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‘ ELE-PTI CAL,  ACCOVMMODATI VE | NTRAOGCULAR LENS SYSTEM Rel 5 This
application is related in part to ny prior United St at‘mm‘ﬂwm“mnw
5,275,623 entitled "Elliptical Accommodative Intraocular Lens for Small
Incision Surgery" dated January 4, 1994. BACKGROUND OF THE*I°RVENTI ON 10
This invention relates to an inproved elliptical, accommodati ve,
i ntraocul ar |ens system operable to be positioned within the interior of
an evacuat ed capsular bag of a hunan eye. Mre specifically, this
i nvention rel at esopENCHOIBER | ERLIFRICAL 2a¢FORAGDDArTVINt I aocul ar | ens
nmet hod and appar at us oper OACLARIEENS G ANt hi n an evacuat ed
capsul ar bag of a human eye follow ng extracapsular surgery to renove and
repl ace a dysfunctional natural crystalline I ens. The invention finds
parti cul gr; @gﬁtl ca{ lon in restoring bifocal vision follow ng cataract
surgery, € n of myopia, correction of presbyopia and treatnent of
the synptons of . retjnal damage, such as, age rel ated nmacul ar degeneration
of th% human &Yis. apRlicator Hg 'f?gf’r?ﬁ‘?lléyl@,r‘ K9 Fre¥ apriqr Linitgd States patertdNpy a
conmbi nati on of a convex- concave |lens, known as the cornea, positioned in
front of 51278,623 entighed “Elbipticain&ecommedativeokitrdagnlayi lvénisfon Sopadlancigion pt i cal
envel ope behind the iris and in front of the

Surgery” dated January 4, 1994.

A

BACKGROUND OF THE INVENTION
10
This invention relates to an improved elliptical, accommodative, intraocular
lens system operable to be positioned within the interior of an evacuated capsular
bag of a human eye. More specifically, this invention relates to an open el_liptical,
accommodative, intraocular lens method and apparatus opérable to be inserted
15  within an evacuated capsular bag of a human eye following extracapsular surgery
to remove and replace a dysfunctional natural crystalline lens. The invention finds
particular application in restoring bifocal vision following cataract surgery,
correction of myopia, correction of presbyopia and treatment of the symptoms of
retinal damage, such as, age related macular degeneration of the human eye.
20 In the human eye, bifocal vision is provided by a combination of a convex-
concave lens, known as the cornea, positioned in front of the iris and a bi-convex
lens position within a clear elliptical envelope behind the iris and in front of the

vitreous humor of the eye. Accommodation of vision at both infinity and near
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_vitreous hunor of the eye. Accormmodation of vision at both infinity and
ngar- -1 111111111221122232° 0 0 0 0 0 0L 0 0 0 01 1 1 1 111111111 *000002*

vi sion of 250 mmis provided by a peripheral nuscul ar body extendi ng about
the capsular bag and connected to the equator thereof by Zonula of Zinn
which are thin strands attaching the equator of the capsular bag to the
ciliary nuscles. Tension and the relaxation of the ciliary nuscles causes
the capsular bag to 5 |engthen or contract which varies the focus of the
eye. |n cwisioaiof 2505 mumdeprovideshbpar periphpsal musenlas bodyextending eboutiithy, or
in later stages of the |ife cycle, the natural crystalline |lens of a human
beconmes ctapsdlarabal ahdircdenented sotipevaqiatbt kkerebf by danda ofMAind widch udes
vision and results in eventual blindness. This condition is known as a

cataract aifl s#fsndd BRhEHIng QHE GRuatorlf Rhé rRdpafsr ibagnankiendilibey re@ieldd! | es.
As early as 1766 Cassanova, in his nenoirs, suggested that an intraocul ar

| ens coul ‘i‘eﬂﬁox‘l %@QE@%W&BH&:{' dt Mﬂnaw x{lﬁ&llécgali’s'as tﬁga&ﬂﬁllg@tﬂ%’gako

crystalline lens. It was not until 1949, however, that

Ri dl eys a?}enﬁ%ﬂ}o%ﬁ %ﬁcthaéyarié} thgg&icq)[g °§3§§§gt ed the first intraocular

| ens eye of awoman of rs of age follow ng cataract
ext ract ion. 15 Earl I OLs, ver t ended di sl ocat cause ris atrophy
and in some |h§?§ﬁ'€%§‘ m§‘@88 &f&h@SﬁaSUCE&\taééﬁﬁ%af’B TR oRR IR [Atekpy |y
di sadvantages of Dr. Ridley's soI i d posterior chanber |ens included
pl acenent stgesiof theslifercyelgethiernaturalicrygaliizpdens qfia human bgsomesecloudysand
addition Dr. Binkhorst of Holland invented an

hardened, somewhat like milk glass, which occludes vision and results in eventual

blindness. This condition is known as a cataract and was a major source of |
10 Dblindness in mankind for centuries. As early as. 1766 Cassanova, in his memoirs,
suggested that an intraocular lens could be implahted within a human to replace an
opaque natural crystalline lens. It was not until 1949, however, that a Dr. .Harold
Ridley, at the Thomas Hospital in London, inserted the first intraocular lens
within the eye of a woman of about 60 years of age following cataract extraction. |
15 Early IOLs, however, tended to dislocate, cause iris atrophy and in some instances
secondary glaucoma. Atteinpts to overcome the early disadvantages of Dr.
Ridley’s solid posterior chamber .lens included placement of a lens in the anterior
chamber, in front of the iris. In addition Dr. Binkhorst of Holland invented an
iris clip lens and Dr. Choyce an iris plane lens. However, both anterior chamber
20 and iris fixed lenses created a risk of damages to delicate iris tissue.
An advanced in the intraocular lens art occurred when Dr. Shearing

invented the first, practical, posterior chamber lens. Dr. Shearing’s design



iri's clip lens and Dr. Choyce an iris plane | ens. However, both anterior

' cherber 20 and iris fixed lenses created a risk of damages to delicate
irrs tissue. An advanced in the intraocular |lens art occurred when Dr.
Shearing invented the first, practical, posterior chanber |ens. Dr.
Shearing's design -2 r J included a bi-convex pol ynet hyl met hacryl ate
(PMMA) | ens body which was positioned behind the iris and against the
ciliary nmuscle or within the capsular bag. The Shearing | OL was mai nt ai ned

in a genemaludgd cenbirainvexi polpfuettiytethabyylatei (PMMARNKERS ApgdyC SwHiliptwext ended
radially fromthe peripheral edge of the lens optic and 5 were curved at

their di spasitiomedbehiirheury add eaisOfi BarkiBufthnid Gnadie! G louagplns!

peri pheral, tissue of the eye to support the | ens. Although e ring

| ens  hapThé Sheadns 1O wak msRblined iﬁ%gﬁxgﬁ)‘%ﬂhﬁ cgﬁﬁgpmoéf %irﬁll%glst?yn hilé_e?gop

ot her pioneers to develop a variety of esl gns, su

i sauo. AXCRaNHhdts ol Rl R aablly i el st Fs PR mopions

tissue. Asignificant limtation o
desig i hat. the focal int is fixed at infinity. Accordingly, for all
near \%S si%ﬁ}et glsrlggc,l %oﬁ\?gnfj%a?“‘#eaﬁbﬁgc‘ﬂ]"%s@é'“ﬂﬁ%é’rﬁe‘henwgﬁaﬁ ttefin t hi s
connection, ,it is pbelieved the several mllion pair of reading glasses are
sol d annu?§355t RETiRhera Hssugnfithe exs ta wrppartahe lensh AltbeughothetSheating lemsi dences
of cataract formation and its attendant 15 tendency to blindness, '
r educt i onlsantiss hedrsmatharce cantactrrdnep abe soécescabtienidns tead othet Pioagersape el |
known. This condition is known as presbyopia. The anplitude
develop a variety of haptic designs, such as, a C-loop or an S-loop and other
designs to relieve trauma to adjacent contact tissue. A significant limitation of all
10  fixed focus intraocular lens designs is that the focal point is fixed at infinity.
Accordingly, for all near vision tasks, conventional reading glasses became
necessary. In this connection, it is believed the several million pair of reading
glasses are sold annually within the United States alone.
In addition to the incidences of cataract formation and its attendant .
1S  tendency to blindness, reductions in both amplitude and speed of accommodation
with age are well known. Thls condition is known as p‘rwbyopia. The amplitude
of accommodation decreases progressively with age from some 14 diopters in a
child of ten years to near zero at age 52. The exact explanation for the
physiological phenomena is not well documented, however, it is observed that the
20  curvatures of excised senile lenses were considerably less than those of juvenile

ones. This failure could be due to a hardening of the lens material, sclerosis,

decrease in modules of elasticity, or to a decrease in thickness of the capsule or a



of ‘accommodat i on decreases progressively with age fromsone 14 diopters in
' /child of ten years to near zero at age 52. The exact expl anation for the
phy5|olog|cal phenonena is not well documented, however, it is observed
that the 20 curvatures of excised senile |enses were considerably | ess than
t hose of juvenile ones. This failure could be due to a hardening of the
lens material, sclerosis, decrease in nodules of elasticity, or to a
decrease itombinatiere o€ the &bhee-caBsaillrélesﬁr ofythe gausgyridt isas irecvguized Hactatimte.
Regardl ess of the cause, it is a recognized fact that beginning at about
age 40 - 415egixmingcattiabnut age 40t h 45aarrention ffar betls inear hed dake sisiorebasgrsy i N
nost humans. Conventional techni ques include bifocal glasses, bifocal

contact | edéeessagyin@iost uraiess.f ContintoaalCcReclafiguéciadiudg bifoafl $hfsds) bifdear
vision, and 5 nono-focus contact |ens sets where one eye carries a contact

l ens for déonlt £ Q€ns, \dofit 20 1840ds trhe aRtdiRe a%ner&amag gﬁas@s AN heRt vikBAS a

reading. Still further refractive surgery f tance vision cohpped wth
readi ng gl a ﬁg?{lﬁ (Qﬁzg& ug, s;) Jb A r rf_{)
hbtmnt%%tanglngo ¢ te#ﬁg §|Ig§% b eyn t%ﬁ%%%lg é’ PyugFeboth
near and dlstanc of the above sol S are conpl. n 10 one
form or anBffigAan ttl?a OélFeé' ?‘P’rea%fﬁeﬁalcwmﬁgiegsl P BSRALRE- gﬁf‘ﬁ?ﬁ’&ﬁe’i Fefractiver al
bi focal vision of yout h. A somewhat rel ated visual dysfunction in tyout h and
young adul f¥8fsy Fﬁnddstﬁﬁce wsipp coupled jyith seading glasses hgs bgen wsed| sucgessfylly| ear | y
focus at distance. G asses, contact |enses or refractive surgery are the
nost conmote fexreet mﬁbmmmﬂatwidm,tanlﬁngmhegeat,efw tefie€ of haing aklsds seb
nyopia it may be necessary to correct vision up to
clearly at both near and distance, all of the above solutions are compromises, in
10 one form or another, and are dramatically more inconvenient than the natural
bifocal vision of youth.
A somewhat related visual dysfunction in youth and young adults is mild to
severe myopia or the loss of an ability to clearly focus at distance. Glasses, contact
lenses or refractive surgery are the most common forms of accommodation,
15 however, with certain cases of m_yopia it may be necessary to correct vision up to
30 to 40 diopters. As the degree of myopia increases the use of conventional
solutions becomes less attractive and it would be highly desirable to be able to
reliably correct this patient concern.
Still further, as humans age, or through viral inflammations or trauma,
20  deterioration in retinal cells, including macular degeneration, can cause a dramatic

loss of perception of light and color by rods and cones of the retina. In certain

instances a degree of relief for humans suffering from impairment of vision from



30°to 40 diopters. As the degree of nyopia increases the use of

cofiventional solutions becones |ess attractive and it woul d be highly
desirable to be able to reliably correct this patient concern. Still
further, as humans age, or through viral inflammtions or trauma, 20
deterioration in retinal cells, including macul ar degeneration, can cause a
dramatic | oss of perception of |light and color by rods and cones of the
retina. In certain instances a degree of relief for humans suffering from
i mpai rrregé ﬁf v'hsi on from -4 C the |oss of retinal cells can be achieved
by i ncrea8f 195 R LRl SRS £ap be achigyrd: by increasing thejintensity pr esenifechtion

heal t hy C?|,| S. In certain_instances of macul ar degeneration it would be
desi r abl @ tBageoREesented o healthy ¢llsh kncestain dnstaces of anaontdri dépenéradint 0 70
diopters. This magnitude of correction is not readily achievable with
present | yit Wsuwm\gwwqumm hpatidntivitt a0 otibw of/ b ThfrecHbr bi B6¢, 7§ t he
proceeding are not intended to be exhaustive but are major concerns and

r epr esentdiopteist affhinmapnitadel of reofPetiion tis Aot dedBidy iKil Laged from
trauma, disease, and/or age. It would be highly SSQFY%%F%I?%?%EQQ
l'imtati amewaitdtithi§gesaddr essed and minim zed or elimnated and 10 thus
restore to patients at |l east a portion of the accommbdation and clarity of

the vision ofrHeBinftaOid f vi > . THE | NVENII ON 15 It is a general
obj ect of the invention t%]vo%éﬁ)ﬁﬁggm EE%ipﬁ?ﬁﬁe pAra{et iptgnded to be

exhaustive but are major concerns and represent limitations placed on mankind of
impaired vision occasioned from trauma, disease, and/or age. It would be highly
desirable if these limitations could be addressed and minimized or eliminated and

10  thus restore to patients at least a portion of the accommodation and clarity of the

vision of their youth.
OBJECTS OF THE INVENTION

15 It is a general object of the invention to provide a method and apparatus to
obviate or minimize limitations to accommodated bifocal vision of the type
previously described.

It is another object of the invention to provide an intraocular lens system

which to operable to restore a patient’s bifocal vision following extracapsular

20 cataract extraction.



obviate or minimze limtations to accommodat ed bifocal vision of the type
pré\)i ously described. It is another object of the invention to provide an
infraocul ar lens system which to operable to restore a patient's bifocal
vision follow ng extracapsular 20 cataract extraction. -51 It is a
further object of the invention to provide an intraocular |ens system

whi ch can be used as a replacenent of a patient's natural crystalline |ens
to acconmpdate and offset presbyopia limted vision with age. It is a

rel ated object of the jnvention to provide an intraocular |ens system 5
that can be usdiyisihfythereobjectof thejipyention tor proyidecay éntmdcinlae leresnsystem -
correct instances of mld to severe nyopia. It is yet another object of

t he i nventibigh can dheowsekt asrp iraplagementtaof lac patierstiss nemrahiceystalhife Densuged t 0
i mprove vision in patients having retinal deterioration, such as, macul ar
degener at acromuoddte and ofifseppxrisbyapis hijded vidion éth apeent i on to provide an

I ntraocul ar lens system that is operable to utilize the natural physiol egy

of the human e¥eistdrélecl Ubhgect IFQARBIRERtON Qo HrbofdR! anVintia8Pulh bgnt. It
I s yet anot her object of Qibge i nvention to rteﬂstore aalll patai ent Pé&é%?%)tggll

visions fendtQuhne &3H83h Pce D DEAYerft’s r{a‘?ﬁra‘f Qwsg%ﬁiég ferllto chuerségty %g{a?]c%gf t hout

using refractive 15 surgery, contact |enses, asses as t he

correcti vee §ld4bisePere myopia.

It is yet another object of the invention to provide an intraocular lens
system which can be used to improve vision in patients having retinal
deterioration, such as, macular degeneration.

10 It is a specific object of the invention to provide an intraocular lens system
that is operable to utilize the natural physiology of the human eye to restore
accommodati\\'e bifocal vision to a patient.

It is yet another object of the invention to restore a patient’s bifocal vision
following cataract surgery or for correction of presbyopia without using refractive

15  surgery, contact lenses, or glasses as a part of the corrective solution.

It is still another object of the invention to provide an intraocular lens
system solution to creation of a vision augmentation of 70 to 90 diopters without

use of thick glasses or radical refractive surgery

20 SUMMARY OF THE INVENTION



It 'is still another object of the invention to provide an intraocular |ens
swgtenlsolution to creation of a vision augnentation of 70 to 90 diopters
wi t hout use of thick glasses or radical refractive surgery 20 SUMVARY OF
THE INVENTION -6 In at |east one preferred enbodi nent of the invention

i ntended to acconplish the above, and other, objects of the invention are
achi eved by an open chanber, accommobdative, intraocular |ens system
operable to be positioned within the interior of an evacuated capsul ar bag
of a human eye. The inventive 5 intraocular |ens systemincludes a first
anterior | ensliofiti deashpng gwefernedp eobodiment lofntheofinventivhi dieaded agor anged

I n axial alignnment visually. An open chanber, haptic systemis connected

bet ween adromplish thngkeveannd iother, pbjztarofetie inventiohrae achikpéd 69 aiﬁ‘(g%ﬁnt S are
fashioned in the formof elliptical segnents which are connected at their

ends to &limnleat bpdvRinbddtivep iftfadciRrlleRSsysed 6?“%8!& @' e PLiNGHA! Withih0 avay
fromthe visual axis of the |l enses. The overall cross-sectional shape of

Lhe | nvenie ¥t (10! SachBS SYSHE b o' b' BIGR! AN i 5PLARST, 10 11

smoothly within the interior of a patiernt's capsu HEYE Y ept i cal

hapti€ e ' t he capsul ar .bag.is eripherally

pul | e% oilfﬁ\%?é?§qél§ gly%fs%ﬁeglucglf%?dat ﬁétﬁggﬂé‘gﬁ@f‘ﬁ@f’y a%ﬂi%sggﬂfirlg’éﬁrt?ﬁ s 15
produced, by a patjept's natural . visjon accommodative by the ciliary mnuscles
of the Eﬁ%ﬁﬁ"ﬁ Yhﬂcg,a’f’h%"aﬂ% b Axial disnment, yispally; oAby openghamber
posterior lens to provide vision at infinity. As the ciliary nuscles are
constri Chggflcamt%\y%cqmp@mtgptwmmg two lenses and in a preferred form three

haptics segments are fashioned in the form of elliptical segments which are
connected at their ends to the peripheral rims of the lens bodies and arc outwardly
10 away from the visual axis of the lenses.

The overall cross-sectional shape of the inventive intraocular lens system is
elliptical and is designed to fit smoothly within the interior of a patient’s capsular
bag. The elliptical haptic elements are flexible and as the capsular bag is
peripherally pulled outwardly at its equator the bag contracts. This contraction is

15  produced by a patient’s natural vision accommodative by the ciliary muscles of the
eye. In this, the anterior lens is moved axially toward the posterior lens to provide
vision at infinity. As the ciliary muscles are constricted and move radially inward,
for near vision accommodation, tension on connective zonuals decreases and the
patient’s capsular bag thickens allowing the haptics to assume their natural

20 memory state.

Although the use of a two optic lens system is preferred, wherein the

anterior lens is bi-convex and the posterior lens is concavo-convex to a provide



for near vision accommpdation, tension on connective zonual s decreases and
' thé patient's capsul ar bag thickens allow ng the haptics to assune their
natural 20 nenory state. Although the use of a two optic |lens systemis
preferred, wherein the anterior lens is bi-convex and the posterior |ens
I s concavo-convex to a provide -7 corrective range of acconmodati on of
about 4 diopters follow ng extracapsul ar cataract surgery, other |ens
enbodi ments are contenpl ated by {he ugject invention. In this, other |ens
Cr 0ss- seEPITEFEE FRRSe] g'upP%PHH%‘Y"é%‘ Béa ey 4sdiopters follgying, extracapsular
concavo-pl anar or concavo-convex for either the anterior of posterior 5
| ens. | ncatarsdt sungery.i qtheindens embediments dare cqptemplatede hyy thet subjrest eri or
lens entirely or elimnate its optic function by using a biplanar |ens
body. Fi matentipnt Ha thisvesher ens aress-sectiomal cnsfiguiditiogs man et ixed ,sueh henses,
such as three lenses, in instances where extrene dioptive correction is

desi r abl gor &xaniple @nRhvEPlagab ofl icoMdaivoicbhicex Rirl difhier ¢hé ahRpibt 6f pOGEHEHDBES are
use 10 extending at an arc of about 40 degrees outwardly fromthe rins of

the 1gns QR ¢§ stiiNGtRF Snf8héR T @AY YbeSARHABIA RS UethovB AhP GokfApRY Yield t N 80
degree segnents of open space. These haptic segnents are elliptical in

CrOSS-Se%h;ig.gy%&qggﬁamm A .gt@%:fbyﬁxe ra% ipﬁsaﬁ,elehgbp e gy, ot i cal

ratio of arran I'csare al'so envil Fg ed such
R T e T M TR A R A
SnOUON 1 S ices Where axtreme Hiopiive cbrrection is desivaple, | O ovement of the
In a preferred embodiment three elliptical haptic segments are use
10 extending at an arc of about 40 degrees outwardly from the rims of the lens optics
and are peripherally spaced around the periphery with 80 degree segments of open
space. These haptic segments are elliptical in cross-section and are fashioned in a
natural state to have an elliptical ratio of 0.96. Other arrangements of the haptics
are also envisioned such as two wider based haptics or four or more haptics that
15 would be ;hinner in outer width. The underlying criteria is that the haptics are
flexible enough to enable relatively unrestricted accommodation movement of the
anterior lens toward the posterior chamber lens of about 1.9 mm or so in response
to the natural movement of the ciliary muscle and zonula attached to the capsular

bag while simultaneously being stiff enough to support the lens or lenses of the

20 optic system in visual axial alignment within the capsular bag of a patient’s eye.



anterior lens toward the posterior chanber | ens of about 1.9 mmor so in
" rebponse to the natural novenent of the ciliary nuscle and zonul a attached
to the capsular bag while sinultaneously being stiff enough to support the
| ens or lenses of the 20 optic systemin visual axial alignnment within the
capsul ar bag of a patient's eye. -8 BRI EF DESCRI PTI ON OF THE DRAW NGS
O her object and advantages of the present invention will becone apparent
fromthe follow ng detail ed description of preferred enbodi nents of the
invention 5 taken in ﬁﬁ&é nction W|th t he acco%wirﬂ drawi ngs wher ei n:
FIGURE 1 is a parti al RERGREALION QF\THE D gye including a | ens
syst em conposed of a convex-concave cornea and an acconmmodative, bi-convex
natural crystalline |ens positioned within a posterior chanber capsul ar
bag; FIGURE 2 is a partial cross-sectional view of a human eye as depicted
in 10 FlI GURE Qthenexbiect apdretvantiges of) tteapresert ineergionawilbeeenmeeyipacant Wit h
an open chanber, accommobdative, intraocular |lens in accordance with one
pr ef er r edromanthecfollewingodetailed depétiption of iprefeefddémbeadifhiseotithe ifvdntioal .
acconmodat i ve, bifocal vision follow ng extracapsul ar surgery; FIGJRE 3

(not e sshagker WPtonjEnétith WitANBERELdntpa \Hyﬁi’gn&’(fa\ﬁﬂ ORR&eianber, 15
accommodat i ve, intraocular lens having three e liptically shaped hapt | cs

ext endi ng betmﬁn vﬁpg] RRSEET bR
accordance wt one plf&n% Z)I‘ r e% Arﬁ% t@&{%(i t g I nvag‘n S%OLHLI%EME [ S an
end view s%f tetmh%om%%gedc hP gbg({nvleg-tcf)gga%lélc%rmtlaae ra‘t%dsk}/ns tagcr;r;&mnodatlve, bi-convex

natural crystalline lens positioned within a posterior chamber capsular bag;
FIGURE 2 is a partial cross-sectional view of a human eye as depicted in
10 FIGURE 1 where the natural crystalline lens has been replaced with an open
chamber, accommodative, intraocular lens in accordance with one preferred
embodiment of the invention to restore a patient’s natural, accommodative, bifocal
vision following extracapsular surgery;
FIGURE 3 (note sheet two) is and axonometric view of an open chamber,
1S accommodative, intraocular lens having three elliptically shaped haptics extending
between an anterior lens optic and a posterior lens optic in accordance with one
preferred embodiment of the invention;
FIGURE 4 is an end view of the open chamber intraocular lens sys?em, as
depicted in FIGURE 3, and viewed along a visual axis as the lens is implanted
20 within the capsular bag of a human eye;
FIGURE 5 is a side view of the intraocular lens system including a

preferred form of three equally spaced haptic segments, as depicted in FIGURE 4;



depicted in FIGURE 3, and viewed along a visual axis as the lens is
' inﬁlanted 20 within the capsular bag of a hunan eye; FIGURE 5 is a side
view of the intraocular |lens systemincluding a preferred formof three
equal |y spaced haptic segnents, as depicted in FIGURE 4; -9 FIGURE 6 (note
sheet 3) is a plan view of a haptic conponent disclosing its preferred,
general elliptical, configuration; FIGURE 7 is a cross-sectional view of
t he haptic conponent depicted in FIGJRE 6 and di scl oses the arcuate

Cross-secti ona .the,haptic . 5 el ement RE 8 is a
schemati c and g%ﬁ%#eﬁl cglﬁ?eugﬁ ?sa'f‘ ng:}p waof %B@?\hccﬁme“%ﬂ°ﬁ'ﬁﬂi1§al
accommodat i traoc | e I n accordance with a preferred
embodi menPr ‘F"'f egﬁ“ﬁvgﬁﬂlpé’ﬁﬂj; '(?“Wlthl n the capsul ar bag of a human
eye; FI GURE 9 IS a part.ial schematlc side view of the accommodative, 10
i ntraocul ar @%t érf§ ajepasesectiongl riemURE the haptig compimente depictedt ine

I nvention mhlch di scloses the longitudinal elliptical configuration of a
hapti c of FiIGUREefisands discloses fHeGaRfate cressaectidmairapnfigitationt sfathieomapifc t he
notion of the open chanber, elliptical, accommbdative, intraocular |ens
syst ers i nelesent;dance with a preferred 15 enbodi nent of the invention,
depicted in FIGURES 8 and 9, wherein phantomlines represent a segnent of

the lens in a PREURH 8 W@éﬂémﬁ@i&cﬂﬂd Qibnfoﬁleltﬁmtra'tﬁﬁ%tdn eh "UhRmibleE,
capsul ar bag of a patient's eye, with the patient's cil O{}) miscre
elliptical, accommodative intraocular lens segment in accordance with a preferred
embodiment of the invention positioned within the capsular bag of a human eye;
FIGURE 9 is a partial schematic side view of the accommodative,
10 intraocular lens system, depicted in FIGURE 8, in accordance with the invention
which discloses the longitudinal elliptical configuration of a haptic of the lens
system;
FIGURE 10 is a schematic illustration of the motion of the open chamber,
elliptical, accommodative, intraocular lens system in accordance with a preferred
15 embodiment. of the invention, depicted in FIGURES 8 and 9, wherein phantom
lines represent a segment of tﬁe lens ‘in a natural memory condition following
insertion into the capsular bag of a patient’s eye, with the patient’s ciliary muscle
constricted inward to accommodate for near vision, and the solid line segment
_ depicts the position of the lens system when the patient’s ciliary muscle relaxes and

20 peripherally expands and stretches the capsular bag outward narrowing the

distance between the lens optics to provide accommodative vision at infinity;

-10-



constricted inward to accommodate for near vision, and the solid line

" segnent depicts the position of the | ens systemwhen the patient's ciliary
nmuscl e rel axes and 20 peripherally expands and stretches the capsul ar bag
outward narrow ng the distance between the |l ens optics to provide
accommodative vision at infinity; -10 FIGURE 11 (note sheet four) is an
illustration of another preferred formof the invention where the open

chanber, elliptd ~qGC atiyve intraqcul ar | eps stem i ncl udes _only
one anterior p@m% (ggﬁls)sg%‘t'?‘/’&',r) 'ﬁla&)gﬁ“&f%'?% °§ﬂ“?"ﬁ¥rug‘fﬁ?%ﬁr F‘gk"r&r %fnot her
preferred form of, the invgntion 5 Bav&@g gghy one anteriqQr positioned |ens
optic: FI vegtipn weherg the, open champer, glifptigal\accommodative intsaequiar legs

enbodi ment of the invention where the intraocular |ens systemincludes

t hree | ensygemiagludas aniyane anteriprrpositiongdens|optikE 14 i s a cross- secti onal
view of a three lens optic systemas 10 illustrated in FIGURE 13. DETAI LED
DESCRI PTI ON OF FIGREFERRED &VBOBitENhSofCnothiEr IpkhfienNEd ANrh5ofT thireninvgntiony t o
the drawi ngs wherein |ike nunerals indicate |like parts; there will be seen
pref er sed HvipdidiRohe agteriofgokitioasd lepw opfief or e describing the preferred

enbodi ment, however, a brief statement about the context of the invention
i's believed apHIQURRIS is 4R a%8R6BEricOllubtbStidd ¥ ItRE preferred embodiment
of the invention where the intraoéular lens system includes three lens optics in axial
alignment; and

FIGURE 14 is a cross-sectional view of a three lens optic system as

10 illustrated in FIGURE 13.

DETAILED DESCRIPTION OF
PREFERRED EMBODIMENTS OF THE INVENTION
15 Turning now to the drawings wherein like numerals indicate like parts,
there will be seen preferred embodiments of the invention. Before describing the
preferred embodiment, however, a brief statement about the context of the

invention is believed appropriate.

20 e Inventi
Turning now to Figure 1 there will be seen a partial cross-sectional view of
an anterior segment of a human eye 20. Vision in humans is provided by a first

convex/concave lens known as a cornea 22. This segment is partially spherical and
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Turning nowto Figure 1 there will be seen a partial cross-sectional view
' of( an anterior segnent of a human eye 20. Vision in humans is provided by
a first convex/concave | ens known as a cornea 22. This segnment is
partially spherical and -11 is transparent to light. The cornea 22 is
connected at its perineter to a generally spherical exterior body of the
eye known as a sclera 24. An iris 26 is positioned wthin an anterior
chanber of the eye 28 and serves to vary the amount of light permtted to
pass i nt é trauspayentstorlight urkhe ivaed 22 ds eonmectednatsits pemimated to . gemerdly Wi th 5
a muscul ar structure known as the ciliary body or nmuscle 30 which extends
per i pher aphericabexterian body afithe epokhbwn xfa stler94. An ids D6 ad pésitieded | | ne
lens 32 is positioned behind the iris 26 and is enrobed by a capsul ar

menbr ane withiR @@ sfterior HeariBérUéiheCépeSiPhhd RErveS 16 vady aﬁmmw@t?ﬁg
ellipse in cross-section and is circular when viewed along a lin

si ght . g,gtmwafto? ARSI i Ao 60 JIE S0 7 wmd fan

equat or sition he capsu Iar ag 34. ace extends

acrosg the rf of the lens 32 and isol for

segnent 3f “ﬁ%gulg S?rf"rco% aﬁ\gn reaosu{s]] “cRah B%?Dﬁl?ed“ﬂﬁ“?%%@l‘é’gt‘zhv?’f‘%

hunor . fo used hy t.he human by bein refracte_d t hrou h the
Cornea — PRBHETAHIKARORGRR ALieElT ZGEITH ORIMRBMF- ¢ Aon galling lepssi? i
crystalline lens and is focused on a retina at the base of the eye.

Bi f ocal wesitigned pelnd the iis 36 aadois enrelad bynat eapsulas membranscut bap B4. varyi ng
the shape of the natural crystalline lens 32. Mre specifically, i1nmages at
i nfinity Theendtocalsenystallinehkensi3d2 appraxirsates @0 ellipse in cross-section and is

circular when viewed along a line of sight. Zonula of Zinn 36 extend between the

10 ciliary muscle 30 and an equator position of the capsular bag 34. A hyloid face,

not shown, extends across the posterior surface of the lens 32 and isolates the

forward segment of the eye from a vitreous chamber filled with clear vitreous
humor.

Light is focused by the human eye by being refracted through the cornea

15 and then refracted again through the bi-convex natural crystalline lens and is

focused on a retina at the base of the eye. Bifocal vision from infinity to 250

millimeters is accommodated by varying the shape of the natural crystalline lens

32. More speciﬁcally, images at infinity are focused by the ciliary muscle 30

relaxing which permits their peripheral expansion and thus tensioning the zonula

20 36. Tension of the zonula draws the equator of the capsular bag radially outward

and foreshortens the thickness of the lens body 32, providing for distance vision.

In contrast, near vision is accommodated in a human eye by the ciliary muscles
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rel axi ng which pernmits their peripheral expansion and thus tensioning the

' zqﬁula 20 36. Tension of the zonula draws the equator of the capsul ar bag
radially outward and foreshortens the thickness of the |l ens body 32,
providing for distance vision. In contrast, near vision is accommopdated in
a human eye by the ciliary nmuscles -12 contracting which rel eases tension
on the zonula allowng the lens body 32 to thicken into its natural state
and thus focusing near objects upon the retina for transm ssion to the

brain by ' n_eve .adapts, readil o variations in focal

| engt h aﬁ$ g"éé:}%@eg”éﬁ‘?{ \{-Eleg%b ggwﬁ %’t’mtgﬁ {‘)’Bu{ﬂ @&PB’B{%@{%Y% badyi 32 1t9 as

wel |l as ey nv'kn i QR in ta';t I Y Wi éh?lut £ copsci ous accomodati on.

Not wi t hstandihg PHe BarYacstals apd thus;fochsipg,pear ohierts ynop e xetiga for

popul ation, an | nabitbi fo view objects at infinity, or myopia, is

f r equent FEADETASSIAR (0, thg brain; by theqptic nerferi r nent can be corrected by

refractive |ens held by glasses, wearing contact lens or refractive

surgery. |n addbumag enﬂagwtﬁatendﬂﬂrtan@rmiometinffmwblengﬂr and Searilesgly| . This

is known as hyperopia and their vision can also be corrected by _

conveft i ematiles efwantn teeviewattjeqs as infiitycay wail fas deastvama%&anﬁf\cﬁ{h%uk ack of

accommodati on these conventional procedures becone undesirable and

al t er nat icsesciue C acivhfnodstion) e e HRewithithhamgh tife %ﬁéi’fe@t %i%ﬁ@nyogflﬁsb% n,age has
0 | rs,

an ability to change the dioptic 15 power by urteen op hi's

S, g b g S D g i,

human eye to accommodate variation | ( . |y
zer 0. ThirqGORAY ehehulelrda® FHie dishi) D pRIGRRY 2B e e e B S b ractive

lens held by glasses, wearing contact lens or refractive surgery. In addition,

10  certain bumans do not focus near vision well. This is known as hyperopia and
their vision can also be éorrected by conventional refractive techniques. In certain
instance of severe lack of accommodation these conventional procedures become
undesirable and alternative procedures are needed.

Although a youth of ten years in age has an ability to change the dioptic

15  power by fourteen diopters, this ability gradually decreases with age and by fifty
or so the abﬂity of the humén eje to accommodate variation in focal length
becomes essentially zero. This condition is referred to by presbyopia and a patient
often requires correction for both near vision and far vision. This can be achieved
by wearing bifocal glasses or contacts or undergoing refractive surgery for distance

20  and wearing glasses for reading purposes.

~In addition to the foregoing more conventional limitations on 20/20 vision,

in instances of juvenile disease, trauma, and more frequently through age, the
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~often requires correction for both near vision and far vision. This can be
ac@i eved by wearing bifocal glasses or contacts or undergoing refractive
surgery for distance 20 and wearing glasses for readi ng purposes. In
addition to the foregoing nore conventional limtations on 20/20 vision,

I n instances of juvenile disease, trauma, and nore frequently through age,
the -13 | natural crystalline I ens 32 becones rigid and opaque to the
passage of light. This condition is referred to as a cataract which can be
corrected [ vahk..of the_lens 32 by a nunber of techniques, however,

t he nost c‘:‘gyr‘%%gn'&s%gﬂeolfﬁ gﬁu"ﬁ&??&f §lgldzm\ﬁpwee§ottha@a§aagé af light.r Tais on. I n
this procedu@(ta, an ?nng‘% ar opening is 5 fashioned about the anterior visual
center of SPREUPRISTeIerEed Ig a%a sptarpet whick camibe cotreeted diyitefriokyli 6Ftha Mehs
aspirati ng the hardened |ens material. At |east one procedure for
phacoenul S%fiYcamugper;af teghnigues, droweseni thatros dofn§ir ¢ |peFReml _{hrge?)J{gi ted

St at es Shﬁgri ng Patent No. 5,154,696. Once the natural crystallrln ens is
removed akppwBorsyextradapswar fextmictivengid tBiRt pFoce@ire2AAUL SN TokiihJELErS 1N
dianeter, 10 is typically fitted into the cgpsul ar bag anci lh?lpgiulhﬁﬁﬁosi tion
by radi al fashintied rubong thdrapferios . vidhdI NQHEP Fadar nd .insertion of
an intraocular lens is the nost frequentl)a/tth%er drc%g{fggi%éﬁéﬁlmﬁ’r% dure in
t he Unit eghent Qﬁﬁ%{fyﬁ{y RS ad5ih, nsi der abl e degree of

sophi stication and success,aglgln t?ﬂn??tggcﬂ%%ﬁn?‘gﬁgnﬁ é“%‘&ﬂ"g]ct edt lgrsth oge di opt er
to achiev I §d Nfak vi.si on _yust be corrected by wearin 15
readi ng g ngscgggl‘é %“Orﬁhm lcdtion, irrigation and aspiration is Xﬁsclosed lg a

United States Shearing Patent No. 5,154,696. Once the natural crystalline lens is

removed a bi-convex, fixed focal length optic, of about six millimeters in diameter,
10  is typically fitted into the capsular bag and held in position by radially extending

haptics. Although cataract surgery and insertion of an intraocular lens is the most

frequently performed surgical procedure in the United States, and has achieved a

considerable degree of sophistication and success, an intraocular lens is selected

with a diopter to achieve far vision and near vision must be corrected by wearing
15 reading glasses.

Finally, retinal disease or damage can impair human vision and one form is
known as macular degeneration which usually occurs with advance in age. The
symptom of macular degeneration can be alleviated, to a degree, by providing high
diopters in the 30 to 70 range such that the rods and cones available to receive

20  sight are utilize to their fullest.
From the foregoing context it will be appreciated that improvements in the

eye care industry can be made with respect to correction of vision such as myopia,
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Finally, retinal disease or damage can inpair human vision and one formis
kn6mn as macul ar degeneration which usually occurs wth advance in age. The
synpt om of macul ar degeneration can be alleviated, to a degree, by
providing high diopters in the 30 to 70 range such that the rods and cones
available to receive 20 sight are utilize to their fullest. Fromthe
foregoing context it will be appreciated that inprovenents in the eye care
i ndustry can be made with respect to correction of vision such as myopi a,
14 | hypBYRSEPRI2; BFesbEORAi Eeplacement efbifecad visidrf fllabving siataratoblRwdiag
cataract extraction and treatnent of retinal dysfunction such as macul ar
degener at Poshtreztmeent of zetiral dysfunction sich. asAnsanandaieecationt r aocul ar  Lens
Systtem 5 Referring nowto Figure 2, the subject invention is directed to
an open chanber, elliptical, acconmodated, intraocular |ens system 40
which is operable to correct and/or elimnate vision inpairnments of the
type descOp&eChahmbes, Eilipticali BeéaRinglated! % o udes an anterior
| ens 42, a posterior lens 44 and 1 apti c segnents rably connecti ng
the agerior lens 42 with the posterior lens 44. As noted in Figure 2, the
subj ect intraocular |lens system40 is substantially elliptical in
Cross-section rab) nf or to the interjor_ three-di nensiona
surface of thel@é(}grprgxp él?p‘b%/?g%o .re'l%;‘r; Sy oISt PRYRton I5 directed totan dpemi ngs,

n

at sheet two. there. § shown
chiRiber, lliptical, Accomme ated, intraocular lens system 40 which is operable to

correct and/or eliminate vision impairments of the type described above. The
intraocular lens system 40 includes an anterior lens 42, a posterior lens 44 and
10  haptic segments 46 operably connecting the anterior lens 42 with the posterior lens
44. As npted in Figure 2, the subject intraocular lens system 40 is substantially
elliptical in cross-section and operably conforms to the interior three-dimensional
surface of the capsular bag 34.
Turning to Figures 3 - 5 of the drawings, at sheet two, there is shown an
15 axonometric view of the subject intraocular lens system 40, a front view, and a side
view, respectively. The forward or anterior optic 42 is preferably bi-convex as
depicted in Figure 5 and has a diameter of approximately five millimeters for
positionipg within the capsular bag 34 immediately behind the iris 26. The power
distribution of the anterior axid posterior lenses may be varied to suit the needs of
20  the particular patient, howgver, in a preferred embodiment the anterior lens is
positive and the posterior lens is negative. The posterior lens 44 is in visually,

axial alignment with the lens 42 and cooperates with the anterior lens to correct a
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15 axononetric view of the subject. intraocular |ens system 40, a front
\M&QM and a side view, respectively. The forward or anterior optic 42 is
preferably bi-convex as depicted in Figure 5 and has a dianeter of
approximately five mllinmeters for positioning within the capsul ar bag 34
I medi ately behind the iris 26. The power distribution of the anterior and
posterior |lenses may be varied to suit the needs of 20 the particul ar
patient, however, in a preferred enbodi nent the anterior lens is positive
lens 44 is in visually,

dth t Th t
gQ. al Su Posﬁgﬁli Q';‘\i anPri’eP’Tezﬂge‘i?“g’ﬁ ne%aB ¥ eél%%\ﬁﬁsllme%m asphberidgabns t o

correct a -15 wearer's vision. In a preferred enbodinent, the lens 44 is

f ashi onedORf v CPKEY shape as; depisted. inoRigugessh and fis GBBP%&@@I anprefereds 3 and
5. Although in a preferred enbodiment the anterior and posterior |ens

conbi nat iesthedipentathesanterar Ansl, @osteriphdens| eorbinatiphe siraras stateide abdvat ed by
the subject invention including anterior lens 5 fashioned with a

concavo- pitherdens cupleaave contenrplatad dy chasubjectdneaition iaOMHingHAEHM s | N 2
simlar manner, the posterior |ens may also exhibit the range of physical

| ens fsorrfagmmdposﬁﬂhbl hi t édifea0b-phftiaby) CORGVGEcoRVeONYRY Qlonkb@P&icaly OF der
to achieve the desired visual result for a partlcul ar patient. Lenses are

typi cal | %ohabiraf8hL01d A YAl ARiuEA g nephgng‘tgﬁsvpisb%&&%? theJagied TV

10 however ofher materials may be ut| |ze such a ass

acrylics [ I ef ctlve ab|I|t

bi oycorrpa{ Fig:‘}}‘m‘?l;ﬁg%/ é‘gngi‘)im&l %ots %’?‘%‘3&5 ° ﬁ%&o%“ﬁﬁf é’(f%/éqnﬁ’ﬁ’ér?f' i Anar je
anterior 4 ast erj or, 44 | epnses ar oupl ed together by a plurality of
ool t ouiokasT P aRReYs e esired SRRSE ool o7 b articuar gadent,” Ledies are

typically fabricated from an optical grade polymethylmethacrylate (PMMA)

10 however other materials may be utilized such as glass, silicone, or acrylics
provided visual clarity, refractive ability, and bio-combatibility are all maintained.

In the subject invention, the anterior 42 and posterior 44 lenses are coupled

together by a plurality of longitudinally elliptical haptics 46. The haptics are
connected to the peripheral edges of the anterior and posterior lenses by stalking,

15 integral formation, gluing, or other known techﬁiqu&s and are positioned on the
peripheral edges of the lenses m equidistant peripheral locations. In a preferred
embodiment, the haptics subtend an angle of thirty to forty degrees as viewed in a
direction of line of sight, note Figure 4, and extend outwardly approximately nine
millimeters, in diameter, to approximate the normal internal diameter of the

20. capsular bag of the human eye. As shown in Figure 6, note sheet three, the haptic
46 is generally elliptical in a plan view and has arcuate end surfaces 48 and 50 for

attachment to the periphery of the anterior and posterior lenses as noted
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connected to the peripheral edges of the anterior and posterior |enses by
' stéiking, 15 integral formation, gluing, or other known techniques and are
positioned on the peripheral edges of the | enses in equidistant peripheral
| ocations. In a preferred enbodinent, the haptics subtend an angl e of
thirty to forty degrees as viewed in a direction of line of sight, note
Figure 4, and extend outwardly approximately nine mllinmeters, in
di aneter, to approximate the normal internal dianmeter of the 20. capsul ar

269, O o hBoll! TBleH P cchitn S Ehplils Tk UM Srfuach Hole Hifthls b 40G T, ab Belene, §

46 is gener ptical In an vi éw and nas &tes 48

and 50 for__.attagchment to.the periphery of .the anterior and posterior

| enses a& ng‘gcﬁ o n‘“re 3589%(0%3@[}0@'5-%%55? “b“@ fRabies the hgptic o
arcuate, note Figures 4 and 7, and have a radius of curvature of

appr oxi nﬁf"é’l"&‘]ﬂ?@‘fﬁf‘l“ltpﬁﬂ? iterighsunface pfianceyacpated £ppsudan kag. sioot hl y conform
to the interior surface of an evacuated capsul ar bag. The haptics 46 are
preferably cofhesd@pties péf yaxet myrefesablsic cpmpoeed Sof PhiRnetiyimethatrylshte ch can
be nol ded along with one of the anterior or posterior |enses. In certain

i nst aficesPMMAmatérdaldebich aah detmolded atimgt with @we foflithe ietedbE o hodtbi§or

I ntraocular lens systemwithin the interior of a patient's eye. In this

i nst ance léldes. D@ pértsindfisanbesh @t MY HolRSiPabIE! ¥ 16R6P ARE6hephll @ve%‘ﬁ't ypugpy! ene
material having a specific gravity of approximately 0.91 and thus the

ol ot enRd o WA O 68 80P UL R BBy
addi ti O“habﬂﬁ 4Iaa(%]i &2 aﬁgg'ntggeously composed of a polypropylene material having a
specific gravity of approximately 0.91 and thus the combination of the PMMA
10 optics and polypropylene haptics offset and the lens system is approximately
neutrally .buoyant with the aqueous humor. In addition, the haptics can be
advantageously composed of an acrylic having a water content of 2 to 30 %, a
hydroxyethylmethacrylate (HEMA), or polydimethyl siloxanes.
Although three radially extending haptics covering arcs of 36 - 40 degrees
15 each, such as shown in Figures 3 - 5, constitute a preferred embodiment of the
invention, other haptic arrangéments of from two to five or more in number are
envisioned and can be selected by those of ordinary skill in the art to satisfy the
requirement of sufficient flexibility to provide the accommodated focusing of the
lens system and simultaneous stiffness to maintain the axial position and
20 orientation of the lens optics.

Turning to Figures 8 - 10, there will be seen schematic illustrations of a

portion of the subject intraocular lens system positioned within a capsular bag 34
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advant ageously conposed of an acrylic having a water content of 2 to 30 %
" a (hydroxyethylnethacrylate (BEMA), or pol ydi net hyl siloxanes. Although
three radially extending haptics covering arcs of 30 - 40 degrees 15 each,
such as shown in Figures 3 - 5, constitute a preferred enbodi nent of the

I nvention, other haptic arrangenments of fromtwo to five or nore in nunber
are envisioned and can be selected by those of ordinary skill in the art
to satisfy the requirenent of sufficient flexibility to provide the

accomodatfifll pAticalars Mbstri@d i d_sinultaneoys stiffness to

mai ntai n the gxi al p%si tion gr‘%%%ls%f%gwﬁ%ﬁcrﬁs‘fﬁé‘%ér@ guration ofr nj ng
to Figure - 1.0, : W be seen schemptic.illustrations of a portion
of the sugjhgc%ap?lgt“réag%ﬂ%ar *‘ler'%n%fﬁ“é%eﬁg’é’if echeiaht, A of; thezellipssseneartheag 34
-17 and pgrti ar iLJustrated in Figure 9 an elliptical cross-sectional
conf i gur aﬁF’éﬁ%ﬁ:# o M@ Hgﬁ‘?ﬁ %e%?wwﬂ thafethisFatip israpinunl foyapplizatienght A
of the elli p%ﬁ’ugﬁl,er the length Bis 0.96. It has been determ ned that thi.s
ratio is dftt Ipby miscles cand genulaf agting Hirongh ytheusapselar s rOpebeidact i Ng
t hrough the capsular bag to provide 5 acconmodative vision with the

i nt r aodul Accommeodative evisia®. witht ltheiginttdocslar Clenk i gistexh i 40) | sug{ﬁ%gr kgd, it
I's envisioned that a nore |inear arrangenent in the formof a triangle

wi t h r oundedfigorationsis maryfepredy i isi anaksiéedaginant ?\%‘e Rh& zﬂ‘f'gnéelﬁ?ent flgttgr ial,
e

t hi ckness and configuration remain both flexible and supportive. 5rring

AR s Dot b MLy e
material, thickness and configuration remain both flexible and supportive.-

Referring again to Figure 8, a peripheral zone of zonula 36 is depicted

10  which extends peripherally about and is connected to the capsular bag 34. In a
condition when the ciliary mﬁscle 30 is relaxed and retracted peripherally
outwardly, the zonula 36 will be tensioned outwardly which will pull the equator of
the capsular bag 34 into a configuration shown in solid lines in Figure 10. This
position of the capsular bag and the location of the anterior and posterior lenses is

15  optimum for vision at infinity.

When the peripheral uhary muscles 30 are constricted the hoop dimension
is_radially decreased which releases tension on the zonnuals 36 and the capsular
bag, biased by the natural shape of the intraocular lens system 40, assumes the
condition indicated by phantom lines in Figure 10. In this, the natural memory

20  shape of the elliptical haptics 46 repositions the anterior lens 42 with respect to the
posterior lens 44 axially and is the position used for focusing on'near objects down

to 250 millimeters. In a preferred embodiment, the subject intraocular lens system
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condition when the ciliary nuscle 30 is relaxed and retracted peripherally
ou(hardly, the zonula 36 will be tensioned outwardly which will pull the
equator of the capsular bag 34 into a configuration shown in solid |lines
in Figure 10. This position of the capsular bag and the | ocation of the
anterior and posterior lenses is 15 optimumfor vision at infinity. \Wen
the peripheral ciliary nuscles 30 are constricted the hoop dinension is.
radi ally decreased which rel eases tension on the zonnuals 36 and the

capsul ar cdapérat® a3@d ik ciifafy Q‘Iﬂhwiél argci;aLgﬁule aﬁé‘%ahﬂh%:a %%lé: %r Plsre:g% a ystem

40, assumes the condition 1Indicated antom I T hes i n u I n

this, th r.ak hape. of, the. elliptjcal haptig¢s 46 repositions
t he ant e?ll-e?)hr% {#e%a[@%%/ ﬁg(rgtéé pect ot c;elfsh‘é“tg 58‘3{)"8{ ?‘bth B‘—ﬁ%e%}lf leps of 1149 and- i s
t he posi“haﬂn%‘gdaf r focus“gg on near objects dowmn to 250 mllineters. In
a preferr@d enbodPReEf POY e cupftion: of 4 dioptersy aFhis @aceommedated matiorr of
cooperate vm'tbh the ciliary nuscle, and zonula and capsular bag to permt a
rel ative Bfi SHPIeRY ingrRogylar Jeng, sygemols pelievedi antomatisaly, and tseembsstyer i or
lens of 1.9 mllinmeters and a power correction of 4 diopters. This
accomfodaVibinnbhe dwnen ey camlithec tis i aperabde tb apernensendy s te@tore SumgilbEVed
automatically, and seanmessly, 5 within the human eye and thus is operable
t o per narkino¢ular @sivar e unai ded bi nocul ar vision. Although a preferred
enbodi nent of the subject accommpdative intraocular |ens system has been

di scl osed and Alitléughse freférre® eRb6 dintehe ¥ tHe feb§ett Gecommoativililihocular

lens system has been disclosed and discussed in connection with Figures 3 - 8, other

preferred embodiments exist with respect to specific applications such as disclosed

10  in Figures 11 - 14. In this, Figures 11 and 12 disclose elliptical haptic, intraocular

lens systems utilizing a single anterior lens body 52 which may be used to

advantage for the correction of mild to severe myopia (nearsightedness) or

hyperopia (farsightedness). In this embodiment, a plurality of elliptical haptics 54

connect at a first end to a peripheral portion of the first optic 52 and at a second

15 end to a stabilizing ring 56 posifioned in a location posterior to and in axial

alignment to the optic 52. Thls embodiment is operably received within an

evacuated capsular bag in a secure and stable manner similar to that shown in
Figure 2.

In an alternative embodiment of the invention a single lens optic 58, as

20  depicted in Figure 12, is supported by elliptical haptics 60 having a first end

connected to a peripheral rim of the optic and extend to free end positions to a

location of posterior proximity. This lens will also snuggly and accommodatively
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preferred enbodi ments exist with respect to specific applications such as
digclosed 10 in Figures 11 - 14. In this, Figures 11 and 12 di scl ose
elliptical haptic, intraocular |ens systens utilizing a single anterior

| ens body 52 which may be used to advantage for the correction of mld to
severe myopi a (nearsi ghtedness) or hyperopia (farsightedness). In this
enbodi nent, a plurality of elliptical haptics 54 connect at a first end to
a peri pheral portion of the first optic 52 and at a second 15 end to a
stabilizj Qgrrng osrtroned i ng | ocati on posteriqgr to and in axj al

al i gnne ll‘ﬂea'bpf aguaed eqpsular, Bag; foxn, us¢ cin, sorrestion of . mxepin \andhi n an
evacuat ed capsul ar bag in a secure and stable manner simlar to that shown
in Fi gUt¥PePoPIRn an al ternative enbodi nent of the invention a single |ens
optic 58, as 20 depicted in Figure 12, is supported by elliptical haptics
60 havi ng a fThetrressrdectionaheenfighration of the ptogredtiveilemsns2 tand St ofc tieend
extend to free end positions to a |ocation of posterior proximty. This

| ens wi | ¢mbbdimeansudepistedrid Bigarsniidand 1€l ymay He deldcted fdii theadesipnatadat ed
capsul ar bag for use in correction of nmyopia and hyperopia. The

Cr 0SS5 Sefdriddet pirpbied Uit itoR pfeférted GBA( RBE I 1és leRRiBItO? @hdarSeontbx ! he
enbodi nents depicted in Figures 11 and 12, nay be selected for the

desi gnat sy oRoh ! QFEbMQxﬁﬁxﬂpﬁa&%nﬁggfﬁmqfsejs% & hBbssleBid NS exhi bl t

a concave-convex, pIano-convex, or conv prano surtace COI’lfIgUI’ ations as

vieved in crops. ool gLl 685! & ludelitk RGRASIGN ASmiPR Alndpfoner ati on

it may be des

provide an accommodative intraocular lens system wherein the lens is capable of
providing hyper-visual corrections of 30 - 70 diopters. Turning to Figures 13 and

10 14, there is shown an accommodative intraocular lens system including an anterior
lens 62, a posterior lens 64, and an intermediate lens 66. An elliptical haptic
system 68 surrounds and supports the anterior and posterior lenses of the lens
system in a manner as previously described. The intermediate lens 66 is supported

by radially extending arms 70 which project between the peripheral surface of the

15 interior lens and the intermediate surface of the elliptical haptic 68. This support
| is illustrated particularly in Figure 14 which discloses a schematic cross-sectional
view taken along section lines taken through the center of adjacent haptics 68 in
Figure 13. The shape and dioptive power of each of the lens 62, 64, and 66 can be
varied to suit a particular patient’s circumstances. In this embodiment, the

20 anterior lens is the principal moving lens during accommodation, the intermediate
lens remains essentially axially stationary, as the support members 70 elongate,

with movement of the zonula, and the posterior lens may move a small degree but



provi de an accommodative intraocul ar |ens systemwherein the lens is

capabl e of providing hyper-visual corrections of 30 - 70 diopters. Turning
to Figures 13 and 10 14, there is shown an accommodative intraocul ar |ens
systemincluding an anterior |ens 62, a posterior lens 64, and an
internediate lens 66. An elliptical haptic system 68 surrounds and
supports the anterior and posterior |lenses of the lens systemin a nmanner
as previously described. The internediate lens 66 is supported by radially
extending arns 70 which project between the peripheral surface of the 15
interior Ien&l ar}g thg lntermggi a#e surface of the elliptical haptic 68.

Thi s supgsrtapLhe anferiqrolens; 62, rihe pewen &f@ﬁl%?%m oftbe Hensi may dees a
schematic cross-sectional ~view taken along section |lines taken through the
center ofaxtfdatos stitiths: needs o 3 ;speqifig pagiens. haweverhife total poveart of @8poner
of each of the lens 62, 64, and 66 can be varied to suit a particular

pati ent ' sdigpteru issreqiieed anp renvisianedndisttibigions whdd 26 aigherdigstedsefos ine t he
princi pal nmoving | ens during accommodation, the internediate |ens renains
essent i aldngerdoai ddrisy ted aliopmtasr for €& idhernsedip@r lens(E5HE four’ Qi @98k Cehe W th
novenent of the zonula, and the posterior |lens may nove a snmall degree but

-20 | &ss pdseeriorhgendnt eAlterndtively, 6ihe AARrRPWERsd i iHRUT chyaf the
|l ens may be varied to suit thg needs ofr a sﬁlgm I'c paﬁ%td,%%%%évte , 1f a

total po : L j : j LsiLoped. distributions would
be ei ght Vigi{egg{egr%ge %égrk%?;h}gwgir?t% é{lﬁgghlr’ gﬂg%]‘f ﬁ*%g‘g@& éw?%t?/ GRPLEsSht er nedi at e
| ens, and four dipoters for the 5 posterior lens. Alternatively, the
anterior lens nay be four dipoters, the internediate |ens may be four

di poters, and the posterior lens twenty dipoters.
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-21_ SUMVARY OF MAJOR ADVANTAGES OF THE | NVENTI ON After readi ng and
un@erstanding the foregoing description of the invention, in conjunction
with the drawings, it will be appreciated that several advantages of 5 the
subj ect inproved open chanber, elliptical, acconmodative, intraocular |ens
system are achieved. Wthout attenpting to set forth all of the desirable
features of the subject invention an accommodative intraocular |ens system
including an anterior |lens and posterior |ens coupled with |ongitudinally,
el l'i ptical hapt SEEVIMARYIODF MAJOR ADVANTAGES OFTHEIINVENTIONt al | i ne | ens
within a patient's evacuated capsul ar bag and provide an accommodati on of
four or nore diopters suitable to restore bifocal vision to nost patient's
foll owi ng cataract surgery. A single, anterior |ens enbodi ment of the

invention is agpePragRes'ahd unGPREMIIS: R oRESRAS d.b_é&{lfg,glmrg %P?'S'i i},@gnggqa,er opi a

and single or dual lens designs find " 15 use 1 n prov

accomodag ; r i 4 Sl . r | tients. .In instagnces’ of
retinal Sign%%éﬁgékgeg%%gg%g ?%%I,nﬁé\’ﬁgrv%ﬂ #l%g %g%egrtg%os\ﬁev?rga AR o si on,
a threse I s § npchi ment (Pf t he.inyention .£gn be used to produce _
magni £ caticon ap t SEFQVEH OPeHRmRFL sliPHif?l, acepmmodptivy, ingpoeular denst 0. 96
provi des a Particularly advant ageous degree of 20 rigidity and flexibility
such t hat SYSteghreathieved; | i ary nuscles, zonula, and natural capsul ar bag
are able to restore a patient's accommodative vision w thout using other

vi si on cor r ect Withog¢ atiempting to set forth all of the desirable features of the subject

invention an accommodative intraocular lens system including an anterior lens and
posterior lens coupled with longitudinally, elliptical haptics operably serve to

10  replace a natural crystalline lens within a patient’s evacuated capsular bag and
provide an accommodation of four or more diopters suitable to restore bifocal
vision to most patient’s following cataract surgery.

A single, anterior lens embodiment of the invention is advantageously
operable to correct both myopia and hyperopia and single or dual lens designs find

15  use in providing full accommodative restoration of vision to presbyopic patients.

In instances of retinal damage or degeneration, where high diopter powers
enhance vision, a three lens embodiment of the invention can be used to produce
magnification up to seventy diopters or more.

The elliptical ratio of 0.96 provides a particularly advantageous degree of

20 rigidity and flexibility such that a patient’s ciliary muscles, zonula, and natural
capsular bag are able to restore a patient’s accommodative vision without using

other vision correcting devices.
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-22 In describing the invention, reference has been made to preferred
enfbodi ments and illustrative advantages, those skilled in the art, however,
and famliar with the instant disclosure of the subject invention, may
recogni ze additions, deletions, nodifications, substitutions and/ or other
changes which will 5 fall within the purview of the subject invention and
clains. -23 LLOYD WSE CLAIMS: 1. An open accommodative, intraocular |ens
system operable to be positioned wthin an evacuated capsul ar bag of a
human eye foll ow ng extracapsul ar extraction of a 5 natural crystalline

| ens, said intraocul ar | ens system conprising: an anterior lens optic
having a |ine @f dek@iBingetie dhvémiog, t vefertlce akasS ; beeah izl abi ppefeled a
plurality of arcuate haptics, each of said arcuate haptics having a first

end W th oah,dfieHAl £ Dhshhitive CRivandigls, tob@bRied dn ik A HBFENE, ahliached
to a peripheral portion of 10 said anterior lens optic and having a second

Zﬂgeﬁéi g AERUEY | %uiﬁjﬁa sk Tof ?‘%%“%@5%*??’?3@‘ Bha'ty” ?s‘.‘-"’&%?eicﬁnd
. 2. A [ | .
p0si t | onctBBcT AR B At ot ARSI AROUF SR RRAE RSP HHh ng

extracapsul ar_ extractigon of a natural crystalline lens as defined in claim
1 wher%i nfall within the purview of the subject invention and claims.




said arcuate haptics are longitudinally elliptical haptics. 3. An open
accommodative, intraocular |ens system operable to be positioned 20 within
an evacuat ed capsul ar bag of a human eye foll owi ng extracapsul ar extraction
of a natural crystalline lens as defined in any one of the preceding
clainms wherein: the second end of each one of said haptics is |joyphgdeto a
retaining ring at a posterior position of the intraocular |ens system and
said retaining ring operably abuts 24 LLOYD WSE against the posterior
surface ofCIEMg/’%iapsul ar bag upon insertion of the intraocular lens wthin
a human eye. 4. An open accommpdative, intraocular |ens systemoperable to
be positioned 5 within an evacuated capsul ar bag of a human eye foll ow ng
extracapsul ar extraction of a natural crystalline lens as defined in

claims 1 ar 2 whesginaccéhmotdsbenihtaschlaflesasybtemnepeedblswi ik goajioned i s free
at said posterior position of the intraocular |ens system and being

oper abl e t»@i%lﬁf?ﬁﬁ cRALRE bapdifir BRS bRE hitharb el BASwRTy dxbrcapsa@lRBeltaictiBRef 41pon
insertion of the intraocular |ens withinthe human eye. 10 5. An open

o Baa el I RRE MR salaTnRUBE L SRREARLAPHARDS POS i oned Wi an

evacuated a human ey OW ng extracapsul ar extraction of
a natural crystalline |lens.as defiped in any o of.. t.he, pr.ecedi ng cl ai ns
wherein: said FGE0Of VHBPPH%E?‘?"&%*‘ Bﬁﬁﬁ#ﬁl%@ c%ﬂvfggor@"iuldﬂ]ta} g’%{f” haptics spaced
about the 15 periphery of said anterior |ens optic.
characterised by:
a plurality of arcuate haptics, each of said arcuate haptics having a first end with
an arcuate end surface, said arcuate end surface being attached to a peripheral portion of
10  said anterior lens optic and having a second end at a posterior position of the i_ntraocular

lens system, said haptic extending in a longitudinal direction from said first end to said

second end.

2. An open accommodative, intraocular lens system operable to be positioned
15 within an evacuated capsular bag of a human eye following extracapsular extraction of a
natural crystalline lens as defined in claim 1 wherein:

said arcuate haptics are longitudinally elliptical haptics.

3. An open accommodative, intraocular lens system operable to be positioned
20  within an evacuated capsular bag of a human eye following extracapsular extraction ofa
natural crystalline lens as defined in any one of the preceding claims wherein:
the second end of each one of said haptics is joined to a retaining ring at a

posterior position of the intraocular lens system and said retaining ring operably abuts

24



6. An open accommpdative, intraocular |ens system operable to be positioned
wi thin an evacuated capsul ar bag of a human eye foll ow ng extracapsul ar
extraction of a natural crystalline lens as defined in any one of the
precedi ng clains wherein: 20 said plurality of haptics are shapeypwsehe
formof a partial ellipse in |longitudinal cross-section and the ratio of
the ellipse is approximately 0.96. 25 LLOYD WSE 7. An open acconmodati ve,
intraocul ar | ens system operable to be positioned wthin an evacuated
capsul ar baginsithapdsiarien sefecefos thesappigaregripen psartion oy légﬁ?Wg?nSa

natural crystalline lens as defined in any one of the preceding clains
wher ei n: tWithid 8 ameeeege cross-sectional configuration of each of said
plurality of haptics is 5 substantially simlar in shape to a circular arc
having a radius of curvature of approximately 4.5 nm 8. An open
accomodati ve, intraocular | ens systemoperable to be positioned wthin an

evacuat ed scapsyag eklaaec&ﬁrn%dawzaﬁuﬁmnir%ﬂs%@& @é?db?&t@ﬂ)%lﬂo@ftloﬁé‘d raction of
a 10 natural crystalllne ens as defined in any one of the preceding

cl ai ms _wher. i of

Si gt o m@vms Pl Bl b o SRS il R o OO el y
30 to 40 de es sald nents, b spaced equal |y about said
| ens. 15 913 Sffé"ﬁ ‘gegl’t“ieéé“a Sr]a%rc?u gf’reﬁbns system operabl e to be
positioned wthin an evacuated capsul ar bag of a human eye foll owin
extracapsul ar dhke seserd end effeagh opgelsaid hafPF‘?%‘tSaquelaﬁéal‘li Bﬁ%te“%ré%(’élt‘ioﬁtoif ﬁ’ﬁcul ar

|l ens as defined in claim1 and further .
intraocular lens system and being operable to abut against the posterior surface of the

capsular bag upon insertion of the intraocular lens within the human eye.
10
S. An open accommodative, intraocular lens system operable to be positioned
within an evacuated capsular bag of a human eye following extracapsular extraction of a
natural crystalline lens as defined in any one of the preceding claims wherein:
said plurality of haptics comprise three elliptical haptics spaced about the

15 periphery of said anterior lens optic.

6. An open accommodative, intraocular lens system operable to be positioned
within an evacuated capsular bag of a human eye following extracapsular extraction of a
natural crystalline lens as defined in any one of the preceding claims wherein:

20 said plurality of haptics are shaped in the form of a partial ellipse in longitudinal

cross-section and the ratio of the ellipse is approximately 0.96.
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conprising: a posterior lens optic having a central line of sight axis
coaxial with the central 20 line of sight axis of said anterior |ens
optic; said plurality of haptics connected to and | ongitudi nall ¥ bet ween
said anterior lens and said posterior lens in the direction PYBAVIEEI i ne
of sight axes for partially supporting said |enses within the capsul ar bag
and permtting relative axial notion between said anterior |lens and said
posterior lens. 26 LLOYD WSE  10. An open acconmpdative, intraocular |ens
syst em opér abl éAn epepacpRBMOfYiiedintapeuiarienssysigacepsrable hsnpsdiongdhy of a
human eye foll ow ng extracapsul ar extraction of a natural crystalline |ens
sai d i nt r agichih an eVaznsted sapbefar beglof mhahai eyefotowingextaecaps@acoriactien ofg  an
internediate | ens optic positioned between and in visual axial alignment

With  sai afilRrysedllifRnPSdeéine@lin hiBNeneQifthpreceitk Slaint wheseial i ty of
haptics connected to said anterior lens optic, said posterior lens optic

and to said intg( %@fs@c}o§f1§ec@i%£1‘2:oﬂﬂ§|ur§§&ﬂ&fé_&@ﬁbﬁﬁli@?fuﬁ’zﬂi@HPHzﬁftbe[kg_ sai d,

| enses 10 within capsul ar bag and " permtting relative accommdative

notion _of said anterior . lens with r . P iar <l ens. 11. An
open acco _ﬁﬁqtla\ﬁ)&swfrﬁ?r%éﬁa@% é?af‘é%‘é}g‘zﬁgﬁ é‘fﬁhgg§%ié€5, %%}%ﬁrglogi m 9 wherein
said plurality. of ra fics conprise: 15 three longitudinally arcuate,
haptics pePPIER3L yyffgﬂ‘é'&ed about the peri pheral

8. An open accommodative, intraocular lens system operable to be positioned
within an evacuated capsular bag of a human eye following extracapsular extraction of a
10  natural crystalline lens as defined in any one of the preceding claims wherein:
said plurality of haptics, when viewed along the line of sight of the anterior lens,
extends outwardly at an angle of approximately 30 to 40 degrees and said haptic

segments being spaced equally about said lens.

15 9. An open.accommodative, intraocular lens system operable to be positioned
within an evacuated capsular bag of a human eye following extracapsular extraction of a
natural crystalline lens, said intraocular lens as defined in claim 1 and further
comprising:

a posterior lens optic having a central line of sight axis coaxial with the central

20  line of sight axis of said anterior lens optic;

said plurality of haptics connected to and longitudinally between said anterior
lens and said posterior lens in the direction of said line of sight axes for partially
supporting said lenses within the capsular bag and permitting relative axial motion

between said anterior lens and said posterior lens.
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rims of said first and second | ens optics. 12. An open accommpdati ve,
intraocular lens systemas defined in claim9 wherein said plurality of
haptics conprise: 20 four or five longitudinally arcuate, haptics

peri pherally spaced about the peripheral rins of said first and second

| ens optics. 27 LLOYD WSE 13. An open accommpdative, i ntr&b@tP #Sk ens
system operable to be positioned wthin the interior of an evacuated
capsul ar bag of a human eye, as defined in claim9 wherein: said anterior
| ens optic conprises a bi-convex |ens having a convex, spheric, 5 anterior
surface and a convex, spheric, posterior surface;, and said posterior |ens
opti c conppi ses\reomarceremodativexintrapeuldrdenisrystameanstadlacto bgppesitiored ant eri or
surface and a convex, spheric posterior surface. 14. An open acconmnopdati ve,
i nt raocul ayitHifas vt shtedncaRaabh@of Dhinrarpei following ek Gasdpsiianexthactiomefer i or  of
an evacuat ed capsul ar bag of a human eye, as defined in claim9 wherein;

sai d ant enj,op.|| SRSIRRS lefis SONRHHaEHadleh ascRAMEXid @dit Pand figther convex,
spheric, anterior surface and a convex, spheric, posterior surface; and

said p st%£ior.ﬂ§ns optic conprises a concave-planar |ens having a concave,
15 sph ri COTRAPRB or surface and a pl anar posterior surface. 15. An open

acco datlive, alnqltltl;exarr?g 1e|1tg'ien|s%gtslc %Xsslttignngd%%?v{/e%glagd 59 vi?gal RRE Efigorﬂﬁeqlt with

said anterior and posterior lens optics; and
said plurality of haptics connected to said anterior lens optic, said posterior lens
optic and to said intermediate lens optic and being operable for supporting said, lenses
{0 within the capsular bag and permitting relative accommodative motion of said anterior

lens with respect to said posterior lens.

11.  Anopen accommodative, intraocular lens system as defined in claim 9 wherein

said plurality of haptics comprise:
15 three longitudinally arcuate, haptics peripherally spaced about the peripheral

rims of said first and second lens optics.

12.  An open accommodative, intraocular lens system as defined in claim 9 wherein

said plurality of haptics comprise:
20 four or five longitudinally arcuate, haptics peripherally spaced about the

peripheral rims of said first and second lens optics.
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within the interior of an evacuated capsular bag of a human eye, as defined
inclaim9 wherein: 20 said anterior lens optic conprises a bi-convex |ens
having a convex, spheric, anterior surface and a convex, spheric,

posterior surface; and said posterior |ens optic having biplldaQaDb EiSEeri or
and posterior surfaces and thus providing no refraction of |ight passing

t hrough the second Il ens fromcurvature of the |ens surfaces. 28 LLOYD W SE

16. An open accomodative, intraocular lens systemopergble to b
posi ti oned3wi t WRGH@CFQ{F@W‘HW%F‘“&W"é‘ifd%‘l?e??’é%mc‘ﬁ’ﬁ’éq?ffea abﬁé’é’s’('ijn%CFhurran eye,

as defined in claim9 wherein: 5 axial spacing of the anterior lens optic
Wit h r espexdthin thetinteripoef asrdveeuatesheapaigen kag of ahemap sy tasdsBaedantalaim %in
evacuated capsul ar bag of a human eye, is such that the ciliary muscle of
t he wear erwhegeiper abl e to effect an acconmodative axial, line of sight,
di spl acement of the anterior optic lens with respect to the posterior optic
of  approxi mat gh¥ «AfNRor Ids 4Btic comprises a bi-convex lens having a convex, spheric,
5 anterior surface and a convex, spheric, posterior surface; and
said posterior lens optic comprises a concave-convex lens having a concave

spheric, anterior surface and a convex, spheric posterior surface.

14.  An open accommodative, intraocular lens system operable to be positioned
10  within the interior of an evacuated capsular bag of a human eye, as defined in claim 9

wherein;
said anterior lens optic comprises a bi-convex lens having a convex, spheric,
anterior surface and a convex, spheric, posterior surface; and

said posterior lens optic comprises a concave-planar lens having a concave,

15 spheric, anterior surface and a planar posterior surface.

15.  Anopen accommodative, intraocular lens system operable to be positioned
within the interior of an evacuated capsular bag of a human eye, as defined in claim 9
wherein:
20 said anterior lens optic comprises a bi-convex lens having a convex, spheric,
anterior surface and a convex, spheric, posterior surface; and
said posterior lens optic having biplanar anterior and posterior surfaces and thus

providing no refraction of light passing through the second lens from curvature of the

lens surfaces.
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16.  An open accommodative, intraocular lens system operable to be positioned
within the interior of an evacuated capsular bag of a human eye, as defined in claim 9
wherein:

axial spacing of the anterior lens optic with respect to the posterior lens optic,
when positioned within an evacuated capsular bag of a human eye, is such that the
ciliary muscle of the wearer is operable to effect an accommodative axial, line of sight,
displacement of the anterior optic lens with respect to the posterior optic of

approximately 2mm.
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