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| enses providing the eye with reduce ons Field of invention The ’
present WveNI3M8 rel ates to net hods]] @m B%@&mﬂ and sel BETIERG/BPM hal mi c
| enses that provide the eye with red ons as well as |enses
capabl e of providing such visual inprovel®#%. Background of the invention
| O Beside first order defocus and astignati smof the eye a nunber of other
vi si on def edithodouf ebthiaingrophthalmic Farsecparidig tbeyd with psascal ardirffhRnent
orders occur when a wavefront passes a refracting surface. The wavefront
itself beconmes aspheric when it passes an optical surface that has

i nper f eckieldnd isesltivh Si on def ects occur when an aspheric wavefront falls on
the retina. Both 15 the cornea and the lens in the capsular bag contribute
thus to these types of. vision defects if they deviate from being perfect
or perfectly TiypeRasihvagorRldead methedestdsigl h@aﬁ&é&tﬂ@%ﬁfhhﬁuﬂebées' n this

‘t ext |nc ude b ph, and .asynme aspheric surface could be
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an |rregﬂ@ﬁweﬁgmﬁace .e all surfaces not being spherical. 20 It is
presently discussed that the visual quality of eyes having an inplanted
intraocular lens (IQOL) is conparable with normal eyes in a popul ation of
t he sanqh@gﬁnugamsﬁgq@nhhm, a 70year-old cataract patient can only expect
to obtain t visual quality of a non-cataracteous person of the sanme age
aft &f surgical inplantation of an intraocular lens, although such Ienses

obj ectively Mmebﬁmrcreﬁwdte&]@eﬁm heisaPd ! the S/RGMmBEr Jfgthtemmeﬁhét%&L
crystalllﬂg |l ens. This result can ?5 expl ai ned by the fact that present
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F The eye | Mot pisoeRly aBelspeaat i e Rl T B Lo BTl
5,777, mgs L) lswamparableahth)wdmz’é eymies p@lﬂmtohoﬂthasdneaargedpcpﬁemm@ floo-
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is pos sbﬂihesatnm ageaﬁmserglmagihmﬂanmtnde IOf abetraeulaoless, efthduple swey éerﬂﬂd)bjt&tmﬂy such
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array i geaptSebst feshify i o ARNPIAMvith ttﬁ%o&tmtxttﬁn&ﬁaltcﬂ% onpﬁh&ttbét%ﬁ'trgﬁ on a OCD
canera |l ocated at the focal plane of the array. The wave aberration of the
eye, i nSepHEViEoMAgsYrements didinatedbal indivigvaddhinving u@éprgcnve cptaraptrsargeyy withh lgser beam
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first derivagiyes lrmfao&t»arZf,%gaalamdaeIsmgme%@defg&ametttts&@eng%&&h tions,
coefficients for weighting the Zerni ke pol ynom al s are obtal ne The sum of
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distorted by the aberrations of the eye as an optical system The
i ndi vi dual Zerni ke polynomal ternms will then represent
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di fferent nodes of aberration. 20 US Patent No. 5, 050,981 (Roffnman)

di scl oses anot her nethod for designing a | ens by cal cul ati ng nodul ati on
transf er Wauezasnasis fromtraci ng a | arge nunber of rays thrPoUgGRIYVHE!] enseye
system and eval uating the distributiona2density of the rays in the inmage
position. This is repeatedly performed by varying at |east one |lens surface
until a lens is found which results in a sharp focus and a m ni nrum of i mge
aberrati gaglopd®wikh exdeBénd @gcscar giagity, @ds Mi'lcﬁlbﬂmeﬂlfay)t’alldesmgd&t fog a a@b& Bt abl e
for the design of contact |enses or ot rrection |enses for the phakic
eye whi cPbeE OIb@’eB‘é‘F?”é@g B1§ ey Ine r?gﬁfegat?dgf?‘e‘trﬂ@“élﬁgfﬂisatl on of the whole
eye system HWeLeht Nb.G, PI7OMb dwilliams et\wvdxlsmge@pm{haﬂ ahEiSHparatiapired to be

-placed between the cornea and the capsul ar bag in the_ anterior chanmber or

in the pessueislpmeasheipgigher pberigHanTLiske GY8 2o RFGRlSEIy Wath SV elfont aupbesise at | ons
of the 'Bg uxllngg@imﬂaﬁ& Shaok wfab&"m%y&ens&% EhBEI RN ESHE Hghd &S AbdraligRUS ON
st udyl ng errations of the eye, including a nunber of studies of the
devel opnefihe efe ant asing sisbdatate Badcompensaiphfor thspr aberrafipas andthersly oRiAIR | cul ar
study, t ﬁgg d;emﬂ%a@ﬁ fcﬁ’fthetJ&%gﬁQméﬁﬂﬁlﬂelﬁf\nlﬁdﬂ%a@?@vw@h%xg@lﬁaimp’ﬂ&}é

separately, ng to the conclusion that the optical aberrations of the
i ndi vi duesticeleppestiont Ehedfartpppnngibiackeipasor prgiide; mesis I'fPr Sbtaiingolight refleetedtsomc al
Letters v hePlap@of € fFeald | et
a0 et e s ey S e RaROof QEpdi s el e PR E o o
VO| 109 plthe endlatarap of the HlettosersShask sepsprnbach dansipt igrthqrseay dy nsed tcformen)
surfaces rﬂa‘ mlla e§%9?e§1hﬁ?)o§nl@§$ur£m &@C]ﬂ%ﬁhergﬂkﬁte@Qﬂh@ﬁc&l%@ﬂxebpﬂ@%nﬂ wi th
ot her ocUl ar D&t ahet er's redict the power and the asphericity of” an
i ntraoc uTlmwaneembematrph of Qheemjrrpfbs &rgrof gpeinhioprcs gradiesdoptthe Y&mep‘é’raf lBtrances of
the futu i @n afnélh {oRal bEl \mlm OFHRGeNeiYnt@PSRh ¥ed by
Ant oni o %J%ﬁg%ﬂg%@@é’éﬁsﬁot r'?g |ln]thjmmgcl;:(;‘;t at N Vol . P?}0(4) 85fl~}5mt hat the
shape of the lrasletsy Freputptbligra shaf ¢ R cagera éﬁ?@“tﬁ%é GRrRRtFFpWBICK HieB PRIIMS These

st udjses i NGi£RhEo R AopL@iBahd first 8RivatMs BLESZPHIRY pSIfonAalR I5bih kiege Spher i cal
aberration which increases with the age. In Visjon Research, 1998, 38(2),

pp. 209-bwlationgrepticdentyior ypnghimﬁ/@g?rfrg%@a ypoyRials aFreqbiaingd. Theyipefithsn of

nat ur al &élgﬁte@lzérhm@ ls@ﬁ&ﬁﬁlsfré@ége@&asecemraete&da\femm AflordiryaaMbeahlicE t hat
t he corneas 10 ha Been renmoved. Accarding t he | aser sr@anner opti cal

met hod ufdke wera@amonmalwagemowdnélﬁlgtlaltzﬁ@ﬂgemﬂrng'e&# CHBRHLIPRITPIFSE an ol der
| ens (GQ,ﬁ%ﬁmo@p%eyﬂgﬁrrect ed {positive) spherical aberration, whereas

a 10-year-old | ens shows cQrrec negative heri cal erration. In
vi e’%of the fY9pEZEHAY: > 0?0 %\1@3@?@ %‘S‘S‘?fg a"gﬁ‘@?'@e%‘ggg’ ﬁ%sé%f”‘?%ar BHHt hal mi ¢

| enses tda&hlaﬁﬁgmbeﬁlﬁt&fn tadspt Rbctions ﬁﬁﬂpﬁﬂiﬁgh&rgmﬁm&bedsmaygtmglﬁmuwd by the
i ndi vidual surfaces corneal .surf ac.

. e such.as, the d the
sur f ace<SYBFY4HR a'ldeet‘(gl“f‘tﬁ’%ﬁéédlﬁté‘%gttlﬂnadre“%té’d’ ,%a'a?ﬁ%?'s &% §6T%gecﬁ° S'g 8?'?121?3 "Borrecting
aberr at Ireﬁk&teﬂl))f}el‘foinkb’ﬂl‘byd@rfyﬁlfglm lambnashetnis giiaté @il a kesis isfopidovhicesswistima
conventl nal c‘),gvga m.c | Qee 5‘ptlon of the invention 20 It is an
obj ect ‘a”Pﬁ%C A {“f%‘ﬁ“‘{lg 'ﬂapﬁ'ec?v &g 'ﬁe visual quality of eyes. It is a
fur ther obj ecTheafethdid mfm&elrtb |abarVetfor @sgmngiaefsmtablvdbf@ddesuglmf cogsat lldnsésn
obtainin amc [.QV] hreued
aberrat i gr?g et f{)”ecémaﬁ%ste Sner o Eyef@% eéagﬁggé'?l%toeg){fco\%pé ensat%l% met hods of
obt ai ni rafemationnt teodholezye b}@tﬁm Zﬁmgablpeome imprpyed mgraeduar ddvessradanitaitoof t he
eye after i ohj e .0 provide
for met ﬁbo d)lace?‘;)oqgr?é’%ﬂﬁéaédn%a ahE"E %E%uaf X;?g In tfle Arterfor fgﬁrﬁt{%ﬁ&r 19t?llle &)Ete;lgl‘

aining an I n ens capabl e
chamber, it would be necessary to consxder the aberrations of the individual parts of the eye.

30 There has recently been a focus on studying the aberrations of the eye, including a
number of studies of the development of these aberrations as a function of age. In one particular
study, the development of the components of the eye were examined separately, leading to the
conclusion that the optical aberrations of the individual components of younger eyes cancel each

other out, see Optical Letters, 1998, Vol. 23(21), pp.1713-1715. Also the article of S. Patel et al in



conpensating for the aberrations resulting fromoptical irregularities in
the corneal surfaces and the surfaces of the lens in the capsular bag. It
is a stiWObueub38r object of the present invention to proRCUEPAN14793

i ntraocul ar | ens which, 30 together with a lens in the capsular bag, is
capable of restoring a wavefront deviating fromsphericity into a
substantially nore spherical wavefront. It is a further object of the

i nvent i OReﬁQ:thEQé/(iJ@lﬂeéllSu e;tyrmutfalwlpeg@s mxhschlsumag e @sphbh@m\drpdabrictual i ty
for patients who have un ope a corn ur or who, have cor neal

def ect s evmenl swhasesltis S\\agete%étwmeeﬁe%t ?g sed ggggtierrith PRESERET i nvent i on
general | ¥ lﬁrﬁt@ts% ptealcmta B&d& Al t}fé%}ﬂieﬂblﬁgoﬁﬂ iRB&ENE 16Hs Svith@RSpur PRk of S

.capabl e o ? reduci ng the aberrations of the eye. By aberrations in this

cont ext ingximdzing thesptieal perforamprses af the fisure pprudonhakip gyce Hurgsrmere. itiyaeslst andi ng
that Ey C%@éfn%fy%engftﬁteht AN ﬂhq»aeer/t,%a%t Lo tl@gl 8, 4@, fs@fmhat tﬂQ' nt

‘ fornmed the retina of the eye,

the vvaveﬂtapﬂof ﬂhavcpmgl qba%etwlg lage adthieeainessnare eélerscabfﬂlméwé;ﬁe indiagterfhais t he
cor nea ?bqnéang tlﬂ:asﬁjbﬁ &k ag)@mﬁs mttwggplfé?lrcél%ﬁérl‘a)ﬁﬁR/Hﬁh uﬁ?elases%thaf?@ﬁéeat ed imge

Wil | or e vefronht deviates from elngw{) erical and this is
t he caseIquenmResm pASsH2)armBAO-BEY. HeStasserrtal. dyvsstigared tiesphasicel r ont
il Mnblh Safi A ﬁggﬁﬂ 'léﬁséﬁm%%& bsetnea £ %n h{b tﬁﬁ@gﬁameee%tn@as

di fferent approxinmate s as is eXplained in tex references, such
as MR FddesmrenQyed.decortimgththedsiser SGWHCII epgigal meghodrysed ltermts it wanfrowil theht | t he
present {£D1deP 16 [BRL20Y) AbwdRRbI: JetghencH! ar |ens
capabl e %Pgﬁ{&h%:aﬁééat%g?}?g] a:?’lonse 0 g%ﬁ e) aftNer its %Eﬁsnﬂ 65] ‘l{on The

met hod czchwpam«sewhareaa 7 K-yest-eld lofs sh@%qyﬁ-ﬁgrephé (nkEstve) @rlceb@terratumn of the
uncorrected eye Ushpbhe wgotlgget& pRRAARA: thel 8 a%@ém%r athﬂatmic%%ts R Of neal
surface in the eye Is a asu using a corneal E‘fpo grap he at

| east onetienrdapte! t@mmmeselteethﬁab&rrtﬂm causedbeide individyal @ @ea|05¢yebwh@$ thehe 15
eye %O rero'nfé'aPerﬁ@és%n& ReNERacRe 6 thdRRs ﬁh@é &?Eﬁ&r'b&@ dndSapRb1dBE RRERLIreingT0del
and by enploying this mathematical nodel the resul tlng aberrations of the
cor neal abgrrétione othetithem defpes gnd astigmatism 38 is|PaqVided gyvithcanveationgl ephiplmiche | ens
in the g‘ Rsul ar bag can be either the natural Iens or an inplanted |ens of
any ki nd. Hereafter the lens in the capsular bag will be called the

capsul ar bag lens. An expression of the aberrations of the cornea and the
capsul arpRedplisnst e itvagtigPy obtained, i.e. the 20 wavefront aberrations of
a wavefront Flavi ng passed such a corneal surface and such a | ens. Dependent
on t¥e sel ected mat hematical nodel, different routes to calculate the
aberrations cafs h@bj@k@ma Bﬁ@ft@ﬁ&:blhwroﬁehﬁbﬁﬁfah@ﬁhty&ﬂl‘efreace and the capsul ar
bag | ens are ch erl zed mat he I ca a. coni coi d of
rotation or |Ir‘i‘St ercﬂbﬁﬁ'b‘?ffﬂ??o'ﬁt’eélpgn prﬁv’g%%g[“ﬁ% isd tHatt“?‘?EESé'b?bta'Wrgém

pr ef er aljp)ithaluhie 160 wigal previdéstheeyaniath lducedpisrthionsbag | ens are 25
characterize .of near conbi nat, on f | ynom al s. e, second
step of the tsl‘ﬁﬁ‘ﬂﬁ‘f”[smltl%“ gé’#‘%&‘tve’ttt%‘ DBREIe g\‘eﬁ} ﬁseoﬂ%ﬁ ?’%%’tﬂ ‘ﬁﬁa"(?'d{"lf B8 on

| ens Wiapdblé Sfrdmmmgaﬁcﬂfedaﬂitg; df thezynutartiisdmplantamdinhoshd eye. t he specific need
of optical ¢ LeC f the e or mat ne and two
an intraocul a ‘it”th%rt %tfﬁttf)é’hosvylesforrrrﬂ%g%’ c}So??og)tamhlgtah 'rtraocu(Par m\‘S% r?tb% ?om an
opti cal csmbmatmg)faspthegbmgatsm xdstrkanrgrfe@tl ppiical ieggulans t:ﬁbe mdraésmfalcesadndrmdel S
of the (%Erneac q’the escnﬁ] %;J 30 | ens obtains reduced aberrations. The
opti cal em consi dere nmodel ing the lens typically includes the

cor nea, the Cclarsatidirfuibey objectsnfandnr@amtdm@omletomnerdelaemgraomkr lgns whieh, speci fi c
cas OIt tcaét lvé{ﬂ allgl%lng cgé‘nﬁagb Escgi ble+f§g§%}hl Q%ﬁ‘&'tﬁ&uétﬂg ses of

spe tacl'& areltictal ect on l'ens Gch as a cont ens or an
-i mpl ant abhmcatgnmteatsulfstantidhsndepmwdpﬁgvaacfrttrthe i ndi vi dual situation.

It is a further object of the invention to provide an intraocular lens, which improves the

visual quality for patients who have undergone a corneal surgery or who have corneal defects or

diseases.



WO U2/ US1338 PCT/ EPUL/ 1-1793 Modeling the |l ens involves selection of one or
several |lens paraneters in a systemwhich contributes to the determ nation
of the | WMs024138338 of a given, pre-selected refractive poweCT/EFMIE43ypi cal |y
i nvol ves the selection of the anterior 4radi us and surface shape, posterior

radi us and surface shape, the lens thickness, the refractive index of the

| ens and the lens position in the eye. In practical ternms, the |ens

nodel i ng can g pedehohi@bioniptitrdRtraalaakioas f GRLikiAL bh @,shﬂmﬂﬁ 18Rt ied in
t he Swedi sh patent  applicati,on th application nunber SE-00006l 1-4, which
her eby i %Prble 8t iseiciedae pheratpns 02”6@% Y ABFrabigns 1Bt eoftiext isy ey eomtase | t

is pref emeﬁslu&n@ Hevis BhRd 38 the dnuéﬁaﬁﬁngom&sm dah@, ih®Wavdlrotd heAdY p&lekily cal |y

-approved nodel. For this reason, %erred to maintain
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pr e- det efpheirabiofaimyzgoist image 1&eip PafrfeCF %‘igi’ Sl@ﬂ be firmed 48 thejretinaphheeno she and
refracti e&&*ve%rgne HagRE Paé%ﬁ 18 oﬁt%aeﬁﬁfaea ofthdiefd @Jcm& tli%h:%ﬂx‘éa Hd thdgr@Rtiesd or or
posterior surface, provi ding these surfaces to have an aspheric or
asymret rmestbhagéectlm&@rleﬂl iy alerrated dnaesvild be {pamed iftheevavalyenidpxiatenfsernod, t he
spheri Caﬁeu%’%ﬁérlcgiﬂnﬁ i %Ctﬁ'e Qse Whén ﬁﬁﬂ‘fn‘ﬁ&t&ﬁ PR perfedbdsiPstd e '“%?/&RQ{?' ed by
sel ecting e aspheric conponent I'ng aspheric surfaces of

| enses iabematignlchn knexpresseddn magigmationd teexaﬁmwecog%n%wﬁhdlfﬁane@barmrqxgnat@

differe ed in
mor ¢ don i 4 A% B 1R BAGE UG O ol e SHE L RRRy Jouh ol BR0C) | <
gi vel as ref elnerfust.emhodisnent theairesert inveationelp direpigelie pimethod of Hesigningsan i s not
restrict; Ienses
can be URbagefiaPATEDRE DIVA A beriths STATDY 1k AE bl tal Ry TThEREY

devel opednipyisesarfpstrsten@f misasuring Fb@ﬁ@veﬁorﬁﬁbeﬁpmrcélﬂwswﬁwmwm of t he
mat hematy, cak o ARdfhs T sﬁap@oﬁaqm@taonée&méahs‘urﬁ@pmh@éyeb@asd ﬁé‘a%ur@&‘951+ £ 20
correction Iens with the aberrations of the cornea and the capsula

| ens andomgall toperapheri Thﬁaatéfwﬁ'fqnélcérﬁ?al rswﬁwewweilw%matememlar §agnﬂftﬂeﬂ ned

Sui @bl &Y b @Rl RICBHRA floSheH dhaih Qe APRGLHAIAPAYR BRI AR RIS Cal
pararreters of the lens, which can be altered so to find a I'ens o eI, whi ch

devi at esn%hﬁmaitlefflérmdpvhe Feswiting pbrgrations of teicerapal pwfase aer he fpps Hithe @pswar t he

aber r at 'bfa%ﬁre cARBaehARAER a@tchpsmapfnaga&n b@aﬂ,ter @B RaGhl &ﬁ@&r aﬁ%{;@&ed pad the
capsul ar ens as 25 mat hemati cal nodel s and erely est abl i shi ng
a

nat henatof é‘b)fgk‘%éﬁf‘@ftﬁ‘fth? leas ighseapsulprcag wal besgslied 'é‘F’ c#pgfar kagdensxdt essi ng t he

aber r at icQfr8ssion deEiRf28ERdUoMs PERE @d’rﬁ@dm@ﬂlelé&psﬁgr BagWansas theRby SRNGET, i.£.Me
measuring the total aberratl on Bf t he eye irect corneal surface
6‘&?5‘68

mear efEeEons abssratens Pt £ SV AXR Tt RAGREPESP fneal suraneand SR Adenset hods

whi ch fsare\gialdbﬁx ce.xnlw @ﬁ;&teu Iilfht[&ki{ailazﬂ amidéll; giffaleat rolitb €S c@kuhﬁ&h&%ﬂé‘ﬂ&g% s&lgo a
uantiftil a e e 1 t can venti ve . rom

'? hese tR6° arlfg’égo %@ﬁ%‘ﬁt@e £ ?{geaéﬁ‘érﬁ“é?'?d gt ipsélﬁ%a%gﬁi Effﬁparﬁge (g?iss coul d al so

be cal culatieatiticdn ehodxlp fretegrdof] al’boﬂhelﬂl’oﬁfdtiﬁmn benmamsofipblyasnials or aear

conmbi nati o h,represent the aberr tlon of the capsular
bag | ens®™ Q’ﬂgtloé'ﬁg?r%/g 4;%’56 %?f\é\?ahf ¢ 555 S"'Eﬂce a']detﬁeécﬁpg WIHSPRISH HE ei t her by
using t hﬁarm&fed onernaselinedricombinations sf mﬂyxtoheals/xmxle eecondstanel the ethddie 3€
subtractin ront aberrati.on val rnea or aIt rnatively
by model ‘f’lﬁ ttﬁ,*)é)wg fet]é%‘ntraocu écorrectl?llwaen§ & c?} & none ac@v%x%tf /celéVfg%% CT/ EPO 1/
1 Q793 weeyhods ﬁiraretspwdﬁMnadnﬁdﬁ[catn‘ormd:t@ncoﬁthn@w lﬁmtlxemfommtmeaf stepe@selr enent s
and a tin [ r. e_ab tiagns of

Thi s sy St Ehto #ubRicbly sorfBRIHERT RRGLE Hn FL SHL AR LUR R BRI DR

cal cul atedpaties sait qoancstlcmrlelssauﬂ thegnagheriagicad imedela of the ccnrh@ and dizesgpsathr bag

can he. 180 P e e B R D AR o B b PR o o,

‘L. L. C, drchilys the pm@aﬂ, tlte@gg@ia@lbhg/lemdd@dd cmsqg:t,lﬁl ggs but in the specific case it can

also include other optical elements including the lenses of spectacles, or an artificial correction
lens, such as a contact lens or an implantable correction lens depending on the individual

situation.




but not limted to EyeSys or Hunphrey Atlas . Preferably at |east the front
corneal surface is neasured and nore preferably both front and rear corneal
sur f aceswar @/0fe38ur ed, characterized and expressed i n abePE€HEPOVI4TSY s,
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capsular bag lens expressmg he aberrations is preferably performed by usin a wavefront sensor

for measuring the total aberration of the eye and direct corneal surface measurements according

to well-known topographical measurement methods which serve to express the surface

irregularities of the cornea into a quantifiable model that can be used with the inventive method.

30  From these two measurements the aberration of the capsular bag lens could also be calculated and
expressed in aberration terms, such as a linear combination of polynomials which represent the
aberration of the capsular bag lens. The aberration of the capsular bag lens is determined either by
using the wavefront aberration values of the whole eye and from these subtracting the wavefront

aberration values of the cornea or alternatively by modeling the optical system in the following
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I ens andyirhge Kifhf Mulﬁaﬁoﬁ Bk YynomiiAl & syd mz‘tmalsro%ﬁ?.dﬁlletheg ThCdspéles changi ng
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spher e. inphides selecting difisrent releyent PORY S IPEXAHPI dhaBeEEQIPE O BHstataTdableef ul t o
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of the 1% goés @ail??éwﬁi thPrﬁE‘/ ?'ﬁ??‘gﬁtl?fk?éhar"rﬁ‘t"ﬁsotae G AbeuRtogs ¢ he
shape ofwhah coipfitd mmecomhﬁ@ﬁl leﬁyliafva(g&ubdmiltlall)C@ﬁmHaBsfurib&g l ens as |inear 20
conbi nations of_ Z ypom al s a eterm ni.ng.the cqrneal and
capsul ar bag!l r%fF@g(Xa{V g %E‘I"ﬁﬁuﬁaé"eé'geafsf)l"&chgb ¥l§e measyremef QH’Sé‘Ffﬁc Yent to
each of péwer dffiichi ey drilpoers of the cpraby nalthedapsuldrdbg less sabetiots itk dxiil eye

The, corr. S
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coef f i ctapatlsr lofg ledsend the mddelequtlyinwhrabsectlem lreesmntndesgoaa wa\ceé:fondmbnmges ulting
from 8Nobtained a substantial reduction in aberrations, as expressed by one or more such polynomial
25  terms. In the art of optics, several types of polynomial terms are available to skilled persons for
describing aberrations. Suitably, the polynomials are Seidel or Zernike polynomials. According to
the present invention Zernike polynomials preferably are employed.
The technique of employing Zernike terms to describe wavefront aberrations originating
from optical surfaces deviating from being aberration free is a state of the art technique and can
30  be employed for example with a Hartmann-Shack sensor as outlined in J. Opt. Soc. Am., 1994,
Vol. 11(7), pp. 1949-57. It is also well established among optical practitioners that the different
Zernike terms signify different aberration phenomena including defocus, astigmatism, coma and
spherical aberration as well as higher order forms of these aberrations. In an embodiment of the

present method, the corneal surface and capsular bag lens measurements results in that a corneal



optical system conprising the nodeled intraocular correction |lens and the
mat hemati cal nodels of the cornea and the capsul ar bag | ens and determ ni ng
if the | W{X0241¥4338r ovi ded a sufficient reduction of the coPGEEPEIGI79Nhe
capsul ar bag | ens wavefront Zerni ke co&fficients; and 30 optionally
re-nodeling said lens until a sufficient reduction In said coefficients is
obtai ned. Preferably, in this aspect the nethod considers Zernike
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above and the same characterization nethods of the corneal surfaces and the
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pol ynom al s and the Zerni ke coefficiengs of the resulting optical system
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In accordance with an especially preferred enbodi nent, the invention
relates to an intraocular correction | ens, which when the aberration is
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calculated. The optical system of the selected correction lens and the mathematical models of the
corneal and the capsular bag lens is then evaluated so as to consider if sufficient reduction in

aberrations is accomplished by calculating the aberrations of a wavefront arriving from such a



eye. The vision can al so be further inproved by providing spectacles or
correction | enses outside the eye or by nodul ati ng the cornea by for
exanpl e Was@y0513BBe opht hal mi ¢ | enses accordi ng to the i nvRGT/EBN/IB243

sui tably be designed and produced 25 egpecially for correcting for
aberrations introduced by corneal surgery such as LASIC (= laser in situ
keratom | ensis) and PRK (= photorefractive keratectony). The cornea and the
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met hod 0O | correct ens cap
aber r at 1o dsr ndfe p@lvnsnm}sauratbtﬂeﬂ arderiargpletenmimed. dhit asn@gaattelps pficient bfecqnteat: ed
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(i) measuring the wavefront aberration e uncorrec eye using a
wavef r onpticabsysem of cornea and capsular bag lens and intraocular correction lens are corrected. It is

to be understood that the intraocular correction lens shall be selected so a selection of these terms
becomes sufficiently small for the optical system comprising correction lens and cornea and
capsular bag lens. In accordance with the present invention, the 1 1™ Zernike coefficient, a), can
20  be substantially eliminated or sufficiently close to zero. This is a prerequisite to obtain an
intraocular correction lens that sufficiently reduces the spherical aberration of the eye. The
inventive method can be employed to correct for other types of aberrations than spherical
aberration by considering other Zernike coefficients in an identical manner, for example those
signifying astigmatism, coma and higher order aberrations. Also higher order aberrations can be
25  corrected dependent on the number of Zernike polynomials elected to be a part of the modeling,
in which case a correction lens can be selected capable of correcting for higher order aberrations
than the 4" order.
According to one important aspect, the selection method involves selecting correction
lenses from a kit of correction lenses having lenses with a range of power and a plurality of lenses
30  within each power having different aberrations. In one example the correction lenses within each
power have anterior surfaces with different aspheric components. If a first correction lens does
not exhibit sufficient reduction in aberration, as expressed in suitable Zernike coefficients, then a
new correction lens of the same power, but with a different surface is selected. The selection

method can if necessary be iteratively repeated until the best correction lens is found or the



(i1) measuring the shape of at |east one corneal surface in the eye using a
corneal 10 topographer; (iii) characterizing the at |east one corneal
surface wa2si338s | ocated in the capsul ar bag of the eyePCDRpIVEIMg sai d
cornea as mat hematical nodels; (iv) cahculating the resulting aberrations
of said corneal surfaces) and the lens in said capsul ar bag by enpl oyi ng
said mat hematical nodels; 15 (v) selecting an optical power of the

| Nt r a0C WhatiedGO&F£ioh keds hﬁnsducéd/bélomglglhxﬁmt bdi€erliflé Vah@C IH @hctedni«td, ke | ens
such that a wavefront arriving froman optical system cgvgﬁ)rl Si n sai d
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-according to c , Wherern said corneal surface(s) said lens in the
capsul arZepake tames of e careetiandenses in thedsitpEropy thig cempgyisgn 816 most gitede 3. A et hod

accordi ng, b gl 1 he MRERPLIIOSA dashpRRal surface(s) and said lens in the
ro25 b a

‘capsula ag are characterized in terns of polynomals. 4. A method
accordi ng t o Tearasm invghéenefurther gieraingp g Mraequar spgesiyn lepgihaviiedt leafiong n t he
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pol ynom 3 according to claim1l1, wherein
char act énto z_nlwagefnffnt thabwhenpit eftexPassing thecoprregiion Jengpessesthe ‘Ff’@éHlarrPé&I lens jss

acconpl i, mnﬁaréaxmu%' g&%@kﬂfﬁnhfeﬁmw\ﬁm@énﬁ atlthEreWRVSEQRE. aberrati on

of the e an tracting val ues from neasurenents of the wavefront
aberipat |Pm¢fer@blydh¢ yaydfontis rsmswntlallwhwalzwtbaremggo RBErREqY EpusgxpressEdan 6. A

et nod 36AA0HING Bl 2bAE cHAGHE) e kin RAET Tont. aberration of the whol e

neasur ed a wavefront sensor and the shape of the cornea is
rreasur ed usi rIgaQCQpbgfrea’plﬁl edsperialy preferead emivpdipgls the snvpntion retehtecrnaccor di ng

to clainm, Ildocqm' Lion . WRLA &hdn tﬁé’ HefMidnUs Eﬁ&ﬂat@tpiﬁarekﬁx@%e@%rmtlﬁﬁﬁem ary

means for correctlon such as sp qct acles or an ophthal mc
correct |combinetm$\ OfgemA\ermbflilQ@l%&lf@? dppap 1o temafthe fourdherder withastarmilie i ons of

the F ef Laghb¥g a E%fﬁr\élugihai %r%ﬁﬁl@ﬁ?ﬁ&(bf aledotrbl@ioh 8 suffcibM c@RsUhar bag and

axi a eye engt esi gnate the selection of optical power of the
cor r ect seiericaaberration of ywevedanipasiretheeyet |9 e asprste! twl&dﬁn% Zspikec g
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subst anrqsaktlpg frp@dueé’tflqﬂf BYRRAS F Fsifations Oég*eéﬁrﬁ#%g%fécw aytin CUREA ahe of said

capsular bag lenses. In another aspect, the Zernike coefficient a,, is determined to compensate for

20 the individual corneal and capsular bag lens coefficient of one patient. The lens can accordingly
be tailored for an individual with high precision.

The lenses according to the present invention can be manufactured with conventional
methods. In one embodiment they are made from soft, resilient material, such as silicone or
hydrogels. Examples of such materials are found in WO 98/17205. Manufacturing of aspheric

25  silicone lenses or similarly foldable lenses can be performed according to US Patent No.
6,007,747. Alternatively, the lenses according to the present invention can be made of a more
rigid material, such as poly(methyl)methacrylate. The skilled person can readily identify
alternative materials and manufacturing methods, which will be suitable to employ to produce the
inventive aberration reducing lenses.

30 In one preferred embodiment of the invention the intraocular correction lens is adapted to
be implanted in the posterior chamber of the eye between the iris and the capsular bag. The
correction lens according to this embodiment comprises preferably a centrally located optical part
capable of providing an optical correction and a peripherally located supporting element capable

of maintaining said optical part in said central location, said optical part and said support element



pol ynom als. 10. A nethod according to claim11, wherein nodeling the

I ntraocul ar correction lens includes selecting the anterior radius and
surface woapa#sofBst he | ens, the posterior radi us and surf aR€l/BR01gHEBe of t he
| ens, lens thickness and refractive index of the lens. 11. A nethod
according to claim 10, wherein an aspheric conponent of the anterior
surface is selected while the nodel |ens has predeterm ned central radii,

| ens t hitgdenRs favanita m&mcpbétmrismdwe whidh id gart dxamﬁhmriaﬂ@ﬁﬁwenget oclaiml,
wherein the intraocul ar COFFECII ens is gp qg anted in the
post er i GRESHEIPBEPWEEN fabnadysphgice oG gndany a“etp%afa ?81?“ 18 { he met hod

further  gooRAiS znﬂaxﬂ&@ cﬁxtveﬂse fbin didchnteftticsaid gogntd dsmnfmh@m ISQEh amadl us of the
-lens in the capsul ar inits pon 30 gccommgat ed.state ; b sel ecting

a post er‘?tﬁocﬁléhﬁqrf&?“qnéﬂﬁsd@thﬁf“ the, MVEBIVE absrragin edvrtiop isrdessribat ‘"t%E Q015 the

I enssi n 4t Ris GRR ALY is Fﬁ&rﬂeﬂ' sinb$it Maﬁt@&@rfﬁ@ﬁﬁfoﬁ@ of tiRteQe ad dvioids dRds@td ni ng
‘the total correctjon lens vault based on the data arriving fromsteps (i)

and (i i yhe crysghiinlens) Bugtpgtsdgsiperopiagh petpeendomtyrpl jgosgag é@t‘f‘ﬁ@}eé"qwe&l\/ﬂress
curve frgginfizq points of inflection representing the intersection of the

posterior surface and a_ plane containing the optical axis so as to provide
an aspheri c Thsstesiodef designing this greferesd Soughtipn feas CCES"PI§GS spitaRly HsdteRE®for di ng t o

claim 1. Waghlife ﬂl@‘ﬁntbmrrrﬁd?ﬁs%f@ﬁe RS i@k daPdhldr 8ASinii@ ndslaRiofhddRe®StateNP! ant ed
in the anterior chanmber of the eye and/or fixated to iris. 14. A met hod

accd? di ng tedpeting pesteripreantial rﬂ‘éj“%%fa‘F‘%tE‘t‘@P‘i‘% Iy dififggent futhet ofdheleninder f ace of

an i ndi vi duak,iibapapRshoRlact ARRGH RN £ rreasurerrents and expreSS| ng the
corneal aberrations as 10 a conbi nati on of ‘[]) nom als. 15. A net hod

accor di ng deieratiningihe tal seirerdpn eng Mathaseskqn zhedita Hevipg Gam sigpg () ahk(or neal
surfaces osfele%ﬂn% Delhwieddatve Bite HBAOIRE oft lﬁmgblaﬁbﬂeeﬁkmgﬁasm@meﬁ sr@gd

expressing the total aberration
posterior surface and a plane containing the optical axis so as to provide an aspheric posterior
15 correction lens surface.

In another embodiment of the invention the correction lens is adapted to be placed in the
anterior chamber of the eye and fixated to iris. The advantage of this embodiment is that the
correction lens is attached to iris and will not move around and has no ability to rotate thus
making it more suitable for correcting non-symmetric aberrations

20 The present invention also relates to a method of improving the vision of an eye.
According to the invention an intraocular correction lens as described above is implanted in the
eye. The vision can also be further improved by providing spectacles or correction lenses outside
the eye or by modulating the cornea by for example laser.

The ophthalmic lenses according to the invention can suitably be designed and produced

25  especially for correcting for aberrations introduced by corneal surgery such as LASIC (= laser in
situ keratomilensis) and PRK (= photorefractive keratectomy). The cornea and the whole eye are
measured as described above on patients who have undergone corneal surgery and the correction
lenses are designed from these measurements. The lenses according to the invention could also
suitably be designed for patients having corneal defects or corneal diseases.

30 The described lenses according to the invention could either be designed for each
individual or they could be designed for a group of people.

The invention also refers to a method of improving the visual quality of an eye, wherein a
corneal surgery first is conducted on the eye. The cornea is then allowed to recover before a

wavefront analysis of the eye is performed. If the aberrations of the eye have to be reduced a



of the cornea as a conbination of polynomals. 15 16. A nethod according to
claim1, including characterizing corneal surfaces and natural |enses of a
sel ect edWsDpUISaI3Bon and expressi ng average aberrati ons of PEHERYA4ER
natural |ens of said popul ation as comnBi nati ons of polynomals. 20 17. A
met hod according to claim1, conprising the further steps of (v)

cal cul ating the aberrations of a wavefront arriving fromsaid optical

syst em céivéciofl &ine advipreid or thi@ ifdivetdumd d;eleeigneid rabdfcmdiﬁgl tocthe degtrigivhiabovel Biis has

provided sufficient redu qn Ln a the wavef r ont ving from
PLra operesttion et Bpercimatasisd o tp sRe by Wikl oyl et Ao

correct ofmbs fetiods hre I_;'Aﬁldfaﬁd BREYs desstibed ﬂn(Bflr\leSj oQOblﬁhﬂﬂndlogﬂtSI%S\ Vagt430d
~accord|Q8 to claim.117, %'ﬁ sai d berratlons ar r]:;e>épre s |linear
conbi naf 0W48f15|§6’lyyq18??i"§ly §ta gonegesent WYW methos will g tpﬁmé’}"é'l’ ViHageher ei n
the fe- ARIRMHEAYiduRICuHES For TRAL AN FhO IR e AhdFEMR calneA ulA§, RAh&fl or surface
-and curvature, the posterior radius and surface, |ens “t hi ckness and

r ef r act Pyietandiag xiser inprirmestsy which 8 cpriidered as ijfirdbto gah 3h penvergnEPO1/ 1- 1793
20. A ngipg¢. according to claim3 or 4, wherein said polynonials are Seidel
or Zerni ké polynomals. 21. A nethod according to claim 20, conprising the
steps of: 5 (i) expressing the aberrations of the cornea and the lens in

t he capsul ar bag as |inear conbinations of Zernike polynomals; (ii)

determ ning the Zerni ke coefficients that describe the shape of the cornea
and the capsul ar bag | ens;



(i1i1) nmodeling the intraocular correction | ens such that a wavefront
passing an 10 optical system conprising said nodel ed correction | ens and

t he Zer nM@eosh338om al nodel s of the capsul ar bag | ens anBCT/RICLITYea
achieves a sufficient reduction of Zerpi ke coefficients of the resulting
wavefront aberration of the system 15 22. A nethod according to claim 21,
further conprising the steps of (iv) calculating the Zerni ke coefficients
of a wavefront resulting fromthe optical system (v) determning if said

i ntraocular correction |l ens has provided a sufficient reduction of Zernike
coeffici@aims and optionally re-nodeling said lens until a 20 sufficient
reduction in said coefficients is obtained. 23. A nethod according to claim
.22, conprising sufficiently reducing Zerni ke coefficients referring to
spheri cal. ahas¢thed dfdesigRing amintnéoqmiar hmnbcamctwndttapgble of refwinmaB@rativonpliansi ng
suffi_cientl dyci n rnlk ferrin errat ons ove
-t he fsourt he %era(férl E@gauiet %8 ace bet%vlegl} %rifqeﬁ néa angg}eca})sr;i%a atb

suf ficient thg eyé;(tumlpﬂgnghes‘rbﬂﬁdsf Zerni ke coef ficient of a wavefront from the
opti cal system, SO as ientl 30 fro heri cal
aberration. 2¢Y A n‘é‘?‘f‘%ﬂ“%g%g%ﬂfrﬁﬁt Ei}é’[rml'cm Ofﬂf’ e E‘)éted X e‘fsﬂgawa %8@‘1 i ng

i ncl udes nodi fyl ng easrpr several of the anterl or radl us and surface shape,
t he posterior dius and surface sh ..l ens kne and refractive i ndex
of the correct(f n |'BFEINS aﬁezitfﬂé%%é 198> 7 ffL}" e?@'ﬁ u3He 2 FO1edlh o g

accaondi ng to clai mtzﬁqgrqmmpri sing nodi fying the anterior surface shape of
the correction..l.ens unt uf ficient reduction i,n,aberra

obtai ned. 5 23 DA nEPRS "58%@ F%@St{mec alfr; ?eaélgr%?ll Zcicﬁtea mtﬁ%ﬁpﬁ'éla%l
correction |ens suchaghbliete epéleormpisgngahxdsmbaemqmtmaﬁeaﬂ rrrodellu;ctl on of

Zerni ke pol yndibal Saana ey Pk e sy S i BT APt wAd d B 20, A
met hod accordi ng to;atrllcapmleﬁﬁag Iyodnaployingsaid maﬁmatlc@lrmwdelsm gher order

aber t5 ation ter rSB sgleg titig an orr\.e&al 8&8%?9{&?&&%0&1% c%lrrgétg}\ ?engorrp“ sing:

(vi)  modeling the intraocular correction lens such that a wavefront arriving from an
optical system comprising said intraocular correction lens and the mathematical

models of said corneal and said lens in the capsular bag obtains reduced

aberrations.
20
2. A method according to claim 1, wherein said corneal surface(s) and said lens in the capsular
bag are characterized in terms of a conoid of rotation
3. A method according to claim 1 wherein said corneal surface(s) and said lens in the capsular
25 bag are characterized in terms of polynomials.

4. A method according to claim 3, wherein said corneal surface(s) and said lens in the capsular

bag are characterized in terms of linear combinations of polynomials.

30 5. A method according to claim 1, wherein the characterizing of the capsular bag lens as a
mathematical model is accomplished by using values from measurements of the wavefront
aberration of the whole eye and subtracting values from measurements of the wavefront

aberration of only the cornea.



(i) characterizing corneal surfaces and | enses |ocated in the capsul ar bags
of a selected popul ati on and expressi ng each cornea and each capsul ar bag
| ens as WA 2M8&38conbi nation 15 of polynom als; (ii) conpBCT/ERVIFETdnom a
coefficients between different pairs of individual corneas and capsul ar bag
| enses; (iii) selecting one nom nal coefficient value fromau individual
cornea and capsul ar bag lens; (iv} nodeling a correction |lens such that a
wavef rogt Amethvt @Gco?di@%ﬁo&ﬂhiﬁm vh@binSyskenaidht .bampioh 51 thg wadledyeRr r ect i on
| ens and the pol ynom al nodel s Of%%ﬁ? | ens %n the.cagsu[ r bag and the
cornea sufi§agiehpsige 3 wayrdioat €asopa shape el Foragadspeasled dsingy A net hod
accordi ng t&ﬁbgﬁlpﬂicﬁ] Bohsurehehiehdthcdial d pol ynom al coefficient refers to the
-Zerni ke aberration term expressing spherical aberration. 25 32. A nethod
according to claim 30, wherein said nom nal coefficient value is the | owest
Wi th n § hey 5eheqheddifPl BihANwheddin shid BRENPEYsRn BRhGCbpGean | ntraocul ar
~correction lens that 1's capabfe of reducing aberrations of 30 the eye after
i ts inpl asemplemeniesnpeansiforrtiend casrestian, sich a8 speciaplss ip ophthalpde earreptinist one
corneal syface and a lens |located in the capsular bag of the eye
conprising said cornea as mat hemati cal nodel s; WO 112/11S 1338 PCT/ EPO1
[/ 1 ~ 793 19 (ii) calculating the resulting aberrations of said corneal
surfaceg) _Aaﬁgthaﬁ' ﬁcéo?d?ég o 1BR 11 dwhaeiR dhtithatidRgoftNe RIIY boers 8f Mle BRALEMAL T Cal
model's; (i11) selecting an Intraocular correction | ens having a suitable
optital pevgktheflensrin theshpauler bagand pxipkgys denghig designaisdbeselsstienr of optieal gpwerer ent
aberrati oR$ipeokbMondgikermning if an optical system conprising said
sel ected correction | ens and said mathemati cal nodels of the lens in the
capsul ar bag and the cornea sufficiently reduces the aberrations. 34. A
met hod @co0ndinhg a&cgrcﬁ'rl%!o@la%ﬁ 3f WEdrdiR bin SRR dySeAGomPBsitd ARPmOde] odfle (V)

[

calculating the aberrations of a wave front arriving fromsaid optical
system ( 9omeajandeherdens inghe apsdar bag aiddbe madsled uppchlenroriegliondes Bspvigesns has
proj ded gorsuldviebihibdiAfiHG fe@ited RroRBERAIoNOMSexbRssad WR¥EEIsOSHe &4 Vi ng from
said optical system and optionally repeating steps (1ii) and (iv) by
selectingP%WnWE@§t one new correction | ens having the sanme optical 15 power
until finding a correction | ens capable of sufficiently reducing the

aberrati ons. ) . . . . . .
10. A method according to claim 1, wherein modeling the intraocular correction lens includes

selecting the anterior radius and surface shape of the lens, the posterior radius and surface

20 shape of the lens, lens thickness and refractive index of the lens.

11. A method according to claim 10, wherein an aspheric component of the anterior surface is
selected while the model lens has predetermined central radii, lens thickness and refractive
index.

25

12. A method according to claim 1, wherein the intraocular correction lens is adapted to be
implanted in the posterior chamber of the eye between iris and the capsular bag, the method
further comprising the steps- of:

@ estimating the anterior radius of the lens in the capsular bag in its non-
30 accommodated state ;
(ii) selecting a posterior central radius of the correction lens different to that of the lens
in the capsular bag in its non-accommodated state;
(iii)  determining the total correction lens vault based on the data arriving from steps (i)
and (ii);



35. A nethod according to claim 33, wherein said corneal surface(s) and
said lens in the capsular bag are characterized in terns of a conoid of
rotati onw@@/B3638A nmet hod according to claim33 wherei n sBCHERU/IHERI
surface(s) and said lens in the capsul@r bag are characterized in terns of
pol ynom als. 37. A method according to claim36, wherein said corneal
surface(s) and said lens in the capsul ar bag are characterized in terms of

linear conbi@at i ofafechiig POIVIBRELAL Sree BEm PBintofEI06h RECQNHIgWet O cl ai m 33,
wherein the total aberration of the eye | neasur ed together with the

aberration of onl 'Vteﬁ%“%’d}fﬁlﬂ?am“?%@%rf%é‘é ? BiFRsgontading e optital IUTHOR Hual

aberrations of thg,¢at AeApRIR pbliericraBestioh IdRgeitags. 30 39. A net hod
-according to claim 38, wherein the total aberration of the eye is neasured

using a wavefront sensor and the aberration of the cornea is neasured using

t opogr aqt)“ Xal tgedasclélcl;l%[}%% cl@ p%%fln t&%\gtlggéu%§&l’?’§:§lmfF&nfﬁégﬁad]&é 47-3 40. A

et hod accordf erern sard o temTurther
conpri ses mmmit@fmnhmwermahambbmfthmﬁ@m/orcﬁmteéw iren, such as spectacl es or
an ophthalmc correction lens. 5 41. A nethod accordi ng to claim 33,
wherein estimations of the refractive powers of the cornea and the lens in
the capddl amdiagl mncdagitatlaiey bincledige karaesizggdhefrot eosedl eoficoof af

correctio nlllldlevi;l uag@ }nga%ls oPR ?‘5 ra h?'c%l m@ésgi%ﬁl% ﬁﬁl&g&q 19%‘61% 9?1 %a?hlggrr%? m?sra

wherei n an syste rising sail e cornea and th
| engoin th@c@mlpﬁajioarofbalgncamdlsi he sel ected intraocular correction | ens
provi des for a wavefront substantially reduced from aberrations as
expressed by at |east one of said polynomals. 43. A nmethod according to
cl ai m 335. A/Imeatlﬁjdractdsrdin'gm ¢claiocl4l iacluding ehacacieoming dwsfrdnsamldeqwtcelaiealcsudﬁ@esw

! Ao iy BRR G v Bhe SOABEENON ol DS EYG AN RS o, ARLHAGGAPS U 2

bag, the net Anterior
radi us of dftike ¢cemalsract>ﬂnbm@taqnsuﬁbalwnm@84 nits non

15
16. A method according to claim 1, including characterizing corneal surfaces and natural lenses
of a selected population and expressing average aberrations of cornea and natural lens of said

population as combinations of polynomials.
20  17. A method according to claim 1, comprising the further steps of :

(v) calculating the aberrations of a wavefront arriving from said optical system;
(vi) determining if the modeled intraocular correction lens has provided sufficient
reduction in aberrations in the wavefront arriving from said optical system; and

25 optionally re-modeling the intraocular correction lens until a sufficient reduction is

obtained.

18. A method according to claim 17, wherein said aberrations are expressed as linear
combination of polynomials.
30
19. A method according to claim 18, wherein the re-modeling includes modifying one or several
of the anterior surface and curvature, the posterior radius and surface, lens thickness and

refractive index of the correction lens.



accomopdat ed state ; (vi) selecting a posterior central radius of the
correction lens different to that of the lens 20 in the capsular bag inits
non- accoweAtsesst ate; (vii) determning the total correB€ETEROVEAS vaul t
based on the data arriving fromsteps i¢i) and (ii); (viii) selecting a
flaw ess curve free frompoints of inflection representing the intersection
of the posterior surface and a plane containing the optical axis so as to
25 provixge AgRetRsiestimgROShRT B 6F 4,6@kfeldkidPolynensalsdte Beiad or £4miké met hod
according to claim 33, wherein the intraocular correction |lens is adapted
to be i npl BHY&¥IRE t he anterior chanber of the eye and fixated to iris. 30
45. A nethod according to claim 33, including characterizing the front
-corneal surface of an_ individual by, nmeanps of %opographical measur enents and
expr essiZigAtprthedcprrding ihelpimel, GraPrisinedhegeRsiohat i on of polynomials.  V1'O
112/9S1338 21 (RCT/ E,pRbsks the dberrahidin of fhe cbrnBBAdAARE RECRMKH sl be A M 45,

~i ncl udi ng character|2|ng‘1he.front and rear corneal surfaces of an

i ndi vi dual by meandinefr combiytiansif ZamikewalyipBi#eht s and expressing the total
aberration of é{iﬁe %%feﬁﬁ%'in ¢ ReraRRbHALERANLR deRPIbY BRTh&Aef R Bihea AhdTEL hOd
according to im33, 1 ncluding characterizing corneal surfaces and | enses
in capsul ar bags ofthecapgyladuagdengopul ati on and expressing average

aberrations ofgfhe 2412 MhrdobRar BRSctibR 1ehb Suck ARE 1 WalefRAIpALlinS i d
popul ati on as(%%nbfﬁgﬁp&%% 6f”bol§ﬁbni§ls.]48c A nethd% ac%o#géng to claim

42, 1herein sai d polpjierd sy cepprisag;saidimadeled eqrrsetien leps pdithémibie s. 49, A

met hod according t Bnfa) #RdelS B bapsisk tah fond hikPic Bdrned dchicl@l80{HRhNI t he
wavef r ont aberratigﬁg%f ?ﬂe c%rnea éﬁg theglgns inetﬁgngpgular bgg' 15

(ii) expressing thaedistion efiZesrike erpefficiratsobheaesuiing Wanefrng pleriation ¢fdhe apsul ar
bag as |inear conbgpﬁ&hpns of Zerni ke polynomals; (iii) selecting the

i ntraocul ar correction |lens such that a wavefront passing an optical system
conprising said correction | ens and the Zerni ke pol ynom al nodels of the

corpga Qﬁ‘.dAb?ﬁloh‘a@&;r&il?%%hﬁai&aﬁ?fﬂrm&ctaaxgriﬁﬁg%@v@ﬁs g:sufficient reduction in

Zerni ke coefficients.

(iv) calculating the Zernike coefficients of a wavefront resulting from the optical
system;

W determining if said intraocular correction lens has provided a sufficient
reduction of Zernike coefficients; and optionally re-modeling said lens until a

20 sufficient reduction in said coefficients ts obtained.

23. A method according to claim 22, comprising sufficiently reducing Zernike coefficients

referring to spherical aberration.

25  24. A method according to claim 22, comprising sufficiently reducing Zernike coefficients

referring to aberrations above the fourth order.

25. A method according to claim 23, comprising sufficiently reducing the 11th Zernike
coefficient of a wavefront from the optical system, so as to obtain an eye sufficiently free

30 from spherical aberration.

26. A method according to claim 22, wherein the re-modeling includes modifying one or several
of the anterior radius and surface shape, the posterior radius and surface shape, lens thickness

and refractive index of the correction lens.



50. A nethod according to claim49, further conprising the steps of (iv)
cal culating the Zerni ke coefficients of a wavefront resulting fromthe
optical Wis2dFi338yv) determining if said intraocul ar correRE€T/ERONENS has
provided a sufficient reduction of 25 gerni ke coefficients; and optionally
selecting a new lens until a sufficient reduction in said coefficients is
obtained. S 1. A nethod according to claim49 or 50, conprising determning
Zerni ke polynomals up to the 4th order. 30 52. A nethod according to claim
51 conprising sufficiently reducing Zerni ke coefficients referring to
spheri ca7. Abeethet dceerding toglaim 26 coppras: modifyig tipanterjot sfge Bigpe Af thet hod
accordi ng %&'re%{iﬁﬂ fEhdntf @ BRFibSANEdRHES InGb&Rldods & 8ombAY Zer ni ke coefficients
-above the fourth order. 54. A nethod according to claim52 conprising
sufficiently reducing the 11th Zerni ke coefficient 5 of a wavefront
arriyingefn 5 : : ; ' e ficiently free
-f rom\js p%g'r fagg%tﬁ(ggag?@gfp? gdn?lglﬁgi.(ggb nr}él'? "%m%dc%gg %?dﬁ%c% lgl?(saslu%vﬂlgt tﬁ%ﬂlgp}'rcf&s/i ng
sel ecti ng systenmgrodidesubductiooel spbericehanldepkindsiga laberbation temas agpexipreaded sy Sdideh

provi des r 1 rl j ressed in Seidel or
10 Zerni kegrg%%q@lﬁ%ﬁglgl{%ﬁ@%ﬁlad ‘&/%e@%?é%@%\%egg{rp gglgeds?'%(tﬁ?lbugh the system

56. A nethod according to claim45, wherein reduction in higher order
aberrati,gn,ter i N . 7 [Te: ceording to claim33
char act 871 28D Ay BE R oot oo IR MU AE R R R ¢
conpeising lenses with a suitable power range and within each power range a

pl urali f_lLens I di aberrations. 58. A nethod according to
claim 5%8 &hmee}hel ﬁgéoéé}gg%%lgaiéog{ﬁgﬂgrgé spherical aberrations. 20 59. A

met hod according to claim57, wherein said correction |l enses within each
power r ?15‘96 characterizing corneal surfaces and lenses located in the capsular bags of a selected
population and expressing each cornea and each capsular bag lens as a linear combination
15 ' of polynomials;
(it) comparing polynomial coefficients between different pairs of individual corneas and
capsular bag lenses;
(iii)  selecting one nominal coefficient value from an individual cornea and capsular bag lens;
(ivy  modeling a correction lens such that a wavefront arriving from an optical system
20 comprising said correction lens and the polynomial models of the lens in the capsular bag

and the cornea sufficiently reduces said nominal coefficient value.

31. A method according to claim 30, wherein said polynomial coefficient refers to the Zernike

aberration term expressing spherical aberration.

25
32. A method according to claim 30, wherein said nominal coefficient value is the lowest within
the selected population.
33. A method of selecting an intraocular correction lens that is capable of reducing aberrations of
30 the eye after its implantation comprising the steps of:

) characterizing at least one corneal surface and a lens located in the capsular bag of the

eye comprising said cornea as mathematical models;



have surfaces with different aspheric conponents. 60. A nethod according to
claim59, wherein said surfaces are the anterior surfaces. 25 61. An

i nt raocuar02a51338ct i on | ens obtained in accordance with aPgr/ePoiciHaddns 1 to
60, capable of, in conmbination with ajbens in the capsul ar bag of an eye,
transferring a wavefront having passed through the cornea of the eye into a
substantially spherical wavefront having its center in the retina of the
eye. 30 éi 2. %Qlcﬁl?ﬁl{gqf?&féglﬂﬁnézQfehﬁﬁ&dsQ>Fsdi@é&neﬁpﬁl@ﬂh@@(ﬂgmﬂ fheQbBiiMd@d, capable
of conmperisating for the aberrations of a nodel of the cornea and the |ens
in the capsulcapsulsnbpedsinpheing saishmethepgticaliredelsopul ati on, such that a

wavef ront.. arrjyi L LS I r fi WO
(17 1oliing peybleh BP0y 05 FEn ISYRLAID FARRYIL SR AL AOR AERLORT e

l ens in the depssuiazing bame pbren s didigreat abarrgtidnply reduced aberrations. 63. An

intraocul ar correct | I WaloR 113k 354 lg@@gqg& Sdkfqnodel of

-t he %or E‘ég arcﬁiategmflﬁg?flmgnog’ﬁ?ar%gﬁg‘%ﬁ géé{‘gﬁg‘iff" rsg'gagg(]f nC?Ole es naver agegaber ration
ternms cal cul ataggnfaticailnmokels atthe tanz imtlje papsilor kg and the coroemsufiicdentlapeducesr bag

| enses and expr essi ngsthem in mat hematical ternms so as to obtain individual

aberration t 8ISRSTER™ An i ntraocul ar correction | ens according to claim 63,
wherein said aberration terns is a linear 10 conbinati on of Zernike

pol ynom al s. 5., An |.nt cul-ar i L& ggecording to claim64
capabl gg%fgl‘réegl?giaﬁcé” é%{o%g 1‘%03% ff"gl%?ré&g%iosr sfseﬁéplsn ‘Zer ni ke pol ynoni al s of
sai go nodel of the cornea and the lens in the capsular bag, such that a

wavefront arrivin ft{]%ﬂe%ti&f@ok&%vef%@ﬂﬁmvﬁ%rm)rrﬂ %ilédw té@iisgst&ﬁ”ec“ on lens |

5 and saPd m():%l%llﬂao e cornea an ensint apsufar_bag obt ai ns
subst antiipl | eterdiuing if ssjglivelectedintabalar gorrestion B8s haapravired acufiicignt reductiont i on

| ens according,to cl ai . ci ' d of the
ath order. - 20 @S} DR IARARN AL R BTl LA Lo Bl Epda e
aspheri ¢ sur steps(iidhand Givileselacting atieastaae inew sorsactionleps kaytinedhasame dptiedar

F(rjlnﬂ‘nnat ion gw&%mﬁ%@%ﬁa tEOWeE@on 1%11% cﬁﬁa&%f@uﬂtiwﬁﬂeﬁm ﬂﬂ@'&l;e?x‘atimst h a lens

e capsufar "bag o eye, reducl simlar such aberration terns
obtained in a wavefront having passed the cornea, thereby obtaining an eye

suffici %]tA Xleihroﬁ QCJOFCQI{E to claim 33, wherein said corneal surface(s) and said lens in the capsular

bag are characterized in terms of a conoid of rotation.

20  36. A method according to claim 33 wherein said corneal surface(s) and said lens in the capsular

bag are characterized in terms of polynomials.

37. A method according to claim 36, wherein said corneal surface(s) and said lens in the capsular
bag are characterized in terms of linear combinations of polynomials.

25
38. A method according to claim 33, wherein the total aberration of the eye is measured together

with the aberration of only the cornea, these measurements giving the individual aberrations

of the cornea and the capsular bag lens.

30 39. A method according to claim 38, wherein the total aberration of the eye is measured using a

wavefront sensor and the aberration of the cornea is measured using topographical

measurement methods.



25 aberrations. 68. An intraocular correction |ens according to claim67,
wherein said aspheric surface is the anterior surface of the lens. 30 69.
An i ntraB2AB5188rrection | ens according to claim67, whePEl/RPIAIH@3aspheri c
surface is the posterior surface of th®m lens. 70. An intraocul ar correction
| ens according to claim®69, wherein said polynom al terns are Zernike

pol ynom al s. WO 02/0S1338 PCT/EP(11/1-1793 24 71. Au intraocular

correct i M A RBho@EEOFElgNg cladn 63 af 1, Wheehpalll ptief sysesforther Qalpyisan al ter ms
representing spherical aberrations and astigmatism . 5 7E. A | ens.

hcbor di ng. COmEICEeHE Emeaan D B eaLForieguit iR °f HESHSIe5or 28 PR R AYREHAal ¢ er m
of the 4thgider. 73. An intraocul ar correction |lens according to claim 72
-made froma soft bioconpatible material. 10 74. Au intraocul ar correction

| ens according to claim 73 nmade of silicone. 75. An intraocular correction

| ens saccor o Rethb® adchRiinR 16 3lalRdE veHerdhy €bti@@Rbns ol the Ffraciie poWerAGTANE @inea
~correction lens according to claim72 nmade of a rigid bioconpatible

mat eri al . 7rd thadens i tha sansplay baggpd @deli sy langihe desteasle HiergleedPnat §pisdion adapt ed
to be inpl gnkephidadpdfie. POSterior chamber of the eye between iris and the
capsul ar bag conprising a centrally |ocated optical part capable of

provi ding an optical correction and a peripherally | ocated supporting

el ement 20 ACARARE &.cBdinFBb Bhi 56 BB 7S a«he!refarakio?@dal Hatetn (joﬂlpﬁ@iillg s&18Hotiab of
| ocation, said optical part and said squor el ement together having a
F

conddve podteesornsn ard the laginthe eansylar hagpnd Be sededdrivtierdlpy corectionlensce, t he

intersecti PRWE&%E R GRyaS &t ARBrSRIIBTediRbd Both hRGBHARWs BXleRbPiEat AN AL NI NY
the optical axis representing a flaw ess curve free fromdi scontinuities

and poi nt s°bfaiqd pFlyno@tiglyn. 25 78. An intraocul ar correction |ens according
to claim77 adapted to be inplanted in the anterior chanber of the eye and
fixated to iris. 79. A nethod for inpproving the visual quality of an eye,

char act &8i Adaethgd acepdmgde ¢laimsd?, WhereHdhe iNYrOQUEF FlEeetighlensis 2daptsddp 8¢ ng to t he
cl aijgs 61- ffhlamtbl Bne PDsRALNDIMBE R 78 bétFed Ak MdiRe cAphRAEIaB, thPREihdg! es or

correction _l'enses are provi ded outside
further comprising the steps of:

W) estimating the anterior radius of the lens in the capsular bag in its non-
accommodated state ;

(vi) selecting a posterior central radius of the correction lens different to that of the lens

20 in the capsular bag in its non-accommodated state;

(vii)  determining the total correction lens vault based on the data arriving from steps (i)
and (ii);

(viii)  selecting a flawless curve free from points of inflection representing the

intersection of the posterior surface and a plane containing the optical axis so as to

25 provide an aspheric posterior correction lens surface.

44. A method according to claim 33, wherein the intraocular correction lens is adapted to be

implanted in the anterior chamber of the eye and fixated to iris.

30  45. A method according to claim 33, including characterizing the front corneal surface of an
individual by means of topographical measurements and expressing the corneal aberrations as

a combination of polynomials.



the eye to further inprove the visual quality. V1' O U2/ 051338 25

PCT/ EPO1/ 1~793 81. A nethod according to claim 79, wherein the cornea of

t he pati w@toyeseB8vi ng the intraocul ar correction | ens hasPOPERVIMBEf | ed by
means of a laser. 82. A nmethod of inprgQving the visual quality of an eye,
characterized by the steps of: - conducting corneal surgery on the eye; -
allowi ng the cornea to recover; perform ng a wavefront analysis of the eye;
and - deggi gni 1-15,
20, 98, ATHI A CURER! A | S TRIRGRRY S BOFORIR] e LR FhRATE 110
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133 6_6; capsular bags of a selected populatlon and expressing average aberrations of the cornea and
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49. A method according to claim 48, comprising the steps of:

) determining the wavefront aberration of the cornea and the lens in the capsular bag;
15 (i) expressing the aberrations of the cornea and the lens in the capsular bag as linear
combinations of Zernike polynomials;
(iii)  selecting the intraocular correction lens such that a wavefront passing an optical system
comprising said correction lens and the Zernike polynomial models of the cornea and the

lens in the capsular bag achieves a sufficient reduction in Zernike coefficients.

20
50. A method according to claim 49, further comprising the steps of :
(iv) calculating the Zernike coefficients of a wavefront resulting from the optical system;
) determining if said intraocular correction lens has provided a sufficient reduction of
25 Zernike coefficients; and optionally selecting a new lens until a sufficient reduction in

said coefficients is obtained.

51. A method according to claim 49 or 50, comprising determining Zernike polynomials up to the

4th order.

52. A method according to claim 51 comprising sufficiently reducing Zernike coefficients

referring to spherical aberration.
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20
59. A method according to claim 57, wherein said correction lenses within each power range
have surfaces with different aspheric components.
60. A method according to claim 59, wherein said surfaces are the anterior surfaces.
25

61. An intraocular correction lens obtained in accordance with any of claims 1 to 60, capable of,
in combination with a lens in the capsular bag of an eye, transferring a wavefront having
passed through the cornea of the eye into a substantially spherical wavefront having its center

in the retina of the eye.

62. An intraocular correction lens according to claim 61, capable of compensating for the
aberrations of a model of the cornea and the lens in the capsular bag designed from a suitable

population, such that a wavefront arriving from an optical system comprising said correction
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100 term of the 4™ order.
20

67. An intraocular correction lens having at least one aspheric surface which when its aberrations
are expressed as a linear combination of polynomial terms, is capable of, in combination with
a lens in the capsular bag of an eye, reducing similar such aberration terms obtained in a
wavefront having passed the cornea, thereby obtaining an eye sufficiently free from

25 aberrations.

68. An intraocular correction lens according to claim 67, wherein said aspheric surface is the

anterior surface of the lens.

30 69. An intraocular correction lens according to claim 67, wherein said aspheric surface is the

posterior surface of the lens.

70. An intraocular correction lens according to claim 69, wherein said polynomial terms are

Zernike polynomials.
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