U JUL 2005 WD 02/45577 PCT/ US01/ 48245 1 OCULAR ABERRATI ON CORRECTI ON
TAKI NG | NTO ACCOUNT FLUCTUATI ONS DUE TO BI OPHYSI CAL RHYTHMS 5 Field of the
I nvention The invention relates to ocul ar aberration correction. It JUL 2005
particul agyo bMRs74 Nvention provides correction of wavefrontp@pgéd;agilens of
the eye that take into account fluctuations in the aberrations due to

bi ophysi cal rhythnms. 10 Background of the Invention Techni ques and
apparatuses for neasuring the aberrations of the eye using wavefront
sensors are known. The known devi ces neasure, estimte, interpolate, or

cal cul ate the ocular optical wavefront. Subsequently, the aberration
measurements 15 are mathematically convertdd to a height difference

provi ding an el evation map above and bel ow a desi gnat ed nmean sphere val ue,
known as the optical path difference. Correction for the aberrations may be

provi ded by i ntrodOQUIARABBRRATIONGORRECTION TAIENGINTO A0€OUNT on

inverse filter, that of FBECTIATIONSDUE TOBIOPEYSICALRHYIWMS aberrations.
These corregjti ons may be incorporated into the design of an 20 ophthal mc

| ens to provide visual acuity correction. A disadvantage of correcting
aberrations based on wavefront neasieldoftlse Inventidiat t he fl uctuati ons of the

aberrations oyer ti caused by biophysical rhythns _.are not .taken into
account. Therefore, 18¢Ho&ERUeRT ?tgs?od?c{‘;‘ WW’?EEE%%W?‘@%@G

g 'bgfgts: c ﬁ' ngfgl%o%ogﬁﬁg OBIrBiRRITWIRE LSt dbBREESHSIRE eRHAPHES fuf!
account fluctuations in the aberrations due to biophysical rhythms.
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 elevation map
above and below a designated mean sphere value, known as the optical path
difference. Correction for the aberrations may be provided by introduction of an
optical path difference, or aberration inverse filter, that offsets the distortions 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 wavefront measurements
1s that the fluctuations of the aberrations over time caused by biophysical rhythms
are not taken into account. Therefore, aneed exists for a method of accounting for

25 biophysical thythms in designing ophthalmic lenses based on wavefront aberration

measurements.
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30 35 0 JUL 2005 WD 02145577 PCT/ US01/ 48245 2 Detail ed Description of the
Invention and Preferred Embodiments 5 The invention provides a megiiody apd
opht hal m ¢ | enses produced using the nethod, that takes into account

fl uctuat masozimgsﬂcul ar wavefront aberration neasurenents %ﬁé},ﬁ%ﬁggysi cal

rhyt hrs en conputing a correction for those aberrations. e ne

provi des repeatable and reliable nmeasurenents for use in determ ning an
accurate correction for the aberrations. 10 In one enbodi ment, the invention
provi des a nethod of designing a correction for an individual's visual
acuity conprising, consisting essentially of, and consisting of the steps
of a) obtaining, for a conputationally sufficient anount of tinme, an ocul ar
wavef ront aberration nmeasurenent of the individual's eye; b.) 15 determ ning
a frequency conponent and an anplitude conponent for cyclical variations of
t he ocul ar wavefront aberration nmeasurenents; and c.) conmputing an ocul ar

wavefront aberrati onDeRile® Dek@iptionlof AEMIENHBH sdFeefeped WameidiRetts aber rati ons
of the individual's eye taking into account the cyclical variations. In

anot her enbodi nent, the invention provides ophthalmc | enses produced using
the method 5 20 of tlhe inMemsionipsevidesa mekind andrphthadpic lenses peedyceduspstheac| e

e 2O Ak k&N o U B ABGHER o AR AN ap8faghle |1 o

Preferably, the ses e rnventron are con ens ocul ar

wavefront” i s pigaienicits dievebicphsicdlehgthiie wWhersohdjmtiay a.coBycttn fop thekar
wavefront aberration” is nmeant the difference between the wavefront |
aberrations. The method provides repeatable and reliable measurements for use in

determining an accurate correction for the aberrations.
10
In one embodiment, the invention provides a method of designing a
correction for an individual’s visual acuity comprising, consisting essentially of, and
consisting of the steps of: a.) obtaining, for a computationally sufficient amount of
time, an ocular wavefront aberration measurement of the individual’s eye; b.)

15 determining a frequency component and an amplitude component for cyclical
variations of the ocular wavefront aberration measurements; and c¢.) computing an
ocular wavefront aberration correction for one or more ocular wavefront aberrations
of the individual’s eye taking into account the cyclical variations. In another
embodiment, the invention provides ophthalmic lenses produced using the method

20 of the invention.

By “ophthalmic lens” is meant a spectacle lens, a contact lens, an intraocular
lens, an onlay lens, or the like. Preferably, the lenses of the invention 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 wavefront
emerging from the eye compared to a perfect wavefront. Apparatuses for
performing aberration measurements include, without limitation, abemroscopes,
devices that measure ocular Modulation Transfer Function by point or line spread, or
any similar devices that measure, estimate, interpolate, or calculate the ocular

30 wavefront. The device used must have a sensitivity to enable it to capture variations
in aberrations due to biophysical rhythms. Suitable devices are commercially
available as, for example, Model G200 from Wavefront Sciences, Inc.



energing fromthe eye conpared to a perfect wavefront. Apparatuses for
perform ng aberration neasurenents include, without limtation, 05 JUL 200
aberroscopes, devices that nmeasure ocul ar Mdul ati on Transfer Function‘bi
point or l\\p988-¢ad, or any simlar devices that neasure, pepikitisSss

i nterpol ate, or calculate the ocular 30 wavefront The device used nust have
a sensitivity to enable it to capture variations 1in aberrations due to

bi ophysi cal rhythnms. Suitable devices are commercially available as, for
exanpl e, Model &00 from Wavefront Sciences, Inc. CJ 5 JUL 2005 WO 02/45577
PCT/ USOL1/ 48245 3 It is a discovery of the_invention that cyclical
variations, or fluctuations, occur in both hi gh and | ow order wavefront
aberration nmeasurenents of an 5 individual's eye that correlate with the

bi ophysi cal cycles, neaning the circulatory and respiratory cycles, of the
I ndi vi dual . Because these variations have no apparent effect on the

i ndi vi dual ' s vi sual Ities dBpévepy of thbénveritioanhat @y¢léval vaintionst omfichizgionger f or med
using the extremes of the _ variations. Rather, correction nmust be of an

i nt er medi at e vaFYE pboth figh\andilay jopder wavelieat dherationmeasiBementsi a8, Thi s

i ntermedi at g 19nd{ﬁh{f£’s'e§e ffapfrrdat SR8 EHerb%Sij icm?cfeé,' xﬁkﬁﬂﬁgnﬁ’é ci}%fat ycl ical
variations i's assuned and a wavefront neasurenent 1S extrapol ated using

t hat know edge ah®ragpiesioicytles, cfvies mldividwar Batiawsa theItreariaiibngitduetho apparéinl
correction can then be determ ned using a weighting schene derived fromthe
clinical conpaffed®s thy indedual’ s NiFEALRETSTRION oFRSTTANQREOERROB B 0bbE { he

variations. 15 a0 ii i ti f oy ngE L Qv '
i ndi vidual 's oghﬁ%r m%@g%@o%@c%g%rfg?gns rgpg 0 %gr’ ne ééglro%g%{}'reeogg?or a
comput at i onal | yntetiddiate eihbe ofath® uariatidnstof e wiyefroapahemiatibhonThisyntetthddigte ent

amount of time" is meant that the ) ) . )
10  value is readily determined if the existence of the cyclical variations is assumed and

a wavefront measurement is extrapolated using that knowledge to predict the overall
variation. The individual’s final @necﬁon can then be determined using a
weighting scheme derived from the clinical comparisons of the frequency and
amplitude components of the variations. '

15

In an itial step of the method of the invention, an individual’s ocular

wavefront aberrations are obtained or measured for a computationally sufficient
amount of time. By “computationally sufficient amount of time” is meant that the
ocular wavefront aberration measurement is carried out for a period of time

20 sufficient to observe a quantity of wavefront aberration fluctuations due to
biophysical cycles, which quantity permits computation of the frequency and
amplitude content of the fluctuations. This period of time preferably is sufficient to
capture, or for the completion, of at least one complete biophysical cycle, meaning a
cycle that contains a complete respiratory and circulatory cycle.

25

For example, the aberration measurement for an individual may be carried

out by capturing 10 1mages at 5 Hz for purposes of sampling the circulatory, or
pulse, cycle effect on wavefront aberrations; an additional 10 images at 0.3 Hz are
captured for purposes of éampling the respiratory cycle effect for a total of 20

30



ocul ar wavefront aberration nmeasurenent is carried out for a period of tine
20 sufficient to observe a quantity of wavefront aberration flu@tiugtii gps due
to biophysical cycles, which quantity permts conmputation of the freguency
and anpl #geeseont ent of the fluctuations. This period of péfRsil@iar ably
Is sufficient to capture, or for the conpletion, of at |east one conplete
bi ophysi cal cycle, neaning a cycle that contains a conplete respiratory and
circulatory cycle. 25 For exanple, the aberration neasurenent for an

i ndi vidual nmay be carried out by capturing 10 inmages at 5 Hz for purposes
of sanpling the circulatory, or pulse, cycle effect on wavefront
aberrations; an additional 10 inmages at 0.3 Hz are captured for purposes of
sanpling the respiratory cycle effect for a total of 20 30 05 JUL 2005 WO

02/ 45577 PCT/ 4 ' I t,. 20
i mages over 35 S 8%§§§%8ﬁéﬁpgés at iégggéiﬁe n1n|ﬁ%$%§§%§%#¥ggﬁ§§#§n
requi red to coemstitie mirdmbraiuen oy datadequirddi tb cdmpucotht detuaicytahé ampliaideont

vari ations. However, the specific, amount desirable wi_ll 5 depend upqn the
i ndi vi dual bei §tsRt a5 thegypvelpntarapiations | Howsysrs the;spagifiic amonatdesrable yikiy

wavef r ont as - P | { ndi vi dual s may be nmade to
det er m ne, ngen%%’pgﬁ?{%&f ﬁé%v@?%‘ﬂﬁ%ﬁx@ﬁ%e&.ﬂ uctuations behave. Using this

i nformati on, one need only carry out ocular 1o wavefront aberration
measur enents of an unknown individual for g period of tinme to neasure
enougbh wavefront dafiemaiyrly sficientsamplesadiogwan Mavelsom srcasprementafére, on

about 5 to . auisRey i ulid B Bl R g By B ERATEE

cycle will be fiugudtions belidve. Using this information, one need only carry out ocular

10 wavefront aberration measurements of an unknown individual for a period of time to
measure enough wavefront data points on an that individual to determine where, on
the curve of variations of the population, that individual falls. Generally, about 5 to
about 10 points per each of the respiratory and circulatory 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 measured are not dilated or paralyzed. Further, preferably the wavefront 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 it is being
recorded. Suitable software includes, without limitation, Complete Light Analysis
Software-2D and Complete Ophthalmic Analysis Software available from

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

30



nunber of points. The remainder of the data required may be inferred from
the 15 previous characterizations based on the popul ati on sanple. gFony| .
exanple, the nissing points of each cycle may be interpolated or portions
of the cygyg ¢BRLs77measured may be interpol ated. For purposepcPishidras
wavefront aberration nmeasurenents, the eyes being 20 nmeasured are not

dil ated or paralyzed. Further, preferably the wavefront data is recorded in
the formof imges. Software may be used to translate the wavefront i nages
into the appropriate formand to display it in tabular formas it is being
recorded. Suitable software includes, without limtation, Conplete Light

Anal ysis Software-2D and Conpl ete Cphthalﬁic Anal ysi s Software avail abl e
from 25 Wavefront Sciences. The appropriate formselected will depend upon

the intended use o , ed

I nto Tayl or or Zernhéﬂé%ﬁgféﬁégnp%Fw ﬁ%étpﬁ'reé@r{\%c |§g‘£{%éf E%%%gﬂ?‘lé‘é and
| so- power, 3- dcérapsenedtador ephaifdive eylliosl, vagiatenpini thebopat wavitifiohedtenation

el evation graphs may be generated. 30 0 Al tuu?. WD 02/45577

PCT/ US01/ 48245T5asYrpments apfredateraynad byt agyronyanigsiqmethod.nEor exampls. 8¢ t he
frequency and |4 | . L, ations in
t he ocul ar \I%/ave ror%ltc’ﬂg%%aaly %%%E&Q@a%%eéﬁg%? gang %aegget@e&%# %ggw%‘?/{ngny

conveni ent net bgecttdio £FaNPhkier trigsfoma beinatidedhs wanyn Whichahe escffitietts as
Zerni ke coefficients that are individually _subjected . to a fast Fourier
transformto aNamywih time. by tiapsfarp valuesarectben pssembleddutoadustogramandithe.  The

transformvalu - aS ' ' ) 1 he. . abl e
time fromthe WS élg’%%%?lg?ﬁ%%%ﬁ#g%a%%r@%gaﬁ?‘%{a@ﬂg gio]éf ?t(?pg%-l.eﬁf’ﬁﬁ nost
cas e;s , there winldst bes, Wherpeviil bel swo padodsponé foe theafibt dichbitdrairbytiim: dhdtdnenfeind
one for

10  the slower respiratory thythm. The amplitude is determined directly from the

maximum and minimum values of the raw data.

Subsequently, an ocular wavefront aberration correction is computed that

takes into account the cyclical variations. In this step, the weighted sums of the

15 individual frequency components are used to derive the aberration correction. Any
number of methods may be used to carry this out. For example, all of the
measurements may be averaged, or integrated, over the measurement interval. In the
simplest form of averaging, images are accumulated, for example 20 images
accumulated over 35 seconds. The Zernike terms for the third order terms of

20 defocus, 45 and 90 degree asigmatism, coma-x, coma-y, trefoil astigmatism, and
spherical aberration are calculated resulting in 7 sets of 20 data points.

The individual is clinically refracted to obtain actual defocus and
astigmatism values and these actual values for visual acuity are compared with the
25  wavefront measured values. This permits definition of the way in which the
individual’s vision system handles the cyclical variations. Alternately, a population
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.



|l o the slower respiratory rhythm The anplitude is determned directly from
the maxi mum and m ni mum val ues of the raw data Subsequently, an ocul ar
wavefront aberration correction is conputed that takes into accouQt jihe)ls

cyclical wgplpahsans. In this step, the weighted suns of theptyrigodigsgiual
frequency conponents are used to derive the aberration correction. Any

nunber of nmethods nay be used to carry this out. For exanple, all of the
measur enents nay be averaged, or integrated, over the measurenent interval.
In the sinplest formof averaging, inages are accunul ated, for exanple 20

i mages accunul ated over 35 seconds. The Zernike terms for the third order
ternms of 20 defocus, 45 and 90 degree asti tism cona-x, coma-y, trefoil
astigmati sm and spherical aberration are calculated resulting in 7 sets of
20 data points. The individual is clinically refracted to obtain actual
defocus and astigmati smvalues and these actual values for visual acuity
are conpared w th tIfghe &atistioad Eoroeibtiorebetwearthe alineal dathiand e wavefrodedatai t i on
of the way in which the individual's vision system handles the cyclical

vari ations. Al mdicatesdhat thesbest sorrelation ocoyes, wheal the ocnlar s@vebophabguaongdata from
var: 8 5. Al pery, e po S Mg 3 €
Ich an '”g'_ V%{#’@lﬂggﬁy bEGN 1§ ng%xrggedé #ad %nnc%gwﬁnlgg%% c'agﬁ%&atéfdafoir %&%@F Ly

be predicte ere, as I'sm an g be I nica

measur ed. Howexlthai toedfpyalbe naybenedd fdrabematipiecortecten. Altenlativelgs thens Wil |
be handl ed by the vision systemin he sane Watﬁ 0 - JUL :005 WD 02/45577
PCT/ US01148245stgtistical ¢qseelation Wil beugeddo find paethemfupetiop gt besd cennegtsdbg  dat a

and the wavefr . @{ & i i t ' e best correlation occurs when the
?}l?ﬁ;g%er r a?si‘g]ﬁh ggﬁgiﬁve?b% dﬁtp

ocul ar wavefro as a function of tinme is averaged, the
arithmetic mean nay be cal culated for each set and that nmean val ue may be
used for abl%r rati " rhe ;Igeer?:;tiio%nrheapsdu}c%err]l?st ellr\e/ g:la ’engar%l%ally converted to a height
difference, thus providing an elevation map above and below a designated mean
sphere value, known as the optical path difference. Correction for the aberrations
will be provided by introduction of an optical path difference, or aberration inverse
filter, that offsets the distortions due to the ocular aberrations.
15
The converted differences may be used to provide the design for an
ophthalmic lens for the wearer, for example by input into a lens design program
taking into account the optical effect of the correcting lens. The abesration
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 intraocular lens, a
corneal implant lens, an onlay lens, and the like, or combinations thereof.
Preferably, the lenses of the invention are contact lenses. The aberration 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 contact lenses,
25 made of any material suitable for producing such lenses, preferably are used. The

aberration correction may be on either or both the front or back surface 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 or the back, or



statistical correlation will be used to find another function that best
connects the <clinical studies with the wavefront data. 10 The aberrati on
measurenents are mathematically converted to a height differen Jltﬂh s

provi di ng \aB Sl/yation map above and bel ow a designated meapcrRihpig@yal ue,
e

known as t optical path difference. Correction for the aberrations wll

be provided by introduction of an optical path difference, or aberration
inverse filter, that offsets the distortions due to the ocul ar aberrations.
15 The converted differences may be used to provide the design for an
ophthalmc lens for the wearer, for exanple by input into a | ens design
program "taking into account the optical effect of the correcting I ens. The
aberration correction nay be on either or both the front or back surface of

the lens. By 20 "ophthalmc J ens"” is neant, a spectacle |ens contagct |ens,
an intraocul ar $¥rde, gurfeqs r;ll‘ehﬁl"ofq?ﬁf'%?grf’%?ts tgﬁ Yidyalmpybe ‘gﬁﬁmflﬂféfw ke,

or_combi nat | 0nS, AR GA metBh EHERL YviHolPIRBRES b9fust BPa LOMERIbIEARY.

contact | enses. erration cortection may be’on either or
front or back spBerfsafteconfact leas aphtfaetuns, thel dexmtiofdniatacinitidllynis eppliedad alledsn t he
I nvention may be either hard or soé& | e s&g. .Soft _contact |.enses, 25 de of

any materi al 5 suPPggia ﬂi‘b‘i‘“ﬂ?ﬁ‘ﬁ@lﬁl@ﬁeln &h A isdransigrmed byiaking imio aecoyut thee
aberration cor rﬁfﬁl‘eﬁpﬂ%cgc% r}?rgg,f\bl}éh%e i%rns?i)atc@d bt dyRNTHRE. ReCkfedUbf it O

the ophthal mc Tens. enses alfso nay | ncorporate an iInverse
t opogr aphi ¢ el eslatvdtion of e copedndt ap lasnscomited fos 'whenrusas the cotnealf r ont, or
obj ect-side, surface or the back, or O JUL.. 2005 WD 02/ 45577

PCTI USOL/ 48245 topogiapBic atpe The flepyredransiopme fata dhery 193y ¢ sippe putpgLNC

i ndi vidual may deq dgtah T G%d¥¥ make the lenses or mold tool surface.
10
The ophthalmic lenses of the invention may be made by any known means

for ophthalmic lens manufacture. For example, contact lenses of the invention may
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. Altermatively, 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,
ermbodiment, the materials useful for forming the lenses of the invention may be any
known materials used in the production of hard or soft contact lenses. Preferably,
the material selected for forming the lenses of the invention is a material suitable for
forming soft contact lenses. Suitable materials for forming such contact lenses using
25 the method of the invention include, without limitation, silicone elastomers,
silicone-containing macromers including, without limitation, those disclosed in
United States Patent Nos. 5,371,147, 5,314,960, and 5,057,578 incorporated 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 siloxane



any known nethod including, without limtation, by use of a corneal

t opographer. For soft contact | ens manufacture, the el evational 3at "
initially is applied to a lens 5 nodel in the unflexed state. ﬁheﬂghta
is transf iy taking into account the soft lens flexur when
the | ens g1ace3?§n the eye. Thus, the effects of both elevg Hgé'%%ighe
cornea and wrap are accounted for when using the corneal topographic data.
The fl exure transfornmed data then naybe mapped onto a CNC grid pattern and
used to nmake the lenses or nold tool surface. 10 The ophthal m c | enses of
the invention may be made by any known nmeans for ophthalmc |ens

manuf acture. For exanple, contact |enses of the invention may be fornmed by
any conventional nmethod including, without limtation, dianond- turning of
mol ds that are used to formthe I ens of the invention. Subsequently, a 15
suitable liquid resin is placed between the nolds foll owed by conpression
and curing ofmatcftﬁnéresmemb@ryidxryp}dﬁyepblgﬂ&%s@&aﬁ&e ahdMBREr & therbt, ilibgde Vel Y,
the contact |enses surfaces may beé di ampnd-turned into | ens butfons. Any
known mat eri albydrogel ertd eydrogelnsshfaa etafitdomgh.opht hal mi ¢ | enses nay be 20 used
to manufacture the |l enses of the invention. For the preferred, contact |ens,
enbodi nent,” the materials useful for formng the | enses of the invention may
be any known materials used in the production of hard or soft contact

| enses. Preferably, the material selected for formng the | enses of the
invention is a material suitable for formng soft contact |enses. Suitable
materials for form ng such contact |enses using 25 the nethod of the
invention include, without limtation, silicone elastoners, v
silicone-containing macroners including, without Iimtation, those disclosed
in United States Patent Nos. 5,371,147, 5,314,960, and 5, 057,578
incorporated in their entireties herein by reference, hydrogels,
silicone-containing hydrogels, and the |like and conbinations thereof. Mre
preferably, the surface is a siloxane, or contains a



30 siloxane functionality, including, without [imtation, polydi nethyl
siloxane 0 5 JUL 2005 WO 02/45577 PCT/USO1/ 48245 8 nmacroners,

met hacryl oxypropyl pol yal kyl siloxanes, and m xtures thereof, silj go}n!e
hydrogel or a hydrogel, such as etafilcon AL 5 0 51 JUL 2005 9 ats U 1005
clainmed is: 1. A nethod for designing a correction for an individual's
visual acuity, conprising the steps of. a.) obtaining, for a
conputationally sufficient amount of time, an ocular wavefront aberration
measur emerhRfs dgegngi vidual 's eye; b.) determning a frequency conponent
and an anplitude conponent for cyclical wvariations of the ocular wavefront
aberration neasurenents; and c.) conputing an ocular wavefront aberration
correction for ,one,or .nore. aberrations of the.i.gdi Vi dua#lm%ityeye taking into

account -the cycPFbgf fFesignmgacorsction for an individugl's visya wherein the

conput at i eexaptising tHefstéps Ofta. PoBatAin Pfortaicﬂﬁﬁuiaﬁoﬁ’alf)ii S8R QRAnYof Or
conpl eti on of one biophysical cycle. 3. The nethod of claim1l, wherein step

b.) is catimegegh ealarbyavefront sheprieremeasueenent of theundividnalsedyeob) aberrations as
Zerni ke cqefficients; ii.) subjecti t he Zemi ke coefficients to a fast
Fouri er ¢ REREPOIE S Ehaenty LB Atin iR SweBPR HAREET o

hi st ogr amyardatiohb 6f fRtIIARr Gavétdit Abdrativh Sicdkiremerts; 4ndc.f sdrhfRingGaNpPri ses
incorporating changes in the elevation of a lens' front surface, back

surface, efular wavaionbehesiation perrestipnifer anetor avase gearradions efthefindividudeul ar
wavefront e%)t%f(fngtifltg "Reount -the cyclical variations.

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

is a time necessary for completion of one biophysical cycle.

3. The method of claim 1, wherein step b.) is carried out by: i.) representing the
ocular wavefront aberrations as Zernike coefficients; ii.) subjecting the Zernike
coefficients to a fast Fourier transform; and iii.) assembling the transform values into

a histogram.

4. The method of claim 1, wherein step c.) further comprises incorporating
changes in the elevation of a lens' front surface, back surface, or a combination

thereof to achieve correction of the ocular wavefront aberrations.

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

of a lens to a corneal topography of the individual.
6. The method of claim 5, further comprising incorporating changes in the
elevation of a lens' front surface to achieve correction of the ocular wavefront

aberrations.

7. A contact lens produced by the method of claim 6.



5. The method of claim1l, further conprising step d.) matching the back
surface of a lens to a corneal topography of the individual. 6. The nethod
of claimb, further conprising incorporating changes in the elquum?gmgf a
| ens’ front surface to achieve correction of the ocular wavefront® """ °
aberrations. 7. A contact |ens produced by the nethod of claim6. 05 J UL
2005 10 8. A contact |ens produced bygthe nethod of claim5. 9. The nethod
of claim1, further conprising step d.) matching the front surface of a

|l ens to a corneal topography of the individual. 10. The nmethod of claim9
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of a lens to a corneal topography of the individual.

10. The method of claim 9 further comprising incorporating changes in the
elevation of a lens' front surface to achieve correction of the ocular wavefront
aberrations.

11. A contact lens produced by the method of claim 10.

12. A contact lens produced by the method of claim 9.

13. An ophthalmic lens produced by the method of claim 1.

14. A contact lens produced by the method of claim 1.



