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-' - ACCOVMODATI NG | NTRAOCULAR LENS ASSEMBLI ES AND
ACCOMVODATI ON MEASUREMENT | MPLANT  Field of the

I nvention The invention pertains to accommodati ng

i ntraocul ar | ens assenblies and 5 apparatus for
measuring accommodati on inlan experinental set-up

i ncluding an animal eye. Background of the Invention

ARl GUESNE A AT % bt ayp

and pu «;g?gmgﬁfﬂﬁgﬁ MEAKIALERMENT I PTUbNircat i on

ustrates and descri bes
accommdatl ng intraocular Iens (hereinafter Al Q)

. 4aS ies,.the contents of which are incorporated
Flelﬁé'?ggbk'weqté?%rence The Al OL assenblies include a

o By PR t?%ofyf’vbﬁaﬁﬁéiﬁt% cyler) G5 pSefiics and
appzﬁg’tt%gas a reM%ﬁ%’g ane Qghﬁgafpgk %%Euﬂ Incffing an

amnw@s,énuousl y vari abI e Diopter strength affected by a
human eye's capsul ar di aphragm acti ng t her eagai nst
froma posterior direction and under control of its

Backgivamt ef thd kvegitiobar y body. The haptics system
includes a rigid planar haptics plate with a
teOemmﬂygoh@pﬁl PG Tnkntdraatibnal AIppﬂcﬂgomNcenB@@‘ﬂ};Uﬂmé%

@{Jtl cs plate and the haptics nenber are prefera
ent1té emadatigedsens| Assembly eadopublished dnder BQ&F Imematlonal

ldﬁ?og@ DibushS PRisAR 4P | dskEhnR) dommodating

ma%%%ez%% P, Ao s e RS ar

incofpdrated Witein 9 esfertnee. MheeVIOL, abdenbitstincinde vsiapiies system
are not readily foldable thereby requiring a

adapted 40 ibeeseputely dexddnin 8itemdo eye’s sanulayreiliaryaguleusont at least
two g aeHbARast SlegnH Iy BORtS ot maK Ay FIfECe plane
o Ao o PG ol BB R bl e

capsiﬂﬁreﬂﬁiphraéﬁrﬁﬁﬂ%r thérb@gaﬁls@—fr@ﬁﬁ @mpbdiesor direction and 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/11.02/00128 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 assemblics

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

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

capsul ar contraction thereby requiring that a subject

resort to wearing spectacles or undergoing a

surgi cal procedure for corecting his eyesight. US

Patent No. 6,739,722 to Laguette et al. illustrates
required dies ¢o idapsulangpatrastion tiercbhpasguiring thac @rpulsjett resort to

of a human eye including a target a 5 Badal I ens,
weaena specthelas AYuBGeIZoiNe pﬁéceéa@mforw@ﬁr@cm hisgyesight.

ﬁ?e%ﬁ%ﬁeﬁ 383280t e ot AL ikkEERs g% describes

¢
app&&?ﬁr mg aéé?)%ﬁtt’@ﬁ@t%n of@ggtglra;ﬁ(a%? : ega&%gaa target, a

ubj ec e Vi ew ng ess

Bad@lf teh!aeuﬁtl asmw;ﬁ o laberthR §hérenhy Sudablémeany B¢ vidWing aperture
I nvention 10 One aspect of the present invention

are pesitiouksb so\that odwrmidanigeh moressowandnor awpy dram fbe lens, the
ccommpdat i on i n an _experi [rent al. set-u

appaqﬁgts slae o e e B CoAseRy (8 IR a5k EEdpdhe viewing
apergh sHEurafks? F LR i BlectSROPRCL VO 11 RSUS AT

body having a relaxed state for tensioning a

SuntBRfy ofthé Iavdlitagin i n an anterior direction 15 along
he vi sual axis, the inplant conprising: (a) arigid

e"edgggét Wit %@ P?é%&htc 511:1% &N pYvi &é%”%ahbcftg?xgt%aauon

nnective tissue e an FTB. eye' s

mcaﬁmrem@itfm@iattofdrnmea@rﬁtgbas@nmmﬁenon iin dohexgarimental set-up
e's annular ciliary sulcus at at |east two spaced
mclu gt ars animaln ey hasingharvipealnaxis wmmmg aasel@m oftough

aperture; and 2 conv x sh nber
co Cé’é’ien S taﬁemaﬂﬁﬁ?apﬁ Ltﬁwtl% body

AP AT b %tﬂffagtxg. 1yt ecion

alorfeAR8 Wialal ekRPINCARPIAR ori@sdiggi or di rection,  and

havi ng an upright "pin passing through said aperture
(a) whar ngbrbaseelmmabennvﬂ a ﬁllaptlefmsystbﬂe;fet penetratang the tough
body urges the anj eye's ca di aphragm i n an
conpestiygtiisspe of #he apim: nereo“r s¢lew S§ ranchoRng Ayl hase member

-in ﬂ?eaagm%eéfeus{ gnntﬁ'é} ¢ lta% SRt Y Igz;stttar% s%a%g\ﬁ %8211 stationary

anchor points, and having a central aperture; and

(b) a convex shaped member for placing on the animal eye's capsular
diaphragm from an anterior direction and biased away from said base member in
a posterior direction for urging the capsular diaphragm in a posterior direction,
and having an upright pin passing through said aperture whereupon relaxation of
the animal eye’s ciliary body urges the animal eye’s capsular diaphragm in an
anterior direction for urging said pin through said aperture.

Brief Descriptioen 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
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In order to understand the invention and to see how
it can be carried out in practice, preferred
enbodi ments will now be described, by way of
non-limting -3 One aspect of the present invention
provi des an accommpdat i on-deasurenent inplant for
nmeasuri ng accommodati on in an experinental set-up
O hatiich of &He preseriahvenRolites anvicsummaedatdnaneasurement
including a sclera of tough connective tissue, an
impkanh dbamesisiting yacs oinguadatisnding as phipagmentali seg-upi including an
. bady having a. re|axed state .5 for tensjoni a ..
dringlhiging dpclor JUOrsh Canrrgiverissue,
vi sual -.axi s t he i onl , 18400 AN
an affy P cak Sulientind ARpMeiO0R LPObobthafira Frdayqgsate
for tteﬁéiaﬁingfcg Bﬁ%ﬁdﬂ’cﬁaﬁﬂrﬁgﬁﬁinoin hkerian i@y Slofig 964 ¥fsdal axis,
for self-anchoring sald base nmenber in the ani nal

the mydast ennpitisingci | i ary sul cus at at | east two spaced
apart stationary 10 anchor points, and havi

(a) centwigid hpey mpraberamith 19) ?@%nﬁésie@h &meaewé‘égﬁgi@vag ther tough
confRERIRRE o E s BRI A 2BR L B SR e
in tHEHRGa e‘}gl’ sg%lﬁ?gﬁleéﬂﬁ{‘y dhlcBE tak QB [dRF Wb Q;;pgﬂaé ngar% stationary

capsul ar gmin-a posterior direct ,
anch@ioigtsaimnd/pavigPta @intrabagaturg; 4t ough sai d aperture

wher eupon rel axation of 15 the aninal eye's ciliary
(b) body aenyes shapedninemibesy fors plaspidilcar e gnmabraviers gapsular

. anterior direction_for.urging. said pin. throu sai d .
diasRsTh fFm. 45 FEETIOLQESOtiAn G BieSehavEy T ge RSt apgber in

= S N e BB AP A, BN LR fcion

I'Ce, "preferred eI nts w
and 'Ha\oﬁﬂgieaxﬂ 8pEEhDSiR, pRYingakr@fghnand psitidengherdapon relaxation of
exanpl es onl'y, with reference to the acconpanying

the dnamalneee’s wilviry dodyi nigearthe paims! ay&'s |dakswas diaphragm in an
nunbered, and in which:; Fig. 1 is a cross section
antefjsWirselign lamugingsaid in thypugh ARARCEVE- i n its
natural near vision condition in an axial plane of

el PRl i 5, 5

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
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natural distance vision condition in an axial plane
of the human body; Fig. 3 is an expl oded perspective
view of a two component Al OL assenbly including a
di screte haptics systemand a discrete natural |ow
Diopter strength AlOL in 3&cordance with the present
invention; 10 Fig. 4 is an assenbled front view of
exarfiplgronlR’ withl idfcrease tbltle acorgpalying drawansembiviich similar
side view of Figure 3's ALCL assenbly; Fig. 6 is a
parts aedikevdbhanimbetssk agddn MVaNCki ew of Figure 3's AIOL in
i ts. natural exteqded fosi ioniﬁloqg line.B-B in ..
i Bl dl 5 apqrgss oqHon,vIc, gF llgHHENO PR O BTN 6y it
[ ; 10 IEN . iion al ong
natopL ek @lsforpcn il i fn Bt ARG RE AR 01 2
Crogs 5echi @0 s¥dtRM ofevab@theintehise batteoMatiihadn bewin its
Diopter strength AIOL in its natural state in
natuadabstdaccesinn ¢ondigop iresre axial plamentitonhuBagibgdy9 is a
| ongi tudj nal craoss sectional view of. a patural
di E%ﬁ-e?elshia@hexﬁpa%‘g RCTRGENGL KA @f AntWe scoapepent AIOL

stat e _i:n cor it r te: I On; Elg:
s} ol MPASE UBRER AP PSP LERER s B B0 Brope
stre CY §h BRQNIR e Wit kY plcabntAasédtgn of Figure 3's
CL assenbly al ong the human eye's visual 10 axis
i nFan 4aisiaal aspérabkeddionthacwwfdiigiedd/ s AHOL. asstnitdya
cross section view of an anterior part of a human eye

shbig.rigis aa asewsblpdanide pisay of bigust 3 4Pk agsanplyo.

y al he . h ' ' | [ .. _
e ook BERAIRBL AT Sr e M gaure s gy is matora
: . s Hig. 12 0 ti
extBigd Bofiioh Mont RER BAX i, 1% n accor dance. with
t h@igr gsgns loagRodinah;crédsgsectidnl i fafoRigure €39sOATOL in a

Figure 12's Al assembly; Fig. 14 is a side view of
comprepsed pogition Alarg Hae BaBlip Figure 5;
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Fig. 15 is a cross section view of an anterior part
of a human eye showng 20 an initial position of
Figure 12's AICL assenbly along the human eye's
visual axis in an axial piane of the human body;
Fig. 16 is a cross section view of an anterior part
of a human eye showi ng a subsequent position of
Figure 12's AICL assenbly along the human eye's

visyal axis for _coppensatipng for capsular gontractio
' nFih Salﬁiaalpng}tgﬁl@aggrqsa éectwai iRk ob gRgtherdiperefy natyirg) low

. spect j1ve, ¥hew: of. , r at i t
Diofigh MRk S IOEE i1 dlFEE HRAZ FRoGRRLE WA the present
inveggiegmmodat i on forces in an experinental set- up
including an animal eye; and Fig. 18 is a cross
sefig.oh ivisevorghinuiimg clepd ayotortal ofietvhef acnatomalddikérete high
. 30 neasurenent inplant of Figure 17. -5- Detajled
Diopigs citrepetib ABPL piefity mefire prightascerdapge wibsthet present
. _lnvention Figures 1 and 2 are cross section views of
INVeRiOhnt eri or part of a human eye 10 having a vi sual

ax Fg%% iy &oSs BRI ieNESS ard BlteHios ?)%J[D[Qﬁ avhﬁr'n%?' Ve showing
conditions, Trespectively, In an axial plane o e
an bttt mpdetith of Fegiendn AYOL 1&ksbabin aforgothteBuhin eye’s visual
_peripherally connected to a spherical exterior body
axisnindie afaltpdanghof thermuoan bed¥:i ssue known as the sclera
12 _at an, annul ar sclero-cogneal juncture 1

14Tl 1§13/ CTO% SFAL0N WEY Phan ARiicERT 898 ofg? é‘i“&ﬂ%lA@neb’% Showing
a su@ﬁ%ﬁqéﬁgﬁﬁgaﬂ o Fieie%'s Cﬁﬁﬂf%slemﬂgff taaﬁc;n%%z% Huda i é’}'fedg visual

yes anterl or par erior
axisCRRRMpehia@ng for RAphfht ebnteikdltiein A8-axfsl plane of the human
sphi nct'er-1i ke peripheral structure 10 known as the
bodgi | i ary body 19 includes ciliary processes housing
ciljiary muscles 21 fired by parasynpathetic_ nerves.
Th&1%i 13 & § nepsnactye >iew of & yaHaG ééngloass,@mhlu’ aR accordance
. fﬁgers il%.whi %.h in turn are peripherally connected to
Wlﬂ} Pé'a%F btf‘f%m@dge of a nmenbrane known as the
ca | & M " [ g@ﬁ:] 24 and a
pog? 'rl?glrsggiggﬁlg%‘gﬂg rob?%’rgs %F%I%?ura ﬁg’ryst alline
| elFsg 24 is Bhede viesw of Fimire 18° aABOLaskérabbi; | | ary body
19 delimt a portion of the interjior surface of the
sclFég.al 1B aerospeection view of an anterior part of a human eye showing

e

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 a 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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scl ero-corneal juncture 13 known as the ciliary
sui cus 28. Remmants of the anterior capsule 24 which
may remai n after extraction of the natural
crystalline Ilens 27 and the intact posterior capsule
26 are referred to hereinatter as the capsul ar
di aphragm 29. Contraction of the ciliary body 19
DetailédbPesértiptivauf Piéfdrved Embbdikmentsafithe Mrasentdnvention
thi ckness Ti along the visual axis VA for greater
POFidurye 1 RAt2 add crpey\sdctivarvie®soNansdrderidSet &f 8 Wignan eye
1). Relaxation of the ciliary body 19 tensions the
10 Tvimg ar visible rxis2VAWN 6 ndfurab nebe andplsthace bigor onditions,

respre%%;élsé gét%m%dp@?@ ot Wghb b IS ¢ ?ﬂ%ﬁﬁ@nmﬁe 10 has a
L: | . t T2« . i ti
confly O pe B Ehnike Mo GAH SRAick 4R B b Fouen

conteciivE ffksie RnoWaAWsahé WeleRAT 2 athPanAsife sk -SdrmBRdencture 13.
fromsuitable bio- conpatible material such as PMVA

An aizdi4 hovardiyngxteniaptto tke hysiaenmy82i F fronses footaitcitohenglero-
inplantation in a human eye's ciliary sulcus 28 for

co anngtaee 43 M dividgghenapsam ¢vers éﬁéﬁiom@l%g@@t ag| anierior
free.yi sipn over.the nan n range. o nman - 6-

chaipb 11! e HAGEIo AP En B2 4 (e g S Bigapralsiryetore

3 |

knoBA i i BatopcludEl Ghifkrk brBlaRes AoudRgicliify Mabscles

21 fREoBY trarimphpatietsy nbargenTheldijagxinessen @ It hier direted to
in opposite directions in a front view of the -

zonwlap fibers 23 sthioh 32 tumhase pgpipherally7canmeeied tpdhe egatorial edge

arallel .and 5 opposite .atfac nt. pl ates .38 wi't
of aglapmbé@wpﬁﬂ%wﬁfﬁa CARRHiaT bag gge‘fﬂ@fm UPTOR capsule 24 and

-[ i .1 {4 >
posEHLE BAHAIL 9, Q580 AERGHA BHANIME DL 104 Hs oot 16 and
the BiEiAR} bay N9 dBIRE aSHoRHoRbE the aitefiadsutfbcaMht B8R 32 at the
as to penetrate slightly nore than half of a
sclesecermab jtidtoken 8 skmdwa asuthel oihary selowai 28.bdlgmBdnissof the

in the formof a flexible split rin 41\%thamale i
antegioy cappnle24 yrhich maystepnan atics xdiagten of ithe patugalacrystalline

Cc | ntary f I nd 4 h t:h I hody
ensSSPPTL Skl 8PN 4 M Mok PRl e
| i N orthRt NS B3 dill&ySdly T9GUHRS §hé hs 2
cap%}i%&l;%gﬁ?ﬁd fegal eoend 43 are eécﬁt&gé oeri ded wth an s 2710
thicken @b litg mhtied tteidkbeyseT B4longcthd hiztiall fvds YA ifor preaterddositive

can be prized apart by __ i .

optical power for near vision (sée 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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a suitable ophthal mc surgical tool (not shown) to an

uncl anping state for 15 enabling axial displacenent

of the AIOL 33 for positioning purposes for

conpensating for capsular_gontraction, its entire

repl acenent if necessary, and the like. The haptics

37 have a thin profile in a plane perpendicular to
visiothe THeohgptiasdiystedm &2 inchédesuz tubtlat mdinybaaiye34 with an axial

sufficiently flexible fqr encircling around, 20 the
lengithily #eng adangiudingl 358 Bdies ﬁwe@, a4 satr ¢lofiametrically

omooff iy TERRTEY xtindtolf REPAH I oA rectipgs in =

fronk Vi &F4he ihﬁg{ié‘sfj%?st&nrﬁﬂ?t THS Riptich ﬁ%éx%g% g;‘;ﬂgif }Eé_liﬁkelel and

showi ng i1ts encircling around the main
oppbsifit atchdkn plaeca 3 Qivdieh pobfted peatieaing hentieng Bous sdficient
axis 36 such that they are rigid against a

streggiigipe Seicvé prarlEdiamite dho FRpighTernertiee psgid plea bgman eye's
scleBff2cc e mSHEI RE UGS 2Poties BEAPRLRUpSHIaReA 5785 (0
penéﬁ@%ﬁgagf V{ﬁ:ga{aﬂ H41e oﬁhgcleﬁgvﬁ 't@%idg%gﬁog%gbﬂp%ﬁ{.

casl ng an axi al l'engt

| oMBletriglinrtaldyedd & iA8he folnt adianfexablel spiit Fngcd lewith a male end
aperture lens 49 with an anterior surface 51, and a

42 for atleasapl¢ interferepee fthste astomplemexiany feevalg bnd 23i such that
| onger .than, 30 t in body's axial length L| suc .

the pyuR %ﬁ&%}snca&@gfﬁ ah AFSUTRING ) Clargping  Sats fgvhghtly anpmg

' L h [ 4 I i u t _strgke .

the RROL20S I AR 7 R DAL S g L Brovidea

with & hREAIH [difdchel PSHeY4 S HRBOMGS tife $pIRHR 4 Pead BBpriZed apart by
menber 53 with a leading flange 54 and a trailing

a siitabigeorighantic rayrgisal tpols (vt showny ftacen mgiimping state for
whi ch a human eye's capsul ar _di aphragm 29 bears. The

enabliigy  axaalh digplacement sofa fhe by 38p o Nosticmingt pposes for
made fromsoft gel or a.fluid or. gas .filled .

comFR i ingaTor sl coglBbny 11 Airbg plabamfift.if peogssany and

the BkeWat er based, for exanple, Balanced Salt Sol ution

BSS), or any other bioconpatible transparent liquid

haiheg haptiaf Bachave 4 nhax pbfid dn 4 qﬂhﬁatgr@faeﬁdieular to the
natural crystalline |lens 27 or greater. The AlCL 33
longitskingl sxin 36 Isaely that gheyw are pufficienilyajexibla fortemcingling around

the B’@g%bOd Qgé}é ﬁ% 8p faggfsqtcglﬁn %h%%aﬁf %g%v (q,ffo} ?zﬁ:iﬁtla%g ?&SE.EI'FIOI? 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
loﬁgitudinal axis 48, a leading optically clear aperture lens 49 with an anterior
surface 51, and a trailing flange 52. The casing’s axial length 1.2 is longer than
the main body’s axial length L1 such that the main body 34 is capable of fully
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The optical elenent 57 has a natural disc shape with
a natural |ow Diopter strength for distance vision
pur poses and whi ch urges the piston-1like nmenber 53
to a natural extended positjon (see Figure 6). The
optical elenment 57 is capable of being resiliently
el astically deformed to a defornmed shape by a force

contactpeg theccasing14/ aldngnam adjnstrsenizgisakicdongiétathbianahenneain body’s

s oL oo LA ot BB e
. _he i |

with 5 3hadig ik L, b0 Gy oFRENS s RC T s 25 PBLGRGF Syrtace

agaihtSVBich bOnlifin EGF4pEgiad dm&iﬂg%%%% Sdars! TREHID. O khguses

near Vi sion purposes” (see The piston-1i

a shaperaem&Y optiosl géembnioy iade Gt sefieghipwsa tludd o2Qzas filled
outwards to its natural extended position by the

mengyereal Thy spBngelser dudrmange siliqose brsedren vafripeassd, for

exarfas MR el ST CRE 51 SR P8 vaihs wkorent

1iqui31%w%a§eﬁwwmd&%ahﬁ5r & 4808 the ééﬂﬁa@%fstélﬁhe tens 27 or
I Starfcte vision purp D opt er

oses and a nmaxi mum

greadr! M@t AIGLIBakRkchudesra flngay 5¥ e hutiing pesiest thepemid ugly 34
on the degree of conpression of the piston-like 25
to stop divplacement of Hie A3Q) 1z pPsigreedBeethmws an Al OL 61

al sui,t abl.e for pl oynent .in the haptics s em..
32The Pp@ﬁﬁreéwmfﬂ&ﬁﬁ 1 fve shepe Wifh n@filrryﬂsltownbwpter
| pel | ar ' i t Qi kpal

stredlff g Gk b p B3 hnd e s MBI alERE moppber 53

to a ABkRAll XfendRd ARG @%megs)a TIRYptRjal SRetdnY KT i§Bapable of
The casing 62 houses a shape nenory 30 opti cal

beingl resitient] élasficallyn deforaleddioscdsfoaped shapt by a force imparted by
sem - spherical transparent -8- piston-like_ nenber 68

a humag oxg scansslardiaphragns on relak ety el ita Hiasy bodyacting against
opLtic el enent .67. and a_.conve ed posterior . -
the $fipoBe HeIRF 57 g BS AuBiON IR DB Rl P piston-like
menBENY 24MhR? Abbephdsked PRERiohOWitR B b thd Béticﬂl erfent 57

D opter strength: The optical elenment 67 has a
bulgieg thiexbink® forDiealeeingsd heghgDiloptar sirength cfep alehe vidion purposes

being resiliently_ elastical I%_deformed to a deforned
(seedtigpee Ui t thespiston-bike imepheigdhés wrged frpmiitsecaraptessad position

aperture 66 on relaxation o hunan .eye' s Lliar .
ouny 14 B nieR s rdp Cheio By Sn Bt Entar gt pivirtng o it
natural shape on constriction of a human eye’s ciliary body. Thus, the AIOL 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 mcludes 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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Figure 9 shows an AIOL 81 also suitable for

depl oynent in the haptics system 32 for correcting

eyesight. The AIOL 81 includes a tubular casing 82

10 with a | ongitudinal axq§_83, and a pi ano- convex

aperture lens 84 constituting an anterior surface.

The casing 82 houses a shape nenory optical el enent
pist@slikg trhemben 68 ubaling ph flat sutfasth % wtepased cagadnst dhe optical

clenit i, Sgri‘éé‘ééh{@g%dﬁggﬁgg«?%?ﬂﬁ%i 7 Wg“lﬁﬁé%ﬁicaagman
eyeReshbp g ek 2g, el SERts. o TECLE hE 5L s Diopter

strefh NI ThE Shpti @Mt dI¥mehO Y B Ly nd@lar IRE DRypRer strength and is
conpressed shape on relaxation of a human eye's

capabld bébyingoagilisngiyngasticallgafdutmed d aplofagne@ Shagaivitgt some
the posterior surface 87 in an anterior_ direction

of if pulgies rthemighythen eerirad 2perivire & onstalasigion ph aabuman eye’s
... Si pilar fashi t he, talline | 27.
ciliady Bog At Rer e B AP GHoBts SSor o var | abi <
Di i 2 -
oY PIAE SAAI0NE AP § R0 TR el et ARG hapics

systéfl 3T donecirbStingveldsitie AhOLAHSE tbinechddesvd thbular casing 82
reference to Figures 10 and 11. The AIQL assenbly 31

withi & lergitugiinal vohs Ehaand heplanecorvesoapgriurgilasd 8dxionst@ting an
coi nci des ith the tics stem s | ongj.t ydi nal )
antegior surfacen Fﬁémagrﬁ%h%?u&fﬁﬁ PS5 ANSIROTYS OP g ichernent6 with

' 0 Fj 6 . @S I ,
o naffful PBET e, SN RopBribl 8o MREngt Wy dE § et eres
saldredi ?ﬁ'zgm | 20Ty Bdarg foh BSAIOL Y Bligptanktrength.
capfor rlg- axi'ng both i?s cairliary nmuscles and its (?f?tis ength
The nopticlab eldrhente8§¢ hiis| amiahgal high Blippler stileagttapadliarcapable of
. di aphr agm 29 has sone slack by virtue of the renoval
beingsresitienily lastinallyr Jeformed e 3 eompressed-shanceon gelopatign of a

el SRRE BT R o P P S bR p e err
surfACEPin mﬂi}eﬁoéai{e_eﬁeﬁ %ﬂ%&&a@&%@ﬁ%ﬁ%xﬁ&%& ina
nul ar ci 10 al's

In the an lary sulcus -9- 28. Figure

simildrcfashibh ak thdeathtdNerastakingliyns327.i s depl oyed such t hat
its longitudinal axes 36 and 48 are co-directional ]
andhp iemlandation o6 anAKPL essamblyeof & vanable Dioptovstrgngth in a

N A
comﬁf:gl%h%iﬂ‘? e ATOT SsBRBATS1 SHibl kbRl Yo Fillirel 204WH88 1. 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
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5 AICL 33 to its extrenme conpressed position as shown
in Figure 7 with maxi num Diopter strength suitable
for near vision purposes. Constriction of the ciliary
body 19 enables the AIOL_38.to assune its extreme
extended position as shown in Figure 6 with m ni mum
Di opter strength suitable for distance vision

28. dligpees 88 alsd shawe thasghe @’ﬁICSap’@mrablycbhtm deployad supke that its
longipgiiel Gnenadb F FBrAre -or SRRFHIEA B GRSTrly Rl with the
N A L

kit Yiiaphb£orA 200BARHAN Ganebid béd()n‘ﬂff sﬁﬂf‘i@wﬁﬂ?—ta@t&o‘ frge the
stored by prizing open the split ring 41 and

AIOIED:\G fwitt betrén@lcodfressed poaiiiaer apshalim ecFigune asmth max;mum
evi denced by the gap between the AIQ. s f] ange
Dloﬁﬁﬂ streRgifpsiitable rf@r maragisg@é PUTPOSSR g upenatilct@s of the ciliary

bo.d%l ngglqsgh%ﬁ%ﬁﬁ?géatga@égﬁﬁﬁfs%ﬁ? %8& $ osftion as shown
in F%&é &f WRM ki Df ?ﬁ@P enﬁhrs%'itab{emg)r'ﬁlis%ih&sﬁ§ﬂl plrposes.

I's unitary 1 nso I nc aptics

In th&y SdserofOapbolar $ehfractiveh)ehi¢ #JOLL 6Blianihablectd dssuraelitsndireme
eye's cil | ary sul cus 28 at at |east two stati onary
extead@hpﬁsmpmbm sathpr it rrc@@ml atedsp paetealiy @qmm@sm@emdmg on

I REUE IR IO T T —

I
abil tg ¢ r;[;f%gg%cs tnﬂﬂb{lﬁlt%n #ﬁi‘?}}{ Og%f'lg % %Ig ni?{r@stﬁ?é?ia%r zarﬁfng open
the @1&'rﬁ1g841 GAE ﬁuﬁhﬁgl tige ADDLS3IDEEAE atteyior BircesMesd evideced by
| ane 97 perpendicular to the longitudinal axis 94

the gzp betivesn th@Aﬂ@Iém@laﬂgsﬁ&md(theepiﬁ og 41 n@)zesmnﬂ:lgnm 1.
t he haptl CS stem 92 is cap%gye of _1i
soFiguTEy d 20l 6 Shaw e ATObs assmbly Q! oht i5 Srlamaaﬁo the AIOL

assegi}aé 'flvlptgtuciﬁ %}"Xgmdi%ﬁ' re %s%ggﬁ s&%nﬁ%@ asgéambly 91

Cﬁzsggaéh At nﬁ RIHPERS 29 %a%ﬁb@cﬁfﬁe[h heo Ardel s@lff anchormg

I mpreegnat wth radiation sensitive bio-conpatib
imphaneaticnadsa }ﬁmiaxeaymp lcdiary rsuicus TR dt ol RpsiSws slhtmﬂary anchor
i ndocyani ne green (1CG5, and the |ike, such that the

poiria it sdemsllydoampd auith @mAIpIel &Bwﬁm@l@ Rippisr shength. And

scohas it Ropts SRR Bl RN g 2hBBR APtiogdengipei of

hapt?j&{ bé %irlﬁ%l n;g%ﬂ’)lé df Q)%lﬁﬁ) g%ﬁcgﬁfﬂgfoﬁeﬁuﬁ‘&ﬁ &Y fhiflal acute

i ca struct
angle 9, (see Figure 15) subtended with respect to a plane 97 perpendicular to the

longitudinal axis 94 to a less acute angle 0,<0; (see Figure 16) such that the
haptics system 92 is capable of in sifu selective displacement of the AIOL 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 transmission
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Figures 17 and 18 show an accommodati on neasurenent
inmplant (Alvlil) 101 for determ ni ng accommbdati on
and accommodation forces in an 5 experinental set-up
i ncluding an ani mal eye siyglar to a human eye and
therefore |ikew se nunbered. The AM 101 includes a
generally rectangular rigid planar base nenber 102,
temporatuge heghier dharap bumaneeyk)8 nofinel B6Xe terepdraturd G2t sufficiently
includes a haptics system 104 in the form of
low 89 po 9 net dargagect homap syt edelrgic erakstrustiser s 106
for. sel f-anchordi ng at anchor ints AP. A convex
shbisder Aol e ol FERRuRERE atSriu et SR AMD
; 0 R . ove S iC ap
1011‘?%% ?ﬁ%hg%tuggi %?Cgl rect}ng%i iagldp?%\?? e O%Qitoﬁ gf;l A an
expatfibb@thl sidp R difaxh Agirapeydhsadiat @9 adiehapassd 89 therefore
through the aperture 103. The pin 108 includes a
likewisei manbéredr aduaiMdhd 01 tincludes eaganegalli rectaigudsr vgid planar

base R 9 an 20t Ay L 8PPETS) hocr THe s et b iigudes o

0 ne_ t exe S 0 :
hapdfR 8 Eieth o P, 8, OB "L ARSI BRRbied paindtg poturing
menfht 108 ForsdFAaEhéiey RAGRCHI SRS IAR. Albentasshaped member

menber 102, the convex shaped nenber 107, and the pin

107 1@t ablye spapefieamabidimefisioned fof placng tombhme animal eye's capsular

. bioconpatible material,, for exanple, stainless steel,
diaphragm 2% fron fibe |apkesioradizeshrit &t Pewided authe api waiehispia 108

haviggeoinBral o9 a4 ety BEGRERTFY basttub I3, THF miR 08 tncludes
a seg'ie'si 8f gx&ﬂ]@m 19-111PitRerBhRRbASEAEBch THY1che (At P tm, and
y externa 3EVI ces or alt

rnatively the " graduati ons

prefédablyray 26@ |ims padieditabyompiiessimt spryneg il 03 e placed. betiveen the

~actual forces developed by the rel axation of a

baseciemhey 183apnddhn coevareshanednaemasr 207 (oiremg Gem eprst to be

SOPGRG G BB nEEg (P SR G 48 HBBin [02. The base
: . i

me@%gg@%enegﬂ%&%&%ﬁ%ge&g%%% Icl:@gf ggd{lﬁgm ln(%ic are preferably

fornYad £ isGfsble Hastonhsaible Psatedald foroéaeipla Pphintaat isties, RIVIMA,
the invention can 'be made within the scope of the
and gippbkele dccotmmaordatioBds determined as a function of a pin’s displacement

relative to the base member 102 as a result of relaxation of the ciliary body 19.
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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-11- Cainms: 1. An accommodati on neasurenent i nplant
for measuring accommodation in an experinental
set-up including an ani nal eye having a visual axis
and 5 including a scleragf_ tough connective tissue,
an annul ar ciliary sulcus, and a sphincter-1like
ciliary body having a rel axed state for tensioning a
Claigsppsul ar  di aphragmin an anterior direction al ong

the visual axis, the inplant conprising: (a) arigid
base nmenber with a haptics systemfor penetrating the

LA SRR ST PR P e G paaion
in aﬁy AR Ee S 'ﬁélﬁﬁﬁw GHSaimalc #fﬁé&m " ﬁ@@eﬁe?xﬂs and

apart stationar anchor® poi nts, aving a cent

inchihieg talselerarofl tédph donnevtine ai;m&e@nnmﬂm&r tidiarplsabiusg and a
on the animal eye's capsul ar diaphragm from an
sphingfeediker ciliarye dodyn haviagh ﬁa@@@i@i\@}mcr taspniag e capsular

diapfEApdu s apapRT ?5%5“:1% seahe gl Skl Bt Gopprising:

@ bR R PR b %S?%@%an%’ﬁ?ﬁa?g“&?ﬁ“%% tovgh

conRRéye Wse@sof i aibimleyelsescieradios ubldrandhanhs 381 bascaember
anterior direction for urging said pin through said

in thepamimal @yez arFiudar ciiapyn sulaus ot dt hepst ow@lspaoedl apart stationary
wherein sajd pin has glraduatl ons along 20 at |east a

anchosDoiRif, X havang aggnial aperture; and

(b) a convex shaped member for placing on the animal eye's capsular

diaphragm from an anterior direction and biased away from said base member in
a posterior direction for urging the capsular diaphragm in a posterior direction,
and having an upright pin passing through said aperture whereupon relaxation of
the animal eye’s ciliary body urges the animal eye’s capsular diaphragm in an

anterior direction for urging said pin through said aperture.

2. The implant according to Claim 1, wherein said pin has graduations along

at least a portion of its length.



