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20 It is presently discussed that the visual quality of eyes having an implanted intraocular
lens (IOL) is comparable with normal eyes in a population of the same age. Consequently, a 70-
year-old cataract patient can only expect to obtain the visual quality of a non-cataracteous person
of the same age after surgical implantation of an intraocular lens, although such lenses objectively
have been regarded as optically superior to the natural crystalline lens. This result can be

25  explained by the fact that present IOLs are not adapted to compensate for age-related defects of
the optical system of the human eye. Age-related defects of the eye have also recently been
investigated and it is found that contrast sensitivity significantly declines in subjects older than 50
years. These results seem to comply with the above-mentioned discussion, since the contrast
sensitivity measurements indicate that individuals having undergone cataract surgery with lens

30  implantation will not obtain a better contrast sensitivity than persons of an average age of about
60 to 70 years.

Even if intraocular lenses aimed to substitute the defective cataract lens and other

ophthalmic lenses, such as conventional contact lenses or intraocular correction lenses, have been
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eye system and evaluating the distribution density of the rays in the image position. This is

repeatedly performed by varying at least one lens surface until a lens is found which results in a

sharp focus and a minimum of image aberrations.

25 The methods referred to above for designing are suitable for the design of contact lenses

or other correction lenses for the phakic eye which can be perfected to compensate for the

aberration of the whole eye system. However, to provide improved intraocular lenses adapted to

be placed between the cornea and the capsular bag, in the anterior chamber or in the posterior

chamber, it would be necessary to consider 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
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further ghjgct of the invention to provide for nethods that result in
obtaining an ophthalmc | ens, which provides the eye with reduced
aberrations. It is another object of the invention to provide nethods of-
obt ai ni rﬁes@ﬂph&i 5m@m@ﬁt"{,ﬁns 25 capabl e of reducing the aberration of the
eye 2after its inplantation into the eye.
It is an object of the invention to improve the visual quality of eyes.
It is a further object of the invention to provide for methods that result in obtaining an
ophthalmic lens, which provides the eye with reduced aberrations.
It is another object of the invention to provide methods of obtaining an intraocular lens
25  capable of reducing the aberration of the eye after its implantation into the eye.
It is a further object to provide for methods of obtaining an intraocular lens capable of
compensating for the aberrations resulting from optical irregularities in the corneal surfaces and
the surfaces of the lens in the capsular bag.
It is a still further object of the present invention to provide an intraocular lens which,
30  together with a lens in the capsular bag, is capable of restoring a wavefront deviating from
sphericity into a substantially more spherical wavefront.
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.
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| ens. Dependent on the selected mathematical model different routes to calculate the aberrations can

be taken. Preferably, the corneal surface and the capsular bag lens are characterized as
mathematical models in terms of a conicoid of rotation or in terms of polynomials or a
combination thereof. More preferably, the corneal surface and the capsular bag lens are

25  characterized in terms of linear combinations of polynomials. The second step of the method is to
select the power of the intraocular correction lens, which is done according to conventional
methods for the specific need of optical correction of the eye. From the information of steps one
and two an intraocular correction lens is modeled, such that a wavefront from an optical system
comprising said correction lens and the mathematical models of the cornea and the capsular bag

30 lens obtains reduced aberrations. The optical system considered when modeling the lens typically
includes the cornea, the capsular bag lens and said correction lens, 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.
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which deviates sufficiently from being a spherical lens to compensate for the aberrations.
The characterization of at least one corneal surface and the capsular bag lens as
25  mathematical models and thereby establishing mathematical models of the cornea and the
capsular bag lens expressing the aberrations is preferably performed by using 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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capsular bag lens and the modeled intraocular correction lens provides for a wavefront having
obtained 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
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and to determine if the intraocular correction lens has provided sufficient reduction in aberrations.

10  Ifthe reduction in aberrations is found to be insufficient, the lens will be re-modeled until one or
several of the polynomial terms are sufficiently reduced. Remodeling the lens means that at least
one of the conventional lens design parameters is changed. These include the anterior surface
shape and/or central radius, the posterior surface shape and/or central radius, the thickness of the
lens and its refractive index. Typically, such remodeling includes changing the curvature of a lens

15  surface so it deviates from being a perfect sphere. There are several tools available in lens design
that are useful to employ with the design method, such as OSLO version 5 see Program

Reference, Chapter 4, Sinclair Optics 1996.
According to a preferred aspect of the first embodiment, the inventive method comprises

expressing the shape of at least one corneal surface and a capsular bag lens as linear

20  combinations of Zernike polynomials and thereby determining the corneal and capsular bag lens
wavefront Zernike coefficients, i.e. the coefficient to each of the individual Zernike polynomials
that is selected for consideration. The correction lens is then modeled so that an optical system
comprising said modeled correction lens and the mathematical models of the cornea and the
capsular bag lens provides a wavefront having a sufficient reduction of selected Zernike

25  coefficients. The method can optionally be refined with the further steps of calculating the
Zernike coefficients of the Zernike polynomiais representing a wavefront resulting from an
optical system comprising the modeled intraocular correction lens and the mathematical models
of the cornea and the capsular bag lens and determining if the lens has provided a sufficient
reduction of the cornea and the capsular bag lens wavefront Zernike coefficients; and

30  optionally re-modeling said lens until a sufficient reduction in said coefficients is obtained.
Preferably, in this aspect the method considers Zernike polynomials up to the 4th order and aims
to sufficiently reduce Zernike coefficients referring to spherical aberration and/or astigmatism

terms. It is particularly preferable to sufficiently reduce the 11th Zernike coefficient of a
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selected population having aberrations of the same sign such a coefficlent value can typically be

the lowest value within the selected population and the lens designed from this value would
thereby provide improved visual quality for all individuals in the group compared to a

25  conventional lens.

y | According to another embodiment, the present invention is directed to the selection of an
intraocular lens of refractive power, suitable for the desired optical correction that the patient
needs, from a plurality of lenses having the same power but different aberrations. The selection
method is similarly conducted to what has been described with the design method and involves

30 the characterization of at least one corneal surface and one capsular bag lens with mathematical

models by means of which the aberrations of the corneal surface and the capsular bag lens is
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
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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
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i nt r aoc Hombingtien efiermke RobyomiH Arms s it le rerpyof thefqudisorderavithpvesrpike |

aberfsat | QBerRfont NEoERRIue T aftdrMBRhiatich IRl tOt&RA 1 sefBlkyaddices her rect for
ot her types of aberrations than sp hq%l’l cal] aberratian b%) consi deri ng ot her

Zer ni ke sphsaicpljaberegiion of & wayetiogepassipgihe pEntngine apget of fufpmiedimys &emdieyni f yi ng

ast i gmatdoSifciekQE A8 dorfdHBE end l’sdﬂferxﬁhb@f doak tddspedNateTolingR hgedfatiRr
aberrations can be 25 correcte enderf]ﬂjﬁ%g t he Qémber of Zernik

pol ynonireseling gy et augby g eStgRtpig il O PR, B 18 OTBES &
correct lcaﬁhuia@%g 161@,65 hearvelee adpeet, thapahike cafffidar é@&tdefa:gnifn@d tohblgbﬁlﬁaté)fcﬁler
aberrations the 4t" order 1Accorg %g %o on{e ont ant as%? t he
sel &8t dbf ‘ﬁé‘f”rﬁl&} "PW\%[I*‘V garsWpLbagilof coef P &5 Patiehts s 199 SR o tipely
cor r ect ivemilogfdFa&Sanhadividgal wathdegh peditiora r ange of power and a plurality of
| enses 30 wi thin each r..having. different aberrati.on exanpl e
the correcti ;leélﬁ%s éﬁgcc{xﬁlpé\?o th% Rresen inVention can be nEanHacred With conven’t0 onal
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



power have anterior surfaces with different aspheric conponents. If a first
correction |l ens does not exhibit sufficient reduction in aberration, as
expressedw®n2/euBisabl e Zerni ke coefficients, then a new cpeT/geti/@m3 ens of
the sane power, but with a different suwface is selected. The sel ection

met hod can if necessary be iteratively repeated until the best correction
lens is found or the WO 02/051338 PCT/ EPO1/ 14793 11 studi ed aberration
terms argghBsuiaerls BebRw Bposicda Jutfaahitioe gat b Nenvsphatieal shifadf @6t i cal neans,
the Zernike terns obtained fromthe corneal and capsul ar bag | ens

exani nat fsseghien befgeen 531 per-SPherigl SHTHERAAY Hl@ﬂf‘oﬁcﬂlamﬁ*r g CBAfP and by
means of .aRsahidQk fhwRkWulle fRE foHdoR s KROWInts SEihNédiBn tREME Of t he
correction lenses in the kit. Fromthis conparison the npst suitable 5

corr ect | BHapEHE corpctipfplons Withoyhths dvepits FoSFEOR FRIPCtion dtdeserthed jy fs8p(R0611-

i nvent i of 1y biledesipelshRifffedlsthca it it Map@e Eth@inafdlyf SFehd 98 ahERDidI AN & at
| east one aspheric surface capable of transferring a wavefront having

passed tthe eivgtalliop feng diugdaitodesigRecoatpsts betieen e pivak Pryand thedts g areided osf t er
passi ng LheneRErection | ens passes the capsular bag lens is transferred
into a substantially spherical wavefront with its center at the retina of
the eye. 10 Hpeev@h%dyﬂf;ﬁ?mgm%g BT Ptk correction g SermpTisey Spritali dheisters ofi t h

respect 10 .alfithatieOteliSF ABUSSIOE FEREHh thélcapsddrdhd MNAInbY-aSHMARIdhicE sth@r: Ni ke
terms up to the Tourth order. In accordance with an especially preferred

enbddi nent seledtgippoEsHar senptiabradivg of the corpetionlepsiiferpuio that ofdhs lesinthens,  whi ch

when the abgihat ban itSnsRdcesthAb@MePdtdde;expr essed as a linear combination of
Zerni ke polynonmial” terns, has an 11 ' termof the fourth order with a

Zer ni ke -15 deftgeniping theriptalpprection leps\yayltpased op the datarriying framy stgrs o) ansk (iigsh e
correct i_ongd16img 8 Yhiviesd @bl fecltRESSs bh@fledtiph Riptesdtind BRIifiteisb@idn of thd
wavefront passing the eye. In one aspect. of this enbodj ment, Zernike

coef f i ci enPosigrior gffaeandsyplaicCcPyAiningee grticy] axis sofsa grayyle 28 aRbeopRsERSRt e f or
an gyer agecyadcen lehempthdel Ng from a sufficient nunber of estimations of the
Zerni ke coefficient all| in rneas..an capsul ar bag | enses. |n. another
aspect, the IZéPﬁ’i‘q{émgﬂ‘lé‘F‘F‘?t(??gﬁtm fron tge BUTEHOR tsds ?%P@gﬁ%%@%tea 5%Be 20 the
i ndi vi duglerieO¢nagdér 0@ eoaptltiatedna gisl Ensadoardist ofih@imbofinneis fat inent . The

| ens can accor di ngl be tailored for an individual w.th high precision.
The | endeasan B falesrgt il pRbEel e femp R B e abiioraBl s w1
convent inQikalg it MBlcRoitkdle thincomaetingmondiymeetrictaha@yatiaise made from soft, resilient
material, su as sili cone or elg%d{ooaqgétﬁdd I%)frgqgl,iesth%fv.&uc& materials are
fouRd in WO 9gFf PFTE VREKEFRCIUFTRG P asphert R B8NSV E" Fhses or

si m | ar |A¢ccérdingabibe invemsasindaraobdapertaonials acdeserthed gbdve isitipRated it thhlo.

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



6,007,747. Alternatively, the lenses according to the present invention can
be made of a nore rigid material, such as poly(nethyl)nethacrylate. The
skilled peoswosieisn readily identify alternative material BCHEH01/14793
manuf act uri ng nmet hods, which will be smgitable to enploy to produce the

i nventive aberration reducing lenses. 30 In one preferred enbodi nent of the
invention the intraocular correction lens is adapted to be inplanted in

t he post®frk@iondbanaafedtor ﬂlﬁﬂll(ﬁ‘}'iﬂuéleddw#gﬂedtda&)rdlhg&)tﬂéldesbﬂﬁloﬁa]@@dél Biis bag. The
correction Iens acc rdln tql Eg?dlnent C S prefera I a

cent r al |SpUEGCRLEY BHHET a“ﬁeélr‘{‘t °CHp Ere’btftyR?FB Esuéﬁ?%ﬂf’i"&sﬁ I&&PPect i on

and a pebiRieiAthddslaR0oA T8 HUPREL 4 dé@rﬁ)k@ﬁﬁ"ﬂi‘ve@%lﬂ@ hialn@logirions aidi 49 sai d
optlcal art in said central location,.said optical part and sai d support

el ement QNOPHP]-b351tyId Rpm?yabelﬁliwg%ﬂﬁbm%@é?ﬁb?d HahidgagicehikoRagost er i or

surface twﬁé}ﬁcf ﬁsd&?—ﬁﬁahgf fo@-mﬂi@ﬂiu@@ RA6 he@l uin8stEdREBmedlRBrgedyNb@MSRCt | ON bet ween
sai d non-spherical sSurface and any plane containing the optical axis

r epr esermuistgdinevisuel impairpents, @hich gt Ppydsred 3 dyfieyhigireach &vith r‘fﬂ“"ﬁé‘ilqmb of
inflectig uch an intraocular correction |lens wthout the inventive
aberratlon reduction is described in SE-0000611 5 4. This lens design is
preferred since it is adapted to the anatony of the eye and avoids stress
to the crystalline lens. Due to its design, contacts between the natural
|l ens and the iris are avoided or mnimzed. The nethod of designing this
preferred correction |lens conprises suitably the steps of - estimating the
anterior radius of the lens in the capsular bag in its non-accommodat ed

state ; 10 - selecting a posterior central radius of the correction |ens
different to that of the lens in the capsular bag in its non-accomobdated
state; - determining the total correction I ens vault based on the data
arriving fromsteps (i) and (ii); - selecting a flawl ess curve free from

points of inflection representing the intersection of the posterior
surface and a plane containing the optical axis so as to provide an
aspheric posterior 15 correction |lens surface. |In another enbodi nent of
the invention the correction lens is adapted to be placed in the anterior
chanber of the eye and fixated to iris. The advantage of this enbodinent is
that the <correction lens is attached to iris and will not nove around and
has no ability to rotate thus nmaking it nore suitable for correcting
non-synmetri c aberrations 20 The present invention also relates to a nethod
of inproving the vision of an eye.



According to the invention an intraocular correction | ens as descri bed
above is inplanted in the eye. The vision can also be further inproved by
provi di ngv@preii1assl es or correction | enses outside the eyRCDEPQyl4m3dul ati ng
the cornea by for exanple laser. The ophthal mc | enses according to the

i nvention can suitably be designed and produced 25 especially for
correcting for aberrations introduced by corneal surgery such as LASIC (=

|l aser in situ keratom lensis) and PRK (= photorefractive keratectony). The
cornea and the whole eye are neasured as described above on patients who
have und€lajreme corneal surgery and the correction |enses are designed from
t hese neasurenents. The | enses according to the invention could al so
suitably be designed for patients having corneal defects or corneal

di seasesl. 3I0méihed dfedaansighingdn irtms@dar acrwestioi kegs canpaltlhef redueegtaberatiooudfcinei t her

be de5|gned fo n for ro of
peopl e Th&YS ?ﬁfé r1]tls Ergﬂalg?téog an ]agalpte(a to ltoe S]Xceﬁ% taveer% t%e gorﬁeélgalnﬁ gmetCﬁ%su@r g%éjfp

qual ity oftﬁubwﬂﬁbmpwﬁﬁg&wm&ﬁsoﬁorneaI surgery flrst i s conducted on t he
eye. The cornea is then .al l%%%%%r g% QLe & ma”%1r0q£ g l.ysis of
the eye is per'fbor rreﬁ‘easlufm% Swgﬁeécrrolpa?l BRLODH AT S e I8 e P fticed a WO
02/ 051338 PCT/ EPO1/ 34943 13 correction Iens adapted for this individual is
desi gned according to the cr| {>)ftat A g\c{ornea-{s | 0o SULE guﬂgn |l ens.is then
i mpl anted in tWé ey@°B'PgEF ﬁ?e SESTEP CRPH AP 5P E8 B3TER e, Two
conmmmn nethods are bﬁﬁﬁﬁﬁmnd PRK as descrlbed in Survey of CphthaInDIogy,
1998, Vol . 147-.156 Rowse h esent |y invented

met hod wi | | f I(H b a?l{) ag[?rlzmgtlg \;1’[a Ir]e]:?st one cogyeta Sur ace é_ct?eng:l’ogﬁteﬁl n tﬁea Ipls rf or

i ndi vi dual s who havmgumd&mgemﬁmnmmmeahcmmmqsmwﬂdmﬂmﬁanﬂd&utstandlng vi sual

i mpai rment s, ich are i der nventi onal
surgery. WO 02} (3513 B%W E'IS(S?LP Eﬂgggergh %l% C&g?ﬁ S%Bneyaglgtheq Y gni ng
an intraocul ar cor rsautqapsuldréﬁgbw@mimleg wid mettienitivgl radslelsr at i ons of an 5 eye
af t I its |np ant at | n agsd. ek the cornea and the
capglul ar bag t hé;’%g[l% hd % %g‘?er{go?ﬂﬁgntgioeps SP \?ﬁ%qrreasur ing the
wavef ront abe r(wat i cmoctwhng the lrlmeeﬂarr@etrexﬂloeifes sish tigt avarsitohtragriving Semsor ;

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.



(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 amaozoiiesss | ocated in the capsular bag of the eyRCTERUi4343ng said
cornea as mat hematical nodels; (iv) cabkculating the resulting aberrations
of said corneal surface(s) and the lens in said capsul ar bag by enpl oying
said mat hematical nodels; 15 (v) selecting an optical power of the

i ntraocyl ap nekddeRboRRg |t@d51§1m £, Wihpretigevhvigroht ideiritionh 30 Waible@9E [seCt i on | ens
such that a wavefront arriving froman op |cal S sten1conpr|5|ng sai d

|ntraoculamc%%ﬁﬁé@mgéﬂmW@H§“ﬁﬁﬂ”@ﬂ%ﬂﬁﬁVWQ the copped i3 FHaREed YN8 ai d cor nea

and said L@B§rh§n&pgwgﬁg§g%ﬁhaggg obt ai ns reduced aberrations. 20 2. A
met hod accor&gng to claim1, wherein said corneal surface(s) and said |ens

|n t he capsular bag are characterized in terns of a conoid of rotation 3.

Ehoe} ag md%c&r@mg kSd1nl1, WREERI Rid3ptishl Qﬁﬁﬂﬁﬁhh&%ﬁ@ﬁﬁés) and said |ens
|n t he caps bag are characterized in terns of polynomals. 4. A

met hod accwmlwgemasy mealﬂsrfplsopﬂﬁﬁé?ré‘?"l‘i(’%’é}‘ﬁl B §perEagles grLﬂnfanféelgaw eeeclden d | ens
in the capgyl ar bag are characterized in terns of |inear conbinations of
pol ynom als. 30 5. A nethod according to claim1, wherein the
characterizing of the capsular bag lens as a mathematical nodel is

acconpl igs h&%e%d%&&@ing@d H&s I AT ARSGHERAS Bt the Rfrabthie pvRUSHE @Btomaper rati on
of the whole eye and st tractlna val ues from nmeasurenents of the wavefront

aberfat i or\aﬂéfthfblﬁn%/mtﬂliﬁecaé%ﬂl%é’ag andlex phexrsamds deramatephe jelestremof opticad poweret hod
accor di ng oLl @eBlick leddnerein the wavefront aberration of the whole eye is
measured using a wavefront sensor and the shape of the cornea is neasured

using topographical measurement nethods. 5 7. A nethod according to claim

1, whergi n 5RkfbdABLdr&iRL tHhSMvhdti G bpEANisleitdm ﬁﬁﬁﬁ@édﬂ@ﬂ&@bf’th@'eans for
optlcal correction, such as spectacles or an ophthalmc correctiaon |ens.

8. A met hoerse eest tedgys fipthe Faaﬁswfﬂlbag #rbihe mpdeled illﬁa?ﬁul&ﬁgorf?ﬁflffw@nww%t ive
powgs s of $HheweRIRBAsubstantially reduced from aberrations as expressed by at least one of said

polynomials.

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 ;
(i1) 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);



10 and the lens in the capsul ar bag and axi al eye | engths designate the

sel ection of optical power of the correction lens. 9. A nethod according
to cl ai mv80 ombmBIsi N an optical system conprising sai d nodeCT/@Po11aE93 cor nea
and the lens in the capsul ar bag and tf{ye nodel ed i ntraocul ar correction

| ens provides 15 for a wavefront substantially reduced from aberrations as
expressed by at |east one of said polynomals. 10. A nethod according to

claim1, whefigj n eneiehnk BgatRes dufleiRe Gehdioik 61 iftdctioNchR S ihHEE Udes
sel ecting the anterior radius and surface shape of the |lens, the posterior

radi us and surfacéﬁﬂﬁﬁh@h%ﬁ@3%Fmﬁﬁémﬁﬁﬁ§ndﬁéﬁ§eFHW@%W§@§Oﬂﬁ@ P 02619 ve

i ndex of the Ienspmg&ba@a &hggmﬁﬁ&nggﬁgnmgsghﬁkgl10 wherei n an aspheric
conponent of the anterior surface is selected while the nodel |ens has

predeterm ned central radii, |ens thickness and refractive index. 25 12. A
met had agccqrdin cl-a ; Nlens is

ad aptsgd fgo%b%ethlgcrln%%gln*@cfg}c%"? Wﬁ%géé‘?g‘% |hl grrao%gr%gﬁwt%é leﬁ %fs aﬁﬁﬁé 8tb ween iris
and t he cajpsplsted bets attéréorchdniipdof theiestehad/ocmgtaditsinsg t he steps of @ (i)
estimating the anterior radius of the lens in the capsular bag in its non-
30 accommpdated state ; (ii) selecting a posterior central radius of the
corr ect i @n A reetbodladchetingrtd claon 1 fretudof chérectéreneg the frontikerned pwtdcapfdmag in its

non- accommdat 1 N r n | ns vaul t
based on t G iage. B i tdpdraftfieF Ehlnnb A ok ind 651 BkpafiOn o
PCT/ 8P01/ 14 ¢eBbindtfon afipplysehilt i ng a fl awl ess curve free from points of
inflection representing the intersection of the posterior surface and a

pl ane containing the optical axis so as to provide an aspheric posterior
cor r ect i I6n Al metBodanchulgg. to Blaihg14 mclmn&dWWEMitMrmm redripprheal whrgaces Nt he

e raocul ate SOTESERLAY hERPof SpARARL AT JRIBILSASL bHE AN AL O

chanber e eye an toirrs accor di 0 claim
1 i ncl udi nof thhaeraes asre ceinhipatigneofipplynemiglsr neal surface of an individual by
meang of topographical measurenents and expressing the corneal aberrations

as
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.



10 a conbination of polynomals. 15. A nmethod according to claim 14

i ncludi ng characterizing the front and rear corneal surfaces of an

i ndi vi duayo byosmessns of topographi cal nmeasurenents and expP€BEPOIgI4TIse t Ot a
aberration of the cornea as a conbi nati on of polynonials. 15 16. A nethod
according to claim1l, including characterizing corneal surfaces and natural
| enses of a sel ected popul ati on and expressi ng average aberrati ons of

cornea agd ANAbMERAccbi@ns t6Elafm@B dr 4 FEHR iRl dPD RS MG HRE Beilid| R Berdfkepol ynomi al s.
20 17. A nethod according to claim1, conprising the further steps of : (v)

cal cul at i ngolyaenialser rati ons of a wavefront arriving from said-optical
system (vi) determning if the nodel ed intraocul ar correction | ens has
provided sufficient reduction in aberrations in the wavefront arriving
f r om sai ¥l dpnsthed acsqdingrip claip 2@ sonpisitghs $5PS86- nodel i ng the i ntraocul ar

correction |eng untll, Rsissfnbiabdr@Bbns @ eeChineNaddshe RRY @iREApsuld baghset hod
according to cl'aim 17, wherein said aberrations are expressed as |inear

conbi nati on of pol yinrsai eempinatignsf Zemikegolygemigkcor di ng to cl ai m 18, wherein

the re-nodel i 8 | NCl MRS iNPHE P cOdthcibtts SEMRERIbe tHfshifddr tlcefmbinasur f ace
and curvature, the posterior radius and surface, |ens thickness and

refracti ve i ndex ofthe papselarbagdenson | ens. WO 02/ 051338 PCT/ EP01/ 14793 17

20. A net hod a(fiﬁor %Mliﬁgt&li%d&ﬁaﬁor@tiomg &lch i@k @a%ﬂo)ﬂf‘}?iﬁiﬁ‘éa& are Sei del
or Zerni ke polynomals. 21. A nmethod according to claim20, conprising the
stepd of: 5 (i) expméisdisnyern Bemprisingsaidinndeledporratonlshsrag thavéerike | ens i n

the capsul ar bag aspognioﬂl%';nota@x%m@tﬂpt@ﬂma 146 bt K6 cRRL IR R laSusfiCiehd

determ ning the Zerni'’ke coefficients that descrjbe the shape of the cornea

and the capsul ar bagpetiemst Zarpike goeffisiratsiof fhetrerulting pyaxefeant aberaipn fdhd on | ens

such that a mavefrqghﬁgassing an 10 optical system conprising said nodel ed
correction lens and the Zernike

15  22. A method according to claim 21, 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 Zernike coefficients; and optionally re-modeling said lens until a

20 sufficient reduction in said coefficients is 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.



pol ynom al nodels of the capsular bag | ens and the cornea achieves a
sufficient reduction of Zernike coefficients of the resulting wavefront
aberrati omoot/o31B3s system 15 22. A nethod accordi ng to cb@i/EP®L14793urt her
conprising the steps of: (iv) calculatifg the Zernike coefficients of a
wavefront resulting fromthe optical system (v) determning if said

i ntraocul ar correction |lens has provided a sufficient reduction of Zernike
coefficients; and optionally re-nodeling said lens until a 20 sufficient
reduction in said coefficients is obtained. 23. A nethod according to claim
22, conp#l-st mgthedipdopisingrie claim dousompysiZemailibangibe tiftéridr ewfase sirapé eftheng to -
spheri cal AL O0un ] Beich BRLAOM ARERKALOE bAnEL 2 M 22 COMDT 51 g
sufficiently re ucin erni ke coefficients erring to aberrations above
t he fourth order. 25. A nethod according to claim 23, conprising

opti ol 2 mefie SR8 o o SERBL B bR b Ee b en B B b8 cal e ca
aber r at i onsyse@n pravites fedettiae oOspliemegl amﬂ ocfllairmlzh@f;rranioe teping ad dxpresed ADSeEld ng

i ncl udes in of . radi us and surface

shape, thg%g%%'%? $R$%%%£§§§%€ §ﬁ¥$%%%§§h&8hﬁ E%ﬁ% Af%%ness and
refractive index of the correction |ens. MD 02/051338 PCT/ EPO1/ 14793 18

27. A hqd c ' dif t he anterior

i ace EnaniFPlR IR ko B bR BATRRALOA R ferdferel Ben 1
aberltations is obtained. 5 28. A nethod according to claim20, conprising
nndelln%ﬂa qg&ﬁéﬁ&&%&n ﬁnﬁmﬁHggr&hﬁi the optical system provides reduction
of spherlca rica erratifon terns as expressed in Seidel or

Zer ni ke polynpnlals in a wave front having passed through the system 29. A
LN 450 eyl ARkl G RPN PR R SIS0 QL0
characteri zi mgp'd@triqm@aﬂ expressiag eachanotheh enrbeach ¢aperddr ddg lens asrelircapoulbamtibags  of
a sgkected g& LaddigR, and expressing each cornea and each capsul ar bag

lens as a |inear conbination
(ii) comparing polynomial coefficients between different pairs of individual corneas and

capsular bag lenses;
(iif)  selecting one nominal coefficient value from an individual cornea and capsular bag lens;
(iv)  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:

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

eye comprising said cornea as mathematical models;



15 of polynom als; (ii) conparing polynom al coefficients between different
pairs of individual corneas and capsular bag |lenses; (iii) selecting one
nom nal owvebhtvzasmsnt val ue from an individual cornea and chrOBPEP@I14D%g | ens;
(iv) nodeling a correction |ens such tjgat a wavefront arriving from an
optical system 20 conprising said correction | ens and the pol ynom al nodel s
of the lens in the capsular bag and the cornea sufficiently reduces said
nomi nal (ﬁ?ef fdy fchﬁ% éﬁ@lrééﬁmngltberéua@stdmﬂd 8&EAM SlirPBe(s)ng Hii 1BAsIPsairher ei n sai d
pol ynomal coefficient refers to the Zernike aberration term expressing
spheri cal abesapsardng boangoyingsaibrabemaficaureiey to clai m 30, wherein said
nom nal ef fée{&’c@r%l[ an 13&&6%1115&0‘%@&1&9&@%5%% 5 Riifable BB@C&?EA\%%%QI PARdlitoron.
33. A met od 0 ecting an intraocular correction lens that is capable of
r educi ng abeﬂpmksbﬂygﬁﬁneaﬂwﬁh@ﬂéﬁﬁﬁﬁfﬂ@ﬂammﬁa|nplantat|on conprising the
steps of o ) &&%@ﬁ?&gﬁf Al%wgal%gstéﬁ%ah M GRIBRALA Sttt AGleA M dailiens | ocat ed
in the su ar e conp ising saild cornea as mat hemati ca
nmodel s: V\o ozmﬁelm@almﬁ/eﬁmmmem%the tepsylpi hagend thalcampngpifivientlysedieesi ng
aberrations qLea%nghqﬁrneal surface(s) and the lens in said capsular bag
by enpl oyi ng sai i hemati cal nodels; (iii) selecting an intraocul ar
correction |lens having a suitable optical power froma plurality of Ienses
havi ng %% ntljé%ﬁ\edrdccgh'lh @Hglgiﬁ{ &bih §1 estéps(olfv) determining if an
opti cal em conp riSr ng sal ecte rection lens and said
nathenatlcal nDdeIs of the Iens |n t he capsular bag and the cornea

sutticlenty rﬁgiﬂﬁﬁ%&rﬁe Lﬁ%aﬁ&%ronga%ﬁ?m%é}m@fﬂﬁﬁ besoarsasding to claim 33

further nprising e ste calculating the aberrations of a
wave frdnd ardetemimingfif ofd sslectgd dptapesddr CQV@F@’MW( has)pr deieéramlfﬁcwgt teglucsign d

sel ected int LAgCUlL AL, GOk &ﬁ%ﬂoﬂparh@fﬂé ﬁlaﬁlssaﬂro@maqj %@teﬂl SHd B}Btﬁ)'nﬁﬁl reﬁéﬂh@t Ion

in aberrations in a wavefront arrivi ng from sai opt i cal system and
optional |y repeatiihapd (y) bypselqctipg 3t I%H%P“Gl“?‘y cpijectien lsps hayéneghe sapgopticthe new
corygct ion | %B@elhﬁx\{l'l ﬂ&lﬁ@@G&%rﬂ&H &QAble of sufficiently reducing the aberrations.

35. A method according 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.



15 power until finding a correction |lens capable of sufficiently reducing
the aberrations. 35. A nethod according to claim33, wherein said corneal
surface(dyoames1ssi d | ens in the capsular bag are charact r€T/ERal/i4m3t er s of
a conoid of rotation. 20 36. A method agcording to claim 33 wherein said
corneal surface(s) and said lens in the capsular bag are characterized in
ternms of polynomals. 37. A nmethod according to claim 36, wherein said

cor neal aUrA%feﬂ{oa)ac@ﬁﬂn§@lduhuheB%r 541 vitBfirCansoption syseagfuather hpfiggt eri zed in
terms of |inear conblnatlgns of nom als.” 25 38. A netBod according to

cl ai m 33, ViOBIP&TIF{AREMESE K9 oaliH S 8Yohiap geeipele) & 2pgRiiilmie PF5EIHer
with the abggsation of only the cornea, these measurenents giving the

i ndi vi dual aberrations of the cornea and the capsular bag lens. 30 39. A
nmet hod according to claim38, wherein the total aberration of the eye is

measuy ed4ysi RRRd amya%&g;]@r&lanﬁ 88 SPHeréf ehtinf8oRRR bt ROV o dAEIRY DBRal S
measur ed usi ng topographi cal neasur enent met hods. WO 02/ 051338

PCT/ EPO1/ 14pdShe log inthe C@PSFH?f brscang aiak e Mgeths desaanimtheselsetionpt coprstien n sai d

optlcal_syq&% BHﬂggg&zconprlses conpl ementary neans for optical
correction, spectacles or an ophthalmc correction lens. 5 41. A

nmet hod accordlng to claim 33, wherein estimations of the refractive powers

of the cgy r}@ﬂleth@@gcéohﬁngl 8 @ﬁmh Be bie7, GARSH! Alophiadsy3Rth RidpRking¥Sd heagt bs
designate the selection of correction |ens optical power. 42. A nethod

accoldi ng tthe edregamndthe dns grthe gapsylas hregnd %ﬁ?lecéﬁd lgf\ya@e%lﬁﬁ ©sReHmdeig sai d

nodel s of p;l@miéa%&%ﬁ@@olﬁ@@os&hﬁmly@@@cwﬁ&h@b&@ﬂ&ulaaexﬂ@@@emﬁaﬂéa@c oagl ect ed
i ntraocular correction |lens provides for a wavefront substantially reduced

from aber r &f pBhBolROME IS essed by at | east one of said polynomals. 43. A
met hod according to claim33, wherein the intraocular correction lens is
adapted to be 15 inplanted in the posterior chanber of the eye between iris
and t he Bagsuphed peegrdingrie clagg Bb avherelt i BYraeyias Freschion epvis afapprd tope  (v)
estiati ng jhhendithé Mstekidtitamber oftiiteeyt 8RSedirit Rl Bt baBalle mBthbd S non-

accommodat ed state ;
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.



(vi) selecting a posterior central radius of the correction |ens different
to that of the lens 20 in the capsular bag in its non-acconmobdat ed state;
(vii) detveont/odiagp the total correction |lens vault based oRCT/ERIIGATES
arriving fromsteps (i) and (ii); (vig;i) 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 provide an
aspher i CaeP Wb hecb A %guaeﬁuﬁ %L%uo%géh%@mﬁﬂg th@‘fr@??ct gmﬂeaae&ﬂé afbifcdso claim
33, wherel'n the i ntraocul ar correctionh |ens is ad apte be 1mplanted in
the anteri of aindivisiel byfmeaneokipeogzapdicr] mepsergmenss andi egpreselgztse tofy] plerigtich
according to?thg gzingzlbgis?‘acén%héf h%@ 91?&1@'%159“ zing the front corneal surface
of an individua neans o ograp I cal neasurenents and expressing the
corneal aberrations as a corrbl nation of polynomals. WO 02/051338

PCT/ EPO1 7

char gct ez{rﬁ/}% %g’th?‘ﬁgm?rgmﬁfb gﬁﬁb%gr?c ;gd hglgc%%rl éactq:)tlraﬂs&ﬂs%%faégﬁ 91}1&5%{15{%? dual

means of toqqmglaal{mlgs ofd schreted poprENSINd AXPrEssipg @ssizhgbairtotsef die catver rat | on of
t he corneal according to

cl ai m 33, i hr‘?cfnsd? ﬁ%ng Sgg{é{(): rfl(gélldﬁg}J %%?’nmgg O%%bﬁlr;afnglgse(g%oﬁg&f@%ses in capsular
bags of a sel ected popul ati on and expressi ng average aberrations of the
cornea apd en cap s conbi nations
of pol yﬁ%m a (L’;[FOJ °§rg\{n2re% ﬂglal adcor%% nslgmtq’g%fnﬁ%s(%ﬁeo%?%gﬁ%ﬁqﬁlkgal d

pol ymom al polgnenidi del or Zerni ke 10 polynomi als. 49. A nmethod according
to claim48, conprising the steps of (i) determ ning the wavefront
aberration of the cornea and the lens in the capsular bag; 15 (ii)

expr essi4fgAtihghabererding emgaiof 48, hempraningahe #erd of:he | ens in the capsul ar bag
as linear conbinations of Zerni ke polynomals; (iii) selecting the

i ntraocul ar correction |lens such that a wavefront passing an optical system
conpri si(ilg saletbrioimingabd Wanefioutaberzatipniofithe Zemned dud thedensrin theabpsniadbis of t he
cornea s reduction in
Zer E?ke%@gef 1@? ﬁe%asﬁr@hé %SHQ&O&%P&H ﬁ%lep%gé%?%k S(r?g{ﬁlt%cggpSﬁ%f {r’%gza!s%ﬂ%aﬁrt her

conpri si ng t trembinetiensef 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;
\2) 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.



(iv) calculating the Zerni ke coefficients of a wavefront resulting fromthe
optical system (v) determning if said intraocular correction | ens has
provi ded veO su651838i ent reducti on of 25 Zerni ke coeffici enP6T/ERoudI409t | onal | y
selecting a new lens until a sufficieni, reduction in said coefficients is
obt ai ned. 51. A nethod according to claim49 or 50, conprising determ ning
Zerni ke polynomals up to the 4th order. 30 52. A nethod according to

clai m51.conprij.sin ffici LC] i .coefficients referring
o sphor T ol Taisas AR o 5lefE 7 bl ERbY G BEPb LM one oS
accordi ng ttie fohah ood&2 conprising sufficiently reducing Zerni ke coefficients
above the fourth order. 54. A method according to claim52 conprising
sufficiently reducing the 11th Zerni ke coefficient 5 of a wavefront

ar ri vi ngs4. riomethhé aapidingab chins 2mmmisuticicotly eduisgnhe yh Zafidecbeffitient f r ee
from_ spheri.cal erration. . A nethod according to claim45. conprising
seloct i ng. Sy aRgLarure LB oftsiPyaRD 235K et SrStdsihin e e
provi des r epigichlabeddtiospheri cal aberration ternms as expressed in Seidel or
10 Zerni ke polynomals in a wave front having passed through the system
56. A nethod according to claim45, wherein reduction in higher order

aber r at i 3 A Q&G b&ordaao tipin sheshpribkmg5electiig Ae idhackcuit cardtinglechosuch diatn 33

characterized by selecting an intrapcular correction |lens from.g kit
conpri sing Pee‘?ﬂ?é’g S t?“iﬁpré’vgiﬁsl tedistign 8’8??/5?“%5%63“5’3&3%5?%?Wreéf‘fgﬁn g]?)'a%lrorr ange a
plurml ity akrilenseésomald ing vdivé fredtdnting pasedahioogisthe §8temA met hod according to
claim57, wherein said aberrations are spherical aberrations. 20 59. A

nmet hod according to claim57, wherein said correction |l enses within each
power r atga méthvdacsondingeeslaini 43 wilelefinardntiommpligher adaabpotentesms 0. A net hod
according to cl imd59, wherein said surfaces are the anterior surfaces. 25
61. An int F‘%ﬁ%’ﬁﬁ%hre correction |l ens obtained in accordance with any of
claims 1 to 60, capabl e of,

15 57. A method according to claim 33 characterized by selecting an intraocular correction lens
from a kit comprising lenses with a suitable power range and within each power range a

plurality of lenses having different aberrations.

58. A method according to claim 57, wherein said aberrations are spherical aberrations.

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



in conbination with a lens in the capsular bag of an eye, transferring a
wavefront having passed through the cornea of the eye into a substantially
spheri calwoavefisisnt having its center in the retina of theT/@p&/1433 62. An
i ntraocul ar correction |l ens according 430 claim6l, capable of conpensating
for the aberrations of a nodel of the cornea and the lens in the capsul ar
bag designed froma suitable population, such that a wavefront arriving
from an optialqsyshSaRICeHR bt hdRd KnCiR ile@ahduip IR A IRlRRBially
PCT/ EPO01/ 14793 23 lens and said nodel of the cornea and the lens in the
capsul ar bagflused alierrgtigfgbst antial |y reduced aberrations. 63. An intraocul ar
correction |lens according to claim62, wherein said nodel of the cornea and
5 the lens in the capsular bag includes average aberrati on ternms cal cul at ed
f r om chafaditneiniradenlyr corregtion lgnsaccading Eudaipyfd ‘é’%ﬁ%‘ﬂ s#f medef of ssemen pg
expressing ﬂEehlgI[lQ ih B BhREBLd fahddsGl dBeeBedition tQmO Blidiifted Hoth Khu@rizing
aberration terms. 64. An irntraocul ar correction | ens according to claim®63,
wher ei n saiimlivdes capasand eapsar bag denpyspadexpreseing i in aethsmatifal Ranhioes
p0|y”0”ia|%5m§%nhﬁﬂwh LROGH, Al GOr rection lens according to claim64
capabl e of rtéducing aberration terns expressed in Zerni ke polynom als of
sai d nodel of the cornea and the lens in the capsular bag, such that a
maver r ony At it EQML A 1GRLLEMinS S B G ONRALiR L0 SR PRRIEE hiiply | ens
15 and sai d nodel ot “the cornea and the lens in the capsul ar bag obtains
substoant i akbmpbnaticddermdysipelyinemialsaberrati on. 66. An intraocul ar correction
| ens according to claim®65 capable of reducing the 11 th Zernike term of
the 4th order. 20 67. An intraocular correction |ens having at |east one
aspher i o5s dnfipieavcwiar estregifrareristageording fo14iB 94 cangple o sqdpeing ehgrratéondelnsnear
conbi nat i og, of APk AlolynBm s of'stid GARBIIEheQomeh AndCRIRLORIhOBpWILN @ | ens
in the capsular bag of an ‘eye, reducing simlar such aberration terns
obt ai ned i hag sudhethatfarvanelranarivge frogsaPrtipd synherrisigseil yorsistian kg an eye
suf fjisci ent Ly, JaFoe&oéen 8P BorARERE Blel18R%n tH88apsfiar baplobARE th%%aﬁﬁéll‘yr@@&b@n | ens

e

according to claim67, wherein said aspheric surface is
spherical aberration.

66. An intraocular correction lens according to claim 65 capable of reducing the 11" Zernike

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.



anterior surface of the lens. 30 69. An intraocular correction |ens
according to claim®67, wherein said aspheric surface is the posterior
surface ofophesiBasns. 70. An intraocular correction | ens aPCDEHIIIG7430 cl ai m
69, wherein said polynomal terns are ,/Zerni ke polynonm als. WO 02/051338
PCT/ EPO1/ 14793 24 71. An intraocul ar correction |lens according to claim70
capabl e of reducing polynomal terns representing spherical aberrations
and astigmatism 5 72. A lens according to claim 71, capable of reducing
the 11"' Zerni ke polynom al termof the 4" order. 73. An intraocul ar

corr ect i oh Aremgragmdancdirgstjon sneicapnding 20 plaide’d sapahlaofsedibingipolyoomiat tehhe

mat eri al . . (N I | ens according to claim73 nade
of siIiconi%né%ggﬁ%ﬁhgk%?%%gh g?%%%%ﬁéékggh | ens according to claim73 nade
of hydrogel. 15 76. An intraocul ar correction |lens according to claim?72

de of i gid biog ib ialy . 77 AR I ti I
ecorti nip-bRut BN Bt oF RbE Fasrind e ¥ 2 b BRGodi &7 Biaber o

the eye betowdkeen iris and the capsul ar bag conprising a centrally | ocated
optical part capable of providing an optical correction and a peripherally
| ocat ed supporting el enent 20 capable of maintaining said optical part in
sai d cent. &n ihbagtilaoporrestiordespiccadihg pacldimdizdnslaifidm swfipircbmpdtibi@ent t oget her

havi ng a concay posterior surface which is part of a non-spheri cal
surface, the intersection between said non-spherical surface and any pl ane

cont®i ning the optical axis representing a flawl ess curve free from

di scontipuiti.es a Ql_nt i.nfl.ection. 25 78. .An intraocul ar correction
| ens acé@fﬁ%ﬁ%§¥€ggfgfﬁ$ lggéﬁgg%g %”Hgmfﬁﬁwﬁﬁ %@mPﬁ&the anterior chanber
of the eye and fixated to iris. 79. A nethod for inproving the visual

qual ity Q@f | i . i | ntraocul ar correction
| ens acégfé?ﬁgg%gu%ﬁgﬁ%ﬁg%ﬁéké%gyg%g@gﬂggagﬂ%%%?ﬂagK§§Cording to claim79,
wherein spectacles or correction | enses are provided outside the eye to

fur tllger 7i6 Rh %Fao%ﬂgr c\@n%&ﬁ)ln 18y ajztjowfng to claim 72 made of a rigid biocompatible material.

77. An intraocular correction lens according to claim 67 adapted to be implanted in the posterior
chamber of the eye between iris and the capsular bag comprising a centrally located optical
part capable of providing an optical correction and a peripherally located supporting element

20 capable of maintaining said optical part in said central location, said optical part and said
support element together having a concave posterior surface which is part of a non-spherical
surface, the intersection between said non-spherical surface and any plane containing the

optical axis representing a flawless curve free from discontinuities and points of inflection.

25  78. An intraocular correction lens according to claim 77 adapted to be implanted in the anterior

chamber of the eye and fixated to iris.

79. A method for improving the visual quality of an eye, characterized by implanting an

intraocular correction lens according to the claims 61-78.

80. A method according to claim 79, wherein spectacles or correction lenses are provided outside

the eye to further improve the visual quality.



WO 02/ 051338 PCT/ EPO1/ 14793 25 81. A nethod according to claim79, wherein
the cornea of the patient receiving the intraocular correction |ens has
been nodiWwdedotiyssnreans of a |aser. 82. A nethod of i nprovP@yEPHIRI4v93sual
quality of an eye, characterized by th§5steps of 5 - conducting corneal
surgery on the eye; - allowing the corinea to recover; - performng a

wavef r ont analysis of the eye and - designing a correction | ens according

E ﬁeaggr ?g@t erﬂ} accorém% H) clalm ’79 ]\zherelh gh% c%lGneg‘ ofdthe pat1ent’1ecelavr1]19g ti‘ig in_trag)cu alrant 'ng

correction lens has been modlﬁed by means of a laser.

82. A method of improvin.g the visual quality of an eye, characterized by the steps of:
5 - conducting corneal surgery on the eye;
- allowing the cornea to recover;
- performing a wavefront analysis of the eye; and
- designing a correction lens according to any one of the claims 1-15, 17-29,33-46 and 48-60;
and

10 - implanting the correction lens in the eye.



