OPHTHALM C LENSES USEFUL FOR THE CORRECTI ON OF PRESBYOPI A WHI CH

| NCORPORATE HI GH ORDER ABERRATI ON CORRECTION 5 Field of the Invention
The invention relates to ophthalmc |enses that correct presbyopia.
In particular, the invention provides presbyopia correcting | enses
that correct for the wearer's basic refractive error as well as the
wearer's high order optical aberrations. 10 Background of the

| nvention As an individual ages, the eye is less able to
acconmodat e, or bend the natural lens, totfocus on objects that are
relatively near to the observer. This condition is known as
presbyopia. Simlarly, for persons who have had their natural 15 |ens

renoved and an OFHTHRACMIET ENSES USHRIL BORAVR CORRRCEIRNOF PRESBYOPIA
ability, to acconweateNCORESRATE HIGH ORBER ARPRRATEIN (@IREESICINS

have been uged in attenpt to correct for the wearer's presbyopi a.
Anong the known designs are bi focah:ie@tpgftgégﬁgﬁﬁi ve 20 spectacle
| enses. Additionally, multifocal contact and 1 ntraocul ar | enses and
mono- vi si on cont actThednywsion redateatowphihalrolenss drt cardcapkstyepise In

provi de one | eps,. t S er'.s distance vi,sion a
and that is nu%ﬁsfﬁ%%é%ﬁﬁﬁl1%a§$§§%%y@§%c?ﬁ% . 8%%%?%%?5§gg§%¥br
t he i ndi vi dual wearel’ shaivaefraitive emor adaekltas crabdayer’ sehigtesragdptien abéhaibns.

corrects the wearer's near vision acuity and is worn on the
non- doni nant eye is provided. These | enses are di sadvant ageous

because they only correct for | opaddpeiRhd@Pihkt®ention
‘As an individual ages, the eye is less able to accommodate, or bend the
natural lens, to focus on objects that are relatively near to the observer. This
condition is known as presbyopia. Similarly, for persons who have had their natural
15 lens removed and an intraocular lens inserted as a replacement, the ability.to

- accommodate is absent.

Any number of lens designs have been used in attempt to correct for the
wearer’s presbyopia. Among the known designs are bifocal and progressive
20 spectacle lenses. Additionally, multifocal contact and intraocular lenses and mono-

vision contact lenses are known,

" Monovision contact lenses provide one lens that corrects the wearer’s
distance vision acuity and that is worn on the dominant eye or eye that predominates
25 for the individunals’® distance vision. Additionally, a second lens that corrects the
wearer’s near vision acuity and is worn on the non-dominant eye is provided.
These lenses are disadvantageous because they only correct for low order optical
aberrations, such as defocus and astigmatism, leaving the lens wearer’s higher order
aberrations uncorrected.
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aberrations, such as defocus and astigmatism |eaving the |ens
wearer's higher order aberrations uncorrected. 30 2

Det ai | ed-Description of the Invention and Preferred Enbodi nents 5The
i nvention provides nethods for designing ophthalmc |enses, and

| enses produced by the nethods, which | enses corrects both | ow order
and hi gh order wavefront aberrations of the |l ens wearer's eyes. The

| enses produced by the nethods of the invention are advantageous in
that they provide inproved binocul ar vision, increased depth of focus
and inproved contrast to the wearer conpared to 10 conventi onal
contact |enses used for presbyopia correction. In one enbodi nent, the
i nvention provides a nethod for producing a pair of ophthal mc |enses
for an individual conprising, consisting essentially of, and

consi sting of the st é r ? ctive
prescription of a 15q%%%$%§ﬁgx $§§%$M%%ggyﬁﬁ%@ﬁ%&h aﬁﬁéﬁééﬁﬁ I ng at

| east one far fixation targ .) neasuring a second basic

refractive prfescri ptigs F’P"S’thé Hﬁ%‘ﬁﬁdeﬁ Githadsfer dpignias opiibalmicdensps e lensps

providing at | egsducely hameftodatinRa 1&%9&%@%@6@%&&%@ H\6i8dr
refractive: prescrlgtlon of the non-dom nant rOV|d|ng at | east

one near fixati BWerapigaerations of faelensweapgt se¥sy 'glﬁe ]§’é‘{es BPdyed Ry Beder

wavefront aber rxﬁ&th@ﬂ%t frife it RBtA s R b AR busey @xahﬁeﬁleﬁadinﬁgoﬁa bln%aﬁatr
one far fixation targ d.) neasurlng a second set of high order

wavef ront aber r4#if%h H?‘%FBdtqﬁBthﬁéfPCWh@Pvae@f@nwt torta e g Gompartdast

one near fix@tiQAvdnBbEHE EontRt lenbel B¥ATS pRELRPMILoRERe first and second
sets of high order wavefront aberration neasurenents to a height

difference; and f.) using the first basic refractive prescription and

hei ght difference f Qﬂi oﬁer&ﬂﬁamaﬁame iRYRtdNDrdNi Y b AR d 28 Prbdusg a pair of
ophthalmc |ens Q 6% ond basi ¢ refractive prescriptjon, near

refractive.pr es nseé aﬁé‘?dg’ﬁ‘fmﬂa??‘fpé‘ﬁ‘éﬁé’@“ﬁl%ﬁ“g tR AR GRe nant
eye to provide @nﬁﬂ&@@dﬂ@@ﬁb@@: H) frcds@kx a first basic refractive prescription of a

15  dominant eye of the individual by providing at least one far fixation target; b.)
measuring a second basic refractive prescription of a non-dominant eye of the
individual by providing at least one far fixation target and measuring a near
refractive prescription of the non-dominant eye by providing at least one near
fixation target; c.) measuring a first set of high order wavefront aberrations of the

20  dominant eye by providing at least one far fixation target; d.) measuring a second set’
of high order wavefront aberrations of the non-dominant eye by providing at least
one near fixation target; e.} converting each of the first and second sets of high order
wavefront aberration measurements to a height difference; and f.) using the first
basic refractive prescription and height difference for the dorminant eye to provide a

25 first ophthalmic lens and the second basic refractive prescription, near refractive
prescription, and height difference for the non-dominant eye to provide a second

ophthalmic lens.

By “lens” is meant a spectacle lens, a contact lens, an infraccular lens, a
30 corneal implant lens, an onlay lens, and the like, or combinations thereof.

Preferably, the lenses of the invention are contact lenses.



By "lens"” is neant a spectacle lens, a contact |ens, an intraocul ar
| ens, a 30 corneal inplant lens, an onlay |lens, and the like, or
conbi nations thereof. Preferably, the |lenses of the invention are

contact |lenses. 3 By "basic refractive prescription” is neant
t he di stance power necessary to correct the distance vision acuity
and any cylinder power necessary to correct 5 astignmatism By

"near refractive prescription” is nmeant the near, or add, power
necessary to correct the near visual acuify. 10By "domi nant eye" is
nmeant the eye that predom nates for distance vision. By "far
fixation target” is neant a visual target provi.ded at about 15 feet
or nore froman individual's eye. By "near fixation target" is neant

a visual target at @f%&m%&x ﬁvﬁ@Q 591 qghlfeﬁrﬁme{aﬂsth&g' ékvgpf’f‘elcesssarg%g

15 In the fir step o ti'on TSt AN

basi c refracti@ﬂérep!rtbsdhﬂamei \dmomacmﬁyamﬂ anscy&m@@owbsnmsnyrtedmﬂm an
i ndi vi dual ' dé%ﬂ'g ?ﬂ‘s and non-dom nant eye, respectively, using at

| east one far iofi target. Any conventional nethod nmay be used

for such neasurenent including, without limtation, use of a 20

phoropter, an autor gactOﬁ% trial case |enses, or the |ike.
Al ternatively, the TedSaE ﬁ{vemcwoeafsrm@at B Peasy T ROVERARREF RNt

anal ysi s. to Cbﬂe@ml{&@{v@aa@@mﬁfy the invention, a near refractive
prescription is neasured for the individual's non-dom nant eye using

at | east one near fixation target. Any 25 conventional nethod may be

used for sugh nmeasuserppindnPede Gl QamYHeteE’Q Hiat éﬂeﬁ@rﬁﬁﬁ%@fﬁ1 d%?a%cgtlisi%n

phoropter, an autorefractor, trial case Fenses, or t
Al ternatively, the msasurerrent may be carried out using a nodified

wavefront aberr Omat}?};’ “fﬁ;af‘?;&%oﬁ ta?éct’plrs%\{ea an\%surﬁ?ﬁaggc{ ipl?é%gdeg e etlb%{lgf‘jt f2at or

more from an individual’s eye. By “near fixation target” is meant a visual target at
about 30 to about 50 cm from an individual’s eye,

15

In the first step of the invention, a first and a second basic refractive

prescription of the lens wearer is measured for an individual’s dominant and non-
dominant eye, respectively, using at least one far fixation target. Any conventional
method may be used for such measurement including, without limitation, use of a

20 phoropter, an autorefractor, trial case lenses, or the like. Alternatively, the

measurement may be carried out by ocular wavefront analysis.

In another step of the invention, a near refractive prescription is measured for
the individual's non-dominant eye using at least one near fixation target. Any
25 conventional method may be used for such measurement including, without
limitation, use of a phoropter, an autorefractor, trial case lenses, or the like.
Alternatively, the measurement may be carried out using a modified wavefront

aberrometer capable of providing near fixation targets.

30 In yet another step of the method of the invention, the high order wavefront

aberrations of each of the individual’s dominant eye and non-dominant eye are



4 nmeasured at a far fixation target. By "high order wavefront
aberrations" is nmeant wavefront aberrations other than | ow order
sphere and cylinder. By "wavefront 5 aberrations” is neant the

di fference between the wavefront for spherical aberration,
astigmati sm coma, and other distortions enmerging fromthe eye
conpared to a plane wavefront emerging fromthe eye or a perfect
spherical wavefront converging on the retina. In the nethod of the

i nvention, the high order wavefront neaswenent for the dom nant eye
is carried out by providing the |lens wearer at |east one far fixation
10 target. The high order wavefront aberrations for the individual's
non-dom nant eye is neasured at at | east one near fixation target.

Appar at uses f omegseretaf ofan gixhl taﬂfgetr BBt thdgh FBASHHVEN®N bbertdehde meant
without limtatio q:El%ﬁrrosco devi ces that measure ocul ar

Mbdul at i on Tr aNeFEPIFRATREES O r@?“{f’é‘iﬁflels%ﬁh@aé“%ﬁiylmﬁﬁe Byjp eaafronsr

any sim | ar s deyesefors M AlmdRARH iR fer@iet bARES: thb WLELRA ?otrgphe%caﬁ%&é{lo te
the ocular optical wavefront. An aberroscope capa measuri ng

di stance vi si oWtgEpEst, Cp@ﬂ@ﬁﬁpﬁﬁbﬁ@tﬁtw@memk&wm ti8ciyenempared fcy plane
Al buquer que, Newy.NExi e%?ercr;h% Frbﬁl tﬁ\@%}h ' A teplgal alth{| ran fcgp\felljgzlnc b4 the

such an aberroscope as wefl "as' o eV| ¢ ERIHGHY

aberrati on neastmae nie e, métboREF t}mmserrt@nt e gtghsalm waegront bt for
Once obt ai ned,th gch oft t he aberra rrﬁ?su nts then %IFE

mat hemat i cal | y- ¢oMverted® t% Cagleﬁlé’ug MAE A RS VRIS 351554 %ff’éﬁtmn
el evati on mep talger eTankigh etderivaveliesi @éﬂb&ﬂw"ﬂ@&ﬂe SRRenAY di8eminRe

as the optical pat&é%{?éference Correction for the aberrations w |l

be provided by e {} 675t PRt B3t fisatjosi&eefesi gn of an optical path
difference, or aberration inverse filter, that offsets the
distortions due to the ocul ar abenations. The hei ght differences,
along with the basi4rnaetyssrior perfosminathe pharation maesuBmesstinand, kjthout

corneal topognaphiiend ﬁ‘osc% &, L URe eésglep&méa} gfgbtd?lg#ﬁrp'g?ailg%r £0&tion

wearer. The data may be tra sforrred onto a gri
rectilinean; pulipntspresént iiespread, or any similar devices that measure, estimate,

interpolate, or calculate the ocular optical wavefront. An aberroscope capable of
measuring the distance vision target is available from Wavefront Sciences, Inc,
Albuguerque, New Mexico. It is well known in the art how to utilize such an
aberroscope, as well as other devices available for aberration measurement, to

20 measure targets at near distances.

Once obtaired, each of the aberration measurements then may be
mathematically converted to a height difference thus providing an elevation map
above and below a designated mean sphere value, known as the optical path

25 difference. Correction for the aberrations will be provided by introduction into the
lens design of an optical path difference, or aberration inverse filter, that offsets the

distortions due to the ocular aberrations.

The height differences, along with the basic refractive prescription, and
30 optionally corneal topographic data, are then used to provide a lens for the wearer.

The data may be transformed onto a grid pattern of a rectilinear, polar concentric, ov



5 spiral format to correspond to the nmechani sm by which the surface
of alens or lens nold nmay be tool ed using a conputer nuneric
controlled ("CNC') lathe, direct 5 machining of a polyner button,
mlling, |aser ablation, injection nolded insert or the like or a
conbi nati on thereof. The required changes in the |ens' surface

el evation or slope to achieve correction of the aberrations may be

i ncorporated onto the lens' front surface, back surface, or a

conbi nation thereof. 10ln one enbodi nent of the invention, either the
front, or convex, or the back, or concave, surface of the |ens

i ncorporates the basic refractive prescription of the |ens wearer
and, in the case of the non-dom nant eye |ens, also incorporates the

near refractive, ipt. T. it urf.ace of the |ens
contains an op flghgglgét tp tﬁg@&gg?ér‘@é@cgﬁgﬁg&?% & Wiest e S‘érhﬁ?@ta @P%I%‘rlens
wavef ront abermaldimasbe tbnlednsiag b esmatiérvmmbic esfadieeMINGN dathe, direct
pref erabl vy, eithcg{j .0r ﬁgtl’l of the basic refractive prescriptions and
aberration GorPEHHERHADCEReWCAIHIRG {Red 0l Hen Arigionappidasiiasert or the
surfaces of t higedmicoabina@yeitefds BiRdediiRdRRSIgEs mahd RAYIsMRace elevation or

prescription, near refractive prescriptions, and aberration
correction si niPREPYCIHENF Wareeian i i aberatioanmal be dnepfraaset o thidens’

non- domi nant - ey s@iMsoe, PRk ¥EERNNBMbEAROMILERRE, the entirety of the
refractive . 20 prescriptions and aberration correction may be either

on the front or back surface of the lens. If corneal topography data

i's incor porgt ed i ntyQ OBQgmhgﬂglggtfo?it}%ane%[igﬁ,%ﬁt 1'!tl¥e f%lorlat, c?rf co%iﬂeg:, ?rrtgﬁ{:ack,

refractive prescription an ati'on correction rs’on

surface and t he coopogrsaphécofdat rnd iscarpadtes thetbhdc cfmigve mbsciiporbaahe
sur f ace. 25Forlet hg Qgrn%@c.t )Iéensesftﬁf th i.nventi%n in.t hose ]
embodi ment s i noWh! RO BEE HTARTES PR AR RREna Ve isas: alseincornoraes e ied
are provided imfrhiivefpegsonimionamiebpgoszOfesice 6iBe RAS tontdifd FgHic End@WeET
annul ar zones c|oref era?#%q alternate with the near refractive power

annul ar zones. “ORGHF (IR VAT Hgtherder yRPRt BBFIEAIRNAOWED 2GPIBBh may
be combi neds W dribd@irhé1e an®preRRAtly, *fthdr e vABDE he A c RERLHTENERRPHNR and
POVIETS. aberration correction may be divided between the front and back surfaces of the
dominant eye lens and the basic refractive prescription, near refractive prescriptions,
and aberration correction similarly may be divided between the surfaces of the non-
dominant eye lens. As yet another embodiment, the entirety of the refractive
.20 prescriptions and aberration correction may be either on the front or back surface of
the lens. If corneal topography data is incorporated into the lens design, preferably
all of the refractive prescription and aberration correction is on the front surface and

the topographic data is used in the design of the back surface.

25 For the contact lenses of the invention, in those embodiments in which both
basic refractive and near refractive power are provided in the form of annular zones,
the basic refractive power annular zones preferably alternate with the near refractive
power annular zones. Additionally, cylinder power, prism power or both may be
combined with either or both of the basic and near refractive powers.
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6 In those case in which both near and basic refractive power
annul ar zones are used in the contact lens for the dom nant eye, the
ratio of the lens' optic zone area devoted to the basic and near
refractive powers nust be such that nore area is 5 devoted to the

di stance power. For the lens of the non-dom nant eye, nore |lens area
will be devoted to the near power. The preferred areas, on a
percentage basis, for both the dom nant and non-dom nant eye | enses
are disclosed in U S. Patent Nos. 5,835,182, 5,485,228, and

5,448, 312. 10l n anot her enbodi ment, the invention provides a nethod
for producing a pair of ophthalmc |enses for, an individual
conprising, consi stiifhoswsagminivdiichbogs neappng Ragis dplsactinig powertaneulat zopes are
of : a.) neasurj : i 1 WY i B 0 L nant
ove of the i nd atdnaleaact1B G EbARLT. RAERRD CPelther bpdh £0ERER:
b.) neasuring deweddndhedmsicand afar agftactiee gomescnigibe emchahatanore area is
non- dom nant. e i ndivi dual rowi di ng, at. | east one far.
fixation tarsge%g&gﬁefg t%‘%s%%élcg%g%ﬁiéaﬁ : F e ?ng(? ﬁ\?ceﬂoﬁ%é)s P4 Weoﬁmf)efele?%aéea
non- domi nant eyl bydgoditdilrgeat pdveasTheqnefenediress, ¥atk permteitagegabis, for )
measuring a fifst set af hi order, wavefront aberrati o of. th

o nant Jeye by BACTAY A00 PERETHGHE et el oA, Pefent Nos.
measuring a ses@pslisets ofs fisghnds ey 3wavef ront aberrations of the
non- dom nant eye by providing at |east 20 one far fixation target and
measuring a third set of high order wavefront aberrations of the

non- dom nanf, eye byiRfneiteAime, dhnehiS@s InveRtonR&iads 2XAkh N tok gfoﬁﬁéihg £ pdir
converting the first set of high order wavefront aberratio

measur enent s t of ephthiatgic lensegyfor aglindivdueheenprising, ecalsisunmessegiabnofhord age
measur enent of : i , ed. hi r

wavef r ont aber?%n{g?gﬁgggtﬁgs%@%%%?? anaﬁﬁhéa g%%?%g%‘%ng%’s‘% eng%%t?o%g fta 0 a-
second hei ght derfinentesye ef euadndjvidual diy popvidineg dtilesst odedsd fixatioh raagrt; bie
prescription and_fi.rst hei g%t di f.ference @r t?e doglri nant e%e g_lo
provide a firstBPRPRAISHORS PaHE SR ERESTLLORF! BASP dopREBEo de
prescripti o, nEaiddaeby pelidity AN@SChnk Pirfxatiorfatkes aDNehsheh D kear

di fference for the non-daoninant eye to provide a second ophthalmc
lens. In yet aHoRRE RAISHEtGRAthS RO SRR 8¥ PHROVIANE 9 1sgH O5F B8

wavefront aber {RidRANseBRY.) BRadPinBB2RH 5QD: Bz rdte Haveittht b adibXadrigh
target for both of the dom nant and non-dom nant eye and, for each

eye, the aver agemigpntdyebs pipwding gieast orgyanfixagan tangeaterdmesspring ¢ sacond set

of high order wavefront aberrations of the non-dominant eye by providing at least
20 one far fixation target and measuring a third set of high order wavefront aberrations
of the non-dominant eye by providing at least one near fixation target; e.) converting
the first set of high order wavefront aberration measurements to a first height
difference; f.) calculating an average measurement of the second and third sets of
measured high order wavefront aberrations and converting the average measurement
25 to a second height difference and g.) using the first basic refractive prescription and
first height difference for the dominant eye to provide a first ophthalmic lens and the
second basic refractive prescription, near refractive prescription, and second height
difference for the non-dominant eye to provide a second ophthalmic lens. In yet
another embodiment of the invention, the high order wavefront aberrations may be
30 measured at a near and far fixation target for both of the dominant and non-dominant

eve and, for each eye, the average of these wavefronts may be calculated. In still



7 anot her enbodi nent, the high order wavefront aberrations are
nmeasured at a near and far fixation target for both of the dom nant
and non-dom nant eye and, for each 5 eye, the average of these
wavefronts may be cal cul ated, but the near refractive prescription is
not neasured for the non-dom nant eye. In any of these

enbodi nents, the cal culation of the average neasurenent nmay be
carried out by any convenient nethod. For exanple, the calculation
may be 10 provided by cal cul ati ng an averiage of Zem ke terns, a

wei ght ed average of Zem ke terns, or an exponentially weighted
average of Zernike terns. Alternatively, the average may be
cal cul ated by optim zation of inmage quality netrics, mnimzation of
total wavefro rttnofﬁbﬁemls@hmemi the hiphrirddr Havéfont AferSabeote thedayeyrd & aslr
terns, optlnlzatlon of, th ?F one- hal 1 bandmn th, or, optimzation of

e
any of the Vi stidiferfixaten @rget fobofhof thgrgesnipgnt n-dominanteye &4, fqr each
ot her enbOdanéyESthQﬁvélfg% df@ﬁb%@ﬁra@efﬁohﬂ%nd}fﬁé%@khﬁ&d Eﬁ%@&%l‘xeﬁ%tﬁ@ce of
one or both of the lenses is matched to the wearer’s corneal
t opogr aphy. Fdﬁmméﬁgﬁysmﬁ@@ﬁﬁuﬁﬁﬁ@ﬁbeﬁﬂl@ﬁ@éﬁééYQopographlc el evation
map of the | ens wearers' cornea, the 20 corneal topography nmay be
determ ned by any known nethod including, wthout limtation, by use
of a corneal topogrlaptn;eof thégprengoflimentntha calctletrs crfalumeh@taaamasmdment
el evational data |n|t| S._ a ied.to.a.lens nod h
ctate. Next, che bedlod el BBveats Redel BT HRGR el R me g BE
I ens flexune, m@ovideédl; cadbninghe avang dglzaadich tomnd, heveiheed albiage of Degnike
effects of both elevation of the c rnea and \%a are accounte

for

when using t he®&®y ﬂlewwe%'aﬁléxpww@ @A Heraseiod 2T IR AN APl at &
then nmay be nmeppede ARYBe @al@ﬁi@ceﬂ'by @ptﬁﬁizht%’n%f%@%é@ﬁﬁtytrﬁetﬂﬁd(%uﬁlﬁﬁzatmn
| enses or mold tool surface. Cont act Tenses useful in the
i nventi on may Yéotal ‘t’ﬁ@fwﬁwsoﬁd@@ﬂ"% mjgRzedon sdelected aarirontdpgess
made of any § ; y 5
are used. Th gB{f pgiﬁggdsuog% ' ?ﬁgj S?nc{?g r}ll tal ?% ﬁ%?ftﬂ%ar%éﬁgﬁ%/ﬁg? 6gan\y§{f?ﬁeete§7/§o
corrective optstedl raghaMdEFemi@tiscs i ncorporated onto the surfaces in
addition to aberration correction and di stance and near optical
powers, such as, for exanple, cylinder power.

In still other embodiments of the lenses of the invention, the back surface of

one or both of the lenses is matched to the wearer’s corneal topography. For lenses
incorporating an inverse topographic elevation map of the lens wearers’ cornea, the

20 corneal topography may be determined by any known method inclnding, without
limitation, by use of a corneal topographer, For soft contact lens manufacture, the
elevational data initially is applied to a lens model in the unflexed state. Next, the
data is transformed by taking into account the soft lens flexure, or wrap, when the
lens placed on the eye. Thus, the effects of both elevation of the cornea and wrap

25  are accounted for when using the corneal topographic data. The flexure transformed
data then may be mapped onto a CNC grid pattern and used to make the lenses or

mold tool surface.

30



The contact |enses of the invention may be formed by any conventi onal
10 net hod. For exanple, the annul ar zones fornmed therein may produced
by di anond-turning using alternating radii. The zones may be

di anond-turned into the nolds that are used to formthe | ens of the

i nvention. Subsequently, a suitable liquid resin is placed between
the nolds foll owed by conpression and curing of the resin to formthe
| enses of thé invention. Alternatively, the zones may be

di anmond-turned into 15 I ens buttons. In &nother enbodi ment, the
correction above-described is provided on each | ens of a spectacle

| ens pair. The spectacle |l enses may be forned by any known net hod
including, without limtation, grinding of a |lens blank, casting,

mol di ng, or 20 conbmadtilanss tdaar @othe inventbonpnef erdider iend otiofBtses. 801t
optical preform hayi of t

ng so r all he hasic refractjve
prescription FB‘?taCttXeé’S omaﬁgi’_fa"é@éat%ﬂ?&S‘ﬁ’ﬁg]iegméﬁad“r‘f%m%@sfét prglgrably
prescription fa@rustdETRR0BnLOBT MdMiveRiich ey HSEanPHIh QMBLyYAYF BRERIve optical
surfaces are cast onto the optical reformto erV|de aberration

correction an@harapeisEpainpgrpomird; @tﬁﬁasur@ﬁ@ﬁ ip addifipm iy dbpratimeoEe¢tisnians
power. 25 9 Wighcd sudiled %af wets, ShcdlBE, Tt b AL1P LAY a pair of
ophthal mic | enses for an gﬁ iJ?@LaF,]coﬁpr|S|ngEP SEE! 5
The contact lenses of the invention may be formed by any conventional
10  method. For example, the annular zones formed therein may produced by diamond-
turning using alternating radii. The zones may be diamond-turned into the molds that
are used to form the Iens of the invention. Subsequently, a 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 zones may be diamond-turned into

15 lens buttons.

In another embodiment, the correction above-described is provided on each
lens of a spectacle lens pair. The spectacle lenses may be formed by any known
method including, without limitation, grinding of a lens blank, casting, molding, or

20 combinations thereof. In a preferred embodiment, an optical preform having some
or all of the basic refractive prescription for the dominant eye and basic and near
refractive prescription for the non-dominant eye is used and one or more surfaces are
cast onto the optical preform to provide aberration correction and, optionally,
additional basic refractive presciiption power,

25



of the steps of: a.) neasuring a first basic refractive
prescription of a dom nant eye of the individual by providing at

| east one far fixation target; b.) neasuring a second basic
refractive prescription a non-dom nant_ eye of the individual by
providing at | east one far fixation tar get and neasuring a near
refractive prescription of the non-dom nant eye by providing at |east
one near 'xtatilon t ar get; c.) nmeasuring a first set of high
order wavefrtont'?ab8rtati ons of the dom nant eye by providing at |east
one far fixation target; d.) neasuring a second set of high
order wavefront aberrations of the non-dom nant eye by providing at

| east onel-far 4 Methor dor pradysate apalr oforbthainyg lesesfpr an wetvidrl. spgRrigrger
wavef r ont,rahessatijrons of the non-dom nant eye by providing at |east
one near fixation target; e.) converting each of the first set
of high order avavesvidrga Gitsebasit iebactive peaseiptentod atdomanant extoflied ght

di fference;.. . [ )y ul.at i n.aver age nmeasurenment of the
second an'gdlfﬁitl?ld)yspé?\é[blo”%%#r%g%tl?ﬁ]%gagﬁ?ia%o%ﬁa@g’ wavef ront aberrations
and converti ng.thesang ageonthsiy reffedive heesarigRaandnhinghint 8id dfahence;

and . id ing the first basic refractive prescription and first
hei ght  di PREIRdY r?%Y'H&nﬁéﬂ [s6shoR i Tegon Brast Bt BeiSaing § agar e m o
I ens and g:beris@GOAhdASH-SohBhARSE b?’?ro@ﬂﬁ%ﬁt'l@c{sf O neBeRkatioR kdrBGL | Ve
prescription, and second height "difference for the non-dom n_ani eye
to provide a sacessduigism first sat ef high srdegwavelems alipriationseaf thecdomidamgye o
t he met hqjs/ p%viﬁilngiamegst oﬁe A TRLAGA Q. producing a pair of ophthal mc
| enses for "an 1 ndividual, conprlsu‘%g’the steps of: a.)
nmeasuring a fid)shedsasnga seebndast oVkighoecwapdficanatadradodasfitnanin-eye of
the indi Vclo%lf%ntg e lg)yr ;91%{!1 l11‘1ng(‘:lat ?etastl 0%%%.}11" ixrz}te;or]; t%lg'geft !ell%(cﬁ 1%'e§’sﬂriﬁ§ 5 'ﬁltff set (}fo
high order wavefront aberrations of the non-dominant eye by providing at least one near
fixation target;

e.) converting each of the first set of high order wavefront aberration
measurements to a first height difference;

f.) calculating an average measurement of the second and third sets of measured
high order wavefront aberrations and converting the average measurement to a second
height difference; and

g.) using the first basic refractive prescription and first height difference for the
dominant eye to provide a first ophthalmic lens and the second basic refractive
prescription, near refractive prescription, and second height difference for the non-

dominant eye to provide a second ophthalmic lens.

2. A lens produced according to the method of claim 1.
3. A method for producing a pair of ophthalmic lenses for an individual, comprising
the steps of:

a.) measuring a first basic refractive prescription of a dominant eye of the

individual by providing at least one far fixation target;



b.) measuring a second basic refractive prescription of a

non- dom nant eye of the individual by providing at |east one far
fixation target and neasuring a near refractive prescription of the
non- dom nant eye by providi ng at IeastI one near fixation target;

c.) nmeasuring a first set of high ordeP wavefront aberrations of the
dom nant eye by providing at |east one far fixation target and a
second set of hjgh order wavefront_aberrations by providing at |east
one near fi xatblh)loiﬁe Sar et :c;ecomﬂ)asm reg.a'%%wgﬂ%sﬁ'i”ré}{oi“r% AN AORYRANE X5 ot e
first andnéietionibygabtvidingwaleabtrops fardbatistdatR0antBasdsi 8NN h&ar refractive

e.) converting.the average wavefront aberration cal cul ated in step d,
to a firgtese TQ‘H‘I ofc}ﬁq FY}-apjripant eye by prqv_@mg@tdgq;]; PiRFgear firtiog tayget; of

hi gh order Wa\b?)frﬁ%ﬁril@@ﬁfs%étgpﬁigﬁ%r&ep%ao%n@%grﬁﬁgés ﬁ}fﬁ i di ng
at least one far fixation target and a fourth set o |g?1 or der

wavef r ontbyatseyidiggiablegstone fardixaoen Weget arai sceyral doyoffrigh prfienyaefroneast

one near dafb?%ﬁdng%géftf\%ﬁhﬁ at least oneinegg?'[xzﬁ%![nggrlff&ti ng an average of the

third an ourt Wwavetrron errati on freasurenents; I't)
converting t helabubgegawavedragnif thdiist aidi secondakbcaflvatveflontrabstrgnf , to
a second height difference;, and i.) using the first basic

refracti JBG%%SE’EPtiS’pti on and first height difference for the domi nant

eye to provi de)aohidithg MRALARLMVEdiRABaRAGISN@IGREANH SRPS, € a first
refractive prescription, near refractive prescription, and second
hei ght dilfefest difieEnE®r t he non-domi nant eye to provide a second

opht hal m c | ens. r r ' 0 1,0f im
35 A et hod e B B e SRR o IR AR aBhcfin
i ndi vi dualye bg prpidisg sigedshenstrefisatmh:target and a fowth setreflsigh brigr avafdfront

basi c refarbea!%tltiovqe F{hesxcqui gt iiorﬁt ofeba domi nan%1 eye of tELe ti.ndi vi dual by
provi di ng at [838 8!58 8P Xt d'rP’?\éif“élgta, cast one nearyixy ME8ESFi ng a
second basi ¢ rgfoaRataing ap aeRsdd dlthemird bn@fNAA B WTWARB o R ¥BeRftichhe
i ndi vidual by providing at |east one far fixation target;
measdrements;
h.) converting the average wavefront aberration calculated in step f, to a second
height difference; and
1.} using the first basic refractive prescription and first height difference for the
dominant eye to provide a first ophthalmic lens and the second basic refractive
prescription, near refractive prescription, and second height difference for the non-

dominant eye to provide a second ophthalmic lens.
4. A lens produced according to the method of claim 3.

5. A method for producing a pair of ophthalmic lenses for an individual, comprising
the steps of:

a.) measuring a first basic refractive prescription of a dominant eye of the
individual by providing at least one far fixation target;

b.) measuring a second basic refractive prescription of a non-dominant eye of the

individual by providing at [east one far fixation target;



c.) neasuring a first set of high order wavefront aberrations of the
dom nant eye by providing at |east one far fixation target and a
second set of high order wavefront aberrations by providing at |east
one near fixation target; d.) ﬁ?l cul ating an average of the
first and second set of wavefront aberrfation neasurenents; e.)
converting the average wavefront aberration calculated in step d, to
a first height difference: . f.) measuri a.third set of high
order wavefr or&)_ i) ﬁhgg sehpf pigh Or%hwaﬁ?ﬂ%%]‘?e@%ﬁwt% TGP GYat

| east onenf@bviliingat icast dnafgeixaBRitiatet 4 4 Rc&RE scObr MbIOBrdef #8¥efront
wavefront aberrations of the non-dom_nant eye by providing at |east
one near FFKBHIERY PEPGEng at least one peay fixgtionidtget ng an average of the
third and fourd i f&lanfk aH@V&B%&%ﬁth%ﬁ%f 5@?&9&?&?@&% BSberration, )
converting the ‘average wavefront aberration calculated in step f, to
a second theasglemedisf f er ence; and i.) using the first basic
refractive prescripti.on.and first height difference for t dom nant
eve 1o prov degopPrl PR BT rabE Phvanntihematon @ SlEGHa el B £ HRL
refracti Jveighe égferdnpé;i on and second height difference for the

non- dom nant eye to provi a second ophthahnic lens. 6.A lens

pr oduced accorl ilTF-F@SLti‘g‘lgt%tgﬂ‘ «ftw(ggiggfor%qrg\{aﬁp%qnt aberrations of the non-dominant

eye by providing at least one far fixation target and a fourth set of high order wavefront
aberrations of the non-dominant eye by providing at least one near fixation target;

g.) calculating an average of the third and fourth set of wavefront aberration
measurements;

h.) converting the average wavefront aberration calculated in step f, to a second
height difference; and

1.} using the first basic refractive prescription and first height difference for the
dominant eye to provide a first ophthalmic lens and the second basic refractive
prescription and second height difference for the non-dominant eye to provide a second

ophthalmic lens.

6. A lens produced according to the method of claim 5.



