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20 The prevalence of myopia (short sightedness) is increasing rapidly. Studies, for
example, have shown a dramatic rise in the incidence of myopia (-0.25D or more) in 7 year
old Taiwanese children, from 4% to 16% between 1986 and 2000, and the prevalence of
myopia (-0.25D or more) in Taiwanese school children aged 16 to 18 years is as high as
84%. A population-based study in Mainland China reports that 55% of girls and 37% of boys
25  atthe age of 15 have significant myopia (~1.00D or more).

Studies show that 50% of people with high myopia (over -6.00D) have some form of
retinal pathology. Myopia significantly increases the risk of retinal detachment, (depending
on the level of myopia), posterior cataract and glaucoma. The optical, visual and potential
pathological effects of myopia and its consequent inconvenience and cost to the individual

30  and community, makes it desirable to have effective strategies to slow the progress, or
prevent or delay the onset of myopia, or limit the amount of myopia occurring in both

children and young adults.



hi gh |l evel, and may becone progressively worse. A second type (sonetines
_called "juvenile 10 myopia" or "school nyopia") begins in children at age
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25 First, conditions or experimental manipulations that prevent the formation of a clear
retinal image cause the eye to grow abnormally long (called “axial elongation”) and to
become myopic or short-sighted, a phenomenon referred to as “form-deprivation myopia”.

Second, if an eye that has form-deprivation myopia is subsequently allowed
unrestricted vision, that eye then grows in a manner that eliminates the existing refractive

30  error. This recovery requires visual feedback associated with the eye’s effective refractive
error because optically correcting the myopic error with spectacle lenses prevents recovery.

Third, imposing a refractive error on a normal eye (or “emmetropic” eye, one that is

neither short-sighted nor long-sighted) with a spectacle lens produces compensating ocular
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simultaneous vision bifocals. Such bifocals degrade the overall retinal image quality and are
known to produce visual problems such as haloes, glare and ghosting, making them
undesirable for the wearers.

25 Additional studies have shown that interrupting myopia-inducing stimuli, for even
relatively short periods of time, reduces or even eliminates the myopia—inducing effects of
such stimuli, The implication is that a ‘daily-wear’ approach, whereby the myope ceases to
use the myopia-reduction device for certain petiods during the day (e.g. removal after work
and before sleep), would not be efficient and may well compromise its efficacy.

30 Another optical method, used in attempts to retard the progression of myopia in
individuals is “under-correction”. In under-correction, the wearer is prescribed and provided
with a cotrection (e.g. spectacles, or contact lenses) that is lower in amount than the full

refractive prescription required for clear vision. For example, a —4.00D myope may be given
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even accel erate nmyopi a progression in sonme individuals. A neans of abating,
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Further, according to the present invention, the progression of nyopia is
nodi fied by precise, predeterm ned control of the off-axis optical
correctivigs fact or Sp dafe, abensakirasgdesabr heia thet ee mavigulded itleesffectivetthars of
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retina ( |2'Oe' rrtaerz:ﬁanisms located in the center of the retina (i.e. the fovea of the eye) control refractive
development.

Our present invention provides a method of abating, retarding or eliminating the
progression of myopia or hypermetropia in an individual by controlling off-axis aberrations,
through manipulating the curvature of field of a visual image in a predetermined fashion and

25 ultimately altering, reducing or eliminating eye axial elongation,

This present invention is based on new learning from our experiments that
demonstrates that the peripheral retinal image (i.e. peripheral vision) plays a major role in
determining overall eye length, and is an effective stimulus that promotes peripheral and total
eye growth that results in axial elongation, an overall increase in eye size and myopia.

30 The present invention is also directed to a method by which myopia progression may
be retarded (and in many cases, halted or reversed) with the use of a novel optical device

having a predetermined off-axis aberration controlled design that abates, retards or eliminates

eye growth.
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corneal or epithelial sculpting or remodeling procedures including orthokeratology (which is
a specialized method employing contact lenses for temporarily changing the refractive state
of the eye through comneal and epithelial remodeling by the short-term wearing of contact

25 lenses of specific designs) and any refractive surgical procedures (e.g. epikeratophakia,
thermo-keratoplasty, LASIK, PRK, LASEK), alone or in combination.

Preferably, the methods and devices of the present invention are implemented in a
modality that can remain substantially co-axial with (i.e. maintain axial alignment with, or
maintain “centration” with) the eye, regardless of the direction of gaze of the eye, such as

30  orthokeratology, comeal refractive surgery, corneal implants, contact lenses and intraccular
lenses. In this way, the precise control of peripheral aberrations leading to the precise,
predetermined manipulation of the curvature of field could be predictably maintained

irrespective of eye movement.
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oroperti dt aneher b e lreS Hy b gga saumrng beredRi: Csri
transfer s uf fv[sGM%ﬂhuQ%y\gE}Ebuf n@diub iéh, n«taarnmbffmmmemwmp@ad fietaai oaebd 0
mai nt ai n ocular Salth despite atnospheric oxygen not being avail abl e due

to the cl osed®§6%4id. 30 In orthokeratol ogy, the contact |ens (which may

al so be of the highoowtgeny, tﬁ@ﬁmbinbeﬁtwnks xwesanteabh gpef:t@aems&:ﬂmms @bft,
overni ght wear) may be worn for a short period during sl eeping

hours) to reﬁﬁ@@as PrHEcals lse phtueHiastiasc cmlélﬁpt .%ﬁolfqﬁaéoleéh?rafefneﬁ'ens

nmay be r@STDVQQ-IaJy%éfdaﬂﬂz tihg d?ﬁﬁ%@'i}{ pdbs biLe éﬂ%ﬁérﬁleﬂ;efr&fcfn%éﬂlyse(réaﬂﬂecﬁ&&ﬁé ation
state according to -6 WD 2005/ 055891 PCT/{J 004/ 022083  the present

i nvention wi PRYEY's vaeindef myenia cliages) pamrbetrpadily anade o ithputderesamplodhv 89°8¢d t he

ort hoker at ol Qgy. foﬂ'p@asweqﬁ%gulgﬁ\ﬁggw on can be realized in a nunber of ways
to retard or elimnate opl a ri'ncipally, an optical vision correction

devi ce i s desi gndd thi tase ohrpesiedessemtapt sn@mumhoberammamqw@nmép to
correct Ce”tﬁéécr%kégﬁﬁdigﬁ%m%'r 431,9_ prescri bed amount of suitable

20 For the on-lay, the comeal epithelium is scraped away, the existing on-lay removed

and a new on-lay affixed in place with the epithelium allowed to re-grow over the device.

The present invention is particularly suited for use in an extended wear or continuous
wear contact lens modality, orthokeratology modality or a comneal on-lay modality, thus
providing a substantially continuous stimulus for myopia retardation.

25 Typically, extended wear or continuous wear contact lenses, which may be, for
example, soft or RGP lenses, have sufficient oxygen permeability and other properties to
permit the lens to be left in the eye during sleep yet still transfer sufficient oxygen from the
tarsal conjunctiva to the cornea to maintain ocular health, despite atmospheric oxygen not
being available due to the closed eye-lid.

30 In orthokeratology, the contact lens (which may also be of the high oxygen
permeability kind suitable for extended or overnight wear) may be worn for a short period
{e.g. during sleeping hours) to remodel the epithelium and cornea after which the contact lens

may be removed leaving the patient in the desired refractive and aberration state according to
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of f-axis or peripheral aberrations, in particular relative curvature of
field, is incorporated. This off-axis peripheral aherration or relative
curvature of field, introduced together with the appropriate refractive
power is preci sely mani pul ated so that, in conbination with the existing
ocul ar abery (‘?f ﬁS é]]he i mage at the peripheral field is positioned nore
anteriorly AR correspondi ng position of the peri pﬁ‘e’r/éfﬁwp’é{?%zﬂ?
while the central inmage is positioned at or near the fovea. Typically, due
to the presenge r.adi f . } . axi s
aberration), q?’}liémf:% SR ‘gﬁhé)gggsggﬁ%a‘%awof aYFbt? ﬁ}%t%gggé{;%%{é\?enfassoo the e (the
interval betwegivktd®ldgo [ine foci is cal | ed the "interval of Sturm' whi ch
al so includes the circle of |on Sit

O
interval of Stur mvﬁlpéqﬁe'ﬁﬂ’bvﬁﬁt&%‘scaflh%mi i"hf 'flbffré)? a3 {Bdgagloéﬁgﬁngggand is
general | y congiéifi erhinchallpasiopii@nvisibn b@setcuaqdnwal 1edl¢S|gnf3©w3)he Hepestdre

presence of radi al mati sm the curvature of field in duce di ng
Do T he . pr b GHICNHOREPENC P BT FTEe LT Ha RIS Bt Biptsmpef FHGE! vaSESTE, |

i s mani pul at egrr.g@is bPdripherb NbERARRN M pRficulr rélatiRe upatlasf RGNS AbdPHstedat

| east the nore anterior |ine focus associ ated Wléh radi al asti c"ﬁﬁ“ g%cl

posi ti oned moFs affEEisipeTPheral ARgrratiofeorseir i YTUFEfurE @ figld, raffpquped toge

or in sone caggs e r&%h@@ﬁ%e@fs’pr&&%i 'rﬁ'ﬁr@ﬂu‘l’@&lzd f thae! WcOinbirB8or With thent  of
t he peri pheral reti na l'e the centra image i s positioned at or near the

fovea. A par tﬁwmamtyarwém‘tioes die impgeant gherrerphasdl fieltls pagiliongd dnaphenerosly
curvatur eié)o 'ﬁ? EiSp ggﬁllg:ﬂ&r?gf tﬁ@pérl{}ﬂ&rafﬁ nd 'Whife tﬂ@%&ﬁr"al Qﬁagé 'is%sﬁn@ﬁ‘é&s
W t ast | 0

associ at e tismis cuse near heret’i na.
this parti culamor saar mqg@mnﬁymlbﬁélymlt@t’mmaﬁ%ﬁc@toifrﬁdllaf ﬂﬁﬂg‘@é‘sm%t}'ﬁﬁ)ef d al so be

in focus. Thepseﬁgﬁeégia&gg {)e%‘a% h{u%qmg (?:tl 'al%lé?s%%‘rz]ﬂed%lﬁlatﬁe ﬁyh'é@l inYdgS (RS, and

partl cul arl cen VI'S acui or the wearer
si mul t aneouslxyterwat bﬂtdedmghwwodlm rﬁwcmathahgi ﬁxhénteprabgf %ssm’bwhiolﬁ alay ngludes the

or “Pyper et f o5tas OhIEEH SHUBTG: ¢ Bl afas T Rishal SO RKRRS R RIREL T 0PES
pr edi sposist i afiiningal (ﬂ@:\aedpﬁpdxmmapn @)l is geferdily 2@@5%&5518&305%/00%0%\02@083
BRI EF DESCRI PTI

expl ai ni ng t H&'S fI“é’}ei @eseﬁ%er‘%#%éf“ggﬁgf‘rpah %T"c Ogga‘@l tﬁ%eulcg Fi ﬁg t(?or a

gener al opti amd presest @Menton Ebgeuﬂieesmﬂahet@p&lpnaﬂeeeitqntwmmweﬂl) agraaipslatdd soleteye
and relative field curvature qf field

apL‘ns @ {}]L? relative Curo\éat yre .
for the eye dRgoPRIERRPRATHLES pSfifEEs qu r aideash hp gosganterior IgF foclly 55P48th s of
the eye and ralahkinMeastipahtbntiy wsa&dmwngreaq@moﬂganahmmghamenﬂ @tthate part
curvature of field can render a iC %I atlyelny ?
20 of, or in some cases the entirety f e mte al of Sturm lies 1 front of the pcnpheral retina
while the central image is positioned at or near the fovea.

A particularly beneficial arrangement can be realized when the curvature of field is
manipulated so that the more posterior line focus associated with radial astigmatism is
focused near or on the retina, In this particular arrangement the peripheral retinal images

25  would also be in focus.

These arrangements provide continuously clear central vision, and particularly, good
central visual acuity for the wearer while simultaneously retarding or eliminating the
progression of myopia in myopes, or preventing the initiation of myopia in non-myopes
(emmetropes or hypermetropes) with myopic tendencies (i.e. individuals with a

30 predisposition to develop myopia).



hypernetropic in the peripheral field and a hypernetropic eye relatively

| ocally myopic in 10 the peripheral field. Figures 4a to 41 are optical

di agrams of the eye, graphs of experinment results and relative field
curvature graphs detailing the principle of the present invention. Figures

4a and 4b | t he conventional approach for nyopia treatnment, in
particul ar “!r%g{)rﬂg/(?%ﬂ?’ectl on, which addresses only the on-B&XFUSHO4ERNES

field refractive state. Fi gures 4c to 4d describe 15 our experinments, which

dermonstrate the inportant gélggg szﬁg {drﬁ)ﬁgrﬁhﬁ I“gmd'gthe control
ressi

devel opnment, progression an opra i gures 4e and 4f det ail
the principle of the present invention and the effect of relative

curvature of field.in t ontrol. suon pi a.. Figures 4g.and
4h expl ain, under ﬁiﬁlg%rﬁtﬂgi:meé’%‘fa Pﬁg Bg WP'“?W Iﬁ%%?’l Pe?%f%gﬁs{’i“ %o? gt;
the relative a;lnem,le@agy]dq&augael@ﬁ}-@ﬂw@pmr@n approaches. Figures 4i to 41
detail the_ principle 20 of the pr&ient i nv ntlon for the gse of an Xe
with existing posiltigwes 3adp b pigedrtical diserams obthe eyg @dd"]a‘lt‘fegqfﬁ %”%%f“’te&T are

relative curvatiignptedivebsvaiRRGRTE \PEYGRAl itk dtohs BpENY di agrans
illustrating the princi pl e of one enbodi nent of the present invention,

i npl emented as a Epwaet #op ad pempticn §iagiams ehie 6ya HY relative fiald pualure #5895 | bed
by conic sect{ fh?nm%ﬂ G RAATP LS Amre TP BietdaGh ?enh&@ﬁny%%&' 98 rél§tw%w bedpye for

retarding, cea |ng reversing the progression of nyopia for a -3D nyope.
Fi gures 6a t ohpdrmdtiopistin theerphstah Seldant o Hyprenetrapic eynéclyiebelacallyivxnia 8n, as
a spectac|g Jhgp'?r es ﬁ&dl npl emented by the use of a conbination of conic
sections and equation surface descriptions. The exanpl e designs
are suitable for rfhgnacschanwl a:eansncnlgh@grarﬁﬂofrtb&/@aesgrﬁ@stOIﬁexH@rlmjﬂbrgslﬂféﬁnd)f

myopi a for a egapvn}{aglpurv?'tu ure Q&aa?ndth gv{lﬂ glg%f&?&)?el %‘nt h@cﬂ].l‘ oteh s 4a and

pronounced al Ve eary erern

sagi ttal and 4taiigerntd tat corﬂvemﬁsnﬁlmpproassfocmad}mdnwmmtxla@ambuhsndcbmﬂ@mrzar e
repositioned ta ,jn front na.. Figures

i lustrate a Y88} 8froses 03&4{57 @ %’ﬁﬁ?r ‘%ngﬁl? gl rﬁ%wgf/ “iHE YEI'S ‘Iki/e - gﬂ V(%%e
2005/ 055891 Rﬁ?ékiﬁﬁ%ﬁfsm%&mcﬁmmatmﬁmp@fanf no&:lcdtW[;&hphdfra!tﬁKhd siabg ¢an@tbl,| i ne
foci associ atcfed wi th radial ast%‘%natl smtl Siti oneg hg l'lﬁn on ar
SIightly in fAESHEPEEtReETFSion RGILETCSTiaR piaYoRiS: dopvses 42and Afdesi! fhe Priasbls o
yet anot her eapbpdidieiteftion khethDeFes 0l reldtive BlrvAiive ofifield in herbAed] of pragresfidigur e
7a is a contact |ens desi gn di agr am.showi n

f back fa .
profile and tHiBeRBs & gyFsrePRd AF 5Rlpiy uﬁgﬁrft ron; a‘%nhea‘ﬁgs%f—* ‘33‘?(”@0'7’6}‘? Easéf

conput er - assifst @g rémme@@fﬁdaayoftwnaaﬂ-@grepﬁ&garpammg PEiEure4ittb @l dasimhebrifciple
relative field curvature a%% t| | lustrating,  the de5|gn and rel ative
)

cur vat ur e%f itk raessairipgn hsrcage fgp teyfi:%‘rﬁ]i‘ Setting @AYt relafixe prratugel
field.

Figures 5a to 5c are relative curvature of field graphs and optical ray-tracing diagrams
illustrating the principle of one embodiment of the present invention, implemented as a
spectacle lens design, employing lens surfaces described by conic sections. The example

25  spectacle lens design is suitable for retarding, ceasing or reversing the progression of myopta
for a —3D myope.

Figures 6a to 6d illustrate another embodiment of the present invention, as a spectacle
lens design implemented by the use of a combination of conic sections and polynomial
equation surface descriptions. The example designs are suitable for retarding, ceasing or

30 reversing the progression of myopia for a -3D myope. Figures 6a and 6b illustrate a design
for pronounced altering of the relative curvature of field wherein both sagittal and tangential
line foci associated with radial astigmatism are repositioned to in front of the peripheral

retina. Figures 6c and 6d illustrate a design for a more subtle altering of the relative
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invention suitable for retarding, ceasing or reversing the progression of
myopia in a -3D nmnyope. 10 Figures 8a and 8b illustrate yet another -
enbodi ment of the present invention, as a contact lens. Figure 8a is a
contact |ens design diagramand Figure 8b a conputed relative field
curvature gr»%?h illustrating the design and relative curvature of field

per f or mance / contact lens of the present inventiBRI/ESTA0HBIZESY or
retardi ng, ceasing or reversing the progression of rryopl ain a -10D nyope.

15 Figures 9a to 9c di agrans expl ai nj.n under nci ple of the

present i nvenf"i”&i"r‘l‘“‘reOffl Ed%@? 'thFagt“ﬁ’é? *Oé‘(?‘is\sﬁg alterﬁ’e"Y gtg{f"sﬂgm Stentri c

bi focal cont a%po!;:@é}ﬁ:@so A6k @ﬂslﬂgﬁtﬁyrm fieBNMaRd pedipidralagaoaches for attenpting

to prevent the p quessmn of pia. Fi ures 1 Ca a %{gd 10b iJlustrate yet
]

anot her enbodi msnt 8¥reg F@'ﬁﬁ@é@ﬁf”‘f’ﬁ@eﬁ’?ﬂ girembgdiment Qghe Pretst WEEMIOBIAS Adesi gn
to control r eba&acvﬁ:nw,g@xwaesa%nifamé,@ deligd dllag,ﬁmahm;ag%me@rbagugumw e 20
for prevention of the devel opnent of rr¥o pra for a non-nyope with nyopic

t endenci es? FP@lﬁieeas]dllllMWcP“PﬁlF plopg p hat-mgtidiagand BigBten®ris & peyoRiereitsted t he
present inven BBt b 1§ve Pold! £3R0h ilua¥aRE on
that control sBI'lF&Pha \?}rgég ?l%glaure 0 ftl efdél&toqg%sgﬁﬁu atcg?vg)al{raﬁ g Brlllgatl on
and eye grow Heidpsigr ardrelptivercachatiee ofyfindd n@fmmc&%&r safigiontpct les eylee prowwak

t owar ds emmet I di ment
of the pr esen n(alpﬂr%@)gr‘oigéalbEsl @P{e&?dl%%eas%éjog%egh cg eorﬂ 5%?%{?1502& 8}0 E’grﬁ gg%)@ | ens
design to contmyepe.rel ati ve curvature of f| eld while sinultaneously
partlally orrecti hi r.der rratl ns_of. t he Al LED
beEscrl P11 EK oF TH gkﬁfﬁ‘rﬁ 6%93% *H%y"e‘aaP Borsas ‘m"*r’r‘eorft‘het?%ese‘%‘e'“"ghq'op%

typi cal | y gr oventast BndiiKifahy 8€Barcdntaatied demgnmegrarhGMFxguater% alcubeaakxtedpelatual

state, a proc referred.t, s."emetro ion 2005/ 55891
PCT/ US2004/ 0288 V4 Hi5 EatRbrTusf ot Gostangnd AP CHr T Sl Po R ROL w oo
vari ety of vegomeiahaetaexamfmlpsesemamhn@ fuitgsTe Bir kdsrding, b @hesr iprdrsing @8, have
denonstrat ed concl usi V%&% t hat fqlig enmet r opi zati on process is actively
regul ated by RIPEgsfonof sieRiaRn 2 FYORfndi ti ons or experi ment al

mani pul atjsons t hatrigr@wans of hie df aﬂﬁtekeﬂmﬁafg, BleHe gl ¥f &b gaersern @rivenaln,
imge 5 cause the eye to grow abnorpa |'ong and to_beco opi c or

Shor t - si ght ectie BaSiSHERGRERSH e PEfiasiaF el OBCERFio T O thepRRt ISPSTI A S b pi a.

Second, if ancgyabhak ﬁ}a&hé%mtte%ﬂhgwre@ntﬂﬂy%g@sgi& Sthgspmlent |y al | owed
unrestrlcted Vi si on, I?1at eye then grows in a manner that elimnates the

existing refracti \F&“é‘?sr‘@f‘ an mbéiilfsé*é@\ﬂéﬂﬂoff}’éhwl?@@‘w gLiHP Preadity yeRtion, as a

associ ated Wid.R bRgeHR dlsiff bREAHN SolfifecBRhVS rifldhat BRE APRRo PO drGaltdbYe
correcti n% the nyopic
for prevention of the development of myopia for a non-myope with myopic tendencies.

Figures 11a and 11b illustrate yet another embodiment of the present invention, as a
" soft contact lens design of the present invention that controls relative curvature of field to
stimulate axial elongation and eye growth in order to reduce hypermetropia bringing the eye
back towards emmetropia.
25 Figures 12a to 12i illustrate yet another embodiment of the present invention, an
advanced application of a soft contact lens design to control relative curvature of field while

simultaneously partially correcting the higher-order aberrations of the eye.

30 DETAILED DESCRIPTION OF THE INVENTION

During early development the two eyes typically grow in a highly coordinated

manner toward the ideal optical state, a process referred to as “emmetropization™. Three

-9.



10 error with spectacle | enses prevents recovery. Third, inposing a
refractive error on a normal eye with a spectacle | ens produces
conpensating ocular growh that elimnates the refractive error produced
by the | ens, a phenonenon sonetinmes called "l ens conpensation”. Thus, the

mechani sns h]pﬁtg?(%%gs@?sgonsi bl e for emmetropization noni toﬁ’g&@%@ﬁ}ﬂ%@% e

i mage and a axi a romh to elimnate refractive erro
eye uses optical 15 defocus to guide eye growh towards the ideal optical

state. For I A1 Roflob e ek HOHAR L AR LR ATURLEAPLARLL 0"

process goes awmy in s rndividual's resu in co nrefractive
errors |ike meogingfroReseatclhigistr pomgley, hawudpgesitstadvanclogvdlctbt tef ocus, in a
manner simlar to | ens conpensatj.on I a role i S roce Yet, to
ot oc " t 1 eat nofPmerir gl SEFoR S BV RRT of bl ek P PRAESERY cort ve
20 focus of tbheeceyentflangipubitochbipravedt tie fhemationraf es kdeqnitelipateer fatioh] ondgy
limted success i preventi.n ia or,.s] ow ng down the progression of
myopi a1 mecuise e pl § S HESTR PR ROloE BREE 9 SOTRRE Rar

under - cor r ect pHRoME6on réTEEERtoEY OfRHA-dPHOGII S 'Shypid. BecdAdEf arl d1dithat Hasabsn- As we
explain in the ensuing s_ec,tiu;ns, t e?e quevi ous efforts to prevent.nyopia
and nyopi ¢ pr%@ﬂé@wwoméé SR APRBFY B ETE iAot BYOREhEPES Hdhi nat ed
by visual 25 heedbdekeansasd B @dstmgtrérra@mtemk s &VeANeqliRatisual feedback

vi si on- dependent nechani sns | ocated in the center of the retina (i.e. the

eye's fovea resgcénd widhihe sye's effectied fefractire BodIsARtE OPUFRRY FATESWHE T FVERIE i on
is based gn ngw bifd &&Eieeqmeg ﬁr@&éﬂtsp%&égmﬁeapﬁﬁﬁogﬁgra§emmé1a¥<§io§@rnamm out

t hat denonstrate that t peripheral retina is effective in nodifying, or
control | ing tdye widwepeyrrimiens pmedigeecosinsnsatirgioquisg ewsdh Bat Jimingtephaieiiagtive
findi ngs 30 j | d o et dphery (i.e.
peri pher al v?eg'i%gﬁﬁ)hg%hwsﬂ?éc}?ﬁs’ gg’g%‘?fng@déo\%m%?'h&o#p?dag% c\q}lﬁ‘ ﬁrgﬁ{l%ﬁj ects, and
sonet i mes ref er r edhos thggnechenismethitameresonsible Ifef emmatrepizpticnmenitenfhgretingl e i n
determ ni ng R i , i i

peri pher al fﬁ}éﬁgéﬁa%r{qﬁte i %ﬁgﬁ%?@%ﬁbﬁ%ﬁgﬁfﬂt}%%r@!gé\%hT%tt H‘?ﬁ% g§%§5;3 ml)grﬁaglver al |
i ncr eased Si n defsusiozeide O MBIPOB5/0 BE5dk] RATAINS2O04/ 022083 and nyopi a.
The foll ow ng observatio fr ur. i . erti - hat
per i pheral visi on! PLekpRERe] e HRREN AR sPRRB Ryl b RESERL Ay
Observati on Isome Mdivdduahgreqiltngin ocumen rdficiperermpisdikalmybpianR ekepch vtadnighn:

I nfant non- hupan prinmate re.reared wt. nul ar diffuser |enses ..
front of  bot REYRS HEh Bk aHed" « 8By L BHar &IPvicaPar o hasy SRIER
central Vi si @foceSpEer, fo dadd, bryatmdniwaelsgiod r mpesiathamuvk eyaaiputared theefeedven t h
annul ar ?iff ser k nses, that. had either 4 mm.qr 8 nm clear ertures that
Nere. centbr cdotih of FRRT Gre DI BUE PLVEFoRAID Ae PN VTAH HGTHFough ¢ he
apertures, aprée@itghganl orRulingddovin e pRBicEsdn dfelhjopa. [Ap@EY, heidiabahy 22. 5
and 45 with the 4 nmand 8 nm . . . .
evidence that seems {o suggest that under-correction may induce myopia progression in some
individuals. As we explain in the ensuing sections, these previous efforts to prevent myopia
and myopic progression have assumed implicitly that eye growth is dominated by visual
25  feedback associated with central vision and that vision-dependent mechanisms located in the
center of the retina (i.e. the eye’s fovea region) control refractive development.
The present invention is based on new findings and learning from experiments we
have carried out that demonstrate that the peripheral retina is effective in modifying or
controlling the development, progression and regression of myopia. Our findings
30  demonstrated that image quality in the retinal periphery (i.e. peripheral vision, or vision
associated with off-axis visual objects, and sometimes referred to as the “peripheral field”)
can play a major role in determining overall eye length and consequentially, stimuli from the

peripheral field that promote peripheral eye growth will result in overall increases in eye size
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apertures respectively) received unobstructed clear retinal imges. Due to
the presence of the 10 annul ar diffuser, the renmaining peripheral regions
of the retina were deprived of clear retinal inages. If eye gromh is
dom nated solely by central vision, these annular diffuser |enses, which
allow clear central vision, should have had little if any effect on

refracti ve WEL8MBHHInt . Yet, contrary to this conventi onalCHHFI06EGEM8F, t he
i nposed peripheral form 15 deprivation influenced central refractive

devel opment. The mmjority.of .treated. nopkeys devel gped significant myopic
refractive erf rrqup#aiﬁw? gﬂ“low\%lq%se q’gpsdﬁo'{]ﬁgr?xﬁ?{dﬁe"g SUPRP g‘ft""?s\‘ig'oni}?}ors
for normal nopdpl&al VIEIESE cBNQRE af@RITAdiEN in CeltioMity BYAROWther rors were

produced by an ingrease in vitreous chanb dept h due to eye growth, which
resul ted in | ongerPRSHEAICONGr AP 'BW‘%B(P%CG é‘h@eﬂﬂéﬂﬁli f.g’é“.’ d%B(IVé\‘O’éIIB%‘dF’F‘bn) .

20 These 1 esUhlnfanGhrifkds Yveatrmras Wil benli A fhiabd 166584 inGRmt bbdiheyeaual ddgaded
peripheral_ retinal inmages are effective and sufficient to alter overall

axi al growt h REREhrafvisien Vifkouyeieeing femsmat visiomppesiiieadly ol week-oldabesyemgnkeyom

axi al nyopi a fgeseaRQlwineHb g Tdbes hat haTEithk Y AR orRKEYRarSstistina
remarkabl e ability to recover fromformdeprivation opi a. For exanpl e,

in one exper i¥gpeenteed mdiamg of thapupilg obeach g¥e. Ydhen yfearng b {he appritreshad

form depri vatgj; gns 25 =R i ;= 0, 10 | &ak,

evi dence of r éég%l{l/ert rog{rtn n‘%ég?gét&%gegﬁpﬁr}]grﬁlggfo%i %ngggoﬁﬁ%gbg@g%rﬁ“ nued
and t he ani nedpsrtwies sspektivle deagived ghatiscrata oldas reginal imResselrete thapreteherof the
speci es sty o t this [ i d,by. vi .
experi enclteo. :L%L‘}'gﬁrchﬁzgsﬁ’é}ﬁ(ep{g%ﬁ%nﬁttgege\%&@gégge% 0# ﬁ'g Qﬁg‘ﬁg%e ee%%v%%gﬂt{%ﬁrerre%ﬂer al
vision is sufrhgsient to drive this vision-dependent recovery. Five nonkeys

t hat had devel oped. either, .3 ja or.h r.met ropi a as resul t of
woar i gt he. annat SR s SRSl oy BFR TRl RS ShuR ST 98 ea. a
appr oxi mat el ywhichnmotvdead termigbyisibliahand bdvahad liftk ity effectoascfeetiec r enoved

and a 2 mmto 3. mmcircul ar. section of the,refina centered, on, the fovea of
one aye Moo et O SRR e iR LaRtor iy B b SR o g
?B I Ar gon 15 ; Id;apr%@ti&@?ﬁlb&%ﬁ%m&h&&@%ﬁ%ﬂﬁﬁﬁﬂé@ﬂ@gﬁmﬂhaﬁ inilbﬂkeys

ue- green aser. The other eye was not treated and the ani S, were
Dot | d5Y T oG IoR E e ES Grs 1t TED BEl Brgide M Be S HERTS | y
i nduced ref r agbis\fer r@marrﬁodueysem@%ﬁﬁﬁmen@my Hafdct Myopil esto® werk PRIAudd®y
| aser-treated eye should have failed to recover, It was found, however,

that in 5 aPPeregee Hoyireeyschambaidepthdug éners SFOrhy sl ssyiadin RBes thate

treated and ubiia@afskif YRGS Qgg%qdﬁ@ggonrurther and nore inportantly,
there was no systematic difference in ocular growh and recovery in

refracti ¢® errorstiét st d4iey dpnansagtedhnd aliiatmaingle ayadigy of peripheral retinal

images are effective and sufficient to alter overall axial growth and refractive development.
Observation 2 - Recovery from axial myopia does not require central vision: Infant
monkeys exhibit a remarkable ability to recover from form-deprivation myopia. For example,
in one experiment, we found that 18 out of 18 infant monkeys that had form-deprivation
25  myopia (ranging from -1.0D to -10.5D) showed clear evidence of recovery from myopia
when form deprivation was discontinued and the animals were allowed unrestricted vision,
Research in other species strongly suggests that this recovery is mediated by visual
experience. In another experiment, we tested the hypothesis that peripheral vision is
sufficient to drive this vision-dependent recovery. Five monkeys that had developed either
30  myopia or hypermetropia as a result of wearing the annular diffuser lenses as described
previously were tested. At approximately 4 months of age, the annular diffuser lenses were
removed and a 2 mm to 3 mm circular section of the retina centered on the fovea of one eye

(equivalent to approximately the central 5° to 7°) was ablated using an Argon
g g8
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These results convincingly denonstrate that central vision is not essenti al
for the recovery fromexperinentally induced refractive errors and that
peri pheral vision is effective 10 and sufficient to nmedi ate nornal
emmetropi zation. Mre inportantly, these findings spawn the idea |leading to
the present _invention that peripheral vision could play a keﬁgrol e in the
genesi s of QdMUYTEP} active errors such as myopia and t haPCHESI98#PRP40ns
of peripheral retinal images could predictably regulate eye growth and
refractive devgloeRoRMatioMddhd bRaB laset UHll §Fe 2PV @a?ﬁﬁ%at&@%d t'hp'é.lﬁrrnglg RlcN9
myopi a-inducing stimuli such as 15 those of “form deprivation or Tens
conpensat i on, Tbicquspdi afleved ynyestricteshasieon.peri ods of tine, reduces or even
el i m nates the nyopiasdRAucihexelieat.g, of g Lo wahe i nplication is
that, a "daily-wear’ approach )\ﬁer egyﬁ¥ ﬁ’gu%gg%g%{é\éeg%&s ‘f“geﬁ%peen ent S centrd
myopi a- r educt i ¥ord éheh the lhsgr-treated exgishoyde hivedsled to fengyet. liewatafpude hgweve £ v &
after work sand, gty e e eff.icient algg wel | conprom se
its efficacy. Maxi rruo(r?r'1k§’1‘s Tcﬁ%)e{ggﬁ?nscgg%rﬁ?ceo\ye "\%Nﬁoetﬁn}eﬁrga 8%?%’“?6“?8%?5 fon
net hod and dewbsewdc Enrthe aag pioreithppdarttlyethey avas aatysreunitis ik drcoghubhgroday .
The present i Lon. proyvides a nmethod of retardjing or .elimnating the
progr essi on %?f‘?%‘l—é‘%f"’a%o’?%%?‘é’%a ?ﬁgﬁgwteﬂbgf ﬁt?l?tf“g?ridlo‘ﬁ'g%]f’tefl f¥Sdevel opment of

nyopi a in an indi viigsakesblys congintinplly @ndgtiteh0tdntakiiSion Rt BRGRAI for the
aberrations present rticular manipulating the relative

dto an e an { ‘he | i
curvature of fieldy %P We%"B%”J"?%%[YdP%Q%FeﬁéW"r‘ﬁeﬁ%‘ts i2Rgy the hies riphei ptigemis effestive
retinal stbnubndsfdier yemadiaainoehd) BRgadetrOlzatioh NG rimpcf)x%rntl?,%ésg?ﬁlndiﬂgkdspawn
consi st ent co%gg%aﬂof of f-axi s, perlgheral aberrations, the nethod nust

)

provi de a dev Sdingdp diediresspy 1pvenBomibaipesphreal Airanaorld Mayadieairole e ng
substanti al axénabis af ¢ QAR Etive @AbIARAOR bl And Bt m%ibﬁémgis of Piphygr A SO

further, for this nmethod to be maxinmally effective, the predeterm ne

refractive SFURY Amagsscawld RFdIcHbIY grplate epegrPYsheand refgsve davelopmemnt r ol
designs are pref eralifordl SRAG! e U vinfat ifiRpBHPRL BSIL itk e CRRLA QURYS! Y. L0

cover all open-eye situations. The present SO provides a nethod
by which hyopihgssad Farisretionsey lags compassasion.ddr evan elativelyi shompaipde skiime may
be abated, relaidesh ¢vaRdihRalBM s hal - /.055891 .
PCT7US2004/ 025063 1 svar oat ar LR LRG ROl or sk Bt R PRTG s
systens that e &rddilpvear apprazthevheyaby thprroyph cedbbsdo ved hodspianduapipalcaice s

of the presentLiAVeRsds Y AP f r si.on of opi a, by preci sel.
controlling, In la\{jpre gi'pgr g?lﬁéj ykegéﬁ(g%(ﬁ%ff{q%rew8@fa-ng>??@e %%eP? B%%B%fﬁ’eg?&‘%t
aberrations awd npartdllogmardnyise teeffiedcat Maginowr sfatacyds ahicved@ivlerohe flyepia-

;g{jr Sﬁtei \ézgr ?ngc%u?@%n rgt\}}%)(h;gr?d (gegrggé ?aha e%?%!zéditg gxe%% ci;ocn Iku&%ﬁrtﬁr%yg}gt?lg dg)]:. the eye

The present invention provides a method of retarding or eliminating the progression
of myopia or preventing the initiation of the development of myopia in an individual by
manipulating the off-axis, peripheral aberrations presented to an eye, in particular
manipulating the relative curvature of field, thereby reducing or eliminating the peripheral

25 retinal stimulus for eye axial elongation.

Further, for optimal and consistent control of off-axis, peripheral aberrations, the
method must provide a device that consistently remains substantially coaxial (having
substantial axial alignment or centration) with the optics of the eye.

Also further, for this method to be maximally effective, the predetermined refractive

30 correction and off-axis, peripheral aberration control designs are preferably presented to the
eye substantially continuously, to cover all open-eye situations.
The present invention also provides a method by which myopia development may be

prevented, and myopia progression may be abated, retarded, and in many cases halted or
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i mage of the peripheral visual field is shifted in a relative anterior
direction ideally positioning the interval of Sturmpartially or entirely
in front of the peripheral retina while the central imge is positioned at
or near the fovea. This arrangenent provides continuously 10 clear central
vision, and particularly, good visual acuity for the wearer while

si mul taneougﬂq/mf’?/@i‘&?ldl ng or elininating the progression oPCH)SIPHIRPES
nyopes, or preventing the initiation of rmnyopia |n non- myopes (ennetropes
or hypennetropes) wth nyopic tenden(f (S qe} ividuals wit

predi sposi t i d‘ﬁ"%"%?dd\éf%ﬂ@pls?ﬁfdﬁ PP B7aRA° an %}’S'émét‘ A frierd PQ?IIHI“"?“(SW educe
axi al el ongatj,gngi n the periphery. 15 Since the devices of the present

i nvention do hot introduce any (central vision) defocusing effects, as are

i ntroduced by undé’ihﬂ@wﬁhoééﬂdo%ﬁp%fé‘i’%%‘heﬁcsﬁ?tﬂ‘a’ﬁaqw”df‘ocbfydé? BRI Wt | cal
devi ces, Sucmgo% @ﬁﬁfzage@ywﬁlﬁoﬁ g i ,wgafeaetel%mq&;ﬁsﬁlwkﬂeyofﬁmylpém@@usI y with

a good qualit he present invention offers the
benefits of raé)traatdxnﬂgmmmwésls |ﬂm"reiab‘f’e qustatge of ed ef he congetivedayiohtrttiheousl y

mai nt ai ni ng %ﬁ%@%? %Qltsﬂ r;%czflggérlaﬂgl%ucﬁ‘ the égggﬁ% tthgg%(!f'gtwe 89;;&@ §Hﬁ‘lthal ffege for

t he wearer. he abe ion control _ he presént invention
may be i npl enenged thasdripyeranysusuiididblsbifep i a:a:llatxdemiltm tﬁllﬁ@iqnddq@!jy

spect acl es, cont.act |enses n |.a ),
ant eri or charﬁ% W%%b“@énte‘iv%ltoﬁgguéﬁlpama H%%ém(l*(’ %ﬁom 0? fti p@é{@ ﬁlﬁna l"ﬂﬁé

corneal or ephd fatrhldinageispdstionad aosr nsaruhqafowerg ThBtahan@mentﬂ»ruddug:ontmuously
ort hoker oIo speci alize ont u ch S5

alter th refcg%ﬁl(’qr\tféls\gf’ ém Parf'ﬂ’gar y%‘m%y‘“sula %F rr;.ge aéercorﬂﬁé%lnuan%%uél?

epi thelium byettahi&ngsdmnmﬁaaﬁgnhwafgwagoméfmwmtm;}o@ass esprefensipg ticfinitation of
designs) and surgical refractive procedures Ug)e. 9 é er np- kedr at, opzl ast y,
epi ker at opl adtyPP i ASH-RIYOPRUCT AL SOfetw@C?ne RE) W8 PPRPICIRNEBRAT b

preferably i npli@eRN S6h b Predisf@Miono Qévelopahiph Oabpatovcmg 4 QR Bighal Itcateﬂml y
centered to the axis of the eye such as an | corneal 30 i1 nplants,

contact | ensé¥ial gpregRethoPSHYHr refractive surgery. In this way, the

preci se jgontrol ancpﬁ{e'dgh%s%lf tt@%?é’sézﬂﬁh&ﬂhé@&ﬁﬁd@%ﬁo@u&%yI@éeﬂﬁhl&»%ion)
predet erm ned nani pul ation of 4 @£03| tions of peripheral and central
e

field i mages de@pusing sfEcit f’élarfélﬁtr@ beendeyeorietigymethadsy angifpcal or pogtgsive
2005/ 055891 B&H 2004/ Q?@@é&es g@%d@'ﬂﬁﬁ@é}kr'sa%é%ﬂﬁéf%’égh&!ﬁl&&%l}p&lﬂf gpdal y

i npl emented i ‘pect acle, contact |ens scl eral hapt.ic
type), orthokueliy viserpcwty. Eeusnapreamt Ira'yntmdﬁfer&tbe bensEEs of FRAHEBE PIOSICSHSRher

and aberrati gfre@rratgtwe e?ré c«hﬁ’gﬂfnﬁﬁﬁe@t&aﬁ R Sin RS su%st%%%%?%oﬂfnugysoabﬁ ghanges)

can be readily nmad e case spect acl es, confact |enses and
ort hoker @00l ogya! imagefar therveacan be

While the aberration control aspect of the present invention may be implemented

using any suitable optical devices including spectacles, contact lenses, corneal implants (e.g.
on-lays or in-lays), anterior chamber lenses, intraocular lenses (IOL), etc., as well as by
comea! or epithelial remodeling or sculpting methods including orthokeratology (a

25  specialized contact lens technique which seeks to alter the refractive state of the eye by
remodeling the cornea and epithelium by the short-term wearing of contact lenses of specific
designs) and surgical refractive procedures (e.g. thermo-keratoplasty, epikeratoplasty,
LASIK, PRK, LASEK, etc.), the aberration control is preferably implemented in a device or
method that can remain relatively centered to the axis of the eye such as an IOL, comeal

30  implants, contact lenses, orthokeratology or refractive surgery. In this way, the precise
control of peripheral aberration leading to the precise predetermined manipulation of the
positions of peripheral and central field images can be maintained irrespective of eye

movement,
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prescri bed and di spensed readily. For the on-lay, the epitheliumis scraped
away, the existing on-lay renoved and a new on-lay affixed in place and
the epitheliumis allowed to re-grow over the device. Further, the present
invention is nore preferably inplenmented in an extended wear or 10

cont i nuous wear contact |lens nodality or a corneal on- Iay rmdal | t%/ thus
provi di ng aWOsiB¥Rktli al 1y continuous stimul us for maxim 24 12383
nyopi a retardation. Typically, extended wear conti nuous vvear cont act

| enses, which may be so or, scl /ha have sufficient

permeabi lity and Jthﬁ@fesmaﬁéqu"&alﬁ%”ﬁ%ﬂ el“@ﬂénafpo“%%}e cé’f@a IGI%)%e eye
during sl eep @ndsédclerdl ﬁé’;ﬁlc\fﬂ)ez@hﬁ@l&thgyOéﬂcgﬂmaifd’nQB? bealinasisa chifges in
conjunctiva to maintain ocul ar ealth despite at Ogghef“ C oxurngen not . bei ng
avai | abl e du@ost apdiberpiggIeyeroaued 833 BrFrHAGRUPbYIIBXPP & REEYRPRLE | ens
(whi ch may alé&ﬂgqﬂ@fe the high oxygen perneability Ki nd suitable for

ext ended or overnight wear) is worn for a short periaod (e. duri.ng
sl eepi ng Hours) t én therawell spastacienicpmeqt lapnssand orbrksedeiom %F‘GWﬁ“Eﬁar‘tlﬁe

contact |ens rgscggedra%gtaygg]dg’g@@gal the patient in the desired refractive
and aberrati State acc Ing to the present invention wthout contact

| ens wear for the Fpetheou-lof thefepdisliimanssspedpwashehe egistinpRElrono§§ andpaew
cont act_ | ens degi o Lo, 43S Mk RBRTLRGKALALAL PR Rdakibades. a dual

role. Thus, tontac ns IS signe uch t when worn on eye during
the 'treat rrent oFurthantbel efesmy inyertioods moﬂq@rtif@rn’biwmeplle@y@?d tneagrexieades WEF 8t ed

by the filling of tears bef R[igdeta | €ns and
the front! sur s A T’fecogi(a)érlﬁ%nesllmog%tg e??ﬁrﬁ%ﬁ ga%ﬁo(ﬂ tcythlﬁ gns g%erratl ons
are mani pul atsabstatialy comiguss stﬂnelupfoemmtmiizimgeﬁ‘tcamf niyopadedierdaten. t he

contact |ens bac oste r surface profi 1 ! hgidi ty
and t hi ckness pr of P’P’éaleaﬂ“e'bci‘eg“Wﬁoéﬁo'&tB‘r‘fB?S Wearf%emc?%%e é\vm%yg?' ‘D{' Eoeff’ R
epi t hel i um ang s@eapRptic,aake hefideas ogyed pamlaamatyemﬁemespxopﬂzrhwtompmﬁt the fesis

removal (after t Iens arln of oL | o t he
30 r ermdel ed '8 8¢ pfgial & A ‘?eﬁla"‘ﬁ?rhgg?eé"e Sgﬁré e °’f3'i$5? gﬁrégs%gua?yécul ar

aberrati Qs icenjuli@iva @élhﬁinﬁadn 86ube hehlMdeipite bintosphi@R@ny genmeehrtingavailatfieduc to
devel opnent Ieadlng to the methods and devices of the present invention is
&

now di scussdbp §ipsedsrylif. - 14 WD 2005/ 055891 PCP/ US2004/ 022083 Figure la

illustrates an idegf or@Bkérﬁt%log?)’tﬁé @dﬁ‘tacﬂéﬁ‘s Qidhordy ﬂ%ﬁie&iﬂtl{eﬁﬁ&h bxygeref racti ng
light froman object (20], denoted arrow, al ong }Rraé nts C A and B,

to be focusedersabiiey kindigtbledon exﬁnfifﬁj TRNEraIL) bi”?ﬁ’%‘s od(¢8an
i deal opti calg,gy, ;I,l@éﬁngt%%r gﬁﬂéﬁ%@el 'tmﬁheiiuhﬁﬁldeﬁﬁh 5@3r)¢viﬁdlﬂﬂ©cdn|t&t lens is
| mRge-T ecZ(SI Vlrgtgovselcjlrlea%?neg the patlent in t}:e%gswe% ,ref]:a%{wece&rc]lvaggrtreltgg as'tlateoacgérglng to the
present invention without contact lens wear for the period of effectiveness of the
orthokeratology. The contact lens design for use in the orthokeratology modality has a dual
role. Thus, the contact lens is designed such that when worn on eye during the ‘treatment’ or
remodeling period, the combined eye, tear-lens (created by the filling of tears between the
25  back surface of the contact lens and the front surface of the comeal epithelium) and contact
lens aberrations are manipulated according to the present invention. In addition, the contact
lens back or posterior surface profile, together with its rigidity and thickness profile, all of
which controls the remodeling of the epithelium and cornea, can be designed and selected so
that upon lens removal (after the lens wearing ‘treatment’ period of orthokeratology), the
30 remodeled comea and epithelial profile is such that the residual ocular aberrations is
manipulated according to the present invention,

The development leading to the methods and devices of the present invention is now

discussed in detail.
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5 systens, the inmage-receiving surface [40] is a flat or planar surface.
Hence the ideal focused image should also be flat or planar. That is,
points C, A and B on the focused image [30] should Iie on the

i mage-receiving surface [40]. Wen the focused image [30] is in close
alignment wi.th th mage-recei ving surface [40], then ever oi nt
(e.g. C, AWO @ﬂﬁ/?swl” be focused sharply onto the inmge- %/%UH?%P‘H 28 f ace
[40] and the image is clear along its 10 entirety. Many optlcal syst ens

suffer an of f-axi tion kno Vv re of . fi | b
anot her opti cal ?ég(”é‘h{a[ gbﬁ“agg S ‘?arlméyﬁ“i“gﬁ?' g el Sggbﬁlglcls re[ﬁéﬁti"%tqz%% an
}mage d[ 70] . fl’ﬂﬁr\f\@:\/&gect(ﬂm deﬁfl)tbdlﬁy m(ﬁsellﬁgeobjéct poinksat, hﬂ’z&:‘dcﬂ té befodysed hethe
ocused i mage [ 70 oes.not |je gne ot at i recel Vi ng
GorTace [80] mher IR SR b PRI G gft B nlroH okl GPtihl s e RS GRS

al ong the optyes plecR SlcRE tﬁeh@agbpaeb@ahg SMRLEMD] q@pe@my,wcmvaﬁnm&l bmizals ed
onto on- aX|s i mage point A on the inage- ece|V|n gﬁﬁ‘"oﬁ ;IIO(]j fitnd Wi, | |

t herefore apﬁéﬁ?m%‘sW?fr‘maﬁe'ref;?i&‘ﬁéé‘ﬂfac%%vse? atlof@ﬁ’farf?r gncg fieddepf fogused ;1
away from or ,ﬁhgmoa@gise vk ﬂdm?m&t irRatlis, 3¥in& C’ 0K’ 4rae At the Blcusel shaR)3@b] ect
poi nts Cand Bis focused to o axi s |mag 0|nts C' and B' _that lie in

front (i.e. ishouwlthle gp thsdmpgsrreeghepmstriapnid0 W‘e‘et%ﬁcwdpm@w 3U3MEPSF r om t he
obj ect) of 2%% e m%&%g& yecagmglgﬁrffa%e 4] &anevmﬁﬁﬁgwp&ﬂ(pgle}ﬁ*@)and

B" will there e out focus”and appear blurred.” I'n optical systens
whi ch possesg€l bcmwa?tdwherpbfonfq the dnag@ﬂmwag surfacet [4D kandthmipiage isiclrauHprehil he
of f-axis Bel’l BQI%{Y i mage poi nts are positioned substantially nore
anterlorly or in‘front of (i.e. in a direction against the direction of

| i ght, which travdasy bptival syeﬂs]nesmffdr@n foﬂ?gs)abtmmoémmhs “cervaa!x@ of ﬁeiﬁé{gbl

point, the s e s eId

Figure | c |I¥f%‘§? taé tg?’arr?pg% F%gelm @SE{S refpa%g&]f’%’gﬁoﬁl ano GB Snrag o% field.
In such a sy#] eHnwé\he dueragthe b:@ﬁb]nc@éf duheatlmd:)pfeﬁﬁid [t%t]ocusr:éanmd {13 dpescnopie i cal

system [ 100] n with th e-recei Vo ].

Wil e the cerﬁ‘flfyaalq ﬁ"atgiﬁesﬁﬁqﬁﬁﬁ'ﬁ‘rﬁ el"ﬂ?g %rﬁ ace ffggﬁggg‘ﬁg TFo f"ao%bax SJ(I}Q

poi nt A IliseS lﬁﬁ’g brher diemghe dirﬂﬂella\xisn:@tMpilealeys[tdm)ldb]e,ct pdist fbisffera»sedsori?s@on-

peri pher al ect points C and B are .focu her mage

ot e G . gk iped Py 6 MR mRudorng raney LR Rrhu T b R Bl

3ur face [ 11?1"?@&& H@lvﬁ‘ﬁdr\/l%hyfréﬂlalbﬁf-axm% ayih@Ew¥y fréh obsthinnelgleito the optical lnes
irection of lig e central,  on-axis

2005/ 055891 Pﬁi’ﬁ@&@bﬂ}is{?ﬂmmctm&‘-‘ec ai“i‘rﬁ@%‘m BEhio ‘2{?‘3"‘9\#%8‘3&’65@5\/&? Wy

focused whil gyt fRGETARRL & the dirc@D6h Bainsi¥hé Birdd@on Bﬂl‘igi@fzoﬁ'lm@l!ﬁmﬁﬂhd obipgraf

blurred. It should be noted that in the quantitative de CI’I n of .optical

aberrati 8hs, the imaggBreiving sufacs B0dnthess HRERBAVIEAT 28R 8™ R4l & ﬁ&%‘d’fby
vari ous pe()pk‘d%us Ay ARk bHRCH TR BhticalVBysRERREhich possesses curvature of ﬁeld such as in

this example, in which the off-axis peripheral image points are positioned substantially more

anteriorly or in front of (i.e. in a direction against the direction of light, which travels from

object to image) the central, on-axis image point, the system may be said to have a negative
25  curvature of field.

Figure 1c illustrates an optical system with positive curvature of field. In such a
system, the image [90] of the object [85] created by the optical system [100] is not aligned
with the flat image-receiving surface [110]. While the central on-axis image point A™
focused from central object point A lies on the image-receiving surface [110], the off-axis

30  peripheral object points C and B are focused to off-axis peripheral image points C’” and B’
which lie substantially behind the image-receiving surface {110] and relatively more

posteriorly, or behind (i.e. in the direction of light) the central, on-axis image point A’”.
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5 the sign convention whereby di stances are neasured froma reference
position to the point of interest, and are positive if the direction of
that measurenent is the sane as the direction of travel of light through
the system and negative when neasured in a direction against the direction
of light. For curvature of field, the reference surface is the ideal
(unaber r at e®j0 299¥8¢¥5ur f ace and t he poi nt of i nterest is PREVEHSHPROEY
curved i mage surface. Thus, for 10 Figure | b, the curvature of field is
measured as the distance f,[,omthe unaberratggj Eieanar i.ma e,,s éla 11[)80] to
the curved abd¢edpasr RURtAC &l mPpar shygydoased il ’Hiageeﬁ‘?*f‘té o‘f“ !

measur enment '(ﬁnégi%h&ksatndtaf}ﬁeafjblﬁﬁé‘d' on of travel of light through this
optical system (which is "left to right), the curvature of field is

negative. Conver sélspoulflge ﬂﬂiie@ﬁlﬁbmI‘hecqua{‘%é‘“@&ﬁm“%%fg@“% perations pumker
measured frorg g?ehérﬁ@ighc nventidht RERHeen %359%0&!; pddle. i1s tiiflddciest weaddpon of
light travel enc e curvature of fi is positive. Unli ke nost
optical syst e}magm mvamgeuhe@bbﬁvian@;ﬁsgmm%@e@)ﬁomm&fégﬂéce RASItER t¢ hepppt of
retina, is ngf, ?eslf lar?at arf Boﬁk\@niathe ﬁl‘t‘écftlg‘ﬁ;gf tha M SlrOh &t lé tHe n‘}lﬁfs thPgiREGH &r€
sharply focus ed"i mage surface woul to be curved in
a concomi tanttrarmlmféughtttbrouglethe e)tsierraandZIBga;wﬁmemeﬁiaurddng@lﬂésct@aag@néﬂé‘e an eye
[ 120] is recej. V|n

f
oy oct i r ccrt oo er AN O na )Rl ncdERRGeq e 0Tl DpRefley) PN

"field angl asige silfacd ardglee podraef intargst Suhd aﬂ:ceaated ceved inege strfana Biust foe eye

part of e SieHely atiere e bra ooy pohe GRS TRAT e lgberRl Bani o £ 1€

equates to t hfageqifatd [B0Thoalgueved Rblertwte) suefthded @Ot h’&;d smemtheajln’éctmn of this 25

axi s" objects and images respectivel rat in. Figur. a. As
object and i r’f’&“d‘é”rf)‘BFfﬁg%agé’r“ét LF‘E)@BFLCHB“ &%F@é@@él’ﬂ?uhﬁsﬁg icg) rs%srlﬁr?ﬂ“é ich 1[%l cal
axi s and theee@Vghdl thebi®shireTdicidTRe&afidd. Nt s, the f| eld angle is said to

i ncrease. Such object and | nmage . pQints $re cal | ed " peri pher

"of f-axi s" obj ect SOPYErG]Y> (lf‘ﬂ”ﬁeakfeg‘e[cﬂﬁ’ﬁ magq spriase [ ﬁ? mgasu %JFP”%Q‘F&%“ Field
angles. TRi s figehtd éﬁ?f’é&egtleﬂléﬂtfé EHcBor?dt: light @4vePandhehdeQuEcRRIthpREfiald ior of f
30 axis object [190] and irmge [200] points at large field angles. In order
for the eye tPGSlFléftel ve sharply focused i mage points across the entirety of

the imge, i mgeUHﬁk%@stﬂ)g&Ql sy}t%glsatﬂéjm?a%@lrecfefv%s@ifkcefdf@lecby@ﬂgﬁlﬁlsmt lie

precisely on the retina surface 36] at the sane tine., This ideal

scenario is |r¢tinlasl§ma‘taeﬂﬁtlohplﬁagﬁlfféa%dm@mfﬁcWE’@O'&?/%%@QE“PWP%%HWZZOSS
Since the ret, %Eg& s%yf?celéouﬁhorﬁeead beaturidlid 26GhcoMEN nfONSH 16l @feirBhat he
curvature of |eI’ he optics of the eye, it is nore convenient to

consi der 20 he sutcat Inviégueesrapde &, @n oye 2@l igrecaimiag light feom ¢ disgnt searall 0ot i el d
can be defi n?hdreea&ffteltlﬁt @rﬁ%c%w&:ﬁ@&sﬁlﬁl@?@&ﬁ f%f.he&rdxr%t%%‘@fcqmen called “field

angles”. The image-receiving surface, i.e. the retina of the eye [136] is also shown. The

object [140] point and image [150] point from the part of the scenery which lie substantially

on the optical axis {160] equates to the zero field angle and are called the “central” or “on-
25  axis” objects and images respectively. This is illustrated in Figure 2a.

As object and image points are located progressively further from the optical axis and
the central object and image points, the field angle is said to increase. Such object and image
points are called “peripheral” or “off-axis” objects [170) and images [180] and have finite
(non-zero) field angles. This is illustrated in Figure 2b, Figure 2c¢ shows peripheral or off-

30  axis object [190} and image [200] points at large field angles.

In order for the eye to receive sharply focused image points across the entirety of the

image, image points [150, 180 and 200] from all field angles must lie precisely on the retina

surface [136] at the same time. This ideal scenario is illustrated in Figure 2d.
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backward) position of the inmage points at different field angles relative
to the central image 5 point and to the retina. Thus, even though the inage
surface [136] of the eye [120] illustrated in Figure 2d has an act ual
negative curvature of field since the peripheral inmage points [180 and
200] are positioned nore anteriorly than the axi aI i mage point £ 150

there i s noVHeR00S{&84t i ve curvature of field (i.e. relativBCT/ESEH&02 083

curvature of the retina [136]) and hence i mage p0| nts at all field angles
are sharply in focus on the retina and the entirety of the inage. is een
clearly. Figure 28insadiwgeting obyi eP"Z@O]Oti‘hé‘tsuﬁ%’ whFeRtidqriae ¢ ’5’11%‘8%{“’%?‘1&13
negative C””cﬂﬁfrﬁ{}m@%ftﬁé Blesh i@ Lol Qo BirdiBinhe RESREGNvhoR] gkl The
focused by this eye 1n such a way while the on-axis central, image

poi nt [220] irslafiecaseturonl &i%cqnéieudﬁaned m@éxm[mte@ pesteriones (¥pitedi at e
[230] and farba%%ﬁa%) ShibpRemal %;Q%B:n%tﬁ)ffefénﬂ“ Qd@ﬁ@és@@taﬁ@&oft%&ﬁ@ﬂ image

pr ogressi vel ante rior front , t he direction agai nst
t he directi orpooft abd @hbf) retita Ahesh evepdhqugh the) imaggesur fp@’-l {Mﬁ][@ﬁ@]eye Ei29¢ Blustpded

i mge points g%ﬁuaﬁ y gg’g%cnﬁtl Pé%ﬁ&f%e JtﬁrQ%?Fé}b sinbEmd %ﬁ?m’?&{g@p@h&‘{l%

focused subst' in Ttron curved retrna i mage points
[ 230 and 240]and00)tanepgpiohghesalnteieddhamibe axibeimage poht [f dHubegns eheetr et i na

and appear bl U]ia{}\ged%,%%?gfrfeé{%? rep}w to 5 £ gn];a%rgbftrtt}glré ngrl%ﬁf)lﬁfnriﬁérﬁzefu%

negative rel df esenfations and
ease of eval Lp@irit@an afficld@inglics me sicatply ait foces of thé reehmlandctbmdutra:mnétheumagess mor e
convenient to plot relative curvature of field by "nmapping' the curved

retinal S0rf &€& G- a flat surface. That is, the curvature of the retina

is flattened geoppiufd Bahbys ande(hog tmamsbebmbsamwmdfy:egmeemmeobfby a

straight line or flat surface. The straight-1lin e resentatl o)
t wo- di mensi orighd- &48h6 Gowadistanh sespery fiebleqhkis "H?eﬂ\?ﬁg]?‘% 10 5% gae%%(ﬁ?tl‘@’a\t F@e

flattened (orn&ERReAImi)-30mt l:ﬁt) ﬁ%cu%ﬂ drab&retifed, fui@ pdintsfoows istaetedategr aph
of the relative curvature of Tield of the eye |IIustrated A0 ﬁr”H@ure 2e.

The retina hd33Yeadhfar {2hpsphereldof- aé‘ts? Seidanelps sefqeusse progfessize fdes an

I mredi at § 5i ndi, G Bﬂpﬂn%@ttoft&% {h%‘&@cnoﬁldfnglﬁs@%e[d%c?t]on'&11§11t§ thah €@ defitedl iaade Of
the retina [220] across its entire extent. For the remminder of thjs

document , t hipsint {338]. Sincg thepmageatointe 8 aath 240 pohessperrher! figld anghey are g 8 of
field, which th&isalsuBliaRially ﬁWBtﬁe U&%gd fe'ﬂnJ ﬂ'i@O]OHk RHLgeHo@OMBOLAS 2409 9F St ed

optlcal nodel 1 ng prograns, relative field curvature
graph". Si ncéhd peeiphersli freédspelt b@plm;)rﬂ(f@uﬁ ﬁn t@ﬁﬁﬁla@ﬁd prpeaithlvresd te ghoeye 1418 of

field of theTﬁd}agllekogglth1§X?etS%Haerg'froﬁylﬁeghévesrglqﬁ%réum%r@%&@ad' ly evaluated in a

relative field curvature remal nder of the details concerning the
optical &¢stem or Feﬂg}amamﬁmmsgsiarﬁ@wwszmwmzﬁebtlvey@‘veth@to ffieliduced

: QSI‘ ggre\r/]ta;'tjr gor?f{lt c];r!se:ggs r%o%; go mg'rﬁ%jplgp;ela?ge &J}?Atﬁ{g%gﬁﬁlg b§%£‘pﬁn§ ru?&!%&%'
retinal surface onto a flat surface That 18, the curvature of the retina is flattened
geometrically and thus can be subsequently represented by a straight line or flat surface. The
straight-line representation is the two-dimensional cross-section of the three-dimensional

25  geometrically flattened (or remapped) plane retinal surface. Figure 2f shows such a graph of
the relative curvature of field of the eye illustrated in Figure 2e. The retina has been
remapped to a straight line [220]. This provides an immediate indication that the image
surface [242] is situated in front of the retina [220] across its entire extent. For the remainder
of this document, this type of graphical representation of refative curvature of field, which is

30  also frequently used in the output of computer-assisted optical modeling programs, will be
called a “relative field curvature graph”. Since the entire performance in terms of relative
curvature of field of the optical system or eye is summarized and readily evaluated in a

relative field curvature graph, the remainder of the details concerning the optical system or
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Figures 2g and 2h illustrate an eye [260] with positive curvature of field.
As seen in the relative field curvature graph in Figure 2h, this eye also
has positive relative curvature of 5 field in which the imge surface

[ 262] is such that the off-axis, peripheral field angle inage points [266
and 268) are | ocated nore posterlorly (or behind, i.e. in the direction of
the light) YOEA¥R&kentral on-axis image point [264] and®¢HESTRYYAES
[290]. In this case the central image point [264) is sharply focused
whil e the peri Id na s [266 and are.not, i us and
wi |l appear yQ?'P Hmd ri'i“”‘ih’f" ”égpfﬁé"%‘ T “ee‘éf"r’tgbt ‘l"a\‘h‘{eg’“s"f%éj%{’ﬁ%t has
a negative Cuép/raidufaﬁom(asﬂ]wﬂ)dén d&tena@revtolueﬁgxﬂm)r al on-axis image point [310)

is located behind directio the reti this
eye 15 consi der ed Pl ed opi oS a8l wib Byt SRt B s Lo
as aut o- r ef nRCtitive fERILAGRILEAY riataid Figike BN, Al eyl aRBBEs pdsitive Adative B @EE tutehet

eye-care practitioners such as opht Sal nol gl Sts optorretrllsf_]gﬁlemg ticians,

orthoptists diff #ivdiidnthe épagsepdecs [%{}2 ‘sté?ﬁ ‘(ﬂ"eo faxippraphere R

negative cur vty 96@%51@2%%&&@%& aosté?foa @as%emh@ i.el R@heOdifec@orl & the light)
peri pher al irmage points for f’ es are located in front

of (i.e. in tips the ?f@é@iwm@ﬁwé@m@ @&]tanéﬂmrwée%% Tathis sagmithe ¢eABalBRENa
[ 320] . Thus i i t he
bor i pher a1 vPogAPR] BonhPlyito SXAIRLE o pahlal halg nfe POl adt SRR F B e
graph of Fi gum @Csbandel@np@lrébérrw shows that the central [310] to

d- | 20 l.d, 1
m d-peri her al 2054l da L WY BRAITR L0k 0ol AGHASRGDLA: ERIADRIe Bl S

m d- peri pheral to r-peri phera ocus I n front of
retina). Figtiesnsd oamhseidlagd xbcumt[BHI}es laeateltehing i} lrtthadlrmgn af Jahy) the rpéna
curvature of I heycentral X gcat ed
in front of {Hog tglse %'sslc ns“%eredtlwgexgler e;(:':l ﬁ)ﬁ %)S red%g%tc’?’?da ete%}g}(gk lFB,GEO] ,
this eye is camunaeﬁlzmt@rd, refyapirchendsen tiak fames dh the mgnaﬂahcb&r@r@ﬁa@@ohm sHebs
such as auto-refracto refract.or ads or, trial frames er
that eye-car8® olﬁ)lpgag’f]f’@)%ﬁe?péo'ﬂ?tgﬂf é’l‘ﬁe g 0“'138&%@%‘1‘1 vighieseleg gﬁgggom F 1|nve

cur vat ur @5 of Howelel, fueas ettnepativic Busratuexantieldpredetien dfig eaampka peroffedxér al | mage

points [370] for e fiel es are | ocated belnd the ..

Gt octi on of PARINES rHave PP A0 aeeies rkSEBRES SRR M gt Bt Begtion
relatively bmﬂﬁnmth@@ﬁr@nb@bmm tpefetiphral. Tmsstucaéyefdfahdexawes:s hgudlyst
seen in the Iatlveflellgd curv ure3 [%g_g Fi ureﬁ} Fl] clearly
shows that t tB’EHt’P%ﬂP“{ 561]“’? o vised!i f% i isrhegh spen 1o ¢ WBHV% Wocus in
front of retinduRWraphhg Fiduge PRty bibwsakat RS el [ R0 Edﬂmpehpedra is
hypernetropi ¢ (focus behind retina). -18 WO 2005/ 055891 PCT/ US %#%%2083
Fi gures 3% tﬁ?léu@mﬁﬁned@m(fooyh%e'wmem%bét thomidheriBPEa AL RTPRRT?
attenpts so fay ;@ﬁlyb;ﬂg%&d@gn@rﬁnm%tfn@j | lhng nyopia growth inplicitly

consider only the refractive state of
Figures 3¢ and 3d illustrate an eye [340] that has a positive curvature of field. Since

the central on-axis image point [350] is located in front of (i.e. opposite to the direction of
light) the retina [360], this eye is considered myopic when measured using standard

25  techniques such as auto-refractors, refractor-heads or trial frames, in the manner that eye-care
practitioners are familiar. However, due to the positive curvature of field present in this
example, the off-axis peripheral image points [370] for large field angles are located behind
(i.e. in the direction of light) the retina [360]. Thus the eye of this example is relatively
hypermetropic for the peripheral visual field. This is best seen in the relative field curvature

30  graph of Figure 3d, which clearly shows that the central [350] to mid-peripheral field is
myopic (focus in front of retina) but the mid-peripheral to far-peripheral {370] field is
hypermetropic (focus behind retina).
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central field. This is because the current standard for neasurenent of
refractive error, which includes use of tri.al franmes, refractor-heads and
auto-refractors by ophthal nol ogi sts, 5 optonetrists, opticians or other
eye-care practitioners, all nmeasure the refractive state of the eye at or

very near the fovea% which is situated substantially at the central field
of the eye. WOHI'%hi s conventional understanding, as sh&l/USA00p§E2083
schematic eye and optics in Figure 4a, a negative refractive powered blur,

i.e. by placing the i o] 4 beghi i.e.inth i [ at

i gt trvel s Chr S anaB ki s R da e Seest Palrbfion AETEBRIE gy
to the 10 inm@hﬂﬁ&in%&tdoﬁﬁomﬁg imhepieyewidddllicoly chysidte bhlyelhaicfadtive enteafiticon
such as the prescr.ibing of exc%ssive negatj ve power in ectacl e ].ens
[410], woul d SER& gl Busisibheaussthe Gredk Fay afdeﬁébﬁ'@%ﬁ#em“t%@‘eﬁ%dﬁ“?;&‘?‘é’dw%ﬁ t he
direction of jflgicab el thal Fdinks, Witaetrhead and Qu@rdntrsty dpehaRy@ogifts 14]
towards the posteriorly |ocated imge points in accordance with the
phenonenof ofoPtamtfistse BRHSENS 8% GtoaT ey EHF aracuipresor bRarsawkthg redpre e St ees

nyopi a in an Qopes K onGe£and v aRA ié"éi&:@@&'%u@@%tiél?fart felckifal BRI dhe@Fe. _
hypernetrope, "or cauSes the further progression o /opia in a nygpe. This
confined condVidip s wnvestiopy updarsianding, ashewgin te seheglatis pya and cptqsde Fisye

state of the4a,eav;%tg£t%r;§fmtch@em ks, ﬁe%ﬁming@ﬁémfagz h&iﬁ! [4BPRRAE QS in the
nmp or the pro

adopted in attenpts to prevent the onse _retard ression of
nyopi a. One slirettiopdiry Bghtitreneds theqush deecdye) e reviny K94 harggfoprad @4 vathpiovs e the

bl ur, onguth I LORL A A= - a%h e { diind dront - of
the  fovad taeRnEGERs hiife b pelor bY aBEi imcRlonll A5 MRS ST Thi s
subsequent | y ckeads: tegativiclpeweninwenptdtahalens(d pilowelld pfovidstagstietiviig forpeial
progression Q opi.a .by th e.of .un - Ccor i.on i

illustrated iek“%ggé%sﬁg%%ﬁt?dﬁbyéé%dié??ctfo%gﬁli’%gﬂ% E‘ﬁ?ﬁ_fu&éc 4%?“5% er“?h 8@??e§ti on
i nvol ves t he [¢ldl] idverdttiee joeetsilynpeatd thnge peintsriahcooniaace with thagherfodtdn afo i n

front of 25 the retina [418]. and fovea [420]. .This Is achi eve

b escr i bi ng S FPERTohaPEPBoar PR e ey Mo el o, e
power fonsnygpesn withanes refigctioo 8IS by hypsmtktiops, or taekethe fister gogresivh df o
describe this a .pr.oach%) to an optical correction [422] than that normally
prescribed f8P°PAE F MEPRA dual to achieve clear vision. For exanple, a myope
requiring a -4. 00k teMised nsiab@bdn o cnlyohe BRYxIDOr nesiCdldatractivedtabddiDtheens.
Wil e this approach is 30 sonewhat effective in ret %r_di n‘tg rr%opi a

progressi on F¥f eBnehs hafisaf demeational onial aparoachen adapicdiB e tEBPHE RFYBENF ve in
al | indivi dughss o rBR8Es prbPRESrAIfenyopRE WreRudtasuldrSiohh appduggestust hat

under- correction may actually increase nyopia in sonme I ndividuals

Fur t her , 2&ndPPRisic POPRISE Phweane &t placesthy iEphipidy 6entr! exdil-+4s 1mage B) e of the

i mage at thegd0yRaehdelhe Sinviiorot RGall @Batioch% ¥y LA TRRdbsequently leads to
PCT/ US2004/ 022083 wearer |ess than optinum vision and visual acuity, and

may prevent taeoneatier! snpericbef rigrding the progression of myopia by the use of under-
correction for myopia. As illustrated in the schematic eye and optics of Figure 4b, under-

correction involves the deliberate focusing of the central on-axis image [416] to in front of

25 the retina [418] and fovea [420]. This is achieved by prescribing a slightly more positive
power (or slightly less negative power for myopes — hence the commonly used term “under-
correction” to describe this approach) fo an optical correction [422] than that normally
prescribed for the individual to achieve clear vision. For example, a myope requiring a
-4,00D lens for clear vision may be prescribed a -3.50D lens. While this approach is

30  somewhat effective in retarding myopia progression in some individuals, it has been shown
not to be effective in all individuals. Indeed, there are research results that suggest that under-
correction may actually increase myopia in some individuals. Further, and most

problematically, this approach explicitly blurs the image at the fovea [420] giving the lens
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able to conduct certain critical visual tasks, e.g. driving. W have now
shown in our experinents that the peripheral field alone is effective and
sufficient in driving eye growmh, which | eads to axial elongation and
ultimately myopi a 5 devel opnent or progression. The outconme of one key
experinment is illustrated in the schematic eye and optics of Figure 4c. In
this experi MEhtOS838Mat es were reared with annul ar di ffusi%ﬂpéﬂ’gé@z%’%’zq
placed in front of the eye [426]. The diffusing lens [424] allows |ight
rays [427] fromon- axis, central féel d obLJF.ect gr"[42§1 t o, reach fthebexe
[426] unobst rifeTeEEss thaORIRHD XiSRNRaG ViEYs! af 08 ey ASATMIREVEUFSTYP PEP% f uses

light rays [ 48Rl E&RRQE iR Toal RS RBGT &b, dfriivﬁnlfgd obj ects [430]. This
scattering induces formdeprivation only to off-axis V|fsual ob% e&t S. | nc}he
‘peripheral field Pedeye newshoanippprapripgiohadhe Reehor et 2lppils eHRRIME A

field [428]. dfrciest ik QAR el gl QRich taBitolattal WORZatBYaRMIBMAR IRVl oprent
that form deprivation apBI ied to the entire visual field (or central

field) of5thdeejanienterqesgrestionl growth | eading to nyopia. In our 15

experiment, invol Hlencgltgo?r{ergfgﬁpﬁé V& érﬂﬂﬁntt 8 ifmited EhP SEHeRREE &l dhli %Fﬁios okhe
eye al so devel oped myopi a due Yo axil a el ongation (indicated by the
direction of Figve 4 rothis[e4B2in)enapdmetze wyregorréd witly@ziular diffuging dspsesrid?49n to the
experinment, the annul ar. di i : [ e eyes
ol lowi ng deTBrspnany oy Hs P st R e Ha B Sl GIRYRE 1] B3R

di ffusers wemngis,rcenma Gdld dbjeets 44aslnt reath theeyei[426] nneliseuged. Fhe emnalewriased as

illustrated th olid i in.t r f Fi.qure g N A
paral | el ngt Bﬁg’is 24% 5 %‘S‘Sé&gg@?%@?’ a?sogg%llt‘ﬁoen} O%ef%élss’,pﬁ h%{gl;flﬁ e:k?gtg eqttéo
removal of t MsolliThissatesing dldhesiforen dkpriedtiopoelytto off-azishiwalnibjels iatpunt s of
nyopi a, central vil Fi gn %E then%[ii mat e' % e"ﬁ»ﬁ W{HS heI [ nt1 qg.lt ﬁgnz@yn%‘sﬁh}%&na”
Argon (bl ue- §Faligy! feld &30 il maintaiping clsar A o8 e sty 61519 “Hhd 'Y et T Ra by
phot ocoagul atd @sion es&wBtWeking ob biydgia dgvetamtchadhambah deprivaiidreapplipditol thgentire
peri pheral visiqgn., Even whe n-axis central, fov Efl dvi sion was interrupted
Pn thi's  manNebal HekdOgssaiaEdioh Mipapinduces meb aser Biieadinglo FHORRCI Went r a

Vi sion wWas nefpefthiShil BvERirgTorn Udpushdaatte anih yhet feeiphiralkRIy, therege hRo tbelpedph of
Figure 4d. These experinental results denpnstrate ﬁnearl %ﬁﬂfé}gpgro rihate
nyopi a- r educ Mygrisguastojaxiaf plongption (ipdicaied bydhs PFehan © %P‘iﬁo‘%/i[ fEREOWt

| ocal i zed stigqi ation of only the periphery) are effective and sufficient

to retard or prevent the devel opnent or reduce, elimnate or reversedthe
progressi on of mioph&xtengien te therxpepel thenuapdidugse enpagilif4) were remove

o e | Aoy BB kbR
PCT/ US202%/ 02itfys3s were removed, the amount of myopia in the primates decreased as illustrated by the
solid line in the graph of Figure 4d.

Further, in a parallel extension to the experiment, for other eyes, in addition to
removal of the diffusers following development of substantial amounts of myopia, central
vision of the primate’s eye was eliminated, by using an Argon (blue-green) laser to ablate the

25 macular portion of the retina by photocoagulation, essentially blinding central vision while
sparing peripheral vision. Even when on-axis central, foveal vision was interrupted in this
manner, the decrease in myopia remained similar to when central vision was not disrupted as
illustrated by the broken line in the graph of Figure 4d.

These experimental results demonstrate clearly that appropriate myopia-reducing

30 stimuli in only the peripheral field (in essence localized stimulation of only the periphery) are
effective and sufficient to retard or prevent the development or reduce, eliminate or reverse
the progression of myopia. While the experiment addressed mainly form-deprivation myopia,

we postulate that the link between form-deprivation and lens compensation myopia in

- 20 -



general would nean that |ocalized | ens conpensation effects (i.e. applied
only to the peripheral retina - in essence, under-correction applied only
to the peripheral field) would also provide simlar stinmuli for nyopia
reduction. Under-correction of only the peripheral field is advantageous

over the conventional approaches as it would permt sharply focused 5
i mges of t NP ¥P1field to continue to reach the foved Cﬂé’ﬁ%"@“"f”ﬁgm
wearer can continue to enj oy clear central, foveal vision necessary for

good visual acuit . 0. dr.i vi This is
the main pri ﬁ%’ie}fﬁlé""gﬁ rgeﬁ’f’éhaﬁ) fosdlizRy pegﬁcwenﬁwggﬁfém% (JEXaB?’a mq})’c gr eat er
details wit hp&h;ﬁ:@faﬁﬁet;é@— anddsehite, uhdtrJEbgwtnes apl;ﬁexeaaﬂyddﬂae amrﬂlyﬂxl [’1413)3\]V<>l"/1‘it h
nmyopi ¢ tendencies (i

grow into my8ig? ﬁméﬂﬁ’é -S'("Blaf %fH?‘g‘r for @ﬁ‘gﬁi “Wap.degaﬁaﬁ%q?“é’% Ol?é’?eo[f‘?BBWV\rﬁnear

work) is preggliiPRdamipedd dvepthe d@Wehigonh PapBloabies b wtIGRAhIL sV fdcokd Thi s
optical device [438] iIs designed. so that it would generate a negative

rel ative cur aagey of hy ceniral fipld LAONIYR 19 Kach 1By VN BRICE ey QI CpRPERETP i s

advant ageoUSerﬁéf}e{ie&%@x‘{tﬁintfb&@ﬂtsxé’rﬂ%éss@r‘}rﬁ%ﬁ RuARBIRAE BeRr dﬁ'ﬁn% Sheadegntral ,
on-axis image point [441 ] is focused Sharply to the fovea [442] enabling

good 15 vi suwhtchingilivyetc)rAbispethe paBrEINcipietf shippiespnsinyodigy andjisexplaingh iy
negative rel %Eét&ede%'lr m@r&e’ Qfsc f 8 d [440), are focused nore anteriorly,
| r

or in front ection against the direction of light in the
eye) of the retina Fﬁg4ma$]46 affhiifsatheys (418 wathfreepicdéndpnaeh e siher is waRif.pe1s
under- cgyrecti the f

rosul 1 s, Mhodra SR ol ByREhP B RvopihBhdto gk on et ARLALIEIRSLbARRE:Y |

t he nore antwni eork) maescnbad@h optieal déviced %38, of 2e pmmtp‘rvenmn ﬂhelogmtaﬂré@@ce
poi nts [443] Lus,to,.a romh is. s

el i m nated o[;'43$]([elsgu digchthfimewgv gel}eead n%galo ¥ % tn(l)axnur(e)?gg?lﬁﬁ#%a{) T %)hr? of
nmyopi a devel gprieid). 'ﬂﬁf arta@deitdnt i:mdeamhgemsrovemoev&abnabhndny@pnactxpnegrre@lw?on

The irrportance of t er| her al d i.n driyi L ' | so
expl ai ns @“86 g‘?‘?ﬁ? poa‘Bb[Ir4ng]dﬁ£°§u fls E%@g}‘%S??‘@%E '?ar%i)ﬂ% Onot%r al
vi si on hgs b\aam mgymﬁ%npi%ﬁalﬁz@agla@omﬁg‘ acl}| s 1b afe naj;dtzvﬁeﬁdqﬂhe cupvatird of f act
in sonme publ tudj es, , have been sho

i ndi vi dual s.*ﬁqﬁﬁf‘ﬁf‘ogaiﬁe gcuge WAL AAKTIO%y %yﬁ%ﬁ@ ‘“Hg%‘%ff’égﬂ‘% ?thsﬁ}r?ci'@f“ed

using the CQYN%BHnQFf@éye) FNRY RAKIT404). THid Blis BOEMREL PoducibgiascRyes undei-h t he

optic device [448] | ementing the . conventional a roach‘d)l%gglgtr (?V| de the

under - cor r ecOfEF{IONdp lﬂ"r‘?é’f” IP}K&éﬁﬁ@er\ﬁc}E HTQh QUIGKPSTEENE, es'flﬁewg *'8¥° by

itself, al S%rbxﬂ@l%@@x:@l Sbr@Riidi. TRNts, aDWNEe AbreRAGb M@atffoﬂbﬁtﬂe\befzﬁcwvat ure of
field [450] to the eye. nce, while this approach p f9(;apthec ntral,

on-axi s 40 nag‘@”ﬁ}éﬂrﬁtfeﬁ igtpeg Poiprs (498 britimpus ol gioaah [%5%’2] i eecedt t enpt to

reduce the sl miidiSot:Oege@M fe eﬂzu%a@iﬁg Ioh%dlﬁg% bi e BnindtBh ¥ InYBpie WewAdpieat Of
field [450), the off-axis, peripheral field inage points [453] are focused
-21 or reduction and even reversal of myopia progression.

The importance of the peripheral field in driving myopia progression also explains

why the conventional approaches of under-correcting the central vision has been shown not
25  to be effective for all people, and in fact in some published studies, have been shown to
increase myopia for some individuals.

In Figures 4g and 4h, an eye [446] has been under-corrected using the conventional
approach of under-correction. This eye, with the optic device [448] implementing the
conventional approach to provide the under-correction, either together with the optics of the

30 eye, or by itself, also induced a significant amount of positive relative curvature of field
[450] to the eye. Hence, while this approach places the central, on-axis image point [451] in
front of the fovea [452], in the attempt to reduce the stimulus to growth, due to the positive
relative curvature of field [450], the off-axis, peripheral field image points [453] are focused
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WO 2005/ 055891 PCT/ US2004/ 022083 to behind (i.e. in the sane direction as
the direction of light in the eye) the retina [456]. From our experi nent

results that denonstrated the effectiveness of the periphery of the eye to
drive axial growh, these over-corrected peripheral inage points induce a

stimulus fo | ongation (as indicated by the arrow gto
eye growt h M%gﬁﬂaossggprogresm on of 5 nyopia, despite the {’é‘ﬁgﬁﬁgwﬁﬁ
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and that in addition, 1 n order provi de good central visual
acuity for crdctitgal visual tasks the optical device or optical
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ensure good focus of central field image to the retina.
It is important to note that, while the appropriate type of refractive defocus can drive
25 eye growth (or non-growth) leading to myopia (or its regression) in the phenomenon of lens
compensation, when the amount of refractive defocus is great, there may be such a large
degradation in image quality due to the severe defocus that the optical state may change into
the phenomenon of form deprivation and may induce myopia in that way. For example, when
an tmage is placed anterior to the retina by the introduction of a +0.5D lens, stimulus to axial
30  elongation is removed and myopia may be controlled. Should the image be placed extremely
anteriorly, however, for example, by using a +5D lens, the image degradation at the retina
may be so great that the condition becomes one of form deprivation and may lead to the

development or propagation of myopia. In such cases, myopia is induced rather than reduced

- 272 -



-22 WD 2005/ 055891 PCT/ US2004/ 022083 despite the use of positive powered
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repr esent s t&e witloed offsasil iyopis isdoerested alth wetaﬁﬂard/ﬂieulatﬁe tdns {foedxdmbley withe
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"sagittal" line focu L as t hose
sl e n L e st o I ey pave BTN B Hee o EBSERS OGP Yt T orm
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the retina. %%@@h@p ﬁﬁﬁ({t?lsaﬁp%%ﬁméa type of peripheral aberratlon) exist

shown by the existence of two curves plotted for the curvature of field in Figure 5a. The one
labeled “T" [502] represents the focal positions and relative curvature of field for the
25 “tangential” line focus of the radial astigmatism and the one labeled “S” [504] represents the
focal positions and relative curvature of field for the “sagittal” line focus of the radial
astigmatism, as understood by those skilled in the art.
As understood by eye-care practitioners, astigmatism may be categorized as “simple”
astigmatism, “compound” astigmatism or “mixed” astigmatism. Simple astigmatism occurs
30 when one {either sagittal or tangential} of the line foci is positioned on the retina while the
other is positioned either in front of (in the case of myopic simple astigmatism) or behind (in
the case of hypermetropic simple astigmatism) the retina. Compound astigmatism occurs

when both sagittal and tangential line foci are positioned on the same side of the retina,

-23.



when both sagittal and tangential line foci are positioned on the sane side
of the retina, -23 WD 2005/055891 PCT/ US2004/ 022083 whether both in front
of, or both behind the retina. For exanple, conpound hypernetropic
astigmati sm occurs when both Iine foci are positioned behind the retina.
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curvat ure of téwalidthatmardipostegivilpdocstad liadfoeusf or control I i ng progressi on of
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B e o
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aspher i ci ty (SREUEIRECKIRE ettt orea iy TR0 Rl b
api cal radi usagditdl ok [ AP chushipewd floweh Hldppgrdssioh of mygpia.of - 165. 6. The
resultant relative curvature of field of the |l ens. and rr}/)o. i C eye wn i
combi nation is Sﬁamamwepﬁ@pwgrﬁé is%'_;aF]ieéff“ﬁ da‘ﬁ’\/%&t AChe] h‘gﬂ"%‘f) A §re B
As can be seem cobphltr-atsididioptiad i @EMig Fod: @6 aLipPOSTHi e Sb, ak AN tb pratded
anterior to the retina renovi ng any stimulus for 30 axial el orllgat ion, thus
el i mi nat g, REFATES TSEEYIPRBESFOvEISIRYdest R WERESEPEN CSFCIEHE CUrg iy
nyopi a. of field at the retina suitable for controlling progression of myopia. This particular exemplary

spectacle lens [508] makes use of a's‘pheric lens surfaces with conic sections and is made of

glass of refractive index 1.5168 with a central thickness of 3 mm. The back surface of this

spectacle lens has an apical radius (r,) of 80 mm with an asphericity (shape factor, p) of -893

25  while the front surface has an apical radius (r,) of 259.5 mm with a shape factor (p} of —
165.6.
The resultant relative curvature of field of the lens and myopic eye combination is
shown in the relative field curvature graph of Figure 5¢. As can be seen, both of the
astigmatic focal positions are now located anterior to the retina removing any stimulus for
30  axial elongation, thus eliminating, and in some myopes reversing, the progression of the
eye’s myopia.
As a note on conventional spectacle lens design strategies, due to the limited degrees

of freedom (of manipulating lens surface shape, lens thickness and refractive index of the
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As a note on conventional spectacle |lens design strategies, due to the
limted degrees of freedom (of mani pul ating | ens surface shape, |ens

t hi ckness and refractive index of the -24 W 2005/055891 PCT/ US2004/ 022083
glass material), lens designers are constrained to being able to control
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both the t angent ial and
f the surface relative to its apex (or vertex) and x is the radial distance away from the axis of

the lens in millimeters. In this design, a; = 0.003312, a; = 2.053x1 0% and a3 = -6.484x107.
The central thickness of this lens is 3 mm and is made of glass with refractive index 1.517.

25 This particular example design is also suitable for a 3D myope. The resultant relative field
curvature graph for this spectacle lens is shown in Figure 6b. From this plot, it is clear that
stimulus for axial elongation, which leads to myopia initiation or progression, has been
removed since both the tangential and sagittal focal positions have been placed anterior to the
retina.

30 In the previous two examples of preferred spectacle designs, both the tangential and
sagittal line foci of radial astigmatism were manipulated so as to be positioned substantially

in front of the retina to maximize the elimination of stimulus for axial elongation. However,

within the present invention, reduction in stimulus for axial elongation, and thereby
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sagittal line foci of radial astigmatismwere mani pulated so as to be
positioned substantially in front of the retina to naximze the
elimnation of stimulus for axial elongation. However, wthin the present

i nvention, reduction in stinulus for axial elongation, and thereby -25 WO
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foci have been p aced anterior to the retina.
negative in power) introduces a directional stimulus for growth (i.e. decrease or increase in
growth), the myopic defocus associated with the line focus positioned in front of the retina
(in that above example, the tangential line focus) would serve as a positive stimulus fo reduce
25  growth,

This example design provides the benefit of giving the eye good peripheral visual
performance as one of the line focus is on the retina. In comparison, the previous two
exampie designs provide the benefit of greater reduction of stimulus for axial elongation
since both the tangential and sagittal line foci have been placed anterior to the retina,

30 All ensuing example designs aim to place both line foci in front of the retina to
maximize the elimination of the stimulus for axial elongation. However, given the above

examples, it should now be clear to those skilled in optical engineering and lens design that

by the judicious choice of design parameters, cither elimination of the stimulus for axial
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30 All ensuing exanple designs aimto place both line foci in front of the
retina to maxim ze the elimnation of the stinmulus for axial elongation.
However, given the above exanples, it should now be clear to those skilled
in optical engineering and | ens design that by the judicious choice of

desi gn para ither elimnation of the stinmulus for axial -
2005/ 055891W@§§%6L/ 022083 el ongati on may be nmaxi m zed PFEW%W@’“%‘?%H or
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used, this eaqenhplaarc‘wd; s/he:ssmﬁsmmmbnhlcnagﬁarm@xttm@mmdslohgﬂmraexshnydrogel

materlal svv%l %]C ﬂ? t hose skill ed |ncntac ‘EH‘@ ctice,

for its hi g s 25
H“ &%) DPABEBET T %“’%Eﬂ QIS B SesHoB ?f“’é? f K8

wear, and haﬁstanceetvaﬁﬁbinwee lidethOknslin4Zlimeldie I Gsuddsiknf a,~-60.8895v8 fi el d

curvature gr this tact lens is shown H}Sgﬁg_\u e 7b, Fromthis

pl ot %ﬁoérgﬁ’z e st Erﬂi‘ll%s%?‘ﬁrle'ﬁﬂaﬁ? Ce”éﬁlrélﬂ@ka[’(efso‘?{ AT PREFE™E o
myopi a l nl t | BArh Q8 (OZLND YR eHE aAdis shitsblIBEMe LEHMRYiBH akd tRaen&Rbha LAB myope.
tangential and sagittal focal positions have been placed anterjor, to the
retina. Although any of a range of contact lens matertals may be used, this exemplary lens is -
assumed to be made from a silicone hydrogel material, which is well known by those skilled
in contact lens practice, for its high oxygen permeability suitable for extended or continuous
25 wear, and has a refractive index of 1.427, The resultant relative field curvature graph of this
soft contact lens is shown in Figure 7b. From this plot, it is clear that stimulus for axial
elongation, which leads to myopia initiation or progression, has been removed since both the
tangential and sagittal focal positions have been placed anterior to the retina.
It would become clear from the foregoing that the myopia treatment method and
30 devices of the present invention could be implemented into the correction for any amount of
myopia. For example, a soft contact lens design of the present invention suitable for a 10D

myope is shown in Figure 8a. The back surface of this lens design consists of a conic section

type surface with apical radius (r,) of 8.45 mm and shape factor (p) of 0.75. The front surface
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It would becone clear fromthe foregoing that the nyopia treatnent method
and 30 devices of the present invention could be inplenented into the
correction for any amount of nyopia. For exanple, a soft contact |ens
design of the present invention suitable for a -1 OD nyope is shown in

Fi gure 8a. urface of this |lens design consists of _a coni ection
type surfac%ot%%(&%g?lcal radius (r0) of 8.45 nm and shape lf(é@pg?r(m‘t/ 2855*

0.75. The front surface -27 WD 2005/055891 PCT/ US2004/ 022083 can be
described by a basic spherical surface .of radiu f.1347..6 it h
caar i onal ) satE eierie] i CaaRired ovike LG oSl Bl ot ]
pol ynom al ecgagittaliieight added 18 Mitsrbasc surfage des2ribedad . opblyhomiil Efratioadf tk8fovhere s

is the additional sagittal hepght (measured al ong .the is inmllineters)
of the surfack &éPati V&t d ﬂ‘ﬁeg’g%{ggés ‘Eepﬁ{él}tloé’gllSa%’ﬁ?lfhg%%’heas‘%ecrzgo?gn%e Padi al
5 di st ance awanifiintters)hg t}@»)@};ﬁad@fmwm th &ias.aagias;?ieﬁtdl @f&gaeé and X 13 thehia8iallesi gn,

a, = 0.04803, a2 = 5.740x QA a3 = 1.543x 10-5 and a4 = -1 219x 10-6.

Thi s | ens “hasdigancedr ey o ey tlgt 1ensglB MHY/ el dptisiesighne ﬁioi)rf'_é&%raz(OZD) of
8.2 mm and is74mee’ of =a 529R{FGhd hens) T@kert ahisQénsmal & astdr Mckne A 00 uAh2 7.
The resultant relative field curvature graph for this soft contact lens is

shown in Fi qaroptigponcrliasmterkO4Dppioh-2 miny, apdisapadaof ¢ pritacs tenhimpigsakrd refakig
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pl aced ant er ifogure 8b.tthemtlis pleh it igkloasthat Bémylay By atiplpldigatians whish lcaghte BXIM4 ed

in opticaly qu#igt?cﬁg -rB)?oeggéssiloﬁnﬁs g@eﬁ!r&ﬂove&@ﬁ%é’b&tﬁﬁ%ﬂ%&%ﬁ'ﬁa\f aAPRERGI REA that
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di fference betovbkimmoatidteg tppresige thesthe mpradch bhithe purserd mventiomdentetaodingig t hose
of a concentric (and especially, center-distance type i f I .

Cene. Ot | e PR of ToaHE anU bt P fr s m P e R RS FERGR
in the pasi phefactivhipeier 20diffasennmeridians léthhisgheoptipelsdelice én grdeveo coregptii red i n
order to achieve .the correct relative curvature of field, the bifocality
(i.e. having "¢%51ET $UERAUR r ef racti ve power, and hence two foci

si mul t aneousl y) oft isixgforamnd ast tHealifk@ence Badesn ¢dnet eogghaipas ofde yurrent
ineffective for nyopi.a control as explained in Figures 9a t.o 9c.
illustrated i"HeRi thge oha gRuREnipc g‘f‘@f’?ﬁ%@%fﬁﬁﬁ%ﬁﬁ?‘ﬂ@ W]g})@gqca]gcgﬁég%lf ¥ ens
[900] has 25viieGRRfef-distabid @HEcAlc2MAE LOAZ! Jdnb@thal©pdisesinl thafdriph&94thidlr om
di stant visual objects [906] to the fovea, [908] entr al retiaa‘)é and an
out er cor@entH Enighnihe AIEhsIRpsIty QR er SHHERIMAT A 1R AdevE AftPIFCFHARY T 902]

that sinult apeQuSleof R IRDifobBBE (1 EXhling o BIORIRE refiastial podlef, @l Berlc®$2d al so
foci simultaneously) of such contact lenses render them comparatively ineffective for myopia
control as explained in Figures 9a to Sc.
As illustrated in Figure 9a, a center-distance concentric bifocal contact lens {$00] has
25  acentral circular zone [902] that focuses light [904)] from distant visual objects [906] to the
fovea [908] (central retina) and an outer concentric annular zone [910] surrounding the
central zone [902] that simultaneously focuses light [911] from near visual objects [912] also
to the fovea {908]. It is due to the simultaneous focusing action of such contact lenses that
they are called “simultancous vision” bifocals. Such simultaneous vision, concentric bifocal
30  contact lenses are typically used for the correction of presbyopia.
In practice, concentric bifocal contact lenses may be center-distance (as described

afore)} or center-near. The center-near concentric bifocals are more commonly used due to
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to the fovea [908]. It is due to the sinultaneous focusing action of such
contact lenses-that they are called "simultaneous vision" bifocals. Such
si mul t aneous vi sion, concentric bifocal 30 contact |enses are typically
used for the correction of presbyopia. In practice, concentric bifocal
contact |en center-di stance (as described afore near
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| TOCcall e retin or an e In s al ways
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f or m depri vathesla&vs ?HEY%E%IG pggelgﬁqré}pc cbf,t%%@ ghd near foci to the refina and fovea is sh

in Figure 9c¢ as a relative field curvature graph. It should also be noted that with the presence
of bifocality, the retinal image quality for any object in space will always be degraded
25 regardless of eccentricity due to the constant superpositioning of a clear (distance or near)
and a blurred (near of distance respectively) image at the retina, which is also potentially a
form-deprivation stimulus for axial growth.
In our experiments, we have shown by the use of astigmatic lenses, which produce
two line foci, that when two axial line focal positions are offered to the retina, the eye would
30  tend to grow to one of the line foci rather than the circle of least confusion. In the case of
compound hypermetropic astigmatism (in which both axial line foci are positioned behind
the retina), the eye would tend to grow to reposition the retina to that of the more anteriorly

positioned line focus. In simple hypermetropic astigmatism (in which one line focus is
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In our experinents, we have shown by the use of astigmatic |enses, which
produce two line foci, that when two axial line focal positions are

offered to the retina, the eye would 30 tend to grow to one of the line
foci rather than the circle of |least confusion. In the case of conpound
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retard or reverse ession AR-exi g nyope, it may
al so be u$ed mcbv:pm:fba/eﬁte ct)hreol@lﬁsefbplaﬁvongddpleﬁeém by madipuiadoabBth reldtive

“at-risk' category; ex l.e, .those w th. myopi c parents or who are 20
i nvol ved in 5F0F%Kdg%jﬁg1dég?%g&lﬂ%ﬁhepéé%"tvg{}&ol‘? as studying or conputer

operation) are kn®ie tﬁe@r&!ﬁﬂtﬁn&nhblghlaj/ bk edei! noRAArdér rebevel thpprogressiapeta.  For
t hese individual s who but, have opi c%t ﬁndem:l es, the

present i nvefiPiPBi B %EY‘P%V%H{’% I?srq%ﬁ UpeER PIERFY ERCLRY of BPPRIRY, power .
An exanpl e ofindsuGnlginZies ‘@t-PENVREEREL Y, EBSexa RbROhER! wittmPopiPpaaas or wienae by
eye-car e r of es 8nal s? V\C{n ch in orl%?r es the present invention i‘@
appr oach? o by OB'F VeRrelonged trar yarabta 3PPy REOrSRBRAET PPN &° XBUV The
back surf acet®havk RihSzhl IRREhGADS oveldpHpShdpSa. Pbr tRese HIGIBECVRORaT M@®esUr f ace
with apical radius (r0) of 8.45 mm and shape factor
myopic but have myopic tendencies, the present invention may be implemented in a lens
with zero refractive power. An example of such a zero-powered lens (also called a “plano”
lens by eye-care professionals), which incorporates the present invention’s approach to
25  preventing the onset of myopia, is shown in Figure 10a. The back surface of this lens design
consists of a conic section type surface with apical radius (1,) of 8.45 mm and shape factor
(p) of 0.75. The front surface is described by a basic spherical surface with a radius (r) of
14.75 mm and with additional sagittal height added to this basic surface described by a
polynomial equation of the form s =a;.x* + as.x* + a3.x* + as.x® where s is the additional
30  sagittal height (measured along the axis in millimeters) of the surface relative to the basic
spherical surface and x is the radial distance away from the axis of the lens in millimeters. In
this design, a; = 0.02553, a, = 5.900x10™, a; = 2.564x10”* and a4 = -1.437x10°5. This lens

has a center thickness of 249.2 um, an optic zone diameter (OZD) of 8.2 mm and is made of
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(p) of 0.75. The front surface is described by a basic spherical surface
wth a radius (r) of 14.75 mmand wth additional sagittal height added to
thi s basic surface described by a polynom al equation of the forms =

.X2 + a2.x4 + a3.x6 + a4.xs where s is the additional 30 sagittal height
(rreasureda isinmllimeters) of the surface re
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to 12i illustrate an advanced applicatigon of the presepnt inventjo fo
effectively placed behind (more posterior to) the retina. In this configuration, a stimutus for

axial elongation is evoked, which can initiate eye growth leading to reduction of
hypermetropia.

25 Figures 12a to 12i illustrate an advanced application of the present invention to
partially correct complex optical errors including astigmatism and high-order aberrations
while simultaneously manipulating the curvature of field for controlling myopia. This
technique in myopia control of the present invention provides for the simultaneous correction
of the wave-front aberrations (typically including higher-order aberrations) of the eye while

30  delivering the correct amount of relative curvature of field. This approach can provide further
improved vision while maintaining the appropriate stimulus required to retard the

progression of myopia.

-31 -



partially correct conplex optical errors including astigmatism and

hi gh- order aberrations while simnultaneously nmani pul ati ng the curvature of
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t b di
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12d show t%leffﬁtegts fxﬁasﬁgﬁmwcze )q{] {448 g1 L84 £k Bomd 12)99%95!4»4 4

upper - vertlca | ower =verti nerldlans reé pectiv
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field as seen in Figures 12b to 124, the peripheral field image positions for both astigmatic
(tangential and sagittal) image surfaces are predominantly located behind the retina along the
extent of most of the half-meridians, and would evoke stimulus for axial elongation and
eyeball growth leading to myopia development or increase.

25 An optical device designed according to the principles of the present invention can
manipulate the relative curvature of field while partially correcting the higher-order
aberrations of the eye. This arrangement would promote the retardation and potential reversal
of myopia progression while additionally providing some of the benefits of aberration
correction. Such an example is described below and illustrated in Figures 12e to 12i. For this

30  particular example, a soft contact lens design was utilized, however, it would be understood
by those skilled in the art that any optical devices suitable for the correction of higher-order

ocular aberrations would also be suitable. By applying a contact lens design of the present
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this 30 part‘?cg a}ri)géesggrrpl e, a soft contact |ens design ms%g{ﬁﬁ?@é@zogg

however, it would be understood by those skilled in the art that any

optical devi Qr?\%fn d(H'l tE‘%%l e o?{hehpfrlﬁegf Jgﬁﬁﬁ' {vgfb f?émt Bb&ahebn QHQI%FUItan@rfront

aberrations sui t a contact |ens design of
t he present abe@nwmr@%wwmmmmowmm}s@een frfff:emqhoﬂlmloat@mhré% of

the descri beq. n;l)uqm?é%uflg’?}/o%h 1{golﬂ£ {c%% cﬁjvéturr?: 98 sﬁ‘?‘ﬁ}rﬁ fRPS n%’ﬁxﬁgfxﬁg{:?l vely

aberrati on dénons mati sm an cona have een e
el i m nat ed wibtebopnsnner pragressios| Vhrpnsmmadlrym@ntlheuenaumntmve-ﬁlomtw:e of field

suitable for controllin pi.a de .0 r S

clearly sgean%‘f et{?@ :Tb%%[?sfqgcﬁ \9\7&’\7@”? dﬂ‘?%ﬁhﬁﬁﬁgnﬁgau?’eé L ha‘fhe Absence
of asymmet ry effadivelgtcliminafal TiRsindingles shthareulaanZenhiay eodfidents abdotatdd with y
elimnated. The anplitudes of the resultant Zem ke foeffi cients associ ated
with the cothegotrededmsiare-ffono fitr aftigmatismi( §heidsaem@Z Z); birde eopertifdy 83enhave
respectively been reduced to 0.0144 gm and -0.0086 gin denonstrating
substantial eddupddiafioodt oh aad td.Yifatinsdamanithtive sebstantial olipinagioppbistigraatism

i nproved vi s%lgt] co?t?a%{%ouilqo;fr ;nn&gmhne?myu%f Lcu ﬂt aberration of the eye in

this exanple is Ttota e contact |ens design exanple
is also iotati ona$ihse thswmmﬁmntehdm@mmofﬂha syeaa$le$ exam;pleoisdﬁatimdl)cor rect
astigmatismand comm) and i

orientation {HMEY éca# It}éeac Qny"\’gt \a %ﬁ"gm B’Vmggn'tsgé? “Ttaghr?él 1 g?ﬁ}%linocﬁg LIS cai i ve
to the eye fiwordgptie catect pdphatisibandeombpaidgrmul dsded reise mamtaaieﬂm cfomectt he
correct orientation . metrical 15 cont.act nses are | 1 _known
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to 12h which show contact lens design program plots of its front and back surface sagittal
heights and its thickness profile along the horizontal half-meridian (Figure 12f), the upper-
vertical (Figure 12g} and lower-vertical (Figure 12h) half-meridians. This soft contact lens

25  design makes use of a combination of conic sections and polynomial equations for its basic
optical surfaces. The back surface consists of a conic section type surface with apical radius
(r,) of 8.33 mm and shape factor (p) of 0.75. The basic front surface is a conic section with
apical radius (1.} of 0.3712 mm and shape factor (p) of 0.004667 with additional sagittal
height added to this basic surface described by a polynomial equation of the form s = ap.x% +

30 az.x’ + a1.x® + as.x® where s is the additional sagittal height (that is, thickness to be added to
the surface, measured along the axis in millimeters) of the surface relative to the basic conic
section surface and x is the radial distance away from the axis of the lens in millimeters. In
this design, a, = -1.288, a, =-0.01078, a; = -1.540%10 and a4 = -9.261%10°°. In order to
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optical surfaces. The back surface consists of a conic section type surface
with apical radius (r0) of 8.33 mmand shape factor (p) of 0.75. The basic
front surface is a conic section with apical radius (r0) of 0.3712 mm and
shape factor (p) of 0.004667 with additional sagittal height added to this

basic surfa d by a polynom al equation of the for + 30
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d evel opnent, f?\ggt%H G 33Y & Y, hmﬂuﬁl &{})ﬁ(ﬁeg%sgﬁg TRt biERSe I’e%rslfrf%g bbtfl (RS

"super-vision') s to reduce or mnae errations of the eye, or
the aberrati dmeotﬁallambsagé‘gpéfomi@osbmsém/a begn gavddrmtaronts th@rﬁtloa sinply the

Gosi gns, Tt i's i morrah R TReC Do o pE SO, PR AL AR ERRERRI 8L

desi gns. is inpor to'no uch a
super - vi 5| on “weper-pisowi’de tcevedmeloeeﬂmmatsu}mmbhxmnomuﬁ ttiebsee pntbe banakierst of ithe

retarding, 2Q el ln o%aE' evzc LYRha! Diihe h@rﬁecha%%gs'o o fﬂ&vlc@v\}ahe
wearer. The §e&i gn 0 FEA R ceD bt resen fmvent i on
appl i ed to alps@iuciap laecﬁtatzomculrmedaibegrrsahnsampodarftfuenotsuiasmahhldad@yaﬁprth tchose

desi gned for the o Sp r[g zgt i on rof1 entelalt . Vi sDi n Lk e eta]%
abor rat 1 ons, RET SPTEIeCT ouedrihenele siberurerdpy MrubbEatE R nat o
the aberrati etimimiing ferceytsing the phagelission vhajopid @ tkakesel. t he "hi gher order
aberrations®, The design of the optical device of the present invention, when applied to also correct
ocular aberration, differ substantially from those designed for the optimization of central
. vision by the correction of aberrations. When a lens is designed to substantially reduce or
eliminate the aberrations of the eye, including what are called the “higher order aberrations”,
25  such as to provide above-normal visual performance or super-vision, the intention is to
optimize wave-front aberration for the central, foveal vision. The reason for the particular
attention to central foveal vision is the resolution of the retina (due to the density of the
retinal photo-receptors) is densest (providing most acute vision) in this region. Outside this
region, the retinal receptor density decreases rapidly to the point where, in the mid-periphery,
30 the density is insufficient to warrant correction of aberrations for improved vision in this
region. In contrast, according to the present invention, for the retardation or elimination of

myopia progression, the relative curvature of field, governed by the relative positions of
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25 such as to provide above-normal visual performance or super-vision, the
intention is to optimze wave-front aberration for the central, foveal
vision. The reason for the particular attention to central foveal vision
is the resolution of the retina (due to the density of the retinal
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conbi nati ons V\f'a ro?fédel ar ar vgnth the surface profile design
appr oaches. TR |5 S ppﬁ\iaélﬁfii on can be realized in a nunber of ways,
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t of t abl i ph | t
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i nvention w | affo;:f %jood visual 20 acuity by ensuring good central field
focus to the’PRESIHRETEHAE f ovea while sinmultaneously elimnating the

stinmulus for axi athegleprgairtdnt RYha?Qsdigns ONiHE Prdsbr iP@hfighenialffordgesisual front
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refractive e{aror of the, e]y
e retina by manipulating the relative curvature of field.
The present invention further contemplates that the present methods and apparatuses
may be applied to any prescription required to correct the existing refractive error of the eye.
25  For example, a —6D prescription may be introduced to the device, with the suitable amount of
relative curvature of field, thereby providing continued good corrected vision for the —6D
myopic wearer while retarding the progression of his/her myopia.
Naturally, as the amount of myopia becomes reduced, a new corrective device with an
appropriately reduced amount of refractive correction (i.e. a lower prescription) would be
30 introduced to maintain panty with the new reduced level of myopia.
The invention may be realized as mass-produced devices, for example by high

volume molding technology, or as custom-designed devices. In the case of mass-produced

devices, the relative curvature of field may be designed to be suitable for the typical sub-
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25 For exanple, a -6D prescription may be introduced to the device, with
the suitable anobunt of relative curvature of field, thereby providing
continued good corrected vision for the -6D nyopic wearer while retarding
t he progression of his/her myopia. Naturally, as the anount of nyopia
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gi ven individual, however, optinmal nyopia retar dation effect is achieved by

cust om desi g m@éjidmwm:@estlHEG‘FfaTtW@U@a@EWﬁf'@étquhﬁeddld@valelégndeﬂ Pesarge Magsbe ocul ar
aberrations jncludi H?Qxef e E&S}ﬁ%ﬂe’lga rﬁlégﬁf é’xﬁalfb"l‘é Xc%‘ia‘r’ (n%vé)?roif:ﬂ £hdr k. gt he

i ndi vi dual intended wear | e using one
range of avaHadaen- Sbastkairzwmila}dfqbque @@tﬁfemsseyé@algaxlalﬂlargﬁmmu@mw Ud'@BI ces)

and obl i e 8 uc%T %]oh% (e %e a;t))hd/t dge Io?‘!)thgr ts P)?] ]?136%%?0%8@? I)rshlgﬁ %e@glu&tg)n opti cal

coher ent rtypes eronet ers
hi gh-resol ut uhmsounlitsymi’me dosiph el tak‘Ehmtd&sbtgmﬂtchemaitealeBsg ralﬁtneaw@turet t he
actual existi {1%}%:3 at.i ve,Gur vat u

R ative’r o) bl T herS e Al SeaRrb et Siteld SufCPARNG R Rt

focus. The pfidlddadusi nvention further contenpl ates prom)tl ng the return of a

h t i 15 t d t Thi d
e et T ot aTE et vt Rrhet Bl Biptatss arorin o b R B EegPviE o g

i nto thelsleviaowhideeabyuariamis ingaRiedal el ipRgRttiofanditabieasaint of gdlsisti on
of hypernetro |a VWiile t e preferred eg)odl ments are in the formof soft
or RGP cont alGt?tve feryaure;gf ‘\ﬁﬁdl”l“c’t &y %ttyé%r?/m‘b‘ﬁ\ﬁlaéii‘%e]f”égat“ﬂ%é »8R9% ed i n
the art thatreaﬁutﬁmlowﬂjahhgfbpmay al so be 20 inplenented in other forms of
contact | enses (e, g]rle haptic or scleral contact |enses and "pi

y- back’
systens where twoY %P@fwﬁt‘fﬁ@f’d*r"éﬁ‘éé‘é’- indly forer PR orRGé’sfﬁafé?ﬁ s, 1 wil

spectacl es, bd iefodial} bbviGisab (o meea i Brelrt manrrlll@)sﬁenneﬁlrdaw@o be
ker at opr ost heses) anterior chanber |enses as well as by nethods suitable

for corrdal BIPIERMeddn phEr RNt leresEs) lﬁﬂ?i‘ﬁgfﬁc}?&‘ﬁa‘i’tmj lenses and

“piggy-back” systems where two or more contact lenses may be worn in tandem), spectacles,
IOLs, artificial corneas (e.g. in-lays, on-lays, keratoprostheses), anterior chamber lenses as
well as by methods suitable for comeal or epithelial remodeling or sculpting including
orthokeratology and refractive surgery (e.g. epikeratophakia, PRK, LASIK, LASEK, etc.). In
25  the case of RGP or haptic/scleral contact lenses as well as contact lenses used in the
application of orthokeratology, the optical design will be manipulated to take into account
also the optical influence of the tear-lens (produced by the tear layer between the posterior
surface of the contact lens and the anterior corneal surface).
With the potential introduction of active optical devices with the potential to correct
30  refractive error and ocular aberrations in real-time (e.g. wave-front correction systems and
‘adaptive optics’ systems), it is contemplated that the design approaches of this invention

may also be incorporated in those devices.
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ort hokerat ol ogy and refractive surgery (e.g. epikeratophakia, PRK, LASIK,
LASEK, etc.). In 25 the case of RGP or haptic/scleral contact |enses as
wel | as contact |lenses used in the application of orthokeratol ogy, the
optical design will be manipulated to take into account also the optical
i nfluence of -l ens (produced by the tear |ayer between the
posteri or Qﬁbpg%%%%ﬁlthe contact | ens and the anterior corffda/S28iHR2AB8) .
Wth the potential introduction of active optical devices with the

potential to correRtuny B0diiefions WhNRioRS, LAk o@&%n%&i'n%tsga@%ﬁﬁ%énﬂ&?whﬂ;ome to
real -tinme (e'ﬁ§ waﬁe-froni correction systens and adaptive optics
systens), it B PEMS ISk lediin thadrt onehiefedisgnveappr reseine Sa'ihg theibendfituttht i on
may al so be i reeHipRpadseted A hd 020 i e / 89

PCT/ 1152004/ 0220853 f’f\?/gsan modi f i o ﬁg‘ggsﬁﬁ%%sgﬁe}@%%qgﬁﬁ BB Ereiond S 8t s
of the invent I"SFPURMEY No¢ Enke lingitedHe theisperilisf erhdingdots disthsedarndnbatanddificatiovsi ch
this invendi ofhd j : Lng fi f, t.he teachi ngs presented in
t he foregoing dggﬁi?%gﬁgﬁgﬁb%ﬁé&e 8?3?&1?&Fgmﬁ%n%émﬁﬁﬁ@Fg?gﬁang 7 ¢igims.

i nvention is Abkoughsiseificitering etk emploved hepacitey e andiddianendri 6l 96dcased sond
t hat nodificaf r iments are intended to be included
within the s?%%gﬁ§¥§¥ﬁ£gg%%§§ g%gB%ths_ Al t hough specific terns are
enpl oyed herein, they are used in a generic and descriptive sense only and
not for purposes of limtation. -37 WHAT IS CLAIMED IS: 1. A nethod for
controlling optical aberrations to alter relative curvature of field
conprising the steps of : providing an ocul ar system conprising a
predet erm ned aberration- controlled design; controlling the

f orwar d- backward positions of the peripheral off-axis focal points
relative to the central on-axis focal point; said control of positions of
peri pheral focal points producing at |east one substantially corrective
stinmulus; providing the substantially corrective stinulus to an eye to
alter eye gromh wherein the control of positions of peripheral focal
points is effected while sinmultaneously controlling the forward-backward
position of the central on-axis focal point near to the retina; and
substantially sinultaneously providing clear visual inmages; wherein said
ocul ar system mai ntai ns substantial axial alignment with said eye.
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2. The nethod according to Claim1l, wherein the step of providing the

ocul ar system to control the forward-backward positions of the peripheral
of f-axis focal points further conprises repositioning the peripheral

of f-axis focal points to positions |ocated at distances fromthe cornea of
the eye and towards the retina, said distances being less than or equal to
the distance fromthe cornea to the retina. 3. The nethod according to

Claim 1, wherein the step of controlling the forward- backward positions of
the peri pheyahTeé i gD geal points further conprises, for an ocul ar
system whi ch exhibits astigmatism repositioning peripheral off- axis |line
foci produced by astignmatismso that, of the two peripheral |ine foci
produced by theAasathaghiet teryolling intissl abpeatiqnl ér ater kélae cfonouasre whfidd i s
nearer to tdigprsionBaseps 4fhe eye than a second peripheral line focus, is
repositioned to a ﬁioﬁbgﬁ@c%ofcﬁ p%tsgae cornea of th«? ?r}ze nd towards the
peripheral retina,” sardednSEaRe SO R ENE 3 HEACt RS AT he " i st ance
from the cornea*®gollgddesigsi i pheral retina. 4. The nethod according to C aim
2, wherein, for arcoajtelliax tidfotarg-bayiopira positiens ofyiehediph&apdrabed foal The
met hod accor di nghiki@ iRl e MEH [Exisftggai%[}in?%gi&%mr '&f*p&%tig}{so&{ a, the
nyopia i s abated.. 68 6 %he. nmet hg _accqr Ing t alm 1, "whereln the step
of providing t HEBATRLPA pontsprofysing#least onaubsaRtialy OB GaHUESS t i ons
of the peripheral m¢fidmgitise fubstantigblyicotrsctivarstimetus te empyd toedter gpesowthoni ng
the peripheral {iggeh tRoiontrs] $fpopiRiohd bORsiphasabes Rindissthegsnfitom the

cornea of the tina,. said.distances bei.n reater than
t he di stance %ryrg%@%%&sgor#gg)ll[ng%?%gngﬁ%fbﬁ&%wﬁ PP ﬁlilo?rgf %8&69}553833%}%9 to
daim1, whereilff°d ReNEpes iohecema#1d i ng the forward- backward positions of
t he peripheral of fsubstugiaflpsiatulipocausly froviting cleaovipudl $@sgesf or an ocul ar

syst em whi ch exhi RiHefeiR§4ili S8 @Qﬂemrrﬁmé&ﬁsis%gteﬂﬂiapﬂiéi%%ﬁﬁl: tQ{ifh‘ﬁ |s line
foci produced ebé astigmati smso that, of the two perip era? I ne foci
produced by t hé”&st | gmatism a first peripheral line focus, which is
further fromthe cornea of the eye than a second peripheral |ine focus, is

r epos |h ti olned 2 dhe n@ﬁtlsq?a%@dmgamm K G¥Hefsn B sid@ﬁ;f%y@i(ﬁﬂg tHeQW@faFl@ﬁEelﬂ?

peri phera . « : [ o€ : e

di st ance ftcr) g?n&t.lt(ﬂglec%ﬁﬂeg b 0 lﬁ O%tgér’@%ﬁg?egﬁ%ﬁfé?’%*n%?‘a%? fﬂ%gséﬁ%{sh%%heéccor di ng
to daim é?”\RH&‘?SéFHﬂS“PafngéEe ByrehgsahpBiaxisdgcahppdtsipe ppeppes locaterbat

hyper net rdpﬁi@C:ﬁsfr@balufe@m@.of’ﬂ!rﬁaeycemﬁmiwads:thedéthg, gai @ktahens beinghieseian, f or
an eye exhirbidal ROthBURBMERI6ARh@cornea to the retina.

3. The method according to Claim 1, wherein the step of controlling the forward-
backward positions of the peripheral off-axis focal points further comprises, for an ocular
system which exhibits astigmatism, repositioning peripheral off- axis line foci produced
by astigmatism so that, of the two peripheral line foci produced by the astigmatism, a first
peripheral line focus, which is nearer to the cornea of the eye than a second peripheral
line focus, is repositioned to a distance from the cornea of the eye and towards the

peripheral retina, said distance being less than or equal to the distance from the cornea to
the peripheral retina.

4. The method according to Claim 2, wherein, for an eye exhibiting myopia, the
myopia is abated.

5. The method according to Claim 3, wherein, for an eye exhibiting myopia, the
myopia is abated.
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t he hypernetropia is abated. 10. The nethod according to Claim2 or 3,
wherein the ocular systemis selected fromthe group consisting of
spectacl es, contact |enses, on-lays, in-lays, anterior chanber |enses,

i ntraocul ar | enses, orthokeratol ogy, refractive corneal scul pting and
conmbi nations thereof. 11. The method according to C aim 10, wherein the
contact |lenses are selected fromthe group consisting of continuous wear
contact | enses and extended wear contact | enses. 12. The nethod according

to C aim10, ein.the re ea.l n rrethod Iected
fromthe group ? HTCLpy ﬁCCOBCIm%EOQ gpghe #%‘Fﬁﬁf \%le]gélgeo ﬁ/’s R ASI K
surgery, LIQSER“@W@@F\]W%W PRI R@QWQE&‘ thhQBerlphlfiQI nﬁ"tawofoaai@gmm faghero A ai m
6 or 10, wheneises tdpesiteith@thegpaplasialifScal penBAb ebsifisMoédial guauRc&mmEh st i ng

of spect aC{h@%om%Q BE@c te%r%m e%@ar ghé I%MI?& A8 dis"@ﬁ%es @emfrge%r'fzﬁgr th%ﬁ]@gﬁ?sliancg nses,

i ntraocul ah_ enses, r at ol ogy, ractive cor sScu and
conbi nat i o€ RErERTR °§§ "$YN4. The net hod according to daim 13 V\/nerel n the
contact |lenses are selected fromthe group consisting of continuous wear

contact |enseg ﬁMn@mb@M@Hnﬂg@@rc@@m aﬁﬁerelh ofje@ntra_llﬁﬁ% MRthRshr@ccor di ng
to daim 1§ackwgr%r %sa.tlo ;' gf thé Pcr?% If(aYSf agbs;}g%ell gom?sn él?[h%r c%mgpgcs gqr:&igtosell ect ed

fromthe group cC nai St 4 ASI K
surgery, LXSER ‘%ﬂ%é%lvbltseﬂﬁag’lnlaﬂks%aﬁmﬁsﬂmHE@eflmalr‘F‘Lff -proel line tost H‘pﬁgceﬂo Claim

1, wher ei nbyt dseigmbiismibaithat, 9f heawb ghedphesal bist &t palduyedionhi Butipuskiym, dfrst The
met hod aCCﬁE’r@hE}QI ltlrQ:: fg:lﬁ' Whljcﬁ’is m@:efr&gttllf@co?ﬁ@%f%e te?@ndd &goﬁﬂ?erlgﬁ&wf faxi s

systemto sition

f ocal poHHlegto?lffrFﬁ%QOSE‘S V?Osaegs’:ﬁ% rﬁoﬁtfat"%g‘e&é(fi%% -axi s focal
poi nts t o RRoipherplowtna, IscdétSé@cebeldg gteamﬁf@nfor oqnal tethe distemee ﬁﬁmtth@cmfy@i and

t owar ds t he thiefdripherabtigh. di st ances being |l ess than or equal to the

di stance fromthe cornea to the retina. 18. The nethod according to Claim
16, wherein the step of controlling the forward-backward positions of the
peri pheral of¥ E%@.f%etli*%%wﬁm&i@@wm wéwr%rfﬁws@@ exhl@.ttmgéwp@r@mtrgplasyst em
whi ch exhithé hgpeasttrgumisiabated.r eposi ti oni ng peri pheral off-axis |ine foci
produced by astigmatismso that, of the two peripheral line foci produced

Egr ;22 gfs t ![ ﬁ?t—‘i}] %qj.liqgfagcg}dn% {0 I(ﬂzg?nr’?lwhclreqf fI)ro gnuesye e\!(\ﬂjbltmglhsypgr?nae[cr%{nat o the

the hypermetropia is abated.

10. The method according to Claim 2 or 3, wherein the ocular system is
selected from the group consisting of spectacles, contact lenses, on-lays, in-lays, anterior
chamber lenses, intraocular lenses, orthokeratology, refractive corneal sculpting and
combinations thereof.

11. The method according to Claim 10, wherein the contact lenses are selected
from the group consisting of continuous wear contact lenses and extended wear contact
lenses.

12. The method according to Claim 10, wherein the refractive comeal

sculpting method is selected from the group consisting of epikeratophakia, thermo-
keratoplasty, LASIK surgery, LASEK surgery, and PRK surgery.

13. The method according to Claim 6 or 10, wherein the ocular system is
selected from the group consisting of spectacles, contact lenses, on-lays, in-lays, anterior
chamber lenses, intraocular Jenses, orthokeratology, refractive comneal sculpting and
combinations thereof.
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second peripheral line focus, is repositioned to a distance fromthe cornea
of the eye and towards the peripheral retina, said distance being | ess
than or equal to the distance from the cornea to the peripheral retina.

19. The method according to Claim17, wherein for an eye exhibiting nyopia,
the nyopia is abated. 20. The nethod according to Caim 18, wherein for an
eye exhibiting nyopia, the nyopia is abated. 21. The nmethod according to
Claim 16, wherein the step of providing the ocular systemto cont ro:c thﬁ

f or war d- back d posi i f.th ripheral off.-axis focal oints further
compr 1 ses repirit ot b ERef pecbERRRLCRITIS Wikt B DoladiBheer BRLSHBiedr e
di st ances fIPBiNE BOUR SPHEAING 0L cMbinKges W corfogidenses and extenflethweasgpetagdi st ances
bei ng greateeses. t han the di stance fromthe cornea to the retina. 40 22. The
met hod according to Claim 16, wherein the step of controlling the f ]

f orwar d- back d posjtion f th eripheral off-axis. focal points further
conpri ses, fof” alr[: Ztllﬁlg?t?‘g@gct%fﬂ?%ﬁ Ocdﬁlglgkhﬁﬂl'tcﬁeué 'iraﬁﬁft“ivgﬁi"%?"@posi ti oni ng
per i pher al scofrtingxieshadiipeel¢ased froptianigronpicdnpistisg pfemkdratnplsbia Hatmo-of the two
peri pher al kdratoglatociiAPNOCusad, hASEKurgdst heNPRKSMgedy. f 1 rst peripheral line
focus, which is further fromthe cornea of the eye than a second

peri pheral i focus, is repositioned to a distance fromthe cornea of the
eye and towarls t hel5anstperbrosprding tofdaims by wheaqia thebigabsi improyidsdt er t han or
equal to tsbstditstllywortindfoueln t he cornea to the peripheral retina. 23. The
nmet hod according to Claim21, wherein for an eye exhibiting hypermetropia,
for an eye extl bi ti rie MBS b @ R hyBermbreoRPa PO VRS B, 25, The
met hod ac cHHF AYplars iy aitin the fowargbaaktvardpasiticne obthalparipheyd odhwiisfocglel ect ed
from t he gsaintp fiethesE@hprivgs _fﬁ‘poﬁﬂ@xﬁh@ﬂie@ﬁripl@@ﬁltcﬂfﬁhxih eREBS0Intd b pAitfonsi N- | ays,
anterior 6hagp ﬁ&iiétﬁgéseﬁom'tﬂé ém&%f@}g%ée}fr’eggg %o“éagaé 'hflﬁ g&&ng{ %ﬁé’&&anée@f ractive

& ai m 25, BN cOOHiALE EREES R Begamst (4e T Em the aroup
consi sting of continuous wear contact |enses and extended wear contact
lenses. 27. Tike net od nd@kq feidideGo GAMME IhedleheisRp b CooulRy thsyst em i s
S el AR P HR ARt ARl REER BEP poi SRR OBPRER 1P VS
' “an ocular system which exhibits astigmatism, repositioning peripheral off-axis line foci

produced by astigmatism so that, of the two peripheral line foci produced by the

astigmatism, a first peripheral line focus, which is nearer to the cornea of the eye than a

second peripheral line focus, is repositioned to a distance from the cornea of the eye and

towards the peripheral retina, said distance being less than or equal to the distance from

the cornea to the peripheral retina.

19. The method according to Claim 17, wherein for an eye exhibiting myopia,
the myopia is abated.

20. The method according to Claim 18, wherein for an eye exhibiting myopia,
the myopia is abated.

21. The method according to Claim 16, wherein the step of providing the
ocular system to control the forward-backward positions of the peripheral off-axis focal
points further comprises repositioning the peripheral focal points to positions located at
distances from the cornea of the eye and towards the retina, said distances being greater
than the distance from the cornea to the retina.
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| enses, intraocul ar |enses, orthokeratol ogy, refractive corneal scul pting
and conbi nations thereof. 28. The nethod according to Cl aim 27, wherein
the contact |enses are selected fromthe group consisting of continuous
wear contact | enses and extended wear contact |enses. 29. An ocul ar system
conprising: a predeterm ned corrective factor to control the

f orwar d- backward positions of the peripheral off-axis focal points
relative to the central on-axis focal point to produce at |east one

substantially,correctjve stimulus t n. e to alter e rowt.h; wherein
the contraol %? poSi ﬁ‘%’ﬁ‘g&ﬂd %Cé’F‘?Sl%g)r‘gﬁam? X@a"t/h ?iflﬁ[%essu?%‘%é:g’flté‘\g[‘%ﬂ\ﬁhi l e

si mul t aneofWprdckaskyand nogigions ¢lethe peripheril b ekiseioehl powits fughersbmpheescint r al
on-axi s f osgbeypaispitemadict xHitis a@irhaARm, apdsifdning PetigHatdl akl akisiinasbsianeousl y

provi di ng J ) 3 i VALY j (Ml substanti al
axi al ali gﬁllrﬁgﬁ{e‘_iv\%ﬁe%“é%ﬁw %ﬁ?@@ﬂ?ﬁgg@sﬁ@/ﬁ? %ﬁ%ﬁgﬁ’ﬁgﬁ%%@% m 29,

wher ei n t h&USFBHEet %Sh%ﬁl@&ﬁa} Heg fogws, thé%‘t‘% Furthsnirp) the eRynead the eye than

f or war d- bag kesandipgagictal tns fashis, ihveppstiorel és adisohte Axinghd ovada gfohadye  furt her

predi ct abl ynd@Rhidkife JdphéaPRahd, sQ0idNenet vSia) Irifk tRASE 8huaPid hadistntocal

points to itlons |located, at. di.stances fromthe cornea of the eye and
t owar ds thgglkglzgl%%o%?éastgg%pe&'ipg‘frﬁh@hn%ei ng | ess than or equal to the distance

fromthe cornea to the retina. 31. The system according to C aim 29,
whe_reihn tlhe s2®p of Tanheéthbd hdrgrdifeto di@imr,dvlﬁmkmra]gl ep@é;iﬂilbiﬂﬂ@l of the
peri phera 5 : r conprises, for an ocular system
whi ch exhi%)?{eimigj I Qfﬂn%?ﬁjgﬁ]mﬁﬂg%%siigtbﬁ%%ng peri pheral off-axis |line foci
produced by astigmati smso that, of the two peripheral |ine foci produced
by the astigmtism Thefihetbed pepidpipeiodliaini 2k Wheois forwhicgheilsbitis@r er to the
cornea of Hypereyeptd)aR 13 pasREOpH iPsskdheral line focus, is repositioned to
a distance fromthe cornea of the eye and towards the peripheral retina,
sai d di stance being | ess than or_equal to the distance from the cornea to
the peripherald reti ndic methodrgso qtérﬁl@z&bb%n Iy wherey e pruler syeariai n t he
pr edet er mi seiedted dronethieigvenp doagibthrg cfeptatalds) cuntdchEnbar watays,haddgaparterposi t i ons
of the perinphetakngt fin@adofiaf %?As,% E;Sam&% th ctiPE EFh & QLQJ'I%in Qpgrol s the

repositionj gﬁj.of. sa‘lgld B ri pheral axl s points to osSitions
| ocat ed at®HPSHREEYTPbm the cornea of the eye and towards the retina,
sai d di st anc® bei ngrhgmecihadt aceordmetth € lainsd Sa merelir Gancohtectdorsaeae sdetthd

retina. 33ronTlie Sygl @MsRGEO6THoRInTds Gleat EIn2Rt |NBGIAH BxfeRRISHERP cOitact
controlli r]&lsg{]e f orwar d- backward positions of the peripheral off-axis

focal points turther conprises, for

27. The method according to Claim 21, wherein the ocular system is selected
from the group consisting of spectacles, contact lenses, on-lays, in-lays, anterior chamber
lenses, intraocular lenses, orthokeratology, refractive corneal sculpting and combinations

thereof.

28. ‘The method according to Claim 27, wherein the contact lenses are selected
from the group consisting of continuous wear contact lenses and extended wear contact
lenses.

29. An ocular system comprising:

a predetermined corrective factor to control the forward-backward positions of the
peripheral off-axis focal points relative to the central on-axis focal point to produce at
least one substantially corrective stimulus to an eye to alter eye growth; wherein the
control of positions of peripheral focal points is effected while simultaneously controlling
the forward-backward position of the central on-axis focal point near to the retina, and
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an ocul ar system whi ch exhi bits astigmati sm repositioning peripheral
off-axis line foci produced by astignmatismso that, of the two peri pheral

| ine foci produced by the astigmatism a first peripheral |ine focus, which
is further fromthe cornea of the eye than a second peripheral |ine focus,
is repositioned to a distance fromthe cornea of the eye and towards the
peripheral retina, said distance being greater than or equal to the
distance fromthe cornea to the peripheral retina. 34. The system

accordi ng t he.ocul ar s emis selected from
the group ‘%ﬁgn?%lw mBBa'?B‘é%lf Bov Eﬁng Cé%aﬁtvésé'fiﬂlngﬁ% aiéSﬁUIf‘raiygeml n-1 ays,
anterior BREeNgS gal 4xial phgranena witheaiseaye. or t hoker at ol ogy, refractive
corneal scul pting and conbinations thereof. 42 35. The system according to

G ai m 34, wheggin t h?h&s?ﬁ&\%é&cc&ﬁﬂ%ac t('ﬁ’%f ifh ﬁehﬁl&tequthe%;eﬂgg 15‘91?10(9{:&%t1 e

consi sti ng of conti cont act

| enses. 36 C‘?Pﬁémégfé a&rmaai Wérdcﬂoéit#ﬁ’fl% themeirdierr! pHexisdrsd epinfe
cor neal sﬁmtlhprt pmdictablyhodtrols tiwe‘cmsitenhnfgdrsatdrpengh&mip)fﬁ anis fehl pugntefo

g %IK kgr ?t gfﬁ@mo@s lédﬁ%ﬁ@@dlsﬁggnéegéf@m @éfrclwmekéﬁh% @élﬁﬂﬁthard's@éﬁ'ég% @%@{ %é ggdl ar
u [ u

cyotem v dsaihel PSRG0T BBttt R ough it Berdls Cony act

| enses, on-lays, in-lays, anterior chanber |enses, intraocul ar |enses,

or t hoker at ol odly, refTlacdybted acerrdidglto Sidimmo| wgeramdhe sepbi élﬁlhbnﬂxg thdher eof .

§2| eIPgdSYi??vgépd%Eﬁﬂﬁﬂ %sﬁﬁné&%é@eﬁ%be};ﬁﬁp@{f Sl hdep &Bfgtfﬁ'ﬁltler cgﬂ?ﬁ%safo?

stin contlnuous we enses and
oxt ondod B it gyt émsgﬁgf)%ﬂ?raegae?rm I'p aétsah%f%e?
wher ei n t hwodusked é&tastwn%@mrseahat afdin pra prgiphemhloc: fosi ;s’edi@cd byl tfer om t he group

consi st ngasgfm@ﬁimﬂs%rfﬂ’swékér@l, lideTOERDwWhICR I SAQRIr 36 1 cobrRPbiHR & Q&fva\% a LASEKh
surgery, a [ erein the
suroery. AL R SHEAR AR s R RXRLE o ﬁtﬁﬁ B R s BB Lyt om
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further predictably controls the repositioning of said peripheral off-axis focal points to

positions located at distances from the cornea of the eye and towards the retina, said

distance being greater than the distance from the cornea to the retina.

33. The system according to Claim 29, wherein the step of controlling the
forward-backward positions of the peripheral off-axis focal points further comprises, for
an ocular system which exhibits astigmatism, repositioning peripheral off-axis line foci
produced by astigmatism so that, of the two peripheral line foci produced by the
astigmatism, a first peripheral line focus, which is further from the cornea of the eye than
a second peripheral line focus, is repositioned to a distance from the cornea of the eye
and towards the peripheral retina, said distance being greater than or equal to the distance
from the cornea to the peripheral refina.

34. The system according to Claim 30 or 31, wherein the ocular system is
selected from the group consisting of spectacles, contact lenses, on-lays, in-lays, anterior
chamber lenses, intraocular lenses, orthokeratology, refractive corneal sculpting and
combinations thereof.
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42. The system according to C aim40, wherein the step of controlling the
f orwar d- backward positions of the peripheral off-axis focal points further
conprises, for an ocular systemwhich exhibits astigmatism repositioning
peri pheral off-axis line foci produced by astigmati smso that, of the two
peripheral line foci produced by the astigmatism a first peripheral |ine
focus, which is nearer to the cornea of the eye than a second peri pheral
line focus, is repositioned to a distance fromthe cornea of the eye and
towards the pegfipher retina ce,bein ess an or
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retina, saiodiodiaioas 8188 ing greater than or equal to the distance fromthe
cornea to the peripheral retina. 45. The system according to Caim41l or
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contact |lenses are selected fromthe group consisting of continuous wear
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scul pting and conbinations thereof. 48. The system according to ClaimA47,

wherein the G@nt act Tlhg Q?s‘;r‘eﬁn %c%r(ﬁlqglg Foc(t,‘ﬁﬂn 29, wherein the stimulus is provided to the

eye substantially continuously.

41. The system according to Claim 40, wherein the predetermined corrective
factor controlling the forward-backward positions of the peripheral off-axis focal points
further predictably controls the repositioning of said peripheral off-axis focal points to
positions located at distances from the cornea of the eye and towards the retina, said
distance being less than or equal to the distance from the cornea to the retina.

42. The system according to Claim 40, wherein the step of controlling the
forward-backward positions of the peripheral off-axis focal points further comprises, for
an ocular system which exhibits astigmatism, repositioning peripheral off-axis line foci
produced by astigmatism so that, of the two peripheral line foci produced by the
astigmatism, a first peripheral line focus, which is nearer to the cornea of the eye than a
second peripheral line focus, is repositioned to a distance from the cornea of the eye and
towards the peripheral retina, said distance being [ess than or equal to the distance from
the cornea to the peripheral retina.

43



fromthe group consisting of continuous wear contact |enses and extended
wear contact |enses. 49. An ocul ar device conprising predeterm ned
aberrations to deliver at |least one predetermined stinulus to an eye and
predi ctably controlling the forward-backward positions of the peripheral

of f-axis focal points relative to the central on-axis focal point; wherein
sai d device further conprises a predeterm ned prescriptive strength ; said
prescriptive strength predictably controlling the forward-backward position
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cornea of l¢Hes.eye than a second peripheral line focus, is repositioned to
a distance fromthe cornea of the eye
47. The system according to Claim 43 or 46, wherein the ocular system is

selected from the group consisting of spectacles, contact lenses, on-lays, in-lays, anterior
chamber lenses, intraocular lenses, orthokeratology, refractive corneal sculpting and
combinations thereof.

48. The system according to Claim 47, wherein the contact lenses are selected
from the group consisting of continuous wear contact lenses and extended wear contact
lenses.

49. An ocular device comprising predetermined aberrations to deliver at least

one predetermined stimulus to an eye and predictably controlling the forward-backward
positions of the peripheral off-axis focal points relative to the central on-axis focal point;
wherein said device further comprises a predetermined prescriptive strength ; said
prescriptive strength predictably controlling the forward-backward position of the central
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and towards the peripheral retina, said distance being greater than or
equal to the distance fromthe cornea to the peripheral retina. 54. The
devi ce according to Claimb50 or 51, wherein the device is selected from
the group consisting of spectacles, contact |enses, on-lays, in-lays,
anterior chanber |enses and intraocular |enses. 45 55. The device
according to Cl aim54, wherein the contact |enses are selected fromthe
group consi sting of continuous wear contact |enses and extended wear
contact |enses F The device acc ‘ﬂgn ,t Claim 52 or 55, wherein the
device is %%P’é‘étf%@& PHRIAR (PR fﬁP%ﬁ“‘gé Faglfli’l ProYIdugelean visudl imagss

| enses, ond$ay8nmnmnnmy$ﬁm@mm@mxm}dqhanbéwﬁhba@sﬁs and intraocul ar | enses.
57. The device according to Caim56, wherein the contact |enses are

selected fromthe ou n in tinuou pvear  cont act s and
ext ended wear gﬂcon f ac e evxc% a%co%@xgg gorﬁ a1r835i W er%lm ]%fcdetertmm%cabe T
wher ei n t heongPlmetles fﬁﬂﬁ@ré b&s'éwrdmoaﬁgns ofitle %mbﬁrél @féﬂmﬁ@%gwntsrféﬁle?ge of

opti cal demiedintabatontrels tixelcpeditbehify cﬁﬂmidh&nghmlmff axin Socat poigrs of paxtifring

sect ons. B@itéfd“&%rﬂiﬁz!lrﬁg% B! e SomBEFH R ol E5w & gglgg%tngf%?% GQHEd ¥hng S er i es
t abl es, cfg]%’h?r %@T’i taglﬁ ‘sgaﬁﬁ%daécgn ﬁ?&f’meﬁﬁfg hegglf@nel optical conponents,
diffractive optical conponents, hol ographic optical components and

conbi nati ons jiher eofTheaRvicd Recdi@i i ELCRES ab A MGeih thldtgl & RAroNRgIRI N t he

pr edet et i fiod AGLLAL BRSO Al t&%@ﬂémﬁ&fmg?gc%hg&n& iy hpghldcal. deston

features se
pol ynoni al & OB Py WhEEH, ﬁ'ég 1ty @%ﬁ&naésﬁra, @a?%ﬂa@a@g periphierabpif-axisrling foci

synt heses, przéurcl by psigpmoisinadoshat seght tvad pniphehat lirdefecirprpduced by éied | 0ook- up
t abl es, %ﬁg&h%‘sﬁm raeffrEta}ﬁéhbH&aI‘ lﬂg:%cd%r @hich '1@1513aré: &@ﬁl@%bf&@%fﬁﬁl y@ﬂﬁﬁ@nent S,

SIOLI): ﬁ;i : \(;sr??g Or@rpgpgfaﬁfralcl%nqocus 18 répostongcf &% (!llgtaz?c%ttjrom the COea oF eseyggnd

towards the peripheral retina, said distance being less than or equal to the distance from
the cornea to the peripheral retina,

52. The device according to Claim 49, wherein the predetermined aberrations
controlling the forward-backward positions of the peripheral off-axis focal points further
predictably controls the repositioning of said peripheral off-axis focal points to positions
located at distances from the cornea of the eye and towards the retina, said distances
being greater than the distance from the cornea to the retina.

53. The device according to Claim 49, wherein the step of controlling the
forward-backward positions of the peripheral off-axis focal points further comprises, for
an ocular system which exhibits astigmatism, repositioning peripheral off-axis line foci
produced by astigmatism so that, of the two peripheral line foci produced by the
astigmatism, a first peripheral line focus, which is further from the cornea of the eye than
a second peripheral line focus, is repositioned to a distance from the cornea of the eye
and towards the peripheral retina, said distance being greater than or equal to the distance
from the comea to the peripheral retina.

54. The device according to Claim 50 or 51, wherein the device is selected

from the group consisting of spectacles, contact lenses, on-lays, in-lays, anterior chamber
lenses and intraocular lenses.
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55. The device according to Claim 54, wherein the contact lenses are selected
from the group consisting of continuous wear contact lenses and extended wear contact
lenses,

56. The device according to Claim 52 or 55, wherein the device is selected
from the group consisting of spectacles, contact lenses, on-lays, in-lays, anterior chamber
lenses and intraocular lenses.

57. The device according to Claim 56, wherein the contact lenses are selected
from the group consisting of continuous wear contact lenses and extended wear contact
lenses.

58. The device according to Claim 50, wherein the predetermined aberrations

are controlled through the use of optical design features selected from the group
consisting of conic sections, polynomials, splines, Bezier curves and surfaces, Fourier
series syntheses, Zemike polynomials, sagittal height descriptions and look-up tables,
gradient refractive index profiling, Fresnel optical components, diffractive optical
components, holographic optical components and combinations thereof.

59. The device according to Claim 52, wherein the predetermined aberrations
are controlled through the use of optical design features selected from the group
consisting of conic sections, polynomials, splines, Bezier curves and surfaces, Fourier
series syntheses, Zemike polynomials, sagittal height descriptions and look-up tables,
gradient refractive index profiling, Fresnel optical components, diffractive optical
components, holographic optical components and combinations thereof.
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