; noe3eA><X6. TNRWO 02/ 45577 PCT/ US01/ 48245 5 OCULAR ABERF%ATI ON N
CORRECTI ON TAKI NG FLUCTUATI ONS DUE TO Bl OPHYSI CAL Field of t/he Invention '
The i nvenwipan/4sehates to ocul ar aberration correction. hl vsoaukas, the
i nvention provides correction of !mwmmmmm errations of the eye that take
into account fluctuations in the WEMdue to biophysiical rhythms. 10
Background of the Invention Techni quegygnd apparatuses for measur i ng the
aberrations of ;the eye using wavefront sensors are known. The known
devi ces neasure, estimate , interpolate, m(;lr cal cul ate the ocul ar opti cal

wavefront. Subsequently, the aberration asurenents 15 are |jmathematically
converted to a height difference providing an el above and hel ow a

vdesi gnat ed nean sphere vaI ue knovvn as t he op difference. rrection for
the aberrations ]‘4%8%1 A FPMerOPNToy
aberration inverse f| I CTTHétTI SMT IQREBY SICALRHYREMSZ ul ar

saberrationss These corrections nmay be incorporated into 20 gphthalmc | ens
to provide visual acuity correcti on]ﬁ]ﬁ (% a]gvant age of correcting
aberrations based on wavefront is tHaf HHe WVEMHMt i ons of the aberrations

over time caused byriipRhYioAT8aRketo (gﬁl(zﬁ@bérﬁattﬁ)n%%lémn ThhRkEuh &he @ need
exi sts for a nethod of 25 biophysical rhythns in designing aphthal mc

| enses based omvamlaas prm@stwrrectmxmf veavefrap abewationsarfitheeyet thetrialefintn due to
design of an r hX misluctuartlﬂgons n ﬂ?ebzﬁ)rexr'lgttlmg Qiug?o blophysma% rhﬁhms
10
Background of the Invention :
Techniques and apparatuses for measuring the aberrations of ;the eye using
wavefront sensors are known. The known devices measure, estimate, interpolate, or
calculate the ocular optical wavefront. Subsequently, the aberration measurements

15 are mathematically converted to a height difference providing an eleyation map

above and below a designated mean sphere value, known as the optical path
difference. Correction for the aberrations may be provided by introdliruction of an
optical path difference, or aberration inverse filter, that offsets the diistortions due to
the ocular aberrations. These corrections may be incorporated into the design of an

20  ophthalmic lens to provide visual acuity correction.

A disadvantage of correcting aberrations based on wavefrontimeasurements
is that the fluctuations of the aberrations over time caused by biophylsical thythms
are not taken into account. Therefore, a need exists for a method of accounting for

25 biophysical thythms in designing ophthalmic lenses based on wavefront aberration

measuremennts.
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Det ai |l ed Description of the Invention and Preferred Enbodi mgnts The

i nvention provides a nethod, and ophthal m c | enses produced |using the

nmet hod, twatozuskes i nto account fluctuations in ocular wa osv/4838r r at i on
measur enents due to bi ophysical rhythnms when conputing a corfrection for

t hose aberrations. The nmethod provides repeatable and reliahl e neasurenents
for use in determning an accurate correction for the aberrations. In one
enbodi ment, the invention provides a nethod of designing a correction for
an individual s visual acuity conprising, ,consisting essentilally of, and
consisting of the steps of: a.) obtaining, for a conputationally sufficient
anount of time, an ocul ar wavefront aberration neasurenent gf the
‘individual's eye; b.) determ ning a frequency conponent and jan anplitude
conponent for cyclical variations of the ocul ar, wayefraont a erration
measurements; and cDetlsgddescrpiomotshe myentienad fgrtered SoaRRGIBEE or r ect i on
*for one or nmore ocular wavefront aberrations of the individyal's eye taking
into account the cygl hﬁz%hué/@ﬁl‘o%{de@ﬂ%xetﬂo‘& ANOSIHRal RIPRAL IR ductDBsihgMRNT | ON
provi des ophthal m c | enses produced using the nethod of the :iinvention. 2 to
15 20 25 30 P@eﬂwsmwakmmyaccgmmﬂmaiunﬁQ;nsl ippstilai wapefzont ahelsqjl@vt acle |ens,
a contact |lens, an |ntr§?e l.ar .l ens

i ke.
o cror bty ¢ RisafRerndhS 39S BOomGRAL S cehibRiingla cof€otin i thost o,

wavefront” i sgpeafibnd. MEnevA¥RLE Prdvi@IREHatg1df dndTelidige B¥Bsur&Yentd fdthigs in
wavefront aberration" is neant the difference between the wavefront

emer gi ng f r ondethaniaing ancwpaiiatscrorscliorplr thegbematiaatsr ont . Appar|at uses for
perform ng,aberration nmeasurenents include, without |imtatijon,
aberroscopes | devices that neasure ocul ar Mdul ati on Transfer Function by
point o line spr ealh Olmefabﬁdlmem theringatipe providrane methed pbdesimingt e,

i nterpol ate, te the,ocul ar front..The device Use
sonel Dovity « Soraf SR TuRPEb By ARG} FRlsh SR RS HE"
bi ophysi cal r bysivifig oBtel stdfsdf 0Ly bR Gigingl for @QBiﬁpbfah@hley QAL ﬁl:&nﬁms of f or
exanpl e, Model &200 from Wavefraont Sciences, Inc. 02/ ~8~77 qccur in
both high andtimewibeear WirgsoRbheraten measugmmant of Qledn@i'iVls@@i/ Y580 the
| nvention fhateeyehiAl f¥Rehd) EFoneRl add anteptfudOoctRbdnefiGot HRAEAT52. =5 |

of an

Have a

variations of the ocular wavefront aberration measurements; and c.) ciomputing an
ocular wavefront aberration correction for one or more ocular Wavefripnt aberrations
of the individual’s eye taking into account the cyclical variations. In Lmother
embodiment, the invention provides ophthalmic lenses produced usirJg the method
20 of the invention. ‘
!

By “ophthalmic lens” is meant a spectacle lens, a contact lensi an intraocular
lens, an onlay lens, or the like. Preferably, the lenses of the inventior{ are contact
lenses. By “ocular wavefront” is meant the wavefront emerging from the eye. By

25 “ocular wavefront aberration” is meant the difference between the ijefront
emerging from the eye compared to a perfect wavefront. Apparatuseés for
performing aberration measurements include, without limitation, abeii‘roscopes,
devices that measure ocular Modulation Transfer Function by point o! line spread, or
any similar devices that measure, estimate, interpolate, or calculate ttL ocular

30 wavefront. The device used must have a sensitivity to enable it to capture variations
in aberrations due to biophysical thythms. Suitable devices are comn?lercially

available as, for example, Model G200 from Wavefront Sciences, Ine.



i ndividual's eye that correlate with the biophysical cycles,| nmeaning the
circulatory and respiratory cycles, of the individual. Because these

vari at i onwonriagsTio apparent effect on the individual's visREI/UPEHERISE I on,
aberration correction nmust not be performed using the extrenes of the

vari ations. Rather, correction nust be of an internedi ate val ue of the

vari ations of the wavefront aberrations. This internediate value is readily
determned if the existence of the cyclical variations is assuned and a
wavefront measurenent is extrapol ated using that know edge to predict the
overall variation. The individual's final correction can then be determ ned
usi ng a wei ghting schene derived fromthe clinical conparisans of the
‘frequency and anplitude conponents of the variations. In an initial step

of the nethod of the.invention,. an. individual' cul.ar wavef|r ont.
aberrations are obt Eﬂsrﬁ‘édeCBP’el?Fé’J%lEFr%e’?tkﬂn_t ?tccéfﬁ@‘i?ﬁ)ﬁﬁl?%‘r?gls’l ¥ &?%le?smt
‘amount of Ui Meycolyin HeMME &id RRASdYr Wi dftdht B5HrafioR Wiks@bmeh@®fah S Meant
t hat the ocul ar wavefront aberration neasurenment is carried out for a

period f tifre isdiViduel eeie that cobrelateswith thakiophysicabdyclesymeang thewarculataryn
fluctuations due to.bjiophysical,cycl.e j ch antit ermits conmputation
of "t he 1 equertty TSGR te beNRRuey HereisP e b e B Peten AR o
tinme preferableffebforstt fldiiaml s Asuad BbldeRionQhbdrkioh b&w&mlrﬁﬁgt a6 beof  at

| east one conpl ete biophysical cycle, nmeaning a cycle that contains a
conpl et e respipesfoongd using e estitmepesihe y@:llH%iLOllFoRa@ﬁlaﬁpH@C,thmH'dusébé of 8t i on

measurenment faor, an i.ndi vi du may. he c i ed t capt uri . I s at
5 Hz for pur pd§t§§n841§§ é{mﬂa Pﬁb’et%}éa@?]?sc%{tg ‘(’)V?Y/&JO(S’F Q%elf aglg,néj'cl{lc! é&gﬁere@}qgon
wavef ront apervadid i fsadilpBetedinkd ohtat editchéBgRh@tylicR Wriafbts 16 apfutifeddnd or

pur poses of sanpling the respiratory cycle effect for a total  of 20 30 WO
02/-1SS77 to BWaGipst mepsupementes gxitagolated ysing; thaidwewisdge tapredist Higqyerall

General ly, ab %&iaggn.i@gﬁqggivgdéﬁga igafﬁog%?&& @Jnocﬁis/rggén%&%rrxr%ﬁ?c?ﬁfégg m ni mal

anount of data requir Fequenc content of

t he wavefront weghtiig ohéme tonvesdefrom tieclBpet tdhparzomsioaf thd ésqnedely endi | |
depend upon the individual being neasured. i Alternatively, Isufficient

sanpl es of ocAmRItNdRcOMMeRentE NG E@RAWONS: of a popul ation of i ndi vi dual s may
be nade to,deternine, generally, the way in which the fluctuations 'behave.
Using this information, one need only carry out ocul ar wavefront aberration
measur enent s of an Inrzknmivial stepdofthe nedthddoof the meentoa, ai indivrdualts ateksur e
enough wavefront data . .poipts on an.that individual to determi ne where, on
the curve of vaRYeReREaHEraHoR e Bigined dr ateastrad for & cqmpritignaiiaciont
Cener~lly, abopfoumt BlptliﬁQ.OBBI “%&n?@ﬂaﬁbﬁal@eshfﬁ‘&&ﬁ aflouht 6 thBSTik Bl thaPthé

circulatory cycle w be a suffticient nunber of points. The renai nder of

t he data requiecstarweayefbentiahérsationdmeassremane ispamiadows farapeaiodaditiang | ons based

on the popyl ati .S le. For ex I t he m.ssir i.n f ch cycle may
be inter po?gt esél%g‘f"erggg 9?585"56 ao‘ﬂuatnﬁgp%@g?vg?rr%{%ﬁgﬁ %} gg(’t‘rlr%@or%é? ulg%f er pol at ed.
For purposes dfioptigicapieies oRhichlaaritay ipernifeaswueapitof thd fiequeasy ael ng
nmeasured are not dilated or paralyzed. Further, preferably the wavefront
data i s recor o@@plitndqmt%pﬂﬁ@fﬂqc ens. Bus perndeofifge W@f%@é; wiffigighidp at e
t he wavefront | S..lent i r . i it 1.0 ul ar
formas 1t 1s SO o SR bolfn@RR AL Rl e B HBoiehal els imdalic ¥
limtation, Cosyelethetdon@iis sArmiplste sespirhtonanst didudelyCyniel et @ Qoht hal mi ¢
Anal ysis Software avail abl e from Wavefront Sciences. The appropriate form
sel ected wi*fl depend upon the intended use of the data. For lexanpl e, the
raw data may be traﬁ&'&gﬁﬂle', HeQb RN mOs it K& aRGhMORITh AL Sy b&EdAES 2l
refractive data conputed, and iso-power, 3-dinensional pseudo-col or, and
.optical path dodifbgreepoengll@vatgesnt §Hrpfos pumpysdsef ganpling thd cirg@latoryor| | 2/ ~5;

" pulse, cycle effect on wavefront aberrations; an additional 10 imageg at 0.3 Hz are

captured for purposes of sampling the respiratory cycle effect for a t%tal of 20
30 |




| PC /USOL/.182~5 i In the next step of the nethod of the invention, the
frequency conponents for each of the cyclical variations in|the ocul ar
measur enewoI2as87det ermi ned by any conveni ent net hod. For P& nHgHF ons may
be represented as Zerni ke coefficients that are individually subjected to a
fast Fourier transformto analyze the way in which the 10 15 vary with
tinme. The transformvalues are then assenbled into a histo nost probable
time fromthe histogramis the dom nant period in that and anplitude
aberration exanple, the coefficients ramyand the coefficient. In. nost
cases, there will be two periods, one for the fast circul atqry rhyt hm and
one for the slower respiratory rhythm The anplitude is detgrm ned directly
‘from the maxi imzugearmdelrﬁﬁimmdsv@bmall;ofabmkte’wrimgM\@r 3Sabodsprovides atin

ocul ar wavefront aberration caorrection | ute at takds,int ccount
the cycli cal Jeast e pripinal F‘WOP%Oé%é‘iaéB‘l“l& gﬁe Eﬁ‘ﬂv}k@“&( 4 ap R dual
‘frequency conpoRemtst tRE FavihRmt {iadh. VHo‘svwera@le Isp@ifi@ 6@t deGiFAbRwilAny

nunber of methods may be used

to carry this out. For exanpl all of the

measur enentss degendeipan éheaigdiiduel bding mgasired, over the measur.enment interval .
In the sinplest formof averaging, images are accunul ated, fior exanple 20

accunmul at ed over 35 seconds.

The Zerni ke terns for the thlrd order terns of

20 defocus, 45 and QRreggeResidEstieaBinpiedlof Gouar WavemR méasureabm bf a
astigmati sm and spherical aberration are calculated resultiing in 7 sets of

20 data poi nt pomﬁetwm@lﬁ mdmfhmlsn@aytbq mpdsatol wtmneagm@aaliy@ﬂwﬂwm vglieh the

defocus and as.i
are conpared ﬁlnﬁ

%ﬁ'}?s LRERGHA to%%'ne&%fﬁ&%aﬁr? rou%c%{t'%' acuity

neasured val ue definition

of the wayjgl nwmbﬁ&utalbenamﬂi meaéu@haemswf&mmmwﬁ amlﬂaﬁullfm prpduftimecnl
variations. Alternately, a population nmay be refracted to pripduce data from
whi ch an i ndi wessure egowghsyeieiiepkdabapoiatsem anghefrindiyidual o) quf‘éll?l‘lPa‘W“éFa Bhs may

Prgaglrj?gldm ag \Aél\%ér&vegﬁf'\%ﬁtlge céi{stﬂéw&ﬁﬂ fﬁﬁ Qi &udi lsb‘i}eﬁle }rCﬁJOIuYS to

er order 30 abefrations will

be handl ed by abtw 1iRiigte p&y@bledf tha lé’@namnyaamhquculatory cycle will be a sufficient

number of points. The remainder of the data required may be inferred from the

15 previous characterizations based on the population sample. For example, the

missing points of each cycle may be interpolated or portions of the cycle not

measured may be interpolated.

For purposes of the wavefront aberration measurements, the eyes being

20

25

30

measured are not dilated or paralyzed. Further, preferably the wavefy

ont data is

recorded in the form of images. Software may be used to translate the wavefront

images into the appropriate form and to display it in tabular form as i
recorded. Suitable software includes, without limitation, Complete L

Software-2D and Complete Ophthalmic Analysis Software available

t is being
ight Analysis

from

Wavefront Sciences. The appropriate form selected will depend upon the intended

use of the data. For example, the raw data may be translated into Taylor or Zernike

polynomials, clinical refractive data computed, and iso-power, 3-dim

ensional

pseudo-color, and optical path difference elevation graphs may be generated.




WO 02/5;77 i PC /US01/~82~5 1 6 If the statistical correlatijon between the
clinical data and the wavefront data indicates that the best| correlation
occurs wheo oehss7ecul ar wavefront aberration data, 5 as a fROTEESOGHSBF ti e
is averaged, the arithnmetic nmean may be cal cul ated for each |set and that
mean val ue may be used for aberration correction. AternatiVely, the
statistical correlation will be used to find another functian that best
connects the clinical studies with the wavefront data. 1 o ‘The aberration
measurements are mathematically convertedsto a height difference, thus
provi di ng an el evati on map above and bel ow a desi gnated nean sphere val ue,
known as the optical path difference. Correction for the abdrrations will
‘be provided by i nt imtheatekbstebf tha nettodadltheimyenteing fherfesnuencycomdaloditute on
inverse filter, that offsets the di.stortions.due to,the ogcullar aberrations.
15 The conver P@HPQFPW%{OEHQ%‘S"#% C bc‘ﬂé’éﬂatﬂ%lsﬁ?g%ﬁ %Fé‘lﬁrﬁ@vﬁégl?lté’h?n?tbqn an
opht hal mi ¢ | efRa§{REmEAS R Gininddy S%ERYGridtd nheldH. FdleRadipleCiie desi gn
program taking 1nto account the optical effect of the correcting | ens. The
aber r at i on 5conrbemations mumgbelyepresenteidial Eermike ¢upfficicihte that avetindividvadk sur f ace of

the lens. By 2q."ophthalmic¢ |ens" i.s ant . a ectacl e | ens,; a,cont act
|l ens, an i n%/r a@%?ﬁtg‘?tq aek?ét fo&“@ﬁﬁﬁ‘éslé‘?m}nﬁ’pﬂnéh’tzel gcnxgs,ly ]é’nvs%lﬁﬁgv ﬁogﬁgc,leni%d t he
l'ike, or conbipaty e ntehaheHansiBis VEhaPIrE thdnhRsdBRIS@ ttOh hidhsprim uaatieon are

contact |enses. "The aberration correction may be on either -gr both the
front or backmnmst prabebletiniehfporo it istbgian is¢sdondivantpsriof énm dwscaedbsiont. ilp t he

Ve o0 T By kR R OO b g

The aberr afyi 0fhedswaGEsRAIRYhRBmMO ITheiatpituderis Betehninbe direalytfran drack
surface of the ophthalmc |ens. The contact |enses also may .i ncorporate an

i nver se t opogieghnemandyainingHn Jalugnef the ravhdatiens wearers' carnea on the
front, or object-side, surface r the back, or WO 02/ 5577 IiO IS 20 25 30
PC /US(I 1/ ~82~s eye-side, surface. The corneal topography ofj the individual
may be determ ned Igyibgatprentngun obiibhwavefiont asbriagion vbirbaish if basﬁmmd that by use
of a corneal topographer. For soft contact_ | ens manufacture, the

el evational d#kgs inie asegunythesyelissl V%@U@a&aImthﬁﬁ%H@qu&htﬁ%élmﬁﬁﬁ B ed

state. Next, t 4 ' | NG ! ofat| ens
loxur e, of g AHdeRehdRRRERE bk Mo The g AUR ok BB

bot h el evat i onumbet dEmehobdemanbel usadap canrye thac owtu Foe dxdmople kot thsi ng t he

corneal topographic data. The flexure.transformed data then e ed
onto a ONC gr MFASHEmEnts maybe AYstreed oriiesteed: oy BRSUFFRERt {}E‘%’P’g]s @%e I

The opht hal i %inlqﬂgé"t?ém‘i’gfNb?a%?’f@{%ﬁéé@'&ré%éuﬂﬁldﬂ&ﬁ%ﬁ&aﬁlwe Koipwgesreans for
ophthal m c | ens ‘manufacture. For exanple, contact |enses of |[the invention
may be for med absunargted oot seomads. be Hothikesrmel forghe thindrayder teinigiafat i on

di anondt ur ni n

f_nold .10 f he | f tHe i i on.
Subsequent Ry SRyt O 0 gl Puariehe PR Age oBETRRER BORE R Bl | ouea

by conpr essi oRpitaFalierafion bhre AR UILS] silng B Thdtoef 2eagepoifs. t he i nvention.
Al ternatively ?he contact |enses surfaces may be di anond-turned into | ens

buttons. Any known materials suitable for manufacturing ophthal mc |enses
may be used to manuf,acture t .0 j i e preferred,
contact | ens, enbo?’fhr%ﬁ"iﬁyldtuﬁgﬁﬁ%ﬁ‘gglgzﬁegaﬁggg?%{)ﬁ%{g%c@%?(r%’?fggﬁst g | enses of
the inventi on asigmitGnanylusdmidrihemeaetubladguasServisial tabeityoare dompaed wafh thar d or
soft contact |lenses. Preferably, the rrat,eriegj .sele ied for flor nLng t he

| enses of The WAYFEARS BpasvEedyakies o L higpemnits dyimdtionot the wWay iy whishibe ont act

| enses. Sui t al g fRLEL LRl §HEmhelhe Syl ORidfhs| BNSERt aHbphiiforet hod
of the inventi onviaﬁcfudig'!oa\;\s},t IE;lr(I)lut {ﬂ:emglteayi ona, %?%%glts)ne eﬁ%st-dr?g%g, °

may be refracted to produce data from which an individual’s vision system handling

of the cyclical variations may be predicted. Only sphere, astigmatism, and angle

may be clinically measured. However, it may be assumed that higher order

30 aberrations will be handled by the vision system in he same way.



‘|
silicone-containing macroners including, wthout linmtation, those
disclosed in United States Patent Nos. 5,371, 147, 5,314,960, and 5, 057,578
i ncor por awedri4ssheir entireties herein by reference, hydr USH1/48245
silicone-containing hydrogels, and the |ike and conbi nati ong thereof. Mre
preferably, the surface is a siloxane, or contains a siloxane
functionality, including, without Iimtation, polyd nethyl siloxane
WD112/-1Sa77 PC /US01/.~82~5 8 nmacroners, nethacryl oxypropyl: pol yal kyl
sil oxanes, and m xtures thereof, siliconeghydrogel or a hydriogel, such as
etafilcon A WO 02/.h577 What is clainmed is: i PC/USOL/-482.11 5 1. A
nmet hod for designing a correction for an individual's visuaw acuity,
conprising the steps of: a.) obtaining, for a conputationalgy sufficient

anmount of tine, an ul ar. wavefrqont aberratjon.neasurenmen f the
i ndi vi dual ' s; eye;If%ﬁ?S‘&BifEPﬁ?W Yion F‘ié"cfﬂé#ﬁ%@“?&&ﬁiﬂ&ﬁe%ﬁtéﬁ a&“rﬁ%ﬁﬂ?‘?t ude

conponent f or ;£ ckdsGRlt tNEBdsPbbPaAR octhe v tRE odAME RiNonPliSAaAb 84ta,
measurenents; and c.) conputing an 1 o ocul ar wavefront aberiration

correct i on 5f ors afimction abtime abavaragei oths anthnetie nigadinaydomtdlenlatpd far ghémsst i nt o

oroutat | oral ot bR EHR RS et of Ao a5t dh b BE b 1"
conpl eti on of s@AgicAl EflsionalilIBECIsed tolfndanofiieg fimitidadhsibest cdhdcls thwher ei n

step b.) is carried out by: i.) representing the ocular wavefront
aberrations aslitiealstudeescwidlt theovaviefront data.) subj ecting t he Zer|ni ke
coefficients to a fast Fourier transform and iii.) assenblijng the

transformvalues into a histogram 20 4. The method of claim 1, wherein

step c.) further comprb&eSichEkRRIRhISAE: HBRBAAECAITY ddeatidmallicgmtof a
| ens' front surface, back surface, or a conbination thereof to achieve
correction of diffpsensesiibys pieaiding amelevgionmaan Beye apdbelowphdesigateddnesn cl ai m

1, further conpri.sj ) i K fl a
cor neal topog?@%ﬁ@bﬁgﬁﬁﬁgaF%ﬁﬂ@?gﬁéﬁﬂBQB%“?ﬁgﬁ%ét‘%%°§§E§$§H§?%§B@8#§her
conpri si ng st epll 8e providedbynigtroMection ofitn sptidabpthdi ffache) sr dltenation inversk

t opogr aphy of the indiyvidual, 30, i ‘
filter, that offsets the distortions due to the ocular aberrations. |

15 :

The converted differences may be used to provide the desi gnéfor an
ophthalmic lens for the wearer, for example by input into a lens desig:n program
taking into account the optical effect of the correcting lens. The abeltation
correction may be on either or both the front or back surface of the lens. By

20 “ophthalmic lens” is meant a spectacle lens, a contact lens, an i11traociular lens, a
corneal implant lens, an onlay lens, and the like, or combinations thelg"eof.
Preferably, the lenses of the invention are contact lenses. The aberratjon correction

may be on either or both the front or back surface of the ophthalmic Lens. Contact

lenses useful in the invention may be either hard or soft lenses. Soft gontact lenses,

25 made of any material suitable for producing such lenses, preferably areused. The
aberration correction may be on either or both the front or back surfaipe of the

ophthalmic lens.

The contact lenses also may incorporate an inverse topographic elevation

30 map of the lens wearers’ cornea on the front, or object-side, surface ar the back, or




WO U2/-~SS77 ni PC /USUL/~82~5 10 | 7. The nethod of claim|5, further
conprising incorporating changes in the elevation of a lens'| front surface
to achi evewoorHs®Edt i on of the ocul ar wavefront aberrati ons.PEI/GS017BR2Set hod
of claim®6, further conprising incorporating changes in the el evation of a
| ens’ front surface to achieve correction of the ocul ar wavefi ont
aberrations. 10 9. An ophthalmc |ens produced by the method of claim 1.

10. A contact lens produced by the nethod of claim1l. 11. Acontact |ens
produced by the method of claim5. 15 12. A contact |ens pr aduced by the
nmet hod of claimé6. 13. A contact |ens produced by the net hod of claim7. 20
14. A contact | ens produced by the nethod of claim$8
CAA A% A L AN dishle, ARFB2TABCAGLITpdtidfiy o @he individual muay be determined by
NWOERQ ~anylmown method including, withoutlimitatipg; b}g@i&(yﬂawea,] fqpng;@@]ggrt xX| >| x

K X0 > X0 O okl ek ke W b bk PR R X 7

| >x| >?| >x>| ?2<x>]| 7<<L| 5] > ?° 7°a

XC?| p~0xx>>f ppap&dl artmmﬂamﬂéthtbp&ekpﬁﬂel daperis Trafi§fofrped-BP faltjig 1ﬁte>aié|cmm°cli%~~~’>l
p”lp 21?1~ p 2% 2| " | pl ?==>| | p ?~~<X %‘7 2| ~<x gg % ?2~>>x" &1
?X | ¢ ~?2X %fﬂmksf’»ﬁ]@rwr“eap |Wb@aébex1eps ascedopthee g]f lrsxy]]* et ofgol'so 2
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be formed by any conventional method including, without limitation, diamond-

turning of molds that are used to form the lens of the invention. Subsequently, a
15 suitable liquid resin is placed between the molds followed by compression and
curing of the resin to form the lenses of the invention. Alternatively: the contact

lenses surfaces may be diamond-turned into lens buttons.

Any known materials suitable for manufacturing ophthalmic lenses may be

20 used to manufacture the lenses of the invention. For the preferred, contact lens,
embodiment, the materials useful for forming the lenses of the invenjrtion may be any
known materials used in the production of hard or soft contact lensqis. Preferably,
the material selected for forming the lenses of the invention is a mat%rial suitable for
forming soft contact lenses. Suitable materials for forming such contact lenses using

25 the method of the invention include, without limitation, silicone elasg omers,
silicone-containing macromers including, without limitation, those d:isclosed n
United States Patent Nos. 5,371,147, 5,314,960, and 5,057,578 incolr'porated in their
entireties herein by reference, hydrogels, silicone-containing hydrogels, and the like
and combinations thereof. More preferably, the surface is a siloxane, or contains a

30 siloxane functionality, including, without limitation, polydimethyl sigloxane
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macromers, methacryloxypropyl polyalkyl siloxanes, and mixtures thereof, silicone

hydrogel or a hydrogel, such as etafilcon A.
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variations of the ocular wavefront aberration measurements; and c.) qomputmg an
10 ocular wavefront aberration correction for one or more aberrations of the

individual’s eye taking into account the cyclical variations.

2. The method of claim 1, wherein the computationally sufﬁciexjrt amount of

T . : . |
time is a time necessary for completion of one biophysical cycle. |

15
3. The method of claim 1, wherein step b.) is carried out by: 1.) l,éepresenting the
ocular wavefront aberrations as Zernike coefficients; ii.) subjecting t]ile Zernike
coefficients to a fast Fourier transform; and iii.) assembling the transform values into
a histogram. |

20
4. The method of claim 1, wherein step c.) further comprises inciorporating

changes in the elevation of a lens’ front surface, back surface, or a cqmbination

thereof to achieve correction of the ocular wavefront aberrations.

25 5. The method of claim 1, further comprising step d.) matching the back surface

of a lens to a corneal topography of the individual.

i

6. The method of claim 1, further comprising step d.) matching ;the front
surface of a lens to a corneal topography of the individual. i
|
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8. The method of claim 6, further comprising incorporating cha;flges in the

elevation of a lens’ front surface to achieve correction of the ocular \leavefront

aberrations.
10 9. An ophthalmic lens produced by the method of claim 1.
10. A contact lens produced by the method of claim 1.
11. A contact lens produced by the method of claim 5. '
15
12. A contact lens produced by the method of claim 6.

13. A contact lens produced by the method of claim 7.

20 14. A contact lens produced by the method of claim 8.




