a human

central aperture 66 o 'axati on of n eye's
eyeisl capspldrodiapheagm 29 elasctly bdaes A’bﬂafﬁecﬂngpﬂﬁr AIOL’s Diopter
strength. Figure 9 shows an AIOL 81 al so _suitable for

S'Ié@gﬂhoyrﬂéhﬁ opHcahelement | @5 has ya tarab lﬂWr D!@Ptﬁééifeﬁgth and is

cofE R Sy PRl B R 958 witPsome
ofail?q{dlgfngzhﬁ So184hé %ﬁ&hf b Gre?B6 30 G6 a% &chf ag g%lmd?ﬁ eye's

casin es a Sshape nmory optica enen

cilviry lbods fopinvredsisptierAr@L’ sSIDﬁj;ﬂelasﬂfbr%ﬂDOSt erior
surface 87 agai nst which a hunan eye's capsul ar

di aphgegn? zbomswér:MQIb&hra&sq switatfle dor ideploymentimithe haptics

' st h. Th | t 8
Sy 1 OF Qo B 3 FIEEF ™Il FL Teclidey & tPulgs casing 82
Wlﬁ'ﬁh M8n *ﬁ?dlh Fﬁl% 38365@'%1 aﬁlﬁh&%oﬁ%g %Eﬂufﬁ-]oleﬁs %Qrggéﬁﬁﬁﬁﬁlg an

n re axat i oh uman eye"s CI

antﬁ'ﬂir Rerfabs. dhesdakiie & Bﬁﬁﬁe%%ﬁa?)e%@iﬂ&jr obﬁ@alpéléﬁl@ﬁt 86 with
surface 87 in an anterlor direction for decreasing t

a nahgil spibirigad ehapsst aghg phstierion sufaoe Baragamshmdmcfaa huhmn eye’s
ur ry line J]ens 27. The i npl antation
cam'ﬁi @@@@Fﬁa 29 digecsly; begsh éomgcspfévg $he ; momer styength.

TH e qséﬁ%@%heliaa? e, Rigth iobf ”ﬁgﬁw%ﬁh 35 gafile of

beﬁ%ﬁ%ﬁi%t@oeﬂé’sﬁ&lbeﬁ%ﬁﬁe& % Eb%%&%e%@h%@ ok relak3fion of a

asse 31 I"'s set up such at t

huhmng%)tam cﬂﬁilry doidy wBingoits capkedar diaphrdghe 29@*&11&5 the posterior
stem s longitudinal axis 36 and the annul ar flang

su ecea%mrsanag&itm@nch@cm&&dm%m@twwbwmﬁ S@@ngth ina
Al OL N | ant ed i nt
Sméﬂﬂﬁglﬁ‘o&?é %ﬁg %lr ﬂﬁh’l‘i’ieé??%\ l)(rzlaofyaI gﬁl ?gblee o
g LhE a0 of ah ARYEEBI! Ot & (rifhle! DlobiP Séenbth ina

huﬁﬁﬁfd#e?m ?ﬂ@pfdml%ﬁxﬂ%tﬁﬁl‘%rﬂt@nhe%nyww ao®f dédegibed in
renmoval o

connection with the AIOL assembly 31 with reference to Figures 10 and 11. The
AIOL assembly 31 is set up such that the AIOL’s longitudinal axis 48 coincides

with the haptics system’s longitudinal axis 36 and the annular flange 58 abuts

- against the main body 34 as shown in Figure 6. The AIOL assembly 31 is

typically implanted into a human eye 10 after administration of a suitable muscle
relaxant for relaxing both its ciliary muscles and its iris muscles thereby dilating
its pupil. The capsular diaphragm 29 has some slack by virtue of the removal of
the natural crystalline lens 27. Figure 10 shows that the haptics system’s

puncturing members 39 are forcibly inserted into the sclera 12 at stationary

~anchor points AP for retaining the AIOL assembly 31 in the annular ciliary sulcus



the natural crystalline lens 27. Figure 10 shows t hat
the haptics systenis puncturing nenbers 39 are
forcibly inserted into the9clera 12 at stati onary 30
anchor points AP for retaining the AIOL assenbly 31 in
the annular ciliary sulcus 9 28. Figure 10 al so shows
that the AlIOL assenbly 31 is deployed such that its

28.| dngireud] alkb swes tBét ﬂmdAl@Laassemblyd}I es:tibpinmd amh that its

bl the al VA e .
ton B g 36 A Mg S-tifergnhnd ey S-veiaf B visual
axiQUaAl il the BeiIHBRRY @56 lﬁu@m‘{@gﬁbﬁ&&r%ﬁéb@ﬂ A%Qnﬁﬁﬁi% cdafsular

beconme sufficient taut to urge the AlQL to it

dlaléxaglér?@ teasigring g@ne ESbbﬁ!qOHmwSLléﬁClQlkth\hut 19 Wigg theeATOLi3BHo its

n tabl r_near
U COMTRBA R LBLiioh o A0 p iF i) Pl e DR, srgmets
suitable féd fdar v3dnlpurp@ss MonkstritieN bf GRFRiIR) BOEE 10 pRdildsi the ATOL
as shown in Figure 6 with mninmum D opter strength

33 LuirpaBIceits GXirens textraded ipopigan isr ov@sin Figurhn Wik gnigfmum
Dloif)?e(fséﬂ'é?l %ffi@atﬂ'l@&gf gﬁstaﬁc%evél % Bﬁﬁapg%h LmaEJe cdsd eis%dﬂﬁllar

ts ext rre exte position remal Ns
confiticticmg dic AL B3lid ynabbaor sssee itd epeade Bzge@ch:_dtﬂm_eltnbﬁgme eather

ST, P e s oSt i
conhﬁ@ao‘hl Gerehdy 'cﬁmﬁﬁﬁﬁr% ed Qé’coﬂﬁh@daﬁgn o@(ﬁﬁ%’t hg}es Bbddmbibion

1 and novi'ng the In an anteri rection as
abﬂetV iafethe e\dOrLyB.% iseregtapedoloy weelmgtdpen AhEplE Iﬁn@ﬁb end H®vangithe

it 4l Fi 1
AR sl DS SRt P G bt ARy e
58 z&ﬁi&ﬁﬂ’@;blﬁrﬁ%ﬂtﬂsséérfﬁﬁi feherefromin two respects:
First, the AlOL assenb fﬁ 91 is wunitary insofar that

i t Figeread@slt shewptanc41Qhsassmbly 9bwhieh fis simitesriondpe AIOL

s 0 60 0 MY oo LA pRLAE sy 1

unifapy fiLofanibahit &Et:lu&le@a h%ﬁtl@fsyyt@fﬂ gibfoe s&'f-@ﬂélﬁ;hngﬁﬁlgﬁﬂfalﬁon ina
And second, the E%@tl cs system 92 has a | ongitudi nal

humap eyedy ciliaty THeusuiredt & lpast tworstaigpeycanche neints AR irtegrally
f f
fonggcg?@hgnlg % Ig?s@ﬂe Ee?hej l%%gﬁggér@gnd{e%@‘{&ﬁhg glsé R%Rtlcs

system 82 rﬂaaraeloﬁgitlpﬁnzﬂemh lemﬂ ihclutéea lpairgot hlaiitmal%awhﬂzh are
tg.a. less . acute_an 02<01 (see Fi gure 16) such
capgﬁs@%th?@gl@ﬁtwgﬁy 99@{1@%4 Gomt $n G bt fgin Os (4eg Figure 15
subRBHES lvith ?es%b@t% AoRie Is’petnhﬁ:uﬁ!r -t doddiRM B akif ok k@b less
position t |red
acute angle 0,<8; (see Figure 16) such that the haptics system 92 is capable of in situ

selective displacement of the ATOL 93 from an initial position to a desired position
along a human eye's visual axis VA, This is achieved by the haptics 96 having
regions 98 adjacent the AIOL 93 impregnated with radiation sensitive bio-compatible
chemicals, for example, Infra Red (IR) sensitive indocyanine green (ICG), and the
like, such that the haptics 96 are plastically deformable on heating to a so-called glass

transition
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along a human eye's visual axis VA. This is achieved
by the haptics 96 having regions 98 adjacent the Al O
93 inpregnated with radi ati on sensitive bio-conpatible
chemcals, for exanple, Infrg Red (IR) sensitive

i ndocyani ne green (1CG, and the 1|ike, such that the

hapti cs 96, ar | astical |y, def or L& on heat | to .
teifRBlAR JHEnR BB RURER s ST E Sl Gcshsficiently
10&%%@0%@1&;@5%95 ¢’3 AelibSRRAEMH shubittes,

sufficrently ow so as 1o not danage a hunan eye's

del iRiginesiIm eniddB shiow ahwcesmnroditioasmédsireshedBimplant (AMI)

an accommodatj on measurenent inplant (AM) 101 for
10d et for nidstarminmeo naesemmedationd  ard opeenmamodationr derges nin  an

exBPrimafEl PP RAFIORInEAS SHmA fub SHBRY 10 ABHRER ¢5¥ nd therefore
uIRERghcTae S A0 g BRI eI e

bad®menlber 1025 endenbaitral Gdettaed 108s Fhe haethembey $02Mhcludes a
104 in the formof oppositely directed pointed :

haptiectaysieny 1Grerinethe foemf of eppdsitglic hbiractagl grointed hppncturing
oj nts, AP. A nvex .shaped nmber 10.107 suitab
mE sl 04 for SefiAeRBrBa ¥ SchpLBol . oA aiivisehied member
' £ rior._di.L-ection:.
107 TR, it 8hE HbrelslonSlT o GUATRE orh an SAfHR <34 Gpsular
difhela@ns9 Febrh the Uafleridie daBstidn i§ pkOAded RRitRIan ﬁgﬁght pin 108

includes a series of graduations 111 therealong at a
hapingchpinhetd $69 ahd pasding phroughrble apertirerldBl yitat pias0&includes
A helical conpressjon spring 112 is placed between the
a a@l%agg tong bl ky thereatongo Al éx pemnddless fhan Sy pm, and

prefBinth 3 230 o RMEflca Gopthra @R Bing 12 e Beween the
ba&%ﬁ%%bel-%z aInHQgF 3Biiféx §ﬁhﬂﬁﬁ%€%‘8¢eﬁo fi}ép %Eﬂ&n Bbfit to be

108 are prefera ornmed of a sulita npat i

stoppedrinakhe pinthead a0yl ebuttingi 4465t theciise Mdidber 1820 The base
1 ke. Accommpdation is determ ned as a function of a

masnbers 108, sihicacavisnt staped anembee 105, wind thaspinnk®hare yoeferably
as esu) t of .rel axation of .the ciliary body 19. P
forgiedph SHhIS bisapriRAtible Sraterials Jorsiamlgs Staless stecd; PMMA,
.nat i . ar- i . he j 2]
and e ge. AXEb e A MR R 463 TR EPAPEUiermen
relative to the base member 102 as a result of relaxation of the ciliary body 19.

et

Ot

Pin displacements may be detected by external devices or alternatively the
graduations 111 may be inspected by a direct eye inspection. The actual forces
developed by the relaxation of a ciliary body can be determined as a function of

the compression spring's spring constant k and pin displacement.

While the invention has been described with respect to a limited number
of embodiments, it will be appreciated that many variations, modifications, and
other applications of the invention can be made within the scope of the appended

claims.
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devel oped by the relaxation of a ciliary body can be
determ ned as a function of the conpression spring's
spring constant k and pin displacenent. 25 Wile the
i nventi on has been described with respect to alimted

nunber of enbodi nments, it yvhil_ be appreci ated that
many vari ations, nodifications, and other

appl i cations of the invention can be made within the
Ckdspe of the appended claims. .11. Calms: 1 _ An
accommodating intraocWar lens (AIOL.) assenbly for
sel f-anchoring inplantation in a human eye having a .
1Vi sualy axddmnriddtingcintdiboblaa lens €AACES) asseytely dor seil-anchoring
connective tissue, an annular, ciliary

sul.cys,. ar. 4 .a .
*jrmphincadion in & ke ¢¥ havioRa HeVARRIE, 1Y BAIIEA 8KIft of tough

céﬁ:@;ﬁ*&h&? f?ﬁg lél{nﬁrglagl éﬁgﬁ] %ﬁﬂfg@s’, ?ﬁ@aﬂ R?%_]ﬁgg@%ﬂkﬁ ciliary body

h%%?%% &ﬂ%d fidle it 1BAGIOATROALARGNETagaheararin lhanmierior direction

aving an anterior surface and a posterior

aboy theeyiswad dixis, the 2801g aeseartdy compa¥ng: opt i cal
.,element resili

AR IR p,%lﬁ%&ﬂi%rﬁl%tg's e tﬁ,)%%%\gbgﬁggzﬁ}teer'%li surface and

agﬁg?t@gﬁtsafﬁgﬁf éﬁ?ﬁﬁf ¥aSt @% %ﬁﬁggqﬂ.&ﬂ!ﬂ t @ptichll redo@kht resiliently

_ _ I rst opt strehgth wher eby
&ﬁtﬁaﬁ%&ﬁeﬂ?ﬁm@ble&m&eh mudatarsd ispapevito b dist Bopier strength and a

bet ween a m ni oum Di opter  strength . for ., . .
deifariaed sheps voith guswgsﬁmmerastewréﬁf phihan said first Diopter

AR AR i A\ MSPESEARy, e otpes s

i nal

- hétherded nii@iment ODMgtee tdpmngkh Widrh dibenbeineiksioreymrirposes and 2

visual a::is and at least two haptics each wth at
maashunBigmensisengihdor vedugsivenpposes; akenet r at i ng

e LRy et g S Y P R GHE RO his intended
lﬁyﬁé efdifecticPal WiBNtHRVIB AR BRE $isiedll 4:88 ¥n8 Wk tensetwathaptics each

east two spaced apart 20 stationary anchor points for )
weitheat leastgoreapointe copuntionggthembemiion pyeetsaling the tough conneclive

g')éiggse( "é‘é uf}?, ﬁh&%&?gﬁ?ﬁé‘%ﬁ& l-e-fxlmc\:/l% ng iing’d%llgnctgg&xlx Bf said haptics
system in the human eye’s annuiar ciliary sulcus al at least two spaced apart
stationary anchor points for retaihing said AIOL along the human eye's visual
axis at an in situ manually selecjively displaceasle desired position therealong
relative o said at least two statjonary anchor points for urging said poéterior
surface against the human eye's cipsular diaphragm from an anterior direction for
determining said AIOQL’s Diopter strength at suid desired position whereupon
telaxation of the human eye's tiliary body wurges the human eye's capsular
diaphragm against said posteriorsurface from a sosterior direction for affecting
said AIOL s Diopter strength.

2. The assembly according 1o Claim 1 wherein said haplics system includes a

tubular main body stationary reldtive to said at liast two spaced apart stationary

AMENDED SHEET
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relative to said at |least two stationary anchor points
for urging said posterior surface against the human
eye's capsul ar diaphra.mfroman anterior direction
for deternmining said AIOL's Diopt* strength at said
desired position mhereupon~22~felaxation of the human
eye's piliary body urges the human eye's capsul ar
ancHioR poiagmadas eapatsaiod h&dagam gt aeﬂucﬁmig thanipuiated between a
3osterior directjon for fect|

Clammpg extatet famnptalning arﬁés 8lge ﬁﬂEﬁ_, g@é b‘?‘%i 8, &u gb%dhcéﬁlr'?ﬁl with a

wher sai d. haptic and&yd?
oA 59 B D AN 35 S oy YA s and an
unélﬁﬁ%ﬁﬂgaﬁ%t f&t @hﬂﬂﬂﬂ% )éaib%ﬁ@@@@ ﬂﬂﬁT tdzbb aabhtively displaced
ol and s capabl being in situ selecTively

rela‘am polsaid dtaienae inaancs: u;aﬁtpnhgo <t desdeoposiHoR| aﬂw@ the human
dj screte AlOL having a tubular casing with a

ey?én‘ﬂ?‘ﬁ}cﬂxl‘fal axis at a desired position along the
human eye's visual axis and an unclanping state for
enabling sail discrete ALOL, to be selectively

3,di SDTl&C&sheEnUlylmbmngaoaﬁlm&mﬁwhmm yanldamaucbody has an axial

stemto a des ed 05|t|on | ong the human
tengtBula] 2lpnssits oo %ﬁpga&@ FRing heg A% length L2 along

_m.,lw{bglgﬁgng@uagﬁlﬁﬁgggddgﬁgﬁgggg L i LERP bR s ARGl of fully

S an

con@Rgidy sAdad8n inl Qaidt §lahﬂﬂﬂgtéﬂﬁbrkﬁbﬂ?}ﬁ:ﬁaﬂ}i‘ﬂ@&ﬁeﬁﬁ@t%ke longer

such t'hat said main i's Capable o Iy
thmﬁadcrmngb@téyd m%@g%n said clathl ping state al ong
an adj ustnment stroke longer than said main body's
axial length 4. The assenbly according lo:lClaim3
4.wher ehe a3edrHbly Qecdrﬁﬁiguﬁﬂmeﬁrﬁ |3a%ﬁ§reun Laid 9[101? 'i’ﬁélh&& a flange
agai nst said main body to stop displacenent of said
fom| @Luttmgaagqons‘.t saidomagh ridetyl ém.s18p dihdlacssenblof said AIOL in a
% g =0 Claim| wheriein said haptics systemis
Pe ?réﬁlfglr SH9Tyrmed with said Al Ok and said at |e:ist
two haptics each include.a .20 radiation sensitive
regi on capabl 4 of plastic def ormati on on in situ
3i rr alhat assemiblyh asechxdm%\&e letrhr OnagRedine sajd ddpabs Ofystem is
for fnaplln in_situ selective
ly formed with said AIOR. and said at least two haptics each include a

radiation ‘sensitive region capabl of plastic deformation on in situ irradiation

with selective  electromagnetic ' radiation for enabling In sim  seleclive

displacement of said integrally formed AIOL 10 a desired position along the

human eye's visual axis relative to said at least twa spaced apart stationary anchor
points.

6. The asserobly according to; Claim 5 wherein said radiation sensitive region

is adjacent $aid main body.

7. The assembly according t# any one of Cluims 1 to 6 wherein said AIOL

includes a piston-like member reciprocable betwsen a natural extended position

' AMENDED SHEET
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di spl acenent of said integrally $ormed AIOL to a
desired position along the human eye's visual axis
relative tcl said at |east two spaced apart stationary
anchor points. 25 6. The assenbly according tolid aim
5 whervia said radiation sef3i-tive region is adjacent
said main body. 7. The assenbly according t4 any one
mrg{s Qhaidgs 16 tsaldo fiher Diapsai GrANEh 30di aclosdepressed  position
ton-11 ke nmenber rex:iprocable betw ;en a natura
cclee@pandmgtpcmld senond ARoWErs\ Sl - 13- correspondi ng to
said first Diopter strendgth <nd a conpressed position
corresponding to said second Diopter strength. 8. The

8. assgﬂg‘ é_@xﬁ@ﬂf Abal & gflﬁ}%r@‘ oElcahis 1 1007 Wivdrelebaid AIOL

has a n | ow Di opter strength and

has 8lmxat] Ww dioptes sivength dyd relagativany’ tb@bymcnnrﬁyt‘eaww body
said AlQL' f B ter S”eﬂ&thg 9. The assenbly

ineaws sripAlQ Z%ER}DBWE sWF inms | to 7 wherein said
AlCL has a natural

hi gh Di opter strength and
rel axation of the human eye's ciliary body " 1.0-

9. decrppsaseadly sbboiding t@lmt 6he VfrChadmb. 1 &D7 Wherem said AIQL
assenbly according to zany one of Clajns 1 to

" hasherdiral bighDicper stsengihiand relaratiomed Ule«/hjﬂﬁ%ﬁﬁé Flary body

deﬁg%@#@galﬁf&%‘%ﬂ%@; %J‘ﬂ%fﬁ}lper pendi cul ar to said

antis such that said at
| east two haptics are 15 sufficiently flexible for

encircling around said main body, and a wide profile

1@l onfhs asetnitd ptaccerdingttondny dnmof Cilainall e whegeintgaeh. baptics

oéghgr&%g‘gf\%r@'@w%%g?dﬁ%{ %rqﬁge g agﬁiggg,mxyend:cular to said

-h%gtg%:g r@glth @&%ﬁ\ﬁ%lwﬁﬁﬁe bhEhSﬁ?a‘ii Wiide aprighid Qwo haptlcs arc

apti cs proxi ma adJ acent said
suficierilyd flekiblarids ettcsrcﬂu@t atowerid saudnmam Hddyr, efndomn wide profife
12. A_haptics systemfor taining an acco

aiorﬂgr%'@@mamlw émgte(mpégpgltugmal axis SUen that sai W head two haptics
are rigid against a compressive fodce therealong.

11.  The assembly according toiClaim 10 whers in said wide profile tapers from

a haptics® proximal end adjacent said main bod:7 towards its distal end remote
therefrom.

12. A haptics system for retaihing an accommeodating intraocular lens (AIOL)

in a huwman vye having a visual &xis and including a sclera of lough conneclive

' tissue, ap annular ciliary sulcus, dnd a sphincter-l ke ciliary body having a relaxed

state for tensioning a capsular disphragm in an @ terior direction along the-visual
axis. '

the AIQL having an antefior surface and a posterior surface, and at feast
one shape memory Optical elerdent resiliently ¢lastically deformable between a

patural shape with a first Dioptgr sirength and 2 deformed shape with a second

AMENDED SHEET
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in a human eye having a visual taxis and including a

scl era of tough connective 25 tissue, an annul ar

ciliary sulcus, and a sphincter-i ke <ciliary body

~having a relaxed state for tensioning a capsular

di aphragrn in an anterior dildection al ong the visual

axis, the AICL having an anterior surface and a
Digset sirégrhdifitans, thanthatirdic@itpteoses-attapeherebpitlie AIOL bas a

optical elerdent resiliently elastically deformable .
comarussly ¥arigblenBiqptar sErBgE REtech & n@tmm&!@wer strenglh tor

il 9o Wofhghel U SRR Pip R SR R ERar vision
pu@dggg,er strength whereby the AIOL has a continuously
ariable Di opter strength between a m ni mrum Di opter

st r énythaptios syitenanompritéipra puaivosedyawdtia aasngindinal axis
int?gﬁclfc?( i‘g ﬁagf,é:{-g%%{iﬁéﬁr ngﬁgﬁ@vhﬁxﬁ}g ﬁng{ | ?aisq%? gxx?s 593 .at least (wo
bep Py gt OGP ok gy o] IFRROORL cfelons in

ptics
plarenpempehdicujaretct sadi rapifck arysteralsdlongitndbed yaxis, and sach with at
posite directions in a | ane perpendicul ar to sai

op p d .
leash Sup FHIBLEE: RIMUIBE gRembeh Sor psnarathithealomahi sanngetive tissue
s Ot tUkd N er. f t. [ I
of FE B SR E SElerd o, L BRI b RS g Muman eye's
aphelarelliboy saliuk- @anghyash gwhniaral adraop sighiondey RWERSr poiuts for
' annul ar ciliary sulcus at at” | east two spaced

'f“*%‘% B¢ A1(Yn akangsiieHvrmporye’s vismal arist ai ni ng the AlOL

| ; ' | o wh i h - .
 hapt 7ot/ SLEF Aefits Brielt A% to £MREET L5 R profile in said
plendipelfrdicar G sAl@MER8E RFARPY|BhchAdHAI dlPREUF that said at

systenl s longitudinall axi$s such thdt sal d at
leasiavo h_apuhaprtt ssifaciendy tdxdbenfdryeddisdiny ardard said main body .

encirelin round sajd nmain body and a w de profile L
] § W R Apte SSYLhENG Powms tnaiiadinlbaris ior holding the

AL el LA AR S oSO S5 oo of

hurbis &y sheiffiary boey wiges hiferhintiesye s appyhiae dAFHIBEROBBainst the
E‘SﬁLnSt the Aqli_%' s posterior surface from posterior
Al Let Dosteriasy suaesc dYay 4 meskaror. dgection for affecting the AIOL's

Diopter strength.

13, The system according to Claim 12 wherein said wide profile tapets from a

haptics’ proximal end adjacent $aid main body towards its distal end remote
therefrom.

14.  The system according to either Claim 12 o 13 wherein said haptics system

includes a tubular main body stytionary relative to said at least two stationary
spaced apart anchor points and isicapable of bein;y selectively manipulated in situ
belween a clamping state for rethining a discrets AIOL having a tubular casing

with a longitudinal axis at a des@red position alcng the human eye's visual axis

'AMENDED SHEET
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20 Diopter strength. 13. The system according to
Claim12 wherein said wde profile tapers froma
hapti cs' proxi mal end adjacent $aid main bossy towards
its distal end renote therefrom 25 14. The system
according. to either dai'm123 -of 13 wherein said
haptics system includes,a tubular main body .
and hatinehapinpeliaiti foe enabliel i1 sif lselestive displagamentarfythe discrete
spaced apart anchor poin{s and.is capapl e, of heing |, )
AIQdy tenidesitpd mOsitRN & Wr man e gé@h%"’éﬂfé}‘&)it&éald at Jeast

R S R RN s " el P
position along the human eye's visual axis AMENDED

SHEET - :! -15- and an Eﬂél arnping state for enabling .
15i n Jiheusysiemcacopedidigsiol Gddme e wherdis stid anainebody brs an axial

to desire ositi,on.al gng *e hupan,eye'.s yisual , i
tenedh 3t onbla gt B hd Gk Bl Gsife hof 48 pind tgneth L2
. C gl ; t | i b kD ,
A IR Lo RiRal axis vischERLA SIRORBP AR O R Wicapable of
fuldy argtadting drgiAlQdi nadastofi 1 saitl chempingQitatd alvmy @ adjustment

has an axjal length U aJong iits | ongitudinal axis
S“\?%%#@F%PW an saidsiain bedy searal lereWibody is capable of

fully contacting the AIQ.'s casing in said clanping

state al ong an adjustnent stroke |onger than said

16omi MTiRoshsiemaaticakdingnoteithed Elaitha 20tst 2 Wrassiasdid Badiics system
either Caim12 or 13 wherein said haptics system 'is

is jipteggaldy (fprmed muithvibenAIRE and glaidad castdivee Haptics eamb have a
InC i Akl sensiti region, .. . .
rll 0 Senit60 ARG, Saptifl Bt QoRBAPER' Y, FE R ppaiation wi
sehdlivetdleetreimaghe doradiativg fb@@habﬁﬁg i NinP AR NI disPlacement of
situ sel ective displacenent of .115 the integrally
the dniagmally dormedaAlQhsior e dlesivedt pemitialh cigng he Muman eye's visual

S.-visual, . axi |ative, t id at |east t
- g TRV 5 Pt leas e soarh 8posg staticsary ancliorpBips. erm

according to nmaim 16 where in said radiation sensitive
regi on

17.  The system according to Claim 16 whereif: said radiation sensitive tegion
is adjacent said main body.

18. A discrele accommodating intraoenlar lens (AIOL) for implantation in a
human eye having a visual axis agdd including a sclera of tough connective tissue,
an annular ciliary sulcus, and a sghincter-like ciliary body having a relaxed state
for tensioning a capsular diaphragn in an anteriot direction along the visual axis,
a discrete haptics system $aving a tubular main body with a longitudinal
axis and al least two haplics each With at Jeast oné: pointed puncturing member for
'penctrating the tough conmectivk tissue of he human eye’s sclera for self-
anchoring implantation in the huppan eye’s anru:ar ciliary sulcus at at least two

spaced apart stationary anchor ppints for retaiming the AIOL salong the human

VA AMENDED SHEET |
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I's adjacent said main body. 18. A discrete
accommodating intraocular, lenns.t (AIQL) for

i mplantation in a human  ‘eye having a visual axis a4 d
including a a lera of tough connective tissue, an
annul ar ciliary sulcus, and. ggsphincter-like ciliary
body having a relaxed stdte for tensioning a capsul ar

eygisapimmalgnis at an ja e é ' y he. vi sual
e i e IS0 SN iy s
f i'Fi 1B Ses aldeast g ?egﬁed;ﬂhanmmtiam@_mﬁggbgirg@,st two |
apt h.frith at,] east one pointed puncturing
nontihE AL Gl 3 disERES rhigar canine diawing &ilosgaudinal axis.
ant driter MuuEms: \ florssel f-,anchorin
i n‘g‘f ant at Febc%yzﬁlrclﬁ ¢ ﬁggﬁ’aﬁgﬁgg@%@gg'}f%ﬂ%ﬁ§§0@9§m%lnem01'y optical
clnprlygesilfonaly plativallywaictynnabll BeRidynSh Heh R hoBACHE 2 first
D‘@@,@Eﬁﬁf fngﬂllrg ai Hé_fg t he Al a al ong t__he unan
o iy ; 8y WF@Faﬁilgm! mrgta am:;n_d El? er stﬁength different
" : . esir ition thereal on
l;?ﬁr glgtaﬂlss .elyltogjt?ﬁﬂ%ee%fg}ﬁe%??ret%&?p 2@5@ apara c&uﬁnmmﬁy yvariable
iapieh ostremgtht betwdent e rAl 1&9”@{5?@%?9%@%@“5% Qistance vision

t ubul ar ,casi ng having a fongitu

PUIASER B aguaxasem Do péemteirath dor HeUHisoa, #pdsdd:
I eag%idOﬁg %@Pe rlfrmr %Kéi cal J S el emerﬁ

4 a;;f;s' e tFy asHE R | f YigRabPg2iBet wWhe nhiamant eyals capsular

Iapheggro Witobn aasf | 48135 . st rength. and .a def or , )

syrlape with a §ec%1ﬁdrf%" opt E rmé{ r@gg%l%‘e’ﬁ?’frf’ggeﬁ?e ‘gﬁg# § Diopter
&t thet dasitsgt position enhihthat eeRBY1bA AU hiRnPeye’s ciliary

boﬁ?%ﬁ{'}wﬁﬁsb varéak;l e opter strength between a

. ni fim A YS# reargidars @prrwhmyﬁlt;ﬁtssm posterior surface

TORUA POSRS] ; [ Yy noth for near

RV ngn pl??goggtslgﬁgbsalg L‘l@g%gﬁéﬁézﬁgbé%ebéﬁﬁ@g@kged

- against the human eye's capsul ar di aphragm from an

anterio irectign for _determining the AIOL's Diopter
1917 ?‘Sﬁcﬁ*mmﬁ&ﬁbhﬂ péswhierzin thie haptied system’s main body

had 8h %)l t¢h n e.s.ciliary body urges the

\ h éji‘r ma?i: eyfeéﬁgﬂi é‘&sgﬁ“’ggﬂg? zigﬁg’éﬂﬂﬁuébéﬁ-ﬁsﬁﬂ@ Fatd pesingy has an axial
enghr i elofg os JoRERESTLE! 235 ' §RkLON § ffecting said
e tAel q..'s Eic?pt or % e engti)'héﬁjgj whttedh 19413 suc tT‘l%t the haptics
System's main body is capable of f&!ly contacting said casing along an adjustment
stroke lomnger than the main body’s faxial length LI.

20.  The AIOL according to eithbr Claim 18 or 19 wherein said casing slidingly

. SuUpporta.a piston-like member betvf_feen anatural estended position comresponding

t - - "
0 said first Diopter strength andai{-a compressed gosition corresponding 10 said
second Diopter strength. i

H
The AIOL according to any one of Claims 18 1o 20 and further comprising
a flange for abutting against the haptics System to stop displacement of the AIOL

in a posterior direction, |

21.

L

R T A S TV e
Cr - L4 1
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1. t_19. The AIQL accordlng to Claim18 wherein the
haptics system's main body has an alai length L1
along its longitudinal axis, and said casing has an
axial length L2 along its ongitudinal,, axi s wherein
L2>L1 such that the haptics™ “‘Systenis main body IS

95Cap fuII contactin i.d caS|n al on )
2234j dieraRpL afico FPRAR SRR Cabng R Lorad 77l gald AIOL has
h&wg
o 300, VDbl i, 50 NG AR, ey oy
indressesibe Ol spgdixyper dtidagthenber bet ween a nat ur aI

ext ended position corresponding I, =1 to said first
Di opter strength and. a conpressed position

ST RS0 ST Tt AR AL b

a AdtdrdlUiigheDiGsep stighpth d&elécsfdtﬂf‘g? tﬁ@'htﬁ‘i%ﬂ ?8‘% ciliary body
agai nst the haptlcs System to stop di snplacemen

decreases the AlQLAs Paepter stretjgthecti on. j o AVENDED SHEET
-17- 22. The AICL according to any one of Clains 18 to
21 said AIOL has a natural |ow Diopter strength and
rel axati on of human eye's ciliay body increases the
AJOL's Diopter strength. 5 23. The AIOL according to
any one of Clains 13 to 21 wherein said AICL has a
natural high D opter strength and rel axation of the
human eye's ciliay body



decreases the AIOL's Diopter strength. -18- ABSTRACT
The present invention pertains to acconmodati ng
intraocular lens (AlOL) assenblies including a
hapti cs systen1for sel f - ancqgrlng i mplantation in a
human eye's annular ciliary sulcus for retalnlng an

AlOL at a desired positi i}ﬁ the 5 human eye's
visual axis, and an acc@iﬁ%ﬁ ng ~measur ement i npl ant
THeAyréseBQrmV@ﬁﬁSﬁ dHdifls C%@H&gﬁ{dc&ﬁngngﬁf‘&ﬁmﬂfo%' ?AIOL)

ces I n an experinental set-up 1nc

assombileds' ischydéng a haptics system for self-anchoring 1mplantat10n in a human

eye’s annular ciliary sulcus for retaining an AIOL at a desired position along the
human eye’s visual axis, and an accommodation measurement implant (AMI) for
determining accommodation and accommodation forces in an experimental set-up

including an animal’s eye.



