ASYMVETRI C LENS DESI GN AND METHOD FOR PREVENTI NG ANDY OR SLOW NG

MYOPI'A" PROGRESSI ON* 5 BACKGROUND OF THE I'NVENTION 1. Field of the
I nvention The present invention relates to ophthalmc | enses, and
nore 10particularly, to contact |enses designed to slow, retard or

prevent myopia progressi on The oht hal m c | enses of the _Present
i nvention cofYMME] ANELMETHOD FOR: PREVEN

e

radi al dioptric power from§LWﬁgtm WA%@RE@S@OW t he opti cal
zone of the lenses for pre V'ETT[‘I'rTgﬂTTd%r—S'!‘UW'rTg—nVO'p'I a progression.
15 2. Discussion of the Related Art Conmon condi tions which

| ead to reduced visual acuity are nyopia and hyperopia, for which
corrective lenses in the formof spectacles, or rigid or soft 20
cont act 15enSCKEGRDWKNBOF THEIINVENTIOMI ti ons are general ly

descri bed as the inbal ance between the I ength of the eye and the
focus of the optical elenents of the eye, nyopic eyes focusing in
front of the retingieplane MEntyPeropi c eyes focusing behind the
retinal plane. Myopia typically devel ops because the axial |ength of
the eye grows to be longer than the focal |length of the optical
25conmponent s of t I per opi a
typically devel O@%ﬁ%g%nstté%gbg;elé §|t‘g)r‘?g{‘ﬁ‘%9‘¥ﬁt"%%%8y§'q‘?sm l_%o short
conpar edOw tpartidudarfyp écatortactdemsesf dasignedio istoa, remrq)onpnavenbhymme eye,

that is, the eye does ot e a, has_a hi reval ence
Fate i n nanySUGRIRS. JPSRE RIS o bRt B Eaf Gt <
condi tion i ss ?/trrmémssad@élqadwamr@fﬁ@s that ineréddsgha8yadialadioptac p@W@ﬁ%m the
greater than five (5) diopters, which dramati callﬁs_affects one )

ability to fAFALEritQ Wﬁ%ﬁh?"%’t%&'&ﬁ' gLt the [RsRS BiRseYantigg gpd/or
associ at ed \@ﬁvnn?r,hydﬂ,g%%eégsrdrﬁk of retinal disease, cataract, and
gl aucoma. Correciive |l ensés are used to alter the gross focus of t he
eye to rlénder a 5clearer image at the retinal plane, by shifting the
focus fromin fronthof JNe HRORARSF RN €ct myopia, or from behind
the plane to correc yperopi a, respectively. However, the corrective
approach to the conditions does not address the cause of the

condition, but i %orrrnenggk %or?dl{)grgshv% &ad tsoyrgBuceransual acuity are myopia and

hyperopia, for which corrective lenses in the form of spectacles, or rigid or soft

20 contact lenses, are prescribed. The conditions are generally described as the
imbalance between the length of the eye and the focus of the optical elements
of the eye, myopic eyes focusing in front of the retinal plane and hyperopic
eyes focusing behind the retinal plane. Myopia typically develops because the
axial length of the eye grows to be longer than the focal length of the optical

25 components of the eye, that is, the eye grows too long. Hyperopia typically
develops because the axial length of the eye is too short compared with the
focal length of the optical components of the eye, that is, the eye does not grow

enough.

30 Myopia has a high prevalence rate in many regions of the world. Of
greatest concern with this condition is its possible progression to high myopia,

for example greater than five (5) diopters, which dramatically affects one’s



10Most eyes do not have sinple nyopia or hyperopia, but have nmyopic
astigmati smor hyperopic astigmatism Astigmatic errors of focus

cause the inmage of a point source of light to formas two nmutually
perpendi cular lines at different focal distances. In the foregoing

G Scussion, 05 LR PERLS, SRS LURSLORIG, B Tedas Sobpshitiil 4P
astigmati smingeReed ri¥ieb¥retinal disedsBATafHUt aritPglentdigg, t he state of

cl ear vision where an object at |nf|n|ty isin relatively sharp focus
with the eye lens relaxed. In normal or emmetropic adult eyes, |ight

from both distantc c?rp%tﬁ%@é?%eg%é%éd mtmﬁépngfsocuse t@§@¥%g&%%ﬁh

or paraxial region e aperture or pupil
crystal | iSne dlearsr imagedat thieeting planesky shiftingehe degusdtonp iraiientwif¢heplahe

eyes. exhi bi (0Gop3El EM00S: Bt SaliRng Bie BARYEhtnindous, RseReMaRt
in the regi qmowévabmetcof&cﬁvéhmmbecmd {Pe domditiens dows aptaddress theeiiseg

that rays passjng throu t he aperture or 25 its periphery
are focused Qdh %%ﬁ“?"HO'?rr {s gerey\eraststivar SMF‘EEPW% the eye is

focused to infinity. As used herein the neasure Dis the dioptric
power, defined as the reciprocal of the focal distance of a lens or
optical ¥ystem iNosteyes slo nat bavesimple mypete ererwermpia.thut haverimysais:

shal | "be defés’ﬁgﬂ'ﬁ\%§m&m rg@gr%cogalgnm#ﬁn pﬂg@emétfb @E%%fdcﬂs%%ggqqegw e

clearly at nea st an rica erratlon
normal eye ||magetofeq3mmtaamurcel-‘mfrllgbktmrfprre asatwoonmmdm p@'pendlhalar lires athe

h [ d d th h ch
Co the | nt it pPepCHipBhet dndkE 8RR R R-ERER batelmc VRIS
change fromimperdpia ard osétb@ahtivees siﬁﬁmemwp@@rt m@opit astidiratisnoeads
wher eby eye gromh is %elf-re gul at ed achi eve an optimm match

bet ween ohe TYpEreRia aRe hYREQPIY %‘%ﬁ‘@f"’r@“é’f“ rteﬁge%tvgly Emmet ropi sation is
responsi ble for the | eptokurtosis apparent in refractive error

distribution in humans and has been denonstrated to act in various.
ani mal s to conperametrppia dessiikgs heptatef clhar visinceereery eyestas infinity

errors. J “V%"irL@%ﬁ%@ﬁdsH;&‘n@%lcgjs'vﬁthath%w&J ] é%e%f I ﬁBFrﬁ&l?r‘é‘Fmﬁé{rQ;Slc

begi nning in rogreSS|ng up un
t eens. aduitfeyest IigH'oérohebrgthrdlsjéntta‘ml Byee obgectemds)ashmgubhlagh thei f e,

grow h i.s nost onounced duri chil hood | t h ) be bserved that
Joher o agenial Sormarel et A%g Ara Bl inyell i REnSERPY BRI &k
1930; Jenki nens HeRid)the ey ickane g retidabplare wWieke teahva@tddimdge is

chil dren yo er than about j} ears of a e when focus )% on di stant
obj ect s, 56%§?‘E‘1 {1ds eppRIVELAIoNRYEF. bt rRstROTRBbEYE %E%Pes' Y age.
Mbst adul ts IhGRIdRYal BBﬁéﬁda‘Yﬁbéﬁ@é}Wﬂ @eherehw ﬁab'r@%oﬁfobeSUteWSfDi%Bfeﬁg
at infinity for the remainder of théir |ives S. Patent No.

6,045, 578 di(Bdferses nemmpersre. meadmrtgeﬁhﬁh@yew@ss@ederoeghtﬂneae@r@re or
a0 SR 08B0 LSO Rt ot NS O Ber SN PR
ot her wor ds isfomeised e sdinitpnAswged beraiy thcamedsilog B[ﬂﬂamdqmjtrltabwelat i on.
In this pr Ocaeeﬁedtars"‘:the reciprocal of the focal distance of a lens or optical system, in
meters. Also as utilized herein, the term “add” shall be defined as an additional
plus power to assist in seeing more clearly at near distances.
30
The spherical aberration of the normal eye is not constant. For example,

accommodation, that is, the change in optical power of the eye derived



cornea of a myopic eye is fitted with a lens having its outer surface

formed 25having increasing dioptric power away fromthe Iens center.
Paraxial |ight rays entering the central portion of the lens are
focused on the retina of the eye, producing a clear imge of an
object. Marginal |ight rays entering the peripheral portion of the
cornea are fREDEY thaugh qﬂaagetcb&tewa%ﬁnqlWéysé@kmﬁebna@ausmtheeaﬁhﬁagaland
produce posity : i r 1 image on the latter.
30Thi s posi téldve\efpast'%ﬂgtgthﬁdea@@ﬁr%o%wg%q%ﬁ%g%@%é a physi ol ogi cal effect
on the eye which tends to inhibit growth of the eye, thus mtigating

the tendency for {4 he opic eye to grow lLaonger. The higher. the
spherical aberr até%w,eﬂ%ﬂéaﬁ%q é‘%B? of 3 vyhger ‘?Wee@ gr&vﬁtm %nsql&rggpléated to
pr ogr essison. adHasvevgt optimeheastes betwddiethertios hngdexiaf lehbih eftheeleve
add power of_the coptact lens t Vi Si on,

endfg to worsen foveal , .

Accor di ngl y, ETRESUEPER{IQR & reSperesidle 401 tﬁsﬂ%ﬂi_@kta‘fosﬁtwrw@p gefractive eror
correction Hi&Re(fn IR shLanPraehed] I6AbMURIEED RAUR ValiSuLANMAR to

| enses while preventing and/or slow ng myopia progression via the

i nt roduct i orcoptpensete foy &isupldanitvption iiured refiactive arag. gbhyanileoesst

vi sion. SU Y OF LVEY : | desi gn
of the presen q'%\;‘se%? F’gn over%(()gr}rléésfpefcliulge i Egg@{‘@'ﬁémh‘!%@"g%?@r art
by ensurliong fregitessindiugt it thevingl torlatedeerst i on with a hi gher effective
add power in the lens. 15In accordance with one aspect, the present
invention is directed to an ophthalmc lens for at |east one of

sl owi ng, retardi nghist thy RYEtH 6fiBe BYE fHorede@dh@eghoum lifd, ol maddti C

| ens conprises an optjc zone configured with a positive asYrmetri c
aberration fREPNEYERHidMNG HRYRQGSH dgh%%be% plesarveshthaheplesrical gbiration of
positive asyiFRle chaRGes Wt e id flin ielirds YOI LchRinsatbed), RaHe!

profiles 20 with increasing dioptric power froma center to a margin
of the dgti qepeiiee aprerdacakerationdn gbilersptypliagerdoampbadieyears of rpes
are vari abl i r.adi el [ ne
surroundi ng%yrﬁé@()@g%'?écé é@ﬁ%ﬁqtﬁ%%gcd}ﬁé%%’% er@%ﬁ?%éﬁ@b %?@ gbﬁ?z{z
present i nvembaroof age. dviosicadrdts dispda2ionitiviecsphiedcal abelrmatish obthe eyfe

sl owi ng, retardi or. preventin opi ragression by altering the
focus of théo%‘ﬂf‘@%?ﬁ} "3"@?3@&3?6&‘1’%%%8@?‘55%?‘6&61|ter the growth of the
eye. The method conprises introducing asymretric radial power
profiles with increasing dioptric gower froma center to a nmargin_ of

an opti & zone (H-Saﬁa@ﬁhl\lﬁa -Niq'é-ﬁ? r%‘s%’ﬁ?s\ﬁamfﬂ?& C_tfi?éteﬁﬁg' HeortE of
radi al pomrth@%?%,“é@ﬁdiﬁb%ﬁnéﬁg'tﬁé 8pedHcal 86k Rl tioRESitE BBSar system b&/-g”'e

contact lens of” preSent Tnvention I's designed with increasin
di optric powiectiornand Heggeoetated o Jenthe growth eeyelegoih. of othpeworstsi cal

zone of the . ar 1 ed
i trerent mSCag et Ray BB3cbiERE PAHeno R brBILAT 1FL i Bragegs. the
posi tive spherieadf abgopiatdyerns ftedwik s lanphyengitegutsrlsudhtefdrmed t he
eye whi rg tends t.o_inhibi rowh of th %yﬁ thuQsﬁ{{tﬁti ati.nplééﬁ,ge
tendencf? f or A RYERFIO9EY %pa\wswmﬁg NP lRNS S 1P 9raKE §¥gn
of the preseiterriagidentraliiciibriiestha 1@ aRifoeldeRIcdr the rafith BomBreyen t he
regions of the lens that will tend to have the nost significant

i npact on eyREOHHIRG BICRFY IMagaei FeobiscmMpidngllighrays paleringthe s al so
known t hat - RjeaBRE-oBGHioh W hoBiRES Rl rRDSEd 4 BAnk AL the' difnéd et
on slowi ng, retardihg or preventing nyopla progression, but at higher
| evel s, negdhé vgding, ahd poadsiceiposiive spherical aberration of the image on the latter.
30 This positive spherical aberration produces a physiological effect on the eye
which tends to inhibit growth of the eye, thus mitigating the tendency for the
myopic eye to grow longer. The higher the spherical aberration, the more

profound is the effect on myopia progression. However, increases in the

3



10acuity. Accordingly, the present invention utilizes asymetric
aberration to significantly increase the effective add power while
mai nt ai ni ng reasonably good foveal correction due to the fact that
visual acuity is less sensitive to asymetric aberration. The |ens of

the present inve al so be customized to achi
Foveal vi oi JHOGOSCR B PG RGO G Forenaedrrs 105 1 40Ed o eRe
subj ect eyesygigMer age pupil size. The contact |ens design of the

present invention provides a sinple, cost- effective and efficacious
means and net hod for preventing and/or slow ng nyopia progression

which is increasi '

bR EF Deson P o etdh QYIRS obids sNddtotpfig mﬁ?@?ﬁ&%ﬁ’ﬁé‘gﬁn RO her
f eat ur es sancarableracreatges lanfertdifectivesadd poweninl donkact ESwpp avhdatprévemtinghe
fol | ow ng,

the inventi %ﬁgpﬁé\fvin&?%ﬂdﬁ?@rﬁé t%noggc%ﬁ‘ﬁgﬁ’fﬁ d?ﬁgéﬁg’ig%%'%ﬁgf

Figure 1 is \ﬁmﬁ; mgrmﬁmglgbodlfbv@twmomn of a cont act lens and eye
optic systemin accordance with the prior art. 30 Fi gures 2A
and 2B illustrate the power profiles for the first symetric design

and the firsgyRRYARRIGE SHESRVENTIONICCOr dance with the present
invention. TFrgures 3A and 3B ITTustrate the power profiles for the

second shfmetric design and.the second symmetric deslggn in accordance
with the present .heéﬁymawtmslensdeS'gm%n%pr@SPM'ugﬁrrt QY INE

profile for mPatiohbro@'trﬁeswa?%wtgeﬁﬁmngrbét@r AGEMcEaNG6h wébﬁohew.tha

present invention ure l ustrates the power profile
for this foungherefigetive aid pawst @rihBﬂ\enEOaccordance with the present
i nvention. Figure 6A illustrates the MIF curves for the fourth
asymretric design in accordance with the present invention. 15Figure
6B il usts at es t He aviérdance edthfooe dspect, ke ;breaeryh”mmmnoo |sjé$etgad tanan

G agr ammat i CHURBR RSO 1575 2o 8 Biaying yelebFaet plavRBtfgmyopia
accordance Wrbfrdsepnprieeedphthdivedich®@omdlises an optic zone configured with a
positive asymmetric aberration for creating a physiological effect on the eye,
the positive asymmetric aberration including asymmetric radial power profiles
20  with increasing dioptric power from a center to a margin of the optic zone and
wherein the asymmetric radial power profiles are variable along different radial

meridians, and a peripheral zone surrounding the optic zone.

In accordance with another aspect, the present invention is directed to a
25 method for at least one of slowing, retarding or preventing myopia progression
by aitering the focus of the eye by a direction and degree to alter the growth of
the eye. The method comprises introducing asymmetric radial power profiles
with increasing dioptric power from a center to a margin of an optical zone of an
ophthalmic lens and varying the asymmetric radial power profiles along

30 different radial meridians.

The contact lens of the present invention is designed with increasing

dioptric power from the geometric center to the margin of the optical zone of the



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS It has been shown

that positive spherical aberration produces a physiological effect on
the eye which tends to inhibit gromh of the eye, thus 25mtigating
the tendency for the nyopic eye to grow longer. Figure 1 illustrates
a prior art lens 100 which introduces positive spherical aberration
in the peri pifexagt lensyaed thegsep sty ake ¥ayigalong difisrent mgrichians. Hesatos
has been f1 tibRA Herdif, ifnb&BEer MdiRinlaR Bobitive SiEHoaPadr i HiGu] (U

spherically and its outer surface 108 tforned as part I psoid
havi ng i ncr edwsintpgitad effectoorsihemygevhich tendsite inhikitgreadh abthesleu thusf

curvature, . t I f 1t d r

that is, an%ﬁg{"@oﬁel t?ﬁ%%ﬁy . oé@wfjaarﬁy%f@?y%ﬁ{'ﬁrp é@gnqél}o _Ig']n %ﬁ??\%q%hse
central por tdesignldfahebrédent InevstidrOprogidesfadargee eéffectiviehedd pdwardn el of
the eye 104, producing a clear |j e,of an object.. Mrginal |ight
rays 116  erfeBOAG! tHeRe Nt ancde have eLTestyicnifiea dresaian S
passing to tdiyspRigiaslatis tehfopRGeg@skidna Ik AR KRWWEBAL hifReiCOr NEa
102 and the rétina 114, and produce positive spherical aberration of
the i mage orn@gritudgtspheriqaliabegation ingeeassrdhe efigct hslowinpoietydv@RIes a
hysi ol ogi c t : Anhi i (b ; t he
e thus mpaliflmithia PR iRal HBRSr oPelS, (eloy oMl
The presiént aowitgnfcoordirglyditheeptesdnt ioventiosndilizesagymmeatic abematideto a

| arger effective add.power in .region f the |en h wll tend
to have t he TuTeldliBiNe bR SRR R RO i we i er ey 7o
nyopi a pr ogrgeedifovealtotrectiurodudiontde Sactithatrvisual beuityds labissehnitiee Yo Si on
correction to the Pri roart. _F'he Bri rart lens utilizes symretric
posi tive spfSYMEREIGBREIEIG LN NihieaR S ssPreseqtinyenig) énaale? Pect on
nyopi a progrestinbed td adifievd 56thlgoeulold lislindtRreci®® Bhd Wit eP RBSI &R
aberration increases the effect on nyopia progression but at higher
151 evel 5 neaffiracy bagedpndbe subipstryesarvarage PupiESige.esent i nvention
utilizes asymretric aberration to significantly increase the
effective add power while naintaining reasonably good foveal

correcti on due tdhehlwntat tenshtesign ofibé peasent investidrnepeviden si giinpke, tost-

asynmetric aberration. . .20Accordingl t l.nyenti '

i rected to kR oBEerERgaC R AP a8 IR BT Yo e e
center to theyopd grogredsidri@hizhtis trteaainethedughbat thensorithalt an inbresisingy
power praofiles that vary along different neridians. In particular, to
mat ch tH& erf€ance pupi|l size for the pediatric population, for
exanpl e, the dianeter of the above nmentioned optical zone is between
2 m 25 and 11 nm To maxim ze treatnment efficacy for slow ng nyopia
progr essi on BRIEF ESGRIRTEIN O Bk QRAVINGSor rect i on, the dioptric
power differential between the center and the margin of the optical
zone is preferably between 0.5 D and 25.0 D for different neridians.
30l n accor dance WiheHomgeingantpbtaerfeatdres ane atyanthgesasitheinvention silebe

profiles __may be describe . P(r, 0 = E ?2..0. 8).r 21 1) where
' Cepr e2dn: SrPRiT TR PEGplinEapreorr TRdaT bt o ieltied b, o1
Srepresent s edgigidhaaniefof pied ywenticl, akallusirated ih (e aceimigasirigdiahngs.
coefficient of
Figure 1 is a diagrammatic illustration of a contact lens and eye optic
system in accordance with the prior art.
30
Figures 2A and 2B illustrate the power profiles for the first symmetric
design and the first asymmetric design in accordance with the present

invention.



specific polynomal terns and is a function of 0, O represents the
angl e between a specific neridian and a reference axis, for exanple,
the x-axis (horizontal axis) in Cartesian coordinates, and P (r, 0)
defines the radial power of an optical design. It is inportant to
note that other power profiles nmay be 10utilized, for exanple step
functions, ranp functions and/or any other curves; however, wth

equation (1), C (Byures ImandBalrtaty theadjowesl ptfé?fllés'ifdrﬂfé’sé’ctcﬁid%’ymmetnc
correction and provide good treatnment efficacy to slow ng the

progressi on 9sighapd fhe Seropd symweetic design dn ey danse Wmmeawre%ratr pness
at 4.5 EP (eptsqpgpe pupil) and 6.5 EP is utilized as a determ nant of
retinal image quality. Once 15 again it is inportant to note that

any ot her5 suitabl e neans and/ or nethod, for exanple, area of the MIF

curve, strehl rat e

curve, St el ¥ ottt RN Rl D BRRIPRR i SRR BB
g (x,y)dx dyacoNEr(c2)with fhe gresentefenBbn (X, Y) gN (X, y) dx dy wher e
psf or point-spread function is the image of a point object and is
cal cul ated as the squared magni tude of the inverse Fourier transform
of the 25pupll fum @ﬂecmuﬁ’étxateé(lhéf\b&&@r d%?ﬂe,fé’l)thissfogl'tﬁ%@%ﬁ)hetﬂ?&b(el gnn A
(X, Y) exip (i KWX, (ngljl ere is the wave nunb w wavel engt h)
and A(X 10 Y)a¢f-‘§f‘39ﬁ110§p’e’¢ Pmﬁwti@tqn@ﬁ”functl on of pupll coor di nat es
XY, pstL is the diffraction-limted 5psf for the sanme pupil
dianeter, and gN (X ,Y) is a bivariate-Gussian, neural weighting
function. For a rlﬁgweﬁﬂrﬁibetraedmé WTiR @mvenigr dd foutthEspmnudtria dasigh in
shar pness see " curacy [Scision of objective refraction from
wave front a?)céorof(gqchﬁ’%' %er'\lmuﬁq B%s et al., Journal of Vision
(2004) 4, 329-351, which d| scusses the problem of determ ni ng the

best correction of an e utili Owave berrati ons
wave from of “t ndigmeR lupares Bt Eyes ot Ha ultgiaetiesid
gi ven by Vu—adboﬂi’%c(exmh\ﬁ}\e'pr%ﬂﬁ\)éﬂ!@n(x Y). (4) 15 To predi ct
treatnment efficiency requires a calculation of the magnitude of the
spherical aberration. In the presence of both | ower and hi gher order
spheri cal aberratg %qﬂ.l & i deld 0
i ndi cate spheri caFIt %eé@?t@%ﬁ %e%?élij\?%%; rogoqj\fea?’ 'S érgn b%bggents
power add = iaveecaganpewith (tbepersenbimegntioraver age_power (i nner zone),
(5) whergjn the selection of the size of the inner zone and the outer
zone is @eneri C.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

It has been shown that positive spherical aberration produces a

physiological effect on the eye which tends to inhibit growth of the eye, thus

25 mitigating the tendency for the myopic eye to grow longer. Figure 1 illustrates
a prior art lens 100 which introduces positive spherical aberration in the
peripheral region. The convex cornea 102 of a myopic eye 104 has been
fitted with a lens 100 having its inner surface 106 formed spherically and its
outer surface 108 formed as part of an ellipsoid having increasing dioptric

30 power, that is, decreasing radius of curvature, away from the axis 101 of the
lens 100 and cornea 102, that is, an oblate ellipsoid. Paraxial light rays 110
entering the central portion 112 of the iens 100 are focused on the retina 114

of the eye 104, producing a clear image of an object. Marginal light rays 116



25 Referring to Figure 7, there is illustrated a diagramatic

view of a contact Iens 700 in accordance Wi th the present invention.
The contact |ens 700 conprises an optic zone 702 and a peri pheral
zone 704. The optic zone 702 conprises an i nner zone 706 and an outer
zone 708. In the follow ng 30exanples, the dianeter of the optic zone
702 is sel eceBlering tB%pS"'mﬁ"akW'@ﬂ A& okihedens RO 308 peasing & {he cornea

circular 'nn%%%?é'?ocﬂgéd 'ir§a Paln%q}e%eér?tlﬁecé}nmozﬁﬁgtﬁ@F‘etl'HQ%G,?éMd
t 6.5 mMm as

di aneters of e annu er zone /08 are mm an . .
measured fr oqu\@eg:@@WerSpbeMaeerraﬂiort tfdhe énaged 00 the latérs Tihippoesitive

Lo note L et oBhSHEF alohilh ol £ aBoBIEMRL LY BT BRELER o e
out er boundainhitsif growitt betheudyer thueneitigiithgitbetemdenchet drsmiopiy eyeitoci de
with the outer nﬁ)@%l n of the optic zone 702, whereas in other

exenpl ary enS68%Y t hey may coi nci de. The peri pheral zone 704
surrounds the optic zone 702 and provides standard contact |ens
features, includi ng | ens positioning and centration. |In accordance

wi th one exenpl arifedipernt irvention fedifratepited lansAesiontbat prayides @) lager
one or 10nor I n
on eye, " EARRB A R FRERAR T eI E Al R BB I e

Fi gur e 7l0ar esighlficantiatpedt as ey pbysiology relativel tesnyahie pmgnwlomwhule

conprise any_suitable. n-round sha ch as. an.e pti cal
chape. For  RENEY SRRt Ref JORRGE R e eTREdarkli g Mhiof Bar dehuietr
di stri buti onagtiersoutdizes syrantetrid poshivesphrxicsl, atdnatioptwhich dgsan faetul d
pr obabl y havg an el Li Etl cal shape. bel ow suhrmarl zes the

e 1l
results for H2Y§ARETgEhomBYPPIE pa%%rﬁaﬂonAéﬁeG o kpewa jaathigherdpagnitude
symmetric de§bw.o§m&%t.ofnqr(a%rjagyé@!hew@cpa@mogm%@g@fs&@ﬁwat ﬁ@ﬁer °rs

power with inputs CO , %wand in equation
Fi gur es 12A ameanemtwlwqf@t& Viéuspicméﬁy pfoe present tﬁwertltm wijlizes

Symmetric deﬁbﬂﬁm%ﬂfﬁ 55&*'}‘%@%@?@@# fn?ré&%é'tﬂé‘eﬁ@ ‘écatd'dvpf'dv%’erﬁl may

be seen fromt ata 1nt fectlvea power
for the asynmmaiuirtgasiagmnaw gtmtsd fvealeddresction duedal theowaet that wQua}@chty

for the syrmetrlc desi t}}&r{ ¥ be .25achi etved with simlar results for
the neural sRaAPPRESE I PIRYIHEINTIPGTTN 0. 02 + 1.42 e-5 O.

Accordingly, a higher effective add power is achievable with this

design with no inpact, on visual acuit D%ﬁgggd?gglér?sldéa\s?Ynel \%ltilw\ls

4.5 -0.98 -0 9o Accordingly, the presentinve tion is g
increasing dioptric power from the center to the margin of the optical zone of
the lens and with such power profiles that vary along different meridians. In
particular, to match the entrance pupil size for the pediatric population, for
example, the diameter of the above mentioned optical zone is between 2 mm

25 and 11 mm. To maximize treatment efficacy for slowing myopia progression

and to optimize foveal vision correction, the dioptric power differential between
the center and the margin of the optical zone is preferably between 0.5 D and

25.0 D for different meridians.

30 In accordance with one exemplary embodiment, the asymmetric power

profiles may be described by



NS 6.5 -1.64 -1.65 ADD P 2.80D 3.19D C0(0) -2.88 -2.88 C1(3) -0.23
-0.23 C2(e) 0.19 0.19 C3(9) -0.02 -0.02 + 1.42 /5 e co) 0.00 0.00
TABLE 1 Table 2 bel ow summari zes the results for a second asymetric
desi gn,

P(r,0)=E2,Ci(0)r* (1)

where r represents the radial distance from the geometric lens center, 2i
5 represents degrees of polynomial terms, C; (8) represents the coefficient of

specific polynomial terms and is a function of 8, 6 represents the angle
between a specific meridian and a reference axis, for example, the x-axis
(horizontal axis) in Cartesian coordinates, and P (r, 8) defines the radial power
of an optical design. It is important to note that other power profiles may be

10 utilized, for example step functions, ramp functions and/or any other curves;
however, with equation (1), Ci(8) is manipulated or varied to satisfy vision
correction and provide good treatment efficacy to slowing the progression of
myopia. To measure vision correction, neural sharpness at 4.5 EP (entrance
pupil) and 6.5 EP is utilized as a determinant of retinal image quality. Once

15 againitis important to note that any other suitable means and/or method, for
example, area of the MTF curve, strehl ratio, that measures the goodness of

retinal image quality may be utilized. Neural sharpness is given by

[2 02 psf(xy) gn(xy)dx dy

I

20 NS , (2)

12 17 psfou(xy) gn(xy)dx dy

where psf or point-spread function is the image of a point object and is
calculated as the squared magnitude of the inverse Fourier transform of the
25  pupil function P(X,Y) where P(X,Y) is given by

8



ASY 101, versus a symetric design, SYMLO1l, for neural sharpness and
effective a power W I nputs , ) ) an

in equation (1). Figures 3A and 3B illustrate the power profiles for
the second symretric design and the second asymetric design
respectively. As may be seen fromthe data in the Table, an effective
add power of 3.54 D for the asymmetric design versus an effective add

power of 3.15 D for the tryg d@s' . achieyed with
simlar results for thengmg'l'éﬁ%’r négg)g(lmp%’g? en Co g)) = -0.02 +
1.42 /5 B. Accordingly, a higher effective add power is achievable

with this design with no inpact on visual acuity. DESIGN SYMLOO
ASY101 NS 4. mhege Bis the waveNsirgber 2T/ wevelangir) (X 3Y)is ap aptisal D Co)

- 3.02 - 3. 02,Ghib8or findtfor 8 Afbil coordinates X ,Y, psfoy is the diffraction-limited
5 psf for the same pupil diameter, and gy (X ,Y) is a bivariate-Gaussian, neural
weighting function. For a more complete definition and calculation of neural
sharpness see “Accuracy and precision of objective refraction from wave front
aberrations,” Larry N. Thibos et al., Journal of Vision (2004) 4, 329-351, which
discusses the problem of determining the best correction of an eye utilizing
10  wave front aberrations. The wave front of the contact lens and the eye is the

sum of each as given by

WeLteye X V)= WX Y) + Weye X V). (4)

15
To predict treatment efficiency requires a calculation of the magnitude of

the spherical aberration. In the presence of both lower and higher order
spherical aberration, the effective add power is a better measure to indicate
spherical aberration. Effective add power is given by

20
power_add = average_power(outer zone) - average_power(inner zone), (5)
wherein the selection of the size of the inner zone and the outer zone is
generic.

25

Referring to Figure 7, there is illustrated a diagrammatic view of a
contact lens 700 in accordance with the present invention. The contact lens
700 comprises an optic zone 702 and a peripheral zone 704. The optic zone
702 comprises an inner zone 706 and an outer zone 708. In the following
30 examples, the diameter of the optic zone 702 is selected to be 8 mm, the

diameter of the substantially circular inner zone 706 is selected to be 4 mm,



C2(0) 0.27 0.27 C3(8) -0.02 -0.02 + 1.42 i5 0 C4(3) 0.00 0.00 TABLE
2 Tabl e 3 bel ow summarizes the results for a third asymetric
desi gn, ASY102, versus first and second symretric designs SYMLOO and
SYMLO1 for neural sharpness and effective add power with inputs

co(0), C1(0), 9), 0),. 5and C4 in equation 1 [ e 4

1 bt £t o5 PR O RBHTYKiATa e O R 2P RG Satey Aag 7PR HR8 Mol & frmy
be seen frompihesdatasdred fdm thatdedmeific 8EABEST the |assi7PmVeTs igfpdptaldtdD
may be achieved with this asymretric design with better results for

the neural shaipiasEigwe 7ionhiiesirates ay exemalany eabodientad thespregent

pover i 5 10aimoua CohEmoR B ey R EGeY Sodtfer of

acui ty. DESI @\ QY @0nSTYNE dbed\ByilOReNSadly Songideowittothgouter, iBargin of the
optic zone 702, whereas in other exemplary embodiments, they may coincide.
The peripheral zone 704 surrounds the optic zone 702 and provides standard
contact lens features, including lens positioning and centration. [n accordance
with one exemplary embodiment, the peripheral zone 704 may include one or

10 more stabilization mechanisms to reduce lens rotation when on eye.

It is important to note that the various zones in Figure 7 are illustrated as
concentric circles, the zones may comprise any suitable round or non-round
shapes such as an elliptical shape. For example, in exemplary embodiments

15 having a radial power distribution at some distance from the axis, the optic

region would probably have an elliptical shape.

Table 1 below summarizes the results for a first asymmetric design,

ASY100, versus a first symmetric design SYM100, for neural sharpness and

20 effective add power with inputs Cy(8), C1(8), C2(8), C3(B) and C4(0) in equation
(1). Figures 2A and 2B illustrate the power profiles for the first symmetric
design and the first asymmetric design respectively. As may be seen from the
data in the Table, an effective add power of 3.19 D for the asymmetric design
versus and effective add power of 2.80 D for the symmetric design may be

25 achieved with similar results for the neural sharpness metric when C3(8) = -
0.02 +1.42 ¢° 0. Accordingly, a higher effective add power is achievable with

this design with no impact on visual acuity.

10



N56.5 -1.64 -1.56 -1.07 ADD P 2.75 D 3.04 D 6.00 D Co(e) -2.88 -3.02

-2.91 CG(e) -0.23 -0.47 -0. 11 + 3.90 e4 9 C2(0) 0.19 0.27 -0.0Z -
2.7614 e co) - 0.02 -0.03 0.02 + 1.6615 e

DESIGN SYM 101 ASY 100

NS 4.5 -0.90 —-0.90

NS 6.5 —1.64 ~1.65

ADD P 280D 3.19D

Co{6) -2.88 -2.88

C4(8) -0.23 -0.23

Ca(8) - 0.19 0.19

Ca() -0.02 -0.02 +1.42¢° 8

Ca(0) 0.00 0.00

TABLE 1

Table 2 below summarizes the results for a second asymmetric design,
ASY 101, versus a symmetric design, SYM101, for neural sharpness and
5 effective add power with inputs Cy(B), C1(B), C2(8), C3(8) and C4(6) in equation
(1). Figures 3A and 3B illustrate the power profiles for the second symmetric
design and the second asymmetric design respectively. As may be seen from
the data in the Table, an effective add power of 3.54 D for the asymmetric
design versus an effective add power of 3.15 D for the symmetric design may
10 be achieved with similar results for the neural sharpness metric when Cy(8) =
-0.02 + 1.42 £° 8. Accordingly, a higher effective add power is achievable with

this design with no impact on visual acuity.

DESIGN SYM100 ASY101
NS 4.5 -0.82 ~0.83

NS 6.5 - 1.56 —-1.57

ADD P 3.15D 354D

Co(6) —-3.02 —-3.02

C1(8) ~0.47 —0.47

Ca(8) 0.27 0.27

Ca(B) —0.02 —0.02 + 1.42¢° 0
C4(6) 0.00 0.00

TABLE 2




C4(0) 0.00 0.00 -0.00 + 5e6e TABLE 3 Table 4 bel ow sumrari zes the
results for a fourth asymetric design, 15 ASY 103, versus first and
second symetric designs SYMLOO and SYMLO1 for neural sharpness and
effective add power with inputs co(e), ci(e), C2(9), C3(e) and C4(0)
in equation 1. Figure 5 illustrates the power profile for the fourth
asymetric design. As may be seen fromthe data in the Table, an

effective add poviebl®B beldsliniRiyizes tHRcibsals tbra third raeymrmrwa@éugm C
design 20with simlar results for the neural sharpness netri

conpared to ¢ 102 VErsHsJirthandisecerd SYRMAEhdeden SYW@W%WJQF fd
as set forthbliefighBpries: Qﬁ&' 'eFFQJ:t}(ﬁe S W|‘t'h'ﬂ‘i'}‘1bbt>é @d(gﬁ‘tﬂ (6’-}f 69(95 'Y8)

add power is achievable wth this design with an I nprove
vi sual aduitynd Qa@umqgmm E}{N[@ﬂ ilhsyratss e pmmrpoof@@forwh@ﬂmmo 35

NS 6.5 -1.64 a’s%mﬁ%tr’i&déggéDRs?nay be seen from the data in the Table, an effective
add power of 6.00 D may be achieved with this asymmetric design with better
results for the neural sharpness metric when Cy(8) — C4(6) are varied as set
forth therein. Accordingly, a significantly higher effective add power is

10 achievable with this design with an improvement in visual acuity.

DESIGN SYM100 SYM101 ASY102

NS 4.5 -0.90 -0.82 -0.32

NS 6.5 —1.64 —1.56 -1.07

ADD P 275D 3.04D 6.00D

Co(8) —2.88 -3.02 —2.91

C+(8) -0.23 - 0.47 -0.11 43906
C2(6) 0.19 0.27 —0.02 -276¢* 8
C3(8) - 0.02 - 0.03 0.02 + 1.66¢"° 8
Ca(B) 0.00 0.00 -0.00+5¢°8
TABLE 3

Table 4 below summarizes the results for a fourth asymmetric design,
15  AS8Y 103, versus first and second symmetric designs SYM100 and SYM101
for neural sharpness and effective add power with inputs Cy(8), C1(8}, C2(8),
Cs(8) and C4(B) in equation 1. Figure 5 illustrates the power profile for the
fourth asymmetric design. As may be seen from the data in the Table, an
effective add power of 6.00 D may be achieved with this asymmetric design
20 with similar results for the neural sharpness metric as compared to the third
asymmetric design when Cgy(8) — C4(0) are varied as set forth therein.
Accordingly, a significantly higher effective add power is achievable with this

design with an improvement in visual acuity.

12



2.75 D 3.04 D6.00 DCO(0) -2.88 -3.02 -2.91+0.0049 0 C1(0) -0.23

-0.47 -0.11 - 0.0038 0 C2(0) 0.19 0.27 -0.02 + 3.68 e4 0 C3(0) -0.02
-0.03 0.02 + 5.63 16 G C4(9) 0.00 0.00 -0.00 -2.31 e-6 8

DESIGN SYM100 SYM101 ASY103
NS 4.5 - 0.90 -0.82 -0.35

NS 6.5 - 1.64 -1.56 -1.10

ADD P 275D 3.04D 6.00 D

Co(B) - 2.88 -3.02 - 2.91+0.0049 0
C1(8) —-0.23 —0.47 —~0.11 — 0.0038 6
Co(6) 0.19 0.27 -0.02 +3.68¢% 9
Cs(0) -0.02 -0.03 0.02 +5.63¢° 0
Ca(6) 0.00 0.00 ~0.00 —2.31¢°0
TABLE 4

The modulation transfer function (MTF) is a tool for the objective
estimation of the image forming capability of an optical system, for example,
5 the eye. The higher the MTF curve, the better the image correction an optical
system will carry. In addition, since every naturally occurring scene that the
human eye sees can be decomposed (Fourier analysis) into linear
combinations of gratings at different directions and frequencies, the MTF can
also be utilized to indicate the image quality correction for visual signals at
10 different directions. Accordingly, one has a tangential or horizontal MTF that
characterizes the quality of image correction for horizontal gratings, and
sagittal or vertical MTF that characterizes the quality of image correction for
vertical gratings. Graphical representations are illustrated and discussed
subsequently in a comparison between the fourth asymmetric design,

15 ASY103, and a fifth asymmetric design set forth below.

Table 5 below summarizes the results for a fifth asymmetric design,
ASY104, versus the fourth asymmetric design for the neural sharpness metric
and effective add power with inputs Cg(8), C1(8), C2(8), Ca(8) and C4(B) in

20 equation 1. As may be seen from the data in the Table, an effective add

power of 6.00 D may be achieved with this asymmetric design with identical
results for the neural sharpness metric when Cg(8) — C4(0) are varied as set
forth therein. What differs in the two designs may be seen from the MTF
curves in Figures 6A and 6B.

13
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4.5-0.35-0.35 '\Egurg BA illustrates the MTF curves for the fourth asymmetric design

5

with the curve for vertical gratings 602 being greater than the curve for

horizontal gratings 604. Figure 6B illustrates the MTF curves for the fifth

asymmetric design with the curve for horizontal gratings 606 being greater

than the curve for vertical gratings 608. What this means is that for the fourth

asymmetric design there is worse image quality for horizontal visual signals

10

than for vertical signals, whereas for the fifth asymmetric design there is worse

image quality for vertical visual signals than for horizontal signals. For myopia

control purposes, worse image quality correction implies better treatment

efficacy. Therefore, for situations like reading English language books where

horizontal signals dominate, the fourth asymmetric design is more effective.

15

Similarly, for situations like reading certain Asian scripts where vertical signals

dominate, the fifth asymmetric design is more effective. The fifth design is

simply the fourth design rotated by ninety (90) degrees and is given by the

equation

20

P(r, 9, &)=

14

Z?iOCi(G—OC)rzi

(6)



-1.10 - 110ADDP60D600D(D(0) -291+000496 2.91 + 0.0049

40 -0 02 +3.68 e-4 (9-90) C3(0) 0.02 +5.68 i5 0 0.02 + 5.63 15
(0-90) C4(e) - 0.00 - 2.31°i6 0 -0.00 - 2.31 /6 (0-90) TABLE 5

Figure 6A illustrates the MIF curves for the fourth asymetric design
5wi th the cumherd all theevdriablds ayedahe sgse@zXduation ( Qrarak &ris thaanglbe
curve for

between the reference axis and x-axis (horizontal axis) in Cartesian
coordinates. The selection of « depends on daily visual experiences and
amistrophy in the vision system. In other words, the power profiles may be

5 rotated by any angle corresponding to the directional dominance of the visual

scene.

It is important to note that as the entrance pupil size of the eye varies

among the pediatric subpopulation, in certain exemplary embodiments, the

10 lens design may be customized to achieve both good foveal vision correction
and large treatment efficacy based on the patient’s eyes’ average pupil size.
Moreover, as pupil size correlates with refraction and age for pediatric
patients, in certain exemplary embodiments, the lens may be further optimized
towards subgroups of the pediatric subpopulation with specific age and/or

15 refraction based upon their pupil sizes. Essentially, the power profiles may be
adjusted or tailored to pupil size to achieve an optimal balance between foveal

vision correction and effective add power.

Currently available contact lenses remain a cost effective means for

20 vision correction. The thin plastic lenses fit over the cornea of the eye to
correct vision defects, including myopia or nearsightedness, hyperopia or
farsightedness, astigmatism, i.e. asphericity in the cornea, and presbyopiai.e.
the loss of the ability of the crystalline lens to accommodate. Contact lenses
are available in a variety of forms and are made of a variety of materials to

25 provide different functionality. Daily wear soft contact lenses are typically
made from soft polymer materials combined with water for oxygen
permeability. Daily wear soft contact lenses may be daily disposable or
extended wear disposable. Daily disposable contact lenses are usually worn
for a single day and then thrown away, while extended wear disposable

30 contact lenses are usually worn for a period of up to thirty days. Colored soft
contact lenses use different materials to provide different functionality. For
example, a visibility tint contact lens uses a light tint to aid the wearer in

locating a dropped contact lens, enhancement tint contact lenses have a

15



hori zontal gratings 604. Figure 6B illustrates the MIF curves for the
fifth asymmetric design with the curve for horizontal gratings 606
being greater than the curve for vertical gratings 608. Wat this
means is that for the fourth asynnetric design there is worse inage
quality for or| ont | 10t han, f or, rt €y

wher eas for diaskeprins i meaoPliEhahte ABPs iuiEbpis SSthr bRl vt
for vertical gshf¢tlensicorriBed aaihriﬁé}r obﬁdezmh@éarﬁ k@ Oiadsge &0s's BY@pblar,
control purposes, worse uallty correction inplies better

treatment ef fAnedey Ilghtrfétﬁene?et cqripctdens fNFENS tristbanea @eriin ERiprs while
| anguage boog@g eatﬁeﬁgormae a%'peﬁheaale%é#eebﬁebﬂen%@@afmeaefrom

asymretric d gmi1s nore"eftective. 15Simlarl or situations like
readi ng cert siloxakeeontaiomgmaymensrbat aes mocehgldngmlseft goniashlepses ard

fifth i T f |

the: Tourt h adhsholi el siebe B o 8 e Mirdlhl oGt bsidhe ! TP Y

equat Ib?n 20131(et3|,r?n@d swiﬂeellﬁrft)q?at@r(ts wﬂﬁilﬁ}esbyapléfa)r![d allfeearvallable int heth soft
es are the. same as atio

Uhe Bt o encandhioid Hretes o T3HS ol bhear S degioned Sttt bafiy ot patents

coor di nat es. vﬁiheasiug}r%%m%opére%qs&a%%& ifTholabbiY aMé SigRd varienesi ences
and am stroph he vi sion sgstem In other words, the power

profil eslGray jpaficn |§EIS%'§/C%’H Inmgcﬂlﬁer@at awﬁtﬁﬂf the atb@ve aee also
di recti onal %[g IaﬂﬁQCfSr 8%%;9 Hf’%orﬁ It is inportant to
note that as entrance ubl size 0 ¥ eye vari es anong the

pedi atric subpopulation, in certain exerrpl ary enbodi nents, the 10l ens

desi gn may be cu om ze achi bot h gaoo ove

correction and | 'aémPPga?‘?}SW%ﬁﬁ%&*bc?ﬁ 8@06%@ﬁ%m%r’gjf@%tprgseen)}es
average pupi linvgntien nwwmebrpoa@teammlansmmmef diffeterst cohtdat lenses
refraction a?d age for pedi tr| at i, % g (i n exe g
erbodi meh s, TomEY 6018 Ay’ el BhesBer ol ARyTAUBaP B of

the pediatri gegidARAME Bidsent %éﬂi‘ho’iﬂﬂﬁy b GtiRER ARHYT the Boritabl 18FEdsON
based upon their pupil sizes. Essentially, the power profiles may be

adj ust ed or tdgistidrascharging insiuding, saily weat pefe gentat lepsesraitid@asance
bet ween fove%lt rﬁﬁ%él‘)l@%oﬁ%rcf Fe%le?rblﬁggt @nféft?qén‘é%sat‘aﬂc%}‘}%r t [e@%%vﬁﬁ'al y

avai l abl e co enses renmaln ective neans I Sl on
correction. Tiybrid bontapt lapsés !neardsiaimnf atthaughr the firvention émdescribhd vétpe t o

corr ect 41 pefel BbuslElutl DS DYoL Bl nEHSIMELERERSf i rzsen

cornea, and pieskiyepiay be etilizelien bpestagk Iémsalhtrbthaﬂbnkélg corneal inlays
crystalline lens to accormmpdate. Contact |enses are available in a
vari ety of f AOHG are nade of a variety of materials to 25provide
different functionality. Daily wear soft contact |enses are typi cally
made from soft polymer materials conbined with water for oxy
perneabi | i ty. DaiA{honelshewntandaiasgaibed isnufeat lﬁ’e?llqyeddeubﬁ;ﬁhamq%sable

I e o e S

wear di sposalsbeci80desigas ant emsthsdsidesanibedlang sihown with suggesd therdselvesle

to thirty daXﬁoseCCIqIPrdelg tﬁec‘)faltt and may be used without departing from the spirit and
scope of the invention. The present invention is not restricted to the particular
constructions described and illustrated, but should be constructed to cohere

30 with all modifications that may fall within the scope of the appended claims.
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contact |lenses use different materials to provide different

functionality. For exanple, a visibifity tint contact Iens uses a
light tint to aid the wearer in locating a dropped contact |ens,
enhancenment tint contact |enses have a translucent tint that is
meant to enh e s ural eye color, the color tint contact |ens
conprises a gﬂﬁﬁzﬁgcﬂﬁHQ@Qkant meant to change one's eye color, and
the light filtering tint contact |lens functions to enhance certain
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present inv j i r j to the particular constructions
descri bed aﬁ%}%éleglrbt?s rra?ég,%h{dcgl%%ﬂ?'d be constructed to cohere 30with
all nodifications that may fall within the scope of the appended
claims. WHAT IS | NED | S: . . An ophthal mc |lens for at
Ceast one of sl off T SIS ora AR oFRST pUME reBBTpe8Ei on, the
opht hal mi ¢ Ie&fentiagmiydpidfiogression adbordlng e CEMME! , et éia Wi geMpridialn
positive asymretric aberration for creating a physiological effect on
the eye, th&opesPMpvisesehareMare siabdization BISCHARSTS ng asymetric

radi al power profiles with increasing dioptric power froma center to
a margin of the optic zone and wherein the asymetric radial power
profiles are varPabihe eahdmamis lene fermat leasdione ofrgloincamnetarding or

peri pher al r i . i A , . i C
ansfor - at Emsig BB BRAMEIAPACPIARE T Claim 1. uiereif o BEMAREID

pr ogr essi on radiabp@lvergprofile Chedyrbelrotathd bgiam drigte oprinédpainding thendesired
conprises a cont%%ﬁ | ens. . 3. _The ophthalmc lens for at |east
one of sl owidT§CtiE PENANCEOf BrisHA 8PS nyopi a progr essi on accor di ng

to Claim1, wherein the ophthal mc |enses conprises a spectacle |ens.
6. The ophthalmic lens for at least one of slowing, retarding or
preventing myopia progression according to Claim 1, wherein the asymmetric
radial power profiles are adjustable based upon pupil size to achieve a balance

between foveal vision correction and effective add power.

17



4. The ophthalmc lens for at |east one of slow ng, retarding or
preventing myopi a progression according to daim1l, wherein the
peri pheral zone conprises one or nore stabilization nechani sns.

5. The ophthalnmc lens for at |east one of slow ng, retarding or

preventing nyopi the
eyrmetr1 6 radlai” poEpEPafieagiehtOea} o%n%c?“&%ham%@

cor r espondi ngretentingdegopiaghrogreesion asedrdimarto r@mam okherein thealptiscene.

6. The ophthalm ¢ | ens for at | east ne OE ret 6}]I‘dl ng or
preventing n%B'?réseﬁraog'PE’seé?rdﬂ “é%l?&g& REPHE i A he
asymmetric radial power profiles are adj ustabl e based upon pupil size
to achi eve a bal ance between foveal vision correction and effective
add power . 8. The gplathalpmie terisfoe al least ansroflowisgsietasdimgat

sl owi ng, ret : r

Gaim . wndhere ey R S e Rta T CR B R TRTT M AE R e

f r om about 2powertfmrala(nmta']to @rmargin of the®ptiF kene Fhinlibé nangd feors afoout b
| east one of etardi ng or preventing nyopia progression
according to %3&%&%5 Q/herei n the dioptric power froma center to a
margin of the optic zone is in the range fromabout 0.5 D to about 25

D. 9. Anethod for at |east one_ of slow n retardin
preventing myopi & pr&RFRL B At IRAshPPe Ff FgWinge r¢tatding of p'@l‘f@”@}&:’”bﬁp'ﬁ

direction angogRE5RA I:;yoa@rlhﬁrthé ﬂf‘cugro@mg"e@ by B@lire¥§on érﬁt?dé@%@qg alter

conprising introducing asymetric radial power profil
i ncreasi ng dhegrewid gobeeye, rtbmn@ptb%p@mpwnaIn%mdglpwgcﬁsyaﬁn@ﬁ@r@@al

zone of an 3{%%%35{ hiGs Wﬁﬂ%n ?Mﬁg}'dpggca%@elaf?mée%& téaadrln%egg V\Erﬁ

profil es al rent
at | east oneopﬂcalsiamu afggn mpdrttbalmm@neranpnemmg thegasyopeticpadigh peseron

by altering us the e b direction and degree to alter
the grow h o?roflﬁ' @@@&%@ng%‘?{%&@aﬂ% 9, wherein the asynmetric
radi al power profiles are rotatable by an angle corresponding to a
desired directional aom' nance of a visual ?ce.ne. ) 11. The

method for at |edt gthagh fenatigastaneLf oo  refRrd e AT iNigVaRiBgi a

progressi on RQyogh tp%grQQS|6H§yfaﬂ6H§g He 1bBEs Sﬁ’tﬁelé\pe%ycﬂ fifédtiofandtdbgree
degree to alter the gr accor alm9, wherein

t he asymet rtpcalteaﬂi&agrowﬁmfrthprayeuaQQr%@th@hatmgabm@rmﬁwawrpaﬁﬂpl
size to aCh'JgH ae\%l ﬁﬁaﬁ%sba‘?%@t%%?ﬁé’ﬁggh a\éb%‘ &J?re Bpﬁ&ﬁ 198 Rfled

effective a east one 0

sl ow ng, retdared:tmmlaﬂonpnmmfangsmm(speae progr eSS| on by altering the
focus of the eye by a direction and degree to alter the growth of the
eye according to Caim9, further conprising adding one or nore
stabilization zoneas Thy @ethoRefor ahiesst oreasfasl@iing hetarpinghalpréwentiegs .

myopia progression by altering the focus of the eye by a direction and degree
to alter the growth of the eye according to Claim 9, wherein the asymmetric
radial power profiles are adjustable based on pupit size to achieve a balance

between foveal vision correction and effective add power.

12. The method for at least one of slowing, retarding or preventing
myopia progression by altering the focus of the eye by a direction and degree
to alter the growth of the eye according to Claim 9, further comprising adding

one or more stabilization zones into a peripheral zone of the ophthalmic lens.
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