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METHODS AND APPARATUSES FOR ALTERI NG RELATI VE
CURVATURE OF FI ELD AND PGCSI TI ONSOF PERI PHERAL,

W@RH5858881 FOCAL POSI TI ONS RELATED APPLI CATI ON BXAIBSZ004/622083

application clains the benefit of U S. Provisional
Application No. 60/523,533 filed Novenber 19, 2003.

&hﬁgﬁto%ds ‘EWB ?%’%lgg*rgggﬁ%ﬂ AiiﬁmlN'd‘NEﬂNﬁVE'@URVATURE OF

apparatuses for retarding

el IRFELBtAND RO THONY IQFSEEBIPWR@D@FE‘AXIS FOCAL POSITIONS
(short-sightedness) in an individual by controlling
of faxis (peripheral) aberrations, thereby manipul ating
the curvature of fi eRELATE®D APRLISATIOMNRATAI | e
si mul taneously providing clear central inmaging.
BACKGROUND OF THE | NVENTI ON The preval ence of nyopi a
( ShOfihlsSa;q)hlEaﬁféH Qs tHe BeREteT . BIPlodiofAlyAppicatitineSo. 60/523,533
for exanple, have shown a dramatic rise in the
fileg Nowsraker 6, 28)pi a (- 0. 25D or nore) in 7 year old
Tai wanese children, from4%to 16% bet ween 1986 and
2000, and the pr eval ence of opia (-0.25D or nore) in
Tai wanese school chllTIEL@rpl%@énéWEN IG8 years is as
hi gh as 84% A popul ati on-based study in Minl and
China reports that 55% of girls and 37% of boys at the
age Ofhe pEeskravevestiqris flirestadito mpthodsand-appargodos &t referdig or
t udi es .show t h 0
g%gmﬁbtb)gt € a]%/rogrgsosm3 ?glly 1a {sﬁ))rgg{%! }%Jsg Ehﬁgg‘él{/wmwb% cgomfgllimg off:
siigiefipteedt) dbyrrations, elaesehy mangpulatisg tlmfcuweturtmﬂ field of a Vlsual image

ach endi ng on the | evel of nyopia),
‘ffg’i‘i dpp arne%‘éfﬁyd?'rg‘efhngﬁ%argﬁegtﬂaggﬁ%gmg]' he optical, visual
and potential pathological effects of nyopia and its
consequent inconveni ence and cost to the individual
and community, nmakes it desirable to have effective
strategies to sl ACKEROUBY 6B THEINVENMON or del ay
the onset of myopia, or Iimt the anbunt of nyopia
occurring in both children and young adults. Thus, a

| ar gerRer&RR/hadst nﬂfopﬁr(ﬁlomréhﬁédﬁes@qpiﬂcﬂ:ﬁélﬂ@rabﬂﬁy Syudfek,For
at a level that requires some form of optical

exampde; havsrshowin o digmatiq Bsed dhedncidangs,of YoPAs R ASRAT PRER) in 7 year
B4R Binedct9RHh, 8% B 1R 8R, BEwWRAS BIg6 ah@DEID, bRl thOISEPASRe of

I N anopunt requiring st ronger and st ronger correction.
fiyesie ((O¥SDewrtniape)sn Anivanssa is¢habl childien agrghl 640 W deary ig g bigh as

gé{o.? \élf)p? Ffachon %%seldds{'ulag Sﬁg% A& tﬁﬁfa réi)%pcg i 5§‘Vegf5 ﬁs %ﬂpﬂ% of boys

i ve sur These Correct rons, omeve
hil thd 4ge of fi 5 amtsrgnrf@amton)&lpm\/(/—bm&bnponehe progr essi on of

:;T%/ gg: ﬁb@Qsdsgg{vglyl% b‘y b)f S ervgll }ﬂlggt - So osvlcerors?e(gﬁﬁl?lave some form of
£iaalfpathelogy. MypiH s&gmﬁ@ﬁﬂﬁmceadek Ghé sk oﬁgan‘altlaﬂachment (dependmg
roTr}( th%lleaveP of II?}E:O%HIS SposatEmor cataract anﬁ gij lsul:'loarrlla )f'he optical, visual and potential
pathological effects of myopia and its consequent inconvenience and cost to the individual
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.
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hi gh | evel, and may becone progressively worse. A
second type (sonetines called "juvenile nyopia" or

w0 sobosasoryopi a") begins in children at age 5 p@OI/ti§2004/022083

years and progresses through to adul t hood or sonetines
beyond. A third 'type' of myopia (which may be
r ef ermhasl atlargapercemthgt bf lﬂ'lywprlé"s ))olluézglqnélaai myg’mmatgi level that requires

B 08t 8L EIRAS I SELRAIS, 4 20 iRl ot o
402\68 bhdag) teditif todReleadt indintornt requitisg @ongdrand stgongex correction. These

%pggalt?(glg gffégtgxiagﬁeﬁg gl} %‘8’51? \r;agl\ég Hgﬁ%&c&gingﬁ{fl{%lsgec?acﬂs, contact lenses

Aat S 26808 g&%&y Wihede REdtoRY heRéveRido 1itelif snysiifditoasow or stop the
atropine (that are usually uysed to paral

ereereﬁﬁ*mvcﬁm@ﬁya anghprgp bl AGOR et SPBWWC%‘%&“%MC&H{IY gjomote

?ﬁ@/ R LRASERy S ociated with the |long-termuse of
har macoYogl cal substances may render such

erdaI G)Ite| femn pfopinearéafica gplled|“gongenitah BAAPR Hagccorts 2t lﬂﬁh is usually of

ﬁgﬁ L ldgnvderjngm@%e ploBsdivl wHES A HPbf ey(ls&ﬁ&i%és Ralfed “juvenile
y’ coor di nat ed nner ‘toward the ideal optical

sﬂyatlé’ ord'sghooloeppia’pbagins dujchildreast agerintot! P ypdrs and pyperesses through

F)ﬁlgul(t)hogg t0§ Eo%leg%%% ryg&ﬁ Apﬁ’ﬁrh Clg'éee’lsog?n Bfﬁgpﬁrljrlrlyglgrﬁxfagbcpfe?e\rf%gtto as

fado atyepin a)l btebS mryoang mﬁhoqdmr Gite taenage esen(1fre & yearsapf age) and

vari et rate anlmals r r

it e alb st apE AR R s RER Al SMLPbiriRphgpo ncrease

the esamigles Ii‘raidnt)dit sfovomegsa have dedn snggqsterl elg:mnaoled by

O S RSLLIRDI e ety
LKH 't@ﬁdralyimﬂ&nﬁﬂétﬁﬁoﬁ)h@ ;ﬁ‘ﬂéﬁzqﬁlﬁe gIoQWvétbthe pomhtiay disﬂivgntages
(called "axial elongation’) and to be{S

agsefiated Wigh the &ongéexﬁhyégq@ﬁgﬁgﬁ IEREHOgCH sggcqay (1?1%}' Fender such

mggglmag&gmemgﬁdapn myopi a". Second, if an eye that has
formdeprivation nyopia i s subsequent 'y al | owed

unr esit sikepwd that dyring eashhdavelepmentyibe iy irs P12y SN AR p highly
EQRlingtd MaARE Rvatd e %él%&)h&g sthfef 4 6desyR i@l @ as Thi s

recovery requires visual edback associated with the
tonehetrapizabart | hronrthé Sta@mpmeofe?pﬂ@ﬁl irferrention topreYeRhthp pnset, or retard

&o ! %O%%%tslﬁglg of llﬂg e}flr&/ %ﬁﬁﬁ%ﬂ%ﬁ%ﬁsgﬁ@&gt%lﬂ?hdv@ Be&rPmade in a

S reco I nposIing are ractive error
Oame@/ Gfmeﬂdirateymn(atsrraﬁwm bipdsdt higher, prioratest ipae dgrgonstrated

ne| hted .nor |l o t

Sy 0T P D SO B PR R B
el im Iﬁ@t @8ndifiéhs R)Eé)t’pﬂﬂﬁlbmel rﬁarnupmﬂatlpns)tﬂatqmd/ebythe/ foematiog of a clear
through the | henonen n, call

Eeélﬁi}éﬁlg%& qayspth tge gett?] wtﬂmm % onﬁ)%@?%%x}a&) Blongatlon”) and to
béRRBIHioPRtR Glﬂﬁﬁﬁ%hté‘d;‘lﬁ phéhomBfibicefdred tocas V &orinedepriwdtion myopla
ani mal nodel s including hj gher ri mat es B th V\ﬁarl

of neYpaends dap ey tharheg fim- 4& Qyatio é}yyplﬁ&%‘ @’3@ Qg%
LERSE&ed 51%9 QHzIt 'eyeeﬂhh(n groRE 1rﬂ?(1ﬂ§ﬂ?{eﬁthaﬁlﬂl\1ﬁﬁndté%&hd éﬁ@@lﬂg tdi'ractlve
positioned by the use of negative-powered | ens

paer Thip recpesy egpins vps(gal(fped@ac smc;‘q&:}i vithdhe eye srﬁgfectpv(grrefractlve
Q%ML& e E%/ﬂagl Qﬁcdrécﬁﬂéqh’é:ﬁgoplér Srot WihQPLcRach! 18K E SIS s redovery.

ac uat e l'ongation (growth bringing about a
" | engThishimgysingfa refrasties escop ah p pormal eye (or “emmetropic” eye, one that is

neither short-sighted nor long-sighted) with a spectacle lens produces compensating ocular
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Thus, the nechanisns that are responsible for

emmet ropi zation nonitor the retinal inage and adj ust
wOo20080558910WM h rates to elimnate refractive erpuargs2004/022083

That is, the eye uses optical defocus to guide eye

gromh toward the ideal optical state. For reasons

ploath thatelinoiatas e refrhofive pruiemsedyemd byhéeveinaﬁtwuzﬂ)itlz@cnsom

rocess Wr |ns e | \, I ' ' .
Brsmr o Sp e B LonPorS iR, Al th A & HGHeb P (bl sightedness
odi U’é’ﬁilduﬁﬂﬂﬁla&/aﬁéty oﬁgmynalsmgigbsncéudn@hlgmpnmaﬂes the the gugaring of

oul.d a rocess, Yet
R R s e S T e
ﬂl@@rn@gef@ﬁéshﬁtﬁed B}Cﬂis usf ofnbgatiey-pow@ed eantoraglositibs pexterior to (i.e.

bi f ocal had ted
S i P PR TP b T QB SRS tuated b

YR Frgatliodl (@%aPrZinghibbR Galen@heriM® GF B8 8yetBalppect acl e
| enses or brfocal contact |enses have | ong been

r egartwe tb%msma@ﬁw Hhet a5e FespRgiPledor GRMEEAPIZAHPIHORifpg the retinal
fs}é]a%g aﬁ@?dj aXYIQRbAh rAToNS \é%maﬁtré’{?dcﬁ% &ford. MBHlak isehb i b%%ﬂfsb’s
W O

lTmted efficacy. In the case of spect ac

bptfcg@lf@us tocgvisieiean o tophd thieidead orties! #ithays | ook
thro f 3
L L
hmmndus@dals msuilangmMdeneeﬁﬁcsvemnm%hi@dn@pﬁ Regsarch using animal
Such I
ﬁ),ge z4:)§’j'1‘r(:1on§]|y sP%gestQ g;i"]%cgln%?o%[lfg)%l uégl\é)?e\rlllﬁ St,ltl% Fx%gérsg.al'eé, r}g date
geatiedstritediescfor mgbrs thaehade giampulatng rherﬁﬂcctn@ fodue of the eye for

gnde \Iflirla {eg Iﬁf‘épaﬁ{}%?x}fl\elbad %F} A% ! Icgslns;}n prevéjnqmgﬁl’}}aﬁ\ér%r slowing

ememthe plotdsvien yf myupid.  per i ods of t| e, reduces or even

glt : m nq?%;?fﬁl}é&%ﬁ%%?@%}?fp%rggrv?s? egeencstasg?r(?)f ‘:Iali 8?ntact lenses have
RIAR HOHCBgard¥AQE PB¥ntiad SiraidpR ForGeasiasy thOprdg@ss dfenyopia. However,
nmyopi a- reducti on_device, for tgert ajn ger I ods duri a,gqﬂag

stgies en Geir pbiseryshow rpiydimiise kIkpRy- ethorase 8f wefijele

BhpIRGcLEfthEh Edr t@ R afBBoMBlJugh HEREATRIS o bortieh Fdr &ed Ywork
}t) her optical nethod, used in attenEts to retard the

pzmygﬂpglp@nte@ﬁ ’Ihg,b)é(pcal qqqtapﬂgqlsqq thatdhaxe pagn used to date have been
m%ﬂ%eog?ﬁglgﬁjf) I Qs: Sllé:g gﬁﬂgfsrdegﬁﬁé f6 LG rihA MBS RlityInd are

prescri and provi correction (e.g
tqwut tazplrceigpe usuad:moblamts siabras balpest glate and ghasiies: maﬂ?lnﬁrﬂmﬁht
mabtlwe rof ewe %Isr active prescription required for
ear Vi St oR. FGr exanpl e, a -4.00D nyope may be
g| venaddioral stuBes3a: ghain ok idpeptisgngepis-grddeng signulhife even

ope still -Q.5 Dretve Th f or
b Shirbperioth Py s 7 oo TG Bl g fets of
EUBRGEm( k. Ehe AMPlicatiopB rtltaaltdaﬂy-a&arf’ approach} whatbymhsmgepe ceases to
e. visyal acuity). to be blurred, or a ed in
e T i-asoiopiob i oy et RS BRI ENED (SerUTaLaer work
afd Bdiste 61@&/%) CRodd ndtive e%ﬂihﬁ‘:indi rayORdISdoatptdnyisd kffiedy.i n
vi sual perfornmance, dglpa reventi n%éhhe wearer from .

dri viMepterieptics! megad. i PRy i TPRTIERT RIPETORAT ¢y opta In

H@lﬁﬁ(ﬁlalsﬁs QMdbedERetion” IH U8R Loddtabn, Mk WG is FredchiBEd dndiprovided
approacn nma
wl?t a correction )(/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

-3-
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even accel erate nyopia progression in sone
i ndi viduals. A neans of abating, retarding, and

waouovs/esasal y reversing, the progression of nyomca/usronod2083

provi de enornmous benefits to the mllions of people
who suffer frommnmyopia as well as reduce the cost to
oniyglh vB AR psir ofwacttadhescmdennmﬂllsenmpa piell 2R redatively amygpic.

FRERATER S35 A SOOI E (T ot

irbafor bianal mnn,mg aised athty) E)fb‘eéudnrreder ﬂ@mﬂ@d (I,If Sqnhaewawy&is

g Bkt e piRndasey pHEC Bl A R BRE i g poduced in
Vibeil péreghess) @1g. peveniapiha weIieeﬁempihemg dustoelégam wismnt 0

pr event opi a and ression h ve

BQUiRTRAS)- aﬁhgygefgﬂ%%“f%t% CRAPL g By Fetrapon Spproath may
é\%ﬁqg’@@fatéﬁr?@&b Blogrtsoéd iR s6:OIndRkidudisSi on and that, by
further i i cation, vision-dependent  nmechani sms,

| ocatmepns qf Reatingetardings altdrféﬂ%‘ﬂm%ve(se“get e PrRETIsSigR af gyopia,
WBfd E)Ycﬁz)de%ﬁ&%{o% bén%ﬁfs@&fh'e YRRV RO Rho siPHr flPhEHRdHia as well

I nvention provides a nmethod of abating, retarding or
& Tedkica @he. ong te n@wpﬁue@r kegih ente wPrkasrapdl BIOBICT PG ERETTBRR S
@8 by controlling off-axis aberrations,
% odidte k/ ?‘ .
roug ating the curvature of field of a
vi sual |nage in a predeterm ned fashion and ultimately
altering, reduci ndsGinflk{iditHiBNP¥RTRIL A
el ongation. This present inventron 1Is sed on new
Iearnlng fron1our experinments that denonstrates that

t he i.na I )
7 L0y L 8k PR b o SR BIRER R o
e dyd for aéhttﬁf \flﬁﬁﬁ (eve bffdidamjhays hhchatly pnmnzbmsesp Hrprp‘hmtl@ myopia

an t.ot row.h t ItS| it ngation., .4
Gir ey doyr hh efeton of Typeiac T ois® Rivaiou 5 € pUcHR b Op

mzs;ﬁ@ PlogieRi & iave impl&ithl asuntbid 1R bRobrbwthds mlhadd bywsual

i ch nmyopi a progressi.on (%Pbe r et rde ' MRNY 4o
feqdhmek aﬂﬁa@%t%lwﬁb cengrgbyigersn ‘ithbytfﬁ’é G Lmp ‘%“ o &{Pé‘r ependen
RREHaGRIs HRYE & haVinhy oRhR rQRE (&S, the & da 6f the 8)d) Sontrol refractive
aberration controlled design that abates, retards or
é¢velepmgntes eye growt h. Further, according to the
pres e@&r dJ Y HveRfon ﬁrbﬁd&raqgétﬁﬁﬁdﬂﬂatf?& 1¥%RIRhPorl efiminating the
nodi f y precise, predeterm ned control of the
plfogveawrsofomqp@aar hypermeteapiajia ah ingiadug] bwonafﬁlémg affraxispbeprations,

r I

RS GRAE 8 g AT AEE 8L e o sne
slmnhteﬂMtenng]eedupml af elmmagmgh:as auaalphmgpmar al field
i mage,.Jl.ocati on that. 05|t ned [
( or i 1sf ?rs?i:pt 18¥ejnt1ﬂl] és bf)l onl,rllg\;va arnné%n}%&% ?péx ellllgglltythgp
tdiRorBR4teEtBatakie ;telm@hérﬁlﬁélinabfmatgh €. eepﬁm))hérh]a\nsm() lpﬂuyls b ynajar role in
t he uncorr ed conditj.o
dgFuupg BY?rith}’,e Elo?ndslf firéffléeﬁ}/m\é%stmrhrsgfutt éon&oé?ftpre aPheral and total
f‘:}l'eeéréiwﬂh?m eeshigCiatakianelorfpaddiss b o@RAIinEeRE il di@ stzeahd mlyopia.
retina (i

h
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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fovea). This arrangenment mnimzes or elimnates the
stimulus for eye axial elongation |eading to nyopi a.
w@nmsessge t he devi ce does not introduce any cer/Usd004/022083

field defocusing (as are, for exanple, introduced by
under-correction nethods, or bifocal or progressive
opt|thhdeuxmﬂhmtwﬁ@pdmmnoesmh@,mheﬂmﬁésqmofmnmmnﬁmmﬂﬁhdby
ﬁ%@&gﬁg%&gw %gr%%c‘% %IQ Hggax% o\f)g Al ?Jér{e%ﬁgé %aXtors or a%érr&tl%gs of the
&rret@lerdacice, o the combinedofi-exis ummuerraidny oﬁﬂhemyet amdeouedtlye
rralntalnln efu ion f

JReehch e oyt Gudee i pperpirgl Akt Fifong it PeSiioned
R6RIBREoYNEBE inFFont dfhthe peripheral fetiha (Rf todhrds the cornea or the front of

orientational ly reflects the conce Oi
the ¥ dhan axpmaalllyé%g]g pneprrested, condition or grlxtln é‘&‘? 18‘??1 Egéegﬂ?rbievwes or

$tfa iR ek il6 BleREdral AYR fSpeliBQtibEts |p6§t1(§ﬂéa Redrlie central retina (i.e. the
conpar ati ve point, while the term"pehind" ref|ects

fonen) COntEpANemRIt MnipFener qlianinaisdhegimyusdorye axial elongation
Qﬁ(ﬁﬁgﬂ(}ﬁy [0 Ahd BfceORE ARtV B bl elaRY bdhal ﬂi@@défb&lsmg (as
conparative polnt. The aberration control nethod
arhfopgxemiplet infrodused bsovndﬁmortep@m mﬁgoqﬁy@mlfacmypqgéresswe optical
c'lenpcegr[?@(ﬁe%g:e? gt tﬁ gentlg o@?&@?ﬂ% wearer Qﬁr‘t‘ﬁ G(!l $isual acuity.
cont ac enses, rnea e on- | s or

Thus| thy Wﬁntwmtoéﬁersalne thefith ef retaechWOgradem off trfrfatgtmﬂl efor while
l%‘@%?%f’a}l% Iéi(lng.v}thr}eg%%mﬁmta%%n aag éélee { SLESES ?ILntpclal \ggbr‘i Po“:r‘ ltﬂe@l'earer

ort hd%epﬂt)ademgﬁlclz(nmlac&brdlﬁg ® thqspxteseat lnzmﬂlonﬁhthtedn “in front of”

enpl ayi ng ¢ C for te ing the ..
Qrgl}aé%reqllgléefg alée ccs)flcetpﬁ ay%ou{tﬁsr lgg rléls% Hice ™ a Jllr%ctlon
RpdsuRe|fioal the esthehabivitgs iy rdtine tHah o bexﬁ}eii‘zrﬁvw@amt nglileﬁhe term
contact |enses of speci fic desij s% and ny r%f [ agt ive
oPgR CiaMesit D SorRidia & Pyt i cRien At bgriie: Goanct o e bofea

folard el Al 1@5:Bﬁ’1parbﬁ\§|ﬂ6mt PRK, LASEK), alone or in
conmbi nation. Preferably, the nmethods and devi ces of

the p'ﬁ’l@éié?ﬂ’atlpﬁ gevol Bt ef therpeRsRE IRV RION fordeARETY qpyp may be

%ﬁg)l(ﬂ'n%uf\’ﬁ E)@a%ﬂléils;%éétaa@s hiddt léﬂ's&hcc(rheaﬁmplants (e.g.
nt al n %nmsnt Wi th, or naintai

Orcbm oinilam), amplth;f)c prpleer (]_fylées, q@g@r@p@grsle@ps (QL), as well as any

ChgEEh A p L AN itk e

4 smsrahzednnhth@tmgp@ymgaqonﬂagdg@gs fot tgmppijag yw@gngnggqtée refractive state

?tll:]t o 24 %rog tc!o?rllea qaentdpﬁ%]eﬁ% %e?lgg Pg?&:gﬁ&g elrrﬁ%%'aﬁlgg §tQontact

etsey af speeifio ﬁesﬁ gnej ahdaoyitedrattéve rsmguhabprantddyresrm gnemkcre@phakla

e B P AT STE ANV 116 APhCRIRE ot hat o e

posi tRreferelyaiaynethoasnridrievioaddl |thenﬂ<bsﬁiit infentitteare jreplsweraad in a
to render mani pul ati on, of perl‘B aberrat %l h,
gofalifpihat qap Femaiy étf‘“t&ﬂlyﬁ%’ﬁﬁ'a it FH“%}P%’é‘taé}a Mpmepgvith, or

phinfdicedpmatRrdwah)tRCéeVREASISss cBteideitnGE gadeVE kHedSe, such as
spect acl es, contact | enses |nclud|n? | enses used in
a

@thk@qa@llwoqogw eBacdve §lyg%d:og)6?lﬁg1§ n;sncfﬂnglm gnsewrgldntraocular
rh&banahl %ay,ttﬁkeprgﬁsterﬁgﬁ%l angkrgMhcRerrationt REdiRE RSB recise,

I nvention are inplenented In
predetermined manipulation of the curvature of field could be predictably maintained

irrespective of eye movement.
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a nodality, which can be presented to the eye
substantially in a relatively continuous manner so

WO bt/053891 s avail abl e during all open-eye occamiDUS2004/022083
such as continuous wear contact |enses (e.g. soft,
RGP, scleral haptic), orthokeratol ogy, corneal
r ef r agdgo ptefeabrygfhe ylc;vi@a@ pﬁtha presenp irvemitson azethesei that acipesitiened
| en tr a0G: |l e r.oyl.di a. .

i dtoaner and bEB e e S B8 R BB R pljppere abernation

Juftiié fod PoitaN of mﬁlmlthgfefa&c tiégvexn ©f feadbmtand effyaivesess. Such
treatnent ca e ac ved. . o preferably, t
dst B PerIEs o] s EHE B8 Tresaiset g pSkeratology
SanliRcindoaREaliaphiis, 1191 d gas per meabl e al so
abbrevi ated as

) ptic art hgker at ol .0
or cdvsppferhly gy “"r?glfl’gf ?‘td)f{e"@? éhecmélﬂﬁ@tégV%nHOIbi*fﬁé’Ppls%“wd m
%B&@lﬂe% ch2REHé ﬁt@éeﬁféd RS BE le%1 b(tirﬁiquj/ refrcREvVEIN Bontmuous manner
wearer” s anount of nyopia changes) can be readily

i that éie avadlpble derifsad OPF’héb’er%ﬁaéé’l“ééuﬂ’eaé&oFtH}uoP%‘V% Eopac henses
dcg’t %&P R Pagcle%{rhgﬁﬁc)f orﬁh@ketrﬁﬁog}a\%@m&fl rSPRETAGERSy, comeal implants,
aét [énses or orthokeratdlogy, a new | ens can be

e chapddr nes didsiparnsldr lersgsliByproviding e lsebstsntiallycontinyous

cor

\gls,]ua mullgsg%{i/tgtglt 1ﬂg}dgﬁ%§%a§ﬁ%¥ g@&?& I}C)E(J; tﬁé%g(;ﬂé{:‘geavt\xﬁnent can be

ztch'&vﬁbl theliumallowed to re-grow over the device. The

presetineini l.ar |

ext ehég%odprs\%gﬁfym € pres hnl}%u éolfll Vlvégbn}p\felﬁe%edq? ;Feg{aclléss %oﬁtgct s (soft,

hgdl ghd Iieymeabretdlmlabbxahaﬂed) ay“ Rfﬂdahqletrgd haptlca athokeratblogy ot @yneal

nodal i t t hus nk.L NUoUS
amogélty Osimcmc, IP 8?‘8?(?3? P%rHJ er;? %beggth/crn yproftlle eqauergd as the

Wér s%?ncﬁaﬁmﬂrﬁyd)?ié?chmﬁga{) caObd @adilyl reqis evithoud tbcdxanple, the repeated

for exa soft or RGP | enses, have sufficient

W?&W@@Wﬁ@%?qufat‘?“r&% ot her properties to permt the
| ens 1 theR@sel dtfspeciabled, REntEdt Reniélor BAhdKeREN0ZSE né lehk can be
transfer sufficient oxygen fromthe tarsal conjunctiva
prescrihed angrdispansedreadidint ai n ocul ar heal th, despite

at ”Dﬁagbﬁ{e ofi- lwm%ern@ﬁt RS iQ¥Rdpea bl sy, @Hé%xtsﬁné &€lay removed
cl osed eye-lid. In orthokeratol ogy, t e contact |ens

{ndhai ity avelpy aﬁﬁg@d inwlase with ¢herfipifheligmyadioree i igeamy pyear phe device.

ki nd

o BB DGR 0 M B o
wearcentea ddns nfmdaletp,u qrtheltqrajnlpanmoqlﬁcbut}n@at cafiiealrongiy piedaliy thus
cont.act I ient in the
He¥pres SP§ efnggﬁ?)yvn% ng'b"zuﬁ?saf??%k&g% %{{h gdag?%or di ng

t ot herypicabig rktehded emhr @rvomituhauweat oorttant tenbesshiviemny bo ifor

the period o ffect ss.of the orth ker t

vl o, ekt ot Ss Sy PR P 3hEh R Ssries o

pams thelefisttb BE (LG thl ysrturitigeley ogistill trElisIfdmuﬂﬁaiehtyqum from the
optical vision correction devic geSL ned

fesakeoanpsva o s comee fogngingaip P%MS’GQ@P It 8

GSHY 4vailabld &ie@ tHeQ108H &B-1R. prescri bed amount  of

suitabl e
In orthokeratology, the contact lens (which may also be of the high oxygen

erlc oxygen not

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

waoofohs/esss| peri pheral aberration or relative clmOTAIS2EH/022083

of field, introduced together with the appropriate

refractlve power is precisely manipulated so that, in

the plzserairiventioni withoutveniest lentsivwegr for the aeriedrfiefiagtiveness of the

%{ﬂfg fai t he peripheral field is positioned nore
FP8r9% t han the corresponding position of the

peri pime rpadsem atwemwm/dan bereakized dremnyralier pfragys t setard or eliminate

?%lgél gn%g? 38 I0 {] cagglfltog gor%e% ev1c¥ R &e@{#ﬁ{d w%%%&e&ﬁ%
ghdumasf fiadliee pawéras }orrebtl@nfral WBl(fnCtO lwha:lha m&snbﬂdaih@dnt of suitable

wi.th the ri heral I e nterval b n .t he
AL T L A T A R M S
@his @ff%ﬁ%'p‘éﬂﬁferdl B6erragibd 64 relagfe dubAsire 60l d) Sittodiicedaogether with the
position along the interyval of Stur T‘%V\hl ch ]l))r oduce§h h
RIPECRARISITREACF ORA T éyRsecigivanE R ateg thad, igSpmpRpyqp With the

£Qaa kL denEhbtRSioRe, S}het infaBe &fthdyREbhe@sl Uiekialk paitidne€ didle antefiorly
the presence of radial astigmatism the curvature of

ﬂmarem chiespoRilingRpsision of & Reyinherat Wenw’é&eethf cqnifgEipo g positioned
(LR AEk Iﬁ%rfoWat Fl"y'{nleﬁl)ﬂ% B el M sBnde @F FRGH hitRmRANE (2 tybeSof
mani pul at ed I'n conmbination with the ocul ar
pdvipheral, pffragis aberration)s twe ling fae pee asseciatedoyith thmﬁrfpé%rablmage (the
lI‘l% a‘f i)(%v?gl tp’h WO {%%alls (?d%% &QB'I{II*C% bPStQIQI‘?i Vt’hlgﬁ] 990 fﬁ?lruges the
ANt 61 10T eri pheral retina so that a part
txﬁr,cleojf ldast csmﬁmon a8 epssmmkmgtther ipteyvabéf Stewhich produges gfe
t he r

SO AL S BB phBaPSp BTl F AP
foatid) ﬁudhapieyenbeaieﬁdlell aahgrmttsmm};e renituead fiold intealutaedcording to

en the curvatur eld is. at ed sq_t hat
th Peesiab b begnt e L hE iRets B A S R o B i aaledSo ha,
ASdohBimRtibrsWith theloolSderraidas, adlkasd thetnfge féridtdine Faeus dsseciated

particul ar arrangenent the eriphe reti
6 gt plgmiien i FoggRe more BB BRSO gD tata part
608t inRURAL Ss¥s b 8Rrets @R theAhteWiaBofFhurmARe i AbAtiof teqetipheral retina
good central visual acuity for the wearer while

Whﬂmhﬁ sere@lisage Fsdi"&ll‘l@I‘Peﬁg‘t prneat thefaysd-i ng t he

progrg %19&121@ bR ORAIArh i FERRER be RALIARE WMRA tHetAral e of field is
|n|t|a|0n nmyoplra I n non-nyopes (em’retropes or

mypipnlated s iesthe woterposipnpy line ffegyelasseqiated with gadial astlgmatlsm is

A0 0 A PR B RS B o o

WOulti(alsaﬂJelmffotuscal di agranms expl ai ni ng the of f-axi s
peripheral aberration v .
gen e?g]ese aﬁ'fang%ﬂuen S g?wde co,x_:? Huougg lc‘%gr c%fltrzg I’Y%aoglégrgf p;%a?técglarly, good
cindg) dstal ity e tleymea&m ovhile hlamltmouislptechrdmg maﬁlmnmting the

hs exn | ai ni.ng rel ative curvature
el SR pih 1 GuePi e Mg P 35 of i i Bon ifBpes

itk @@dbesir aghediibtréPes)tvith Bydpicweticheibad.b Maditidedls with a
curvature gr ap@s expl aining how rel ative curvature of

predisePsiIgn 19 d5YAP MYORPbpi ¢ eye rel atively local |y
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hypermetropic in the peripheral field and a
hypernmetropic eye relatively locally nyopic in the

wopens/gnigrial field. Figures 4a to 41 are opti c#CT/US2004/022083

di agranms of the eye, graphs of experinment results and

relative field curvature graphs detailing the

principle of tEﬁUBF§§§ﬁRHW“m%@F6HEDR@B&E§S4a and 4b

illustrate the conventional approach for myopia

treatment, in particular under-correction, which

add r ersge& land yc stheptiral dixgrsmeexplamng thie Offraethscipm“enﬂlmabahevetlon of
t.0_4d defcrlbe our experinents,

Eﬁ%ﬁ r Cer 1,0 ﬁ
%WW%HGG gf?é?% RISt role of the periphera
fi el driguiestZaqo ehBieloptical dﬁgxein@ pfraatye qod ogjatesSiebhcuavatiire graphs

regression of es 4e. and Af detail the

aippgTelatiye c'ﬂ%'fg Pgﬁslﬁtfgr B EPd T YaRaUs BBSSef f ect of

r el atpiMfesCiarty 34 bie@®phdal ﬁia@ﬂaﬁﬁs bhtht by @mélitdle fRld curvature graphs

progressi on_of nyopi a. ures 4g and 4h egﬁlalﬂ

XVt I BIAYE PYTGUG1of HE pF Gadat TPV BRI docaly
fn?etxfogfc ih BR pefpiiRtdl Yigldian& i hpRemetRipictyd edlatbRly 18l @iyopic in

appr oac Figures 4i to 41 detail the principle of

mh@ﬂmﬂ@§éﬁﬂd+nventlon for the case of an eye with

exi s tﬁlégeso&stb bl M€ o?tﬁ:laﬁalﬁéfﬁnﬂﬁf tﬂé‘é}}ér é'aﬂi‘s of é)?ﬂegmeﬁtl 1844(tE #nd

5a to BCc are re ve cufrvature hs and

etive fitld pmyammgmphg defpitigg ﬁmpnnmplg @f ﬂlatpreﬁglt tﬂh’éntlon Figures 4a and
nm

FE WP s B SRR i BB e N o,

#hich adkessebasity the estakly ocenird fsblcrt:frmmse stata Figwesrpd te 4d describe

ectacl e | ens. desi sui t b
gtggém{léne&s ng\(;lég rgg%tﬁ é’ne 1m80r?ae ngoileoﬁl’th«{ p%ngflé‘ulr}ga din the control
e lBpOPRL, proggssichan aegie3516ﬁi of Ihj/cq:ﬂ;a‘ rfaglﬂeﬁhacamh df detail the prmcxple of

P RESCrR ST 0 Eireeaa EPR iy Palody TR ERAR shpigpression
Glorﬁycﬁ)las aGHirey vy anadh e yinamded thegtimiplost thinrEmelnventlon the basis
descri ptions., The exanpl e designs are_suit

et Bl Oy e SXATDL e ooy A o R 30 8) A v prnie
BYRPhRsdnPlnvéniion 38 the/QABEof Jfil Y4 AR eBgtingPsifile feldtive buradtere of
a design for pronounced altering of the relative
Beldvat ure of field wherein both sagittal and
tangefbi &l sd thBE afeQEhtiRIARG A Gie drhpHs 3Rd @;Ltlcal ray-tracing diagrams
astlg tismare repositioned to in front of the
plhlsurq:ohe thel prineiplersd onﬁrgbﬁdéser@ ef theEresat inventiop, igplemented as a
n.for r
PR 2n8 ey B o BHE ehEp Rl b it W sctions The cxamle
ﬁmcﬂaclamls desagnaislsuafablia fwradtaraiﬁnga@taslggrmtmmwnsthe progression of myopia
epositioned to lie on or slightly in front of the
B’Frﬁhé?é? Tetina. Figures 7a and 7b illustrate yet
anot mgurmd I6ﬂ”€lhistrﬁé aiidtiesr pmb&&mbntioﬁﬂlelptdsem Jinvastian, as a spectacle
gﬁ act . g gure 7a co&ta%t Lens.design Ivnomial
éﬁ‘iﬁ‘%‘ﬂ meﬁtﬁ BRrssoid °85‘81?a AR SFEPRY B AR
bdlaféNQS8cddedériptions ’Diggxﬁnﬁ]aﬂefsrgﬁe hie dm&’ﬂble fanttarding) rceas'ﬂg or
is a conputer-assisted gpti rac
BUETSHE therprogiessiog ohmypPa forar- .f%)% %ﬁk&w%gﬁg R USgPgFiesien
fdr p%b?ﬁ)ﬁrﬁ%ﬁ RGerinp S H8 $d18 Ve JBH atuf] i bldevv}i‘ebﬂiry Béth @agltﬂfl and tangential
| d performance of a soft contact %. t he
bneé@g]mssocmted with radial astigmatism are reposmone to in front of the peripheral

retina. Figures 6¢ and 6d illustrate a design for a more subtle altering of the relative
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i nvention suitable for retardi ng, ceasing or reversing
the progression of nmyopia in a - 3D nyope. Figures 8a

woexos/@3841l | ustrat e yet anot her enbodi ment of tHEI/US2004/022083

present invention, as a contact lens. Figure 8a is a
contact |ens design diagramand Figure 8b a conputed

el atre véfiéld elhdretuthey segittablingriagi lassoriatgd tithiradig astigmatienyiigyn
and.rel ative cury L. Lhel d . fornance of a soft

B e ity VLY L a8 of Y CBRA RABRTCS DC o

r et armdgurgs 7ac@ash fpsivate yeasotbérrgmbddieeptrd ¢regsssentringtion, as a

0P i T 108 RS o oty B B

pra¥iRNHnl BicknbR@réashlsng Ohalf-heridigl, ahd FigureTefid 4 eomtputepassisted
concentric bifocal contact | enses and_.simlar : .
e iso Ay 178718 PEBBRGUEAE hofoma el BFITA JoKS PR HEPY Hlustating
e QB SSAdNae dUW@RISof fiel DipbrPEm a8 o BsbftlddRtatt 1bnssif KiRtpResent
yet anot her enbodinment of the present invention, as a

Bentiop spitable for heding SFagRe CHTVERE die Hregressiop of myPR/aM A &P
g&oéield that has a piano power suitable for

prevention of the devel opment of nyopia for a .

non- njiges 84 and Sjlbisirete yetpaethericabodimeni pfdke PressntiAYEntipy, as a

' t | f r Inputed relati
onE S e E b R e e Eikraf and PRl s8R mpued rlaive
field senvatutergrapitillestratingathe desipnrand selative quivetarec figldtngrfermgsnee of a
field to stiml ial: e ' ]

st Qe S Bl S RAOE e o, RSB b e
popesde @mypiadphalOFmyopees 12a to 12i illustrate yet

anot her enbaodi.nment,. of the present, i i . .
o gL S gl S B Ml B BAARE A prsry v,
e mhdiofor frelrébtivedndficacabficoncaitrid bifolcal coltadtdenses and similar

si mul t aneousl %eﬁa?rt i al I% cor recghn t he .hi er - or der

SHRFRUNRIGRBIOBFICE 98 AUSFRPBETINF Y B HESERF BY ONT P THE

| WEl\ﬁFllQéﬁ 14rahd QOEﬂlﬁ%ﬁtﬁétéﬁ}%V@iOﬂﬁﬂ?ﬁbo&xﬁ&thC Pyesént invexation, asa
typl ca grow i n a ni .y coordin nner .t owar .
bbearieH nffseiee 4 cogprBatde ppie el 2 wrieg aplgng gower suitable
6 PRREL R of Hel dePelopniddf SehyUpSHOENAGH-m PR eI dPiStendencies.

whi ch have been nade in a wide variety of vertebrate,

ani maligurenhigiang 11t Wstisie Yes anogher PRedimBtiok e @geseni dipgntion, as a
QSORSL! BhedLst Bf:{hg Pte¥&h YnvERRh thad BorRBIEELAR! ARk of field to

process I's actively regulated by visual feedback.
Fimalate agiohdongatensand eyegiowth imerdenio Taduse prcametonpsa briging the eye

ggci\/tgv(,lgrdggrgm%(ﬁor @ti on of an adequately clear retinal
I'mage cause eye to grow abnormally long and to

beconkigmgo[fado 02i iBistmte-ysi aphthekmtadinreshof thepigsent ingention, an

to as "form.deprivatiaon” Fa.. Se e :
afSab TR 0L Y BBy SRRt sy orrers v
silutivedusinpatidlly ireclingitisd logher-bhiat abeyratidnkefithgepens i n a
manner that elimnates the existing refractive error.

This recovery requires visual feedback associated with
the eye's effective refractive error because optically

correcting the opi ¢
g DErTTXIIPED 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
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error with spectacle | enses prevents recovery. Third,

i nposing a refractive error on a nornal eye with a
woepeshsssde | ens produces conpensating ocul ar grORU$2004/022083

that elimnates the refractive error produced by the

| ens, a phenonenon sonetinmes called "l ens

fandapensbbdbhservationswigch have beraahsn i arwideryariety pbvertebrate animals

respopsi ble far .e { zati ' refinal
St R e S T T o
@fith@fopizailbrbprotess is hbevelyyregulgeatbyopsuat &kdidek. dionsts canditpns oe
B R et P sl PLeDi ity Sear etinal image
Q0TEhE ORIt gtowodbnpiialle Sdggae® @ese myooorshondightedml s
resulting in commpn refractive errofs ik opi a.
PRESRIBFTIOR TIPSOy oM et Ao, dRYORR: TRAT: e ddr dat hay fopm-
d?ﬁ%ifon%ﬁbia@f subSequelly alloNRPIEEtrictd, visidr it &y elthdngzrows in a
this process. Yet, to date, treatpent strategies ‘Iﬁlﬂ; dback
wyEsT Gt ahainaihee FRSHPR ATRERE e TSRO Py LCquEELY St feedbac
Jsgﬁiﬁéﬁ_ewi&}?thg ey {RER SreARTvY BEG bebAEd GftichIBNdorBait thadyopic
only limted success in preventing nyopia or slow ng
domvithispeopclsdersssirevenisireapyeryi Ehird merosiag are{Erclve 4To8 od normal
eﬁ'él\&qglrlic %eétﬂﬁ’g left &5t iRct LoortpdG ity SRBE FRUSHa COITiRAdS tRerefractive

y i nduce nmyopi'a progression 1n sofe individuals. As
eveor pradhedrbyithe lehse a phenginaepnsseneiimesscallechdens compersating -
efforts to pr ' ' ' :
assurbae eRrRi TR IR RoRRSL ARt BRE & ok R M Fetina
ivlage ad fdpstibda lgraxgls todliatisde wefadtive errons alhay issthe myeausds optical

at vi si.on-dependent chani s ted in the center
%Focl”ﬁéo gy qeﬁgg%m%{.%wta dér%léaylgcago r¥}Soc\‘}ﬂesga%?egi on) control
r ef r Fot ied®ne €M4€4ro potntirelyinderptoad tha eminrewrepizaton preefsgoechwry in
on new findings and | earning.from eri nents we, have
e ROt P BEABHCD FPLE e RPr G TSP RGP Eh roREy
JugbdsRandt Sp@dal @Fbdu¥ bn ia ManBétsnyiiah @ 161is comptiisation, pyd Niwle in this
devel opnent, progression and regir essi_]on of . q%%gli o fPJr.
PIPFFET NG5 leHD ASEmSPedraeaiat T FGR JFhPE ANt the etfective
foBld e R Y.L FOYaI{ dndQindRRLHENBHPAavY hid SHly liffted/duStedslin
associatéd with off-axis visual objects, and soneti nes

PrevestipgEyeRia axslewiag dovet the Rereeassion ef rayopia e}, fipreyls some
BRdREe 1) s%e&ﬁoqgég%gtmuﬁ :uﬂ&r-g&%cﬁlﬁlll may ﬁ]dh@é’@?&biﬁ}g?gssion in some

consequentiall'y, " Stinult fromthe peripheral )
infizridupls ohowe explain ppHhe erisuiag sectjprpnthisogirgvious@éfarts tojprevent myopia
overall inc ' .S ' Thend: i AGal
EGE s A DRSRA T L8 (PRSP oot Wiy
fesdback associdtébwitipemirplhesiod anditisit isionslepéndens mieghanggmep located in the

sufficient.in contrgl Ling e r h I ' 1 -
Gites pEUE Bis B DR ESHob BB SR Cyace EBbLER, ©

| nf arnthe pessént irention isrbdsed omsavefindiggsadd wiatningafiom bxpreriments we
di ffuser lenses in frqgnt of both, eyes. that. degr aded

bk rimes o TR Semirtun e Bt et aa e g d FEh e or
&Ra6iling el deYelopa plogtdselon eiSgressvRlog iy opiar @urf findingsl

wi th annul ar. di ffuser | enses that had either, 4 .mm or. 8

damapieated thydmags qualiyin the fetinal Regpbery 8@ PHIPheralYIsigh: of Kigion

Rt Whh 8RGRs 9¥%Bal oWfRES, avill SWhdHnek dtereilNo béie “peripheral field”)
apertures, a significant part of the central retina

caaphyexnaet releyin detemining ovezallye fengieand carseaisgtiallypsmuli 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 cl ear
retinal inmages. Due to the presence of the annul ar

waliob$/esses1, t he remai ni ng peri pheral regi ons ofPdTngS2004/022083

retina were deprived of clear retinal imges. |If eye

growh is dom nated solely by central vision, these

androyepia. dhe follewing|obprsvasionsfRTe RULEX PN PP Ethe pggertion that
dafrididd: bl @nlrbnn b6t "

gér@r o ah visih? e?fe{}fw%n idi nrb1ige yyeegfr

Ive eve opnent. Yet, contr to t
conv éliseyatidn phAxislsoysimia prodysed bipresipherplfpinp ﬂmﬁa{htlcmo Anpfant non-
rivation j
%’HH an rm%)arte twerg]{earter eaﬁqaﬁﬁzﬂ' i ser 1§ s@éall oﬂ'oglgofszt)%\{}%#? {gigﬁc%egraded
peral vigbn wahouw eltezing oergrat hatm fSeb¢1ﬁwellyl 3- waeleold ehetstmnonkeys

range of refracti,. ror
g)e(rﬁg?aire_f{e»ﬁxttlé?wﬁ\r ﬁlﬁ%er C‘ense&hat gadeerlt?r)no% mvrrvle ?rg( By O%}ear aaerﬁxres that
abreicBitéred #efrom of/iht pemls of ed@hﬁbfe Wieba vidwinl hrdugh éy@pertures, a

raowt h res Itedlnlon r an | axi al
iyt pi ofihe cegloc B Gapse Bty Y 2Hoen Poain G Erdhip m
SIRPRS tdspdcavdlatcenlel @hesirauied dléhr tdtiRaldthagdst Pudfo the presence of the
peripheral retinal inages are effectiye and_ suf fA Ctj e
prnulgr didfuses, e Eamaining RARPRGTRIEHORG tHedrnact g deprived of clear retinal
fieeed opnent . Cbservation 2 - Recovery from axi al
myopi a does not require central vision: Infant nonkeys
exhi Bf eyegrowihs damnaedsialy by cenfalivisieny éhesq grgplar diffuser lenses,
\ﬁVHlCH‘EWEIEM‘%Eht@&q Vmégpéh@uld '1_39\‘6 Hay @&El ifan e@fe% refractive
experiment, we found that 18 out of 18 infant nonkeys
ddvalopment. Yeis mntrermto tbea qosventipend philqsprhygiha dmpgsedperipherpl form

- \; f

o b RBNE 8 LARE B AR RnS TnE SRRV Y1 fea @l mopkrs
dﬁVbhﬂé@lgmﬁQnahymaﬁMrve stroris ¢ae fklhwiedli qutsldeFﬂefseagecdf r¢fractive
Sy BAR) FOn R P e RSB Bl e SRVl
Meintrese Gzrdvftrh@ls feyigotieln éq:itls diehatyeqgowhhehih resuhed‘m langer than
suf f cient to %{;{ ve t IS v si.on- dependent recovery.
’l‘—‘fr(?é eﬁ'ﬁﬁﬁ‘évgn Lk T U %}8% Med either myopia or
hy perimesd ogilie cRslddntatttdie it alve@tionddn theualttp of ﬁnpheral retinal
di ffuser_| enses as. described eVJ usI re t est
IMAgEIAST BXToHE A lcwehwﬁ&efocrve'gﬁém handrerecire emglgvmem

| ens qSos¥Rhton 2MEBFerp ROmaxAl MPdiPdeks ﬂm e ifeledtfal vision: Infant
section of the retina centered on the fovea of one _eye

erfieyyaihdhita emasable aRiliee Ecgvear fﬁr@mcf@ﬂhdswnvsﬂ?rbmy?pwﬁer example,

ﬁmn@EﬁQnHﬁhtn g'e QP IPHRLP EP AU AbhiRys (Hal M- fglrngﬁé})nvatlon
l'aser.” The other eye was not treated and the animals

mEeRia Genedadiemt 19D & 10aBYshewed slerr avidstcevaf s¢egnery firm myopia
&ﬁ&%gﬁ %Jrngn%%éc&ﬁ%?d ind thé‘éi*ﬁiﬁﬁﬁ w(e{%faﬂ@%d Yredtidi&d vision.
wer e dependent on central vision en the

| as e rRetseraecat ie dt}ey@esimmodglh avggestaibhetlistresovery iamediated by visual

ex\};e%eélﬁe rin noI?I?eVr\%x eernment w% teg{éfi e{%wé&t%%ﬂ‘?ﬁ&%%ﬁgraﬁ k’l%%n 1S

O r recovery
smlﬁﬁmmtoedh\eyles vigiag- dellmslddsm eﬂovdﬁu rEihemoalm;fs that kad developed either

{ th f .
e GPEieHOBA 6 Eedy Bryrei Pepple Aybisg PR e discribed
ﬁe&m&s@}nw&rb testtld] Af HProainthtdlyaloathe df speethe 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
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These results convincingly denonstrate that central
vision is not essential for the recovery from

woeop&oisgEnt al |y i nduced refractive errors and HATAUS2004/022083
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peri pheral vision is effective and sufficient to

di ate or emmet ropi zation. Mdre inportantly,
hglogoseny '}r@’iﬂe %ﬁ%faﬁfﬁe eRET YRS Egatftdr?@d&eé%mls were
|sﬁU@ﬁﬁdnﬂ?aﬂJWdlﬁ&fstri@fé6rvi%ﬁonVl sion could play a key role
in the genesis of common refractive errors such as

myopi & TEFRICH HEM FRATHENAIY isfreedtelpgive sHersarere dwperdant on central

| IRGE theh el 185 RIQACdyB BhoGId REL EALE 1R %EovaE. WA fa,  however, that in
refractive devel opment. Additional studi es have shown

talltve mankeys ghear AGAeRpe Bir aecomeryién bagh the iaipd ans upkreated eyes was

tdB%@edOfFuRQJr %&jﬁlgfe' 1}6?51&291@1 Cﬂ:nert: %JTA§ n§ %ﬁﬁﬁﬁ@&ﬁf@&ncg 1 cular growth

even relatively shor per 0 , reduces or

énd ricavanen refiecting @mrabwwdthm@al@cd g@ttmalgiatedscwh

th :O :n; gk%se :%}ﬁlté %;Hlu'nﬁ ﬁélkggmér%g&g zﬁeag cet%traﬁxgééé)% i-SVI\l%fa e[ssential for the
pﬁrafnoechxptmrowtaiky\mmed mfrac:mne eaon ap:iaﬁmqmlphhjall vigort ik effective

Ty

gmx eéf?lc:lgxllt et% WR n I%flatl\?\g ﬁagilpg rhlﬂgrfg ?r?x?tg?agﬁq{ %eég?}{dmgs spawn

Mmﬂmcmig‘mcmymst m@lnnavmdt p&hﬁlﬂerdl Rionwoplidglduel ir6l8 in the
and devi.ces can be ied to the e ) )

R S BT IR g en Praa i PR by LebRemp lotians phppripheral

Rétind] iiRgescco@tphaiictatlly feglilate dygo@th @Ulriﬁdaﬁfld M@elop@ent. .

tp nggga@ wll]on rétHof @1e oaeﬁml g ornatgz;tﬁx\lltgtg}gltlgg mtypga-gtwutg,xlygtstllrggh (s)uch as

R Btioah UEBivhiich @Ndms d¥thPensiiRhl BP&Va Irelﬁp»@fyr sBbit B%ds of time,
presented to an eye, in _parti cul ar mani pulatin
.r@lua%smyéve@lf}lmabﬁséhedﬂyqpiwemucmmff@tswf sessEmyh. lmphcanon is
@Hlak, 1%« @ﬁfyLVV&r’tdﬁﬁrOQ&{ Jvfﬂé?&ithe ﬁn%ﬂer&@z;se?tto'u@il géfol;l? Eed%Xt?on device for
axi al elongation. Further, for op consi st ent
serfin pririogy dusing thexday (e paempvabafidr “@ﬂemdahefommseepb ey not be efficient
[ emai n
@?)g\rz]v?l}?g @}ég gg offic %ﬁa Maggﬁgﬁ bR %& a{h?e%& Yk B L8 pia-
aﬂdmgtmmemthqdrand émweatcalobg amhtdnottlteeeye p@ntmsousfy thivagiethe day.

Al so rt met h
effe c—[.ﬁje r&%?tﬁnveggl% et \Sélfl i1 annel%H (gf r%tglidm\gé’ r n@ﬂr‘é@g B Progtpssion
of fny@p(a o, prmmupgthe alitiaibe vf the dmlo@maﬁtrdfhnﬁpﬁmg asindiviiual by

refe esented he e subs
Bher e §RE Rebpbi bRl eEyate M th e oheutisier
piagipeiating thy Ethiv@ Burgtht@R dPifieM] HesbypredRIimpOst eliyindfihg€ the peripheral
nent be prevented, and nyopia

i a dev y
¢%88F8§§ﬁ% Ty € ggﬁ? retarded, and in many cases

hal t eghr®ér; ﬁ)f%bﬁrﬁﬁi,an&\ﬂc&dhstelﬂ?cdﬁﬁﬁl d?fofffl&‘i/sefperﬁbﬁ&ﬂapﬁ;erranons the
devi ces and systenms that retard or el i m nat e eye

greted H’“Stﬂﬁ%‘"%% Fryis than eongisisatharemaing swzrstaph@ymoevg@lr{havmg

bUBv R %alrmagh&am BP@enBﬁtﬁgﬁj GRA la{erbgaés SPHRR
preci sely control In"a predeterm ne fashl on, the

of f - addpasiurthes; fosHus @Ft%%@rheamaxmlyaﬁﬁctp'arﬂw pretletermyinadirefractive
Ecﬁjre@ idnVdd D a\f(‘]"stﬂ hglfal Jb'eﬁllt%n%gntf'(n %Bscfﬁ Cﬁr&f‘éx%bg'e%\f s&ffied to the

e conbi ned existing optica I'ons
Wéumtlﬁlhecomonmdm tooteell open-eyasituatibast  t he

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

wWa We0358d1 of Sturm partially or entirely in frromus2n04/022083

the peripheral retina while the central image is

positioned at or near the fovea. This arrangenent

prasdddeih tonté ofinovd lopticall devices emd system that shard ersdiminate eye

ga icularly, good visual acuity for the wearer while
"taneously retarding or elimnating the

pr ogris &ieﬂmdmﬁndmopzpamsqs of tig q)pa@@xt im'ﬁntpmemim'ithﬂyrbtression of

llﬁg(lﬂ)té%’ %éérF%be%éso%oﬁﬁg’ 11'1 g Bpe QtF < 8S|he n, OE'tOeBus pf(:)r[pheral

dvaethiione wd ;Sarﬁwuldﬂlyahep'ebdvsmmtre offidld oﬂhv atrmpnmmpica)or the
by praovid [

vl i et abgER e vernb B preefis fvise. weh e

{288 6the béHpRBGI ABLalBeld @ shifiell ﬁrﬁﬁtéwvaﬂyer((ﬁ dfitdtidh ideally

vi sion) defocusing effects, as ntr uced
RGPS e BECE bR SHETYRIEHEY 8F S o S'F Bgﬂr&gé f (pgina while

@Ptifal mgl%é’ IsGRSitiored GhordRY the foved. Qﬁis@ﬁaﬁé%&eﬂﬁﬁﬁﬁﬂes continuously
substantially simultaneously with a good quality

dlpas gentrahigion,and prrtigulary, eocpﬁr‘é%h%cmthffé S e prhuf simugneousty
{%ﬁa‘?@ﬁé beliffindti ﬂ{eg)lrc%gesglﬁﬁ Of RSP fopbEbf ﬁ\‘é{rén‘t’iﬁg fhk ififiation of

SImul tan y mal nt al ni ng a substantla
myoptia Muousyyopbs@mmetrerss of hxpesugitopesyudh niyepictienseqgics (ke

P00 O S ) 50500 9B g, B e

mllemgambe\mmemmphetyudi ng spect acl es, contact |enses,

corn ce tlgpi glg'éss ?f(t]?e ]%ese 1nve gn 84 nét (1 tg?gfée) a’n?I 3&3&1&51' v?Jlon)

cha r‘aocu enses
M«bdusﬁi@ effacts; ey are iltrodiiced py hm-lcaﬂrecnemmdﬁbdsn gr wfocal or progressive

el P e e BT St BT AP A s ich a zood

@lalif viduBBactiRY. ITAES, heepréseatifvenfion dfteregie banefitsaifedating grogresswn
t he cornea and epitheli um b

the sh rt termwearin
SRR pet Suble P gReR T LA GhE S CRR FO pes. lost, usef
J;lgfaq L& th 9&ggures (e.g. therno-keratoplasty,
epl keratébtgl asty, LASIK, PRX, LASEK, etc.), the

aber r'hileothe absatieyn cqngolmsgqcéqafébq 8;e§eﬁb1|ngq?é1ﬁ{1 B3y g, implemented
é(iﬁlg sQiEab[EE%ppgﬁ dbNéds 1mn{ges‘§96tziblefseéoﬁ¥abtvl€ﬁs¥s CEMbATBHlants (e.g.

axl s t he eye such as an i oL, cor neal
om-‘p[yam ig-lays) Antarier charnkss densesy miadenlaplenses Wlé{etc as well as by

g%ﬁga?&t éﬁﬁﬁelﬁr{egﬁﬁéﬁm lPs 'lHtl%gﬁ@M’tOdg ﬂ@luﬁﬁlg Shﬁ&e&%&éﬂh

era err &t on Ing to t reci se
meeldlued rcvitae densteehip gleav idnseolfs to h@erpl@snefra@rws staffe of the eye by

REHABIEIA o203 5801 6RhyRbEhE PSS B RTINS i
@ési:‘g@s)pih&%ﬁgﬁbll r%fg)dﬂgé mﬁdg?ag l(e ﬂ glaetnisgd;enamplaew, epaeragrtlasty,
ngﬁ% &’g‘?{aiél%g& etgy, tﬁ%&ﬁggﬁlono%w‘gy %%él%ie)’)lilnp%ﬁmﬁgted in a device or

£BADY Bt daf r@ANE FelAively abReredtd thdaxis offthd @,& s(w}equn 1eH, asneal
the wearer's anount. of gé{,) i a chang .be r?adll

iR, pontaoh enzeasaangkeragloby SipEctve thit¥ig T pyecise
QB Pk Ab IRk A QUenaﬁoﬂﬂ%Mlh@fé&h&ﬁem%redetermmed 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-1lay

worenpessgbiand a new on-lay affixed in place and®des2004/022083

epitheliumis allowed to re-grow over the device.
Further, the present invention is nore preferably
i npl e pteseht invemtipnaxalemptefdrahbaimptementod i npseteclovsgntact lens (soft

C ct ]en al it or neal - | al i1y, :
GRS sl PP el sy el S Gme A Um A, i panes n
PoBer Bikdzdberatidnf prafilesy(rayfiired/aspheaw eapdrarattatuinioof mybpiaicbariges) can be
ext.ended wear or continuous wear contact |enses, which
lygeadent 1, RGP or scleral/haptic, have sufficient
OXY 0QR tHeehsRARpdciat s, abilacd ldneds apd ofkskeiagtodypa pev fens cantbe
lens to be left in the eye during sleep and still
prewEPeiand dispersedisedigxygen from the tarsal conjunctiva
to maipiRion-18¢ me@Fitmaﬂntibsc%‘é@ W&y, BeRBRAEH- Ly @ety@ed and a new
not being available due to the closed eye-lid., For
or-lan effwgtrml%fgwd the ePighsHEm At alloged 1q TR OrREyheAiedise e
of t hRiRLOfRe PXYGAR ThvBRIABARbIeIpraferkbl) GnSldintRéd @ ah@ktended wear or
ext ended or overnight wear) is worn for_a short period
¢aatiguoug weprrgnigttdensimpgality oF 8 pornep! perigydeqdalipyethgProMdng 3m
ﬁ:%?ta{r}&il{) %ﬁntﬁltl&%.rstimnug I?t)rtntl&incr\igi'ﬂg 2ficadyBdtSnyopia TEARNESh.
eaving the patient In the desrired refractive and
aber ripicelly, skandedacanerdontinupes ws cptecs tensesj whiehmayp pe soft, RGP
wi t ho ont a n . ri : .
S B b8 Sy oA g Beabl ATl p@hertes topermi e fens
wasilefninfth eya sieringisl¢dpand stil e ke yeastu iy oxpgda fromythdaesala
Thus

?ﬁg{ncé\ﬁletﬁ maan 8?}1%2318&%‘3%3?9%% abﬁ%ﬁh{nr% eog?%éélgltgfgeér?gl‘wailable due to

the ol dysgidper i od, the conbi ned eye, tear-I|ens

(created by the filling of tears bet n the .back

sur f 40B° W%ﬁﬁ%n@gfi?’%?cékgs g‘ﬂﬂa} {14 E\f‘/ilf‘eoo tOfghlfr}}l%lc%xyg?n
RN RAM seiibld Bt ExiiiedRbveMiphf G tar) BRsormbne ashirt pansd (e.g.
are mani pul at ed accaordij ng _tiilo t he presen

. ) invention, | .
duraitsicening howss) dormede! therpithelaekandreopise plsivicichs fapiagt s i
RERbEd 1%aviﬁ%0tg@bﬂfe5t Wickhdebite Efratkitk 404 BBGatioRisGlMREGEding to the
profile, all of which controls the renodeling of_ the

prpienhiaheniion atidiow spied leng aisarfer WeRripded el errelt®d so
&%‘keéd{& l G0S cInBRPMA desfh F&Tusd MGhd SHRKYRBIJgH thodality has a dual

treatnme period of orthokeratol ogy), the Tenodel ed ,
wde: iBws,dhacontsict laes is d¢signedsuch ¢hat wheniwprmiongye dying the ‘treatment’ or
[ Syl Ly | e WY i Afin 2GS Ibddeen th
fe%’otd g‘gn%ﬁj r gé%rt] cloﬁ’@g%? ?%éh &Qﬂ?gsqgé%%l g’grtrent rIle_adi rﬁ gt oeen ©
bdvk sunfich ofl the aoutaad donk ewkthe frontiserfine®f thetcompal@nithednm) and contact

ow di S¢C ed in tail . Figure la ill t ]
G SR LD o W B Bl Bk
lehg@bdck foF povtetior abfaecprofiBDbgethte nathed rigidityand thickiness grofile, all of

?vg{gﬁ %éﬁt{’cﬁ@l tpaéggﬂgggarﬁ?ge%bitﬁeiuggﬁa (c)%%ga? gzﬁxt lge n&e?ig%egil%g Selected so
Rt hfodllens Y& &) (aftétehd efdAs&@eing Mg endnt’ @8ripd efuirthekeyatalogy)gthe
t he i mage-receiving surface i 48; . legJi c?l ILM, Lor .
Ea0delad snen and ﬁplf}@gqtl profile 1s such that the residual ocular aberrations 1s
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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systens, the image-receiving surface [40] is a flat or
pl anar surface. Hence the ideal focused image should

woatos®oseoif | at or planar. That is, points C, ACTansto®d/022083

on the focused inage [30] should lie on the
I mge-receiving surface [40]. Wen the focused i mage
[ 30] Figird I ithstetes ah idgalroptical ostem. fThe optivalyeystemd &91vis redracting light

u r g @ﬁlﬁfé @@]Tdma @]a}?v ow alkxy&ﬁ%t Bx?htrs]tc hemd B {6 be fotused to the

ocuse mage- F 6cei Vi I'ng
1&1&36 Bopw{tl Ghagapdintsh@, AhagléB i B aplideal omicdrsgstemsthe focused image

gﬂgtglfe]rcgély a]ﬁ)l;l/g%mgé{el r%geldxapg\; %Fe [4§#J 'If ?l?nfo(%fcgn aﬁéonal optical
?Qem@ﬁﬁg ARpe- Eﬁaéllvﬁn@kuﬁabs 1[4ﬂ]hs[a5ﬂﬂt ot plaiiae uréct.i Hegcd ihg ideal focused

i BoBSaed: gnt GHpat TP iLPOTRGl e TS FodTeBe P i 00

dhé@h llg Qf $hellRhgd-febeilitlh butfaad | [49[1 ahdna@hd focuskd ﬁﬁage [30] is in close
i mage-recejving surface [80] In this exa

Fligomernviddheinage-gcervine igrTass (4, BergntiRee i é? 2 35“ 4.B)
Wil de 6 QRE dhedly sYShe Fﬂlag@t}bc%ﬁtinggs@kfﬁée [40] and fRGCiHR8lis @b Oalong its

onaxi s i1 nage point A" on the inage-receiving surface
§n@6dty.and wi | | ther efore appear sharply focused.

HO\NE\ME[ :ph&lﬂ %yste?}r%%ﬁér an%l‘f' axis(dbeFation kho\on AVRYrvRRBfHeld”. In

an a optical axis of the opt|cal system
F)gljlredb qnoihntt aptiCalaystenB[ 504 isfrefrastingllight fiofrf anpbjest joRhigan image

[381 rﬂltOW-CVCI‘ (flue(iio %e lp¥e|§%{ce 8f Slﬁa[gurre E)Pf]‘%ld (tfle cus'e&] 1&%‘3 [70|’] does not lie

ect I on’ agai ITection o
fulig akiieé at t)le ﬂﬁt mﬂag-renﬁgeg stefaeq: E&Oh dn Qmefxamele[ @ﬂt ﬁom@seéﬂs (ie.

&
TR b o LT e PP b
£ MRAgepEntX” dni thd ﬁhagsmblvﬁlg sunﬁacb l[|$(13 a&d(wﬂbtlherefqrmapphar(sharply

t he of f-axis_periphera poi n are positioped .. .
it e YERGPR hets 67 pegrey Fop s dgpelyS B Spgeat axis
SF thH SpRiehlisPflerdOaj B hoiht € Ml 'Bei§ fdcﬁsﬂ:d@fﬁ offlagil ﬁmagbhioiﬂts C” and B”
travels fromobject to im ece?hral on-.ax '§ ¢
thatdigen frentt-c. in H‘é dygation ﬁsmﬁg thg éhr%%ﬂoa of et soraing foaythe pbigey 0
R AL UER Vg dutBled 80]FTTEILE Bndgl pbintstiStdnd B2 SwiB the@ibre ®8lout of
systemw th positive curvature of field. In such a

fogustantppRentblimedyin orsisy! syfterphwhieh pessessTsSB]VapFeRfilishl pph as in
hRRxARPIE GR WY ShEST:- %:&Qﬂérlphéranﬁi\z;\%@+d&§ e pakitibneldRBostand@hlly more

I mge- ecei vi ng surrace e the central
oreraxly st imfaqne oplberin aAirectero egpdiest| the dizastion of Hght, whipktgvels from

AL £,
Bl b s ARl LRSS B, PR E0E hlhc d H
dnmvaniréoﬂﬁelé peri pher al image points C" and B'" which
I bst ehi. th LV f
[ IJEO]SPU N ?(‘r ilf.x%[at% élp optlrﬁr%rs steren ﬂ;a}%%ltllvg &?rk/é/tlx%g)ﬁﬁglg l?f‘sﬁcha

5osterior
$ySteinh the dniged DO oIt t}&fobjdcg[ISS]) crédnes hyemet opiical systerax 1G] lsrmgdlgned

ke dat it b vingatntsi gl 0 ol e PGERGs LRy~

foetsd8 framccAtpd) OBjectipott Mafks oh theShatehdcdidnnairface [1h), themff-axis
t he quantltatlve escrlﬁtclon of optical aperrati.on

PAIPBRR QYICCHPTIRE £t BTG RORER FEHE POnRSTIRIGRL BBERPOIRR Y hyhd B
WRich AL SubRGRIAIS behiRd tHalidadOetMBRYE surfi€e RUPRIN relatively more

posteriorly, or behind (i.e. in the direction of light) the central, on-axis image point A’”.
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t he sign convention whereby distances are neasured
froma reference position to the point of interest,

waeavds/esseotposi tive if the direction of that neauresTeow022083

is the sane as the direction of travel of Iight

t hrough the system and negative when neasured in a

Hire, @b geopoiragd? wilt appbar sbiirply doduend wifile|imgge poifip €™ and B”” will be

curégture of fi rredthe reference surface is the ideal
45,204 APt BT surface and the point of interest

| S t nshakiebe ﬁ(ﬁtecdthaunw}e:ctluammge/eslaSCﬁam of Bptis] alfeprations, a number
re lb, the cur re o t he

i %% pomerings vser Bealy FriduPePRadt M AR Tt e adopt

th88kn EdavédiRn Giheretyd dislandes ateatbasured frore a[r&f@n]enceﬁp’a)dmsn ricthe point of

the direction, of hIS neasurenent i s nst

et BTG IS AT SGUPT ChPL A DUERE 1 AC St e dirction of

t?*a)(z@ltcﬁ‘ MehtoGEh thé systint adddhefdtTBiwhen bufedriy aﬂm&dﬁoﬁ)ﬁgamst the
eld I's negati ve. nversely, for Figure |

dopit ligblg EorsuF RSO 6, (g TRISAS e B fklopghesped

151?1%@5 E€a dﬁl{ﬁef 4 off InlQdst isShd dbekrhtBd Siri&QLika@sudfacd. | THUE, for

hence the curvature of field is positive.
Rigire Ky thqa@lrva@pp pthgld wsftaétrfgd aythediptapegdrom e pgbsgated planar

ﬂ;hlﬂ%é Qﬁceof‘SOLt%Qheeéﬁ% erJged s%rtﬁ&ef7(§]et14nﬁ%1ncé fhe Rt ctRn ok Ais

anar rface ore, I1n order to acqw re

méuampinyntflmgamdthc dm}empoﬁ travel, of flight thuengfethisaptieed sysigsu(vehich is
d.t cury tant manner to the

llegg }1?) E’ actél?e qﬂdglfﬁgﬁ %{swe?a to 2c, an eye [120] is

r ecel(}onmselly, gdsrtFlgumm mechus/(ednnagcsmﬁ@e [98 @} measyredtframete ideal

f f
S e RS L S5 4 PR OGP R

podmige- recei vi ng surface, i.e. t he ret| na of the eye

[136] is also sh wn. Th | ect 40 oi nt, and mage

[ 150]Uibt ReSPBA FHTia ke g MAER TGy P e
RS 15310t 4 Bhtloy pﬁﬂartshﬂ‘adémeﬁﬁbre AiXlogdef &)&Qhulfﬁﬁha@%fotﬂed ineage
zero field angle and are called the "central "

podaiesmagh @%W%menffe.@laga%,cwr@ﬂaee?wwantﬁﬁngﬂ tg the retinal
éul't{aéés i) ﬂ%@rgs 340 bt GleSe Pi20] @?ec@lbin%Q?hﬂﬁﬂn h ARGt @@hd{tl 80] from

are | oca pr ogr essi vel urther fromthe optic

thyee Jifferant pbject diseations [14H 1%@ enh 91 i Thggsedirsetions gre thﬁ‘é Called “fild
Jnéf%ls 4 g %a%e-r eﬁlg‘lgdsuﬁgcepﬂéé Flﬁi&h?tﬁla 0?%'?:?/9 PlB@Ffs aRPGhdwWiRTRe

Ints are-ca per | axis" objects
<§b167:©[149]’11@b1mtr¢a@ asagp j}f@]l peinidrdvathe peit of the sqenery-vaaghdje substantially

(%1' & %tlcalgax?ss[‘l 6(}5 il S‘a[téso(r) MS Ul ag'lgle and Eieg:gﬁ&]% tﬁ@* cehtr 458 n-

er'i XI S I mage
z{xi’sﬂ(b]ajeptelam inagts desnegte/efy &hid mﬂgﬁltleted lrl Figoredar for t he

gﬁte | T,Agst({peegf &Im:/dﬁlél§$e el érétél are ggﬁate rogrn?sg\?e[l)p gx&%r 081‘? {hgiﬁti%ngxls and

the e¢ntal cbbjefclt a{diimaggi)cﬁﬁts rmesfieldl anglqons eaid mlnyrem $uek objettiand image
surface

t € .SRE. ari.o
PQURL§ &FC € rf,p% agh amg:; ?]laeectst [JZ(I)]ragfl l%%gegfl%ﬁﬂ d have finite
cnan n&tb) feld h@lessvmlﬁ @Gm;snwa@m EQs DBl eFiguig2d $iewe lpérvpiietal er off-
of field of the optics ofthee? gieﬁls nor e
wevrhigst BAP) and imaged Pl potnteat Pégea‘y feldanglesr vat ure of
fiel 4y oREfof Ble@ld ¥GedeiVe\sREPy Fobed 1hﬁ%éjpcﬁﬁ@ a&tBssdRd dnfiedy of the

as the axial (antero- fosterl or), or (forwardbackward
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.

image, image points
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position of the image points at different field angles

relative to the central imge point and to the retina.
wotes/psssyen t hough the i nage surface [136] of REEBUS04/022083

[120] illustrated in Figure 2d has an actual negative

curvature of field since the peripheral imge points

[ 180 Same ti20@]naaf theppsistivtmBat surfice, welren episideripg theanrvetee of field

%@?Vé’f‘ﬁﬁn%q%f rg/ﬁ g1s é]{ %é chnivelg it colngld%rqm{]% eatl((:leﬁ %l%gz{ttyurr% é)f ﬁ?ld. The
ehgvd @ivanae pflizd] Jandedefiemdae thermgb(aptarmp&teabr)abrl (forwaide

L e e T B vy

pdint @¥Etolthel@]ind. Mhis, bras tisduh thaninagd suﬁmm[m 6] @f tmega[uzo]erllustrated

curvature of f| ht fro di st

ip Ssuescid has an pge] E%t‘bi/gﬂﬁ“ge@ Sy Anca ey it poims (150
MHRbE AdisosRidn@thSre GRIESH) thadTTe @xiRlihake llsézxanso] Sthére Gmamdt
onthe retina maegorntsfor the I nter |ate 230

ralativer eurvalue of figk o pRiatiug totht qurvapire of the Etiga + Hiaghasd hee fmage
Sre RInVty WPFoBuPIH (RS teBlhd dnd(thdlertitd b B

P{Oﬂﬁfﬁgqéﬂ ec%ll%gn agzgly‘%st Otlrre dtl reectl on tofe Itllééﬂt) trrnz:\ér%e *

Slehecleaébtral |mage p0| nt [220] Since the image points

[ 230 3]>w§"% [hagtgﬁl;s@ntél'aQJOQn@f ab&sivab Rvature of
al so cuse sta in front of the curved

fiiedd. iLinght frRfmG] distarty ecencmg@bj g:@) infosuged 3y thineyedn gr}ch@quyﬁ]éat while the
(gﬁr |1sD cen{rgllmf IeLePlog& WOUS fﬁc%secﬁl'gn tF(I-?rfBﬁ?é: W:}e ntf%efof ﬁl% Iﬁé’rmedlate

pear ore,
ey® asdrffafr¢14$)] fmsrrpmmb(gﬁ’eaxwe ﬁeldlaaglewe ﬁmuaﬁdmmgeesm/elff n@red

Sl S BP SRRSO SRS R B g o
;'Qﬂﬂ\(EZ_ﬂ)l].ESTﬁcetﬂ& iplagd poikth fX30\iRd 2407 wathese @edphefal Ekld abgies are also

TR 7 BN S SRRl B S R B0 na 2400 o
tfnlz ﬁéﬁpﬁ%ﬁﬁ&m% log@adflfycus Bl tHe Retina @ad appRar i sedqol eatelyy [210].
represented by a straight [jne or flat face. The
HheredprgHbis ICV%%‘f’?e@rfFOé%’é%ﬁ%‘fq rglatyescuraire Aied nensi onal

CI 0S §,8 86 H5H;i QM répfestdiRioh iRl STROALARA LS BR0VE Eﬁrb&ﬂﬂe'oy ﬁeld
flattened (or remapped) plane retinal surface. Figur
@hdx@hwg issmerk cenvgpigpto glot elasive eyruatisg @f Seld Pyt mpRping the curved
Je{n%l %1 Rl biiE a FUEs alrt{acl:eu ghdtad afd chﬂaﬁk@é{ftﬁe Igﬁr]m 1I|f|§ﬁén@<§ I na

een renmappe a straight line [220].
gwrmvirdeliy and thuswenibegubsaqnetitly agnresantedibi 2 stragght imfg@ “fat surface. The

sl?ra}gfh?f:r?e xieér%ge]n 8&151‘1 g'tﬁﬁ%%%ﬁ fﬂB]ﬁ:Q(SSS géctlﬁ)n gf ﬁl@h‘?g@% ['n%ggrlnal

Ire extent renal nder o
ghogtrieaity, flattenel (bylpmamedgplalpﬂnet:ml surfape. épme 2Aishows sn’ch a graph of

| at ' |
LSRR e AT T LiEeay
mdﬁiekim@a pfa0ht #0220, This lp&)vtdak hleﬂqrﬂedlat@indt:at\m thdt eﬂedmage

S5, S0BR B Sp R TBAGE g v

&Mﬁr& 850uBien€ s thfe SURAPAIch ZeprestntAtibieaftelativenualatia eﬂﬁdltﬂl véhich is
relative field curvature gr aph, §§Fge r.enai er of the

qjg{faqqlugntbldﬁ@elpﬁlper@rt&uﬁg @B"tpiu@épss togﬂqag)fn@ mtgﬁ)g&grams will be

RUOAHCLH it el 8 MrVALM ofapRT. Shrce ki e@lﬂfeﬁféﬂ&nﬁﬁ@@mm@hs berelanve
I ncluded in such a graphical representation (as

ha
weeinrelohiield pf the ertical fystem p pesy | summarized and readily evaluated ina

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

wa 10ed/a558ur vat ure graph in Figure 2h, this eye PITSUS20@2022083

positive relative curvature of field in which the
i mage surface [262] is such that the off-axis,
qyetthap herduaded thieaiudapugyefdicidengronsaiepd sotbe g8 1uad inxgel] 2 gaphical

raPr%sae%Fagomss sﬁ%%ltl ?&le% kn}éVII%Q{ ﬁéqﬁéb nd, i.e. inthe

rec e’ central on-axis i mage
poi ntFiupG4k aadizh tllue;rateean aya [1{62)90}th pbsitivetviusvatas ef fieldi s seen in

B% I:eitlarslﬁ% Iﬁglgagli'vg{&gs %Q%LPH riu R ﬁ'lllhsaeré/g Iabéo E]:Qs?g%? ge @tﬂﬁg {:ﬁljaz?ture of

ficd€ inSwiEldthevirhdge ammal[ZGZ mrsmﬂdhatFﬂnegm.ff s, paripheda] Sbld angle image

I .1 ustrat t hat. atiy rvat ur,
i i o 2480 e nld b Ptrgfy orPe v S a e teho
th&n the eain@loladd ifhgé poibt [264] ahdithe debtfn@ @29091 Mn efis daisg lttie)cehtne image

ESAITbl TSPl oIS RERRALGRLS Eungh P 260 4hd 268 are not

lalfg,&saﬁf@mogpﬁéasbluhearactor heads or trial franes, in
t he manner_t e-care practltl oners such as

opht Wwwﬁegn@%‘%ﬂ ugfteorneyE 3004 thathss ip pgatiae cysyatg of figld Since
Egen\(ﬂalsérp&lssﬁiaggf)dﬁtt [§1(ﬁ}r1§loéﬁé'ﬂ BehAd (1. dIaVay Gﬁectlghl 8f fight) the retina

e negative curvature of field present inthis

[éi@]nﬁllweeye isrrongddredavipgrmsitopig lae mgasureAmgiag pandardtephaaqyps such as
:Iu% equ{:tgg xfefrgc!tgr @Q@J St [h%mleg ;ﬁﬂ@h@ %ahﬁhrftﬁa't) Q§e c(ét‘e ;(rhctf?l)oners such

I'tection opposite to direction of |ight
ztsh:ehmehnoﬂxglqtis pppmeiibtg.optitiensegrhopfists mdsVl@RramﬁnéstF are familiar.

ﬁ%tv?uvg'r ld}f.%fog{l?aéégét%eycuﬂx&pé Me rEJ%ﬁ iRk g{pa{ onms

STl At T ve
Eipbatiimegeaysoinih [360] fer thediektnngm peHocated an fryntsifi Gvgs inttheadirection

%gﬁ‘%fe{g%}%glﬁf%me% 8%@) tg]% ﬁenﬁa §2§f iTh as) th% Epfeel c{q t1i1i§ example is actually
r@]aﬁv@? fiyppie fatlthd pknf)lﬁ?erral st lfeet. This[iSB6] seén mlthe tetating/Higdid c

SR e LA S Tk BB B it

@did fs'h@béime@);ﬂ@?‘ od3 %elﬁﬁcﬂieﬁﬂd) bRnthaxiid périphgal PahmieripBl][330]
is located in front of (i.e. opposite to the direction

fold jsimgrppic (fases idtqnhef TUBO], this eye is considered

Y OPIEGNRENR B BS HuSiFhtd!sH d38 [ﬁO?ﬁﬂﬂﬁa@ atpB&HVY cﬁh%ﬁ@ur@ Uﬂﬂibldimece
aut o- refractors refractor-heads or trial frames

thheenvmheresxis imaee pgiat (33 ds lopated infiioptRfi(se. gPRosita ifi the difection of
1§ get}{cerretng H%P] fhid eg)@ 1soc9ﬁélaér¥@m9w1c\/ Fhitl BeRhrel 'uﬁhgjstandard

ent In e, the off-axis perlp eral I mage
fediniquss §181 83 atft@reftaauogerefra@brdheaéﬁgqré@alaﬁiﬁ@eii o He arnprs gt gye-care

]ﬁ!ﬁCtSlO{l?{S a}er}gmﬁ’i I. F‘%BV \Qeli] cﬁ (% fhg p@itnteh:ﬁrvraﬁltr&% %eﬁ(ﬁﬁggent in this

rel at
dapelertie R)ffp!xis p‘enphetzﬁ mmmoplllﬁe[ﬁ 0] firi lauga Iﬁelﬁ|aeg1ds ar§ fricated behind

est se n ativ ur vat
@ g B Gt e e iy Fash el PO R Pty
Iﬁy‘peﬂihdﬂropﬁ rfmﬂhepeaiphérale\hsﬂlai ﬁeldrymam igbdst @en i tharelative fieldfcurvature
ret | er her o f her.al 70].
g of He e BB Sho P Senh i P L P oA B
Hdofid{fedid n f%km@efeahi) bubhtle fridd-p@ipabl fodart feeiphoral§&TH] field is
i nventi on. attenpts so far at inducing or

I@@ﬁmeémpscﬁ@cxﬁwmnarﬁm h inplicitly consider only the

refractive state of the
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central field. This is because the current standard

for nmeasurenent of refractive error, which includes
wasmsossseri al frames, refractor-heads and PCT/US2004/022083

aut o-refractors by opht hal nol ogi sts, optonetrists,

opticians or other eye-care practitioners, all neasure

t he Fafireadt threugbtdkidetaid thetrionalg éo the praseny mntmraAlltaﬁ@npts so far

ovea, whic
aF }ng}xcdh%?r ctoHp olll%%&%?%r%g/thslgﬁghﬂ %{)/rgknde}/oﬂg l{el}gfreﬁ:ﬁ% {tﬁle of the
conete ﬁslﬁaﬁds mga;:czmse théa owreni startdadd fechessateinentenfeefeagtive error, which

ure 4 atlve refr tive red.
eSS i i g B R B RSl Y S P R
oﬁ)ton%msltsn o;lith&md br @hdrie@dicdrl piactitiogbrs, dllrazestrs thehefacgine stite of the

cPE ARG e YT S 1 s B Sopatat o B gl FiEphe ove

WTkif fM €8nhéllioS Al GRd@Satddies, By B8 ilbthe geheiakx&RA8d Ytics in Figure
negati ve power in a spectacle |ens

0], . e
B ORER 4P R HUPRLTS U - BY PaF B gzﬁlma%rl Izoaﬁﬁm Pehjpdgge. in the
di¥ctdaghdd Ul@ﬁO&a'V&Eth%ufhlﬂ% e@é)rtﬂé!\&ehﬂalﬁlb)f] AMIf6Vea [ €080 %ith@ due to the

growt h of eeeé towards t posteriorly
mlmw ertics phthe eyroldAglor .bm d@ieb@aﬁedaﬁev@nm ek pethe pesEbing oh
e% éLl@Qﬁe Gy Al o C’sﬁeé@c@é’l’eﬁs 4%]%&95‘ AR Rli¥uRl Fakial
uces rryo la In an enmetrope Joerson wi t hout any
qlcergatamt(asﬂedleatmbb}) the dir¢gpfipe pﬁ@@ P@fmé 18D whudsleadstipgrowth of the eye
4 POOHES30 Ok HRD ol S NARE e tpomegon o
lénsebnhpersﬁmcannyqpea giidatogsegfientlly eltbey enducgsmeyoplaan b sinmetgépe (a
conven t.ical
L L e
r@@lasmalmybpmvent i onal appr oach is to use a positive
powe bl one, t hat s the
O " oEa PR BB s 6T Re phaCP SuBaTT LB Rar ofthe
et Fdik U b8l oBoohMdntiGhad Bl approaticts Y@ iirin widmptd toi ]Bevent the
subsequently leads to the conve&bl onal Eﬁgr oac

gt F @Faﬁ‘bthﬁ RECZFHER elBywir: SinerfPoiorvEyior prQ‘éC?‘dfr tousea

POSHES SN QO8O Bnel thAt pILORhSimpiSitlyIckhtenl bRdrEskid falh i front of the
schemati c eye and optics of Figure 4b, undercorrectio

fpypade rarove His siBriup éqréﬂﬂél ql@tﬁa%wgldﬁve gRwth, Jhis rsg.h»sequently feads to
tﬂ@%ﬁ érrctlohzﬁ% o&c‘ﬂi%‘ﬂet&r@mg 'ﬁlefprr&%ss@ﬁ of RSopifby e uEe‘Uf%hder

ovea This 1S achieved by prescribing a

cofreagion ifgr rmmp@ p@ﬁlu@ﬁrar@i ip dheesehqmeptic §¥¢ drapiicy efdgure 4b, under-
c%ﬁ%*oh RV dtal%era%’ ﬁ@@s?ng CPefEl%?:féEtrgl %ﬁ Iagig [Xl(ﬂ?@ﬁil front of

rm " undercorrection appf oac
tbmreomt i4¢ 8]l and cﬁcwee {:4210]) rTh[S4$2®]hleN¢daW presstibmg aﬁhghtkv more positive
b r e i ndj v n )
BB Lo Wb R ] i ancer
cotrsdtion” nmesckm)e }ﬂneqrproabha)do an eBichlQoreaiva.[428) itHae thah n«srmally

FRPBaaS: b R GBE sritnerTat ion et S, A RER Bifirng
-4 OOD@er@fférQwat Vigioh fhafbt plesutibed dLBaSOED leh)rhe1d, thik hmfrachlisﬁ‘

research results that sug est t hat under.coyrect
A o A P T e TR

R YIRStctE GbAIEMBividaalks | ideet Nhére alRPERACH re8XIB thatishigg¥st that under-
blurs the i mage at the fovea [420]. . givin

t he
cOBPRiRe A1y acuaBNg RIS MYBPIR AFANS ‘%‘?%’H“%l‘h d u%h%rmd meshi ty,
A e IR a1, BV ESPprdabife WREKIS blukd MERRE Rbthe fovea [420] giving the lens
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able to conduct certain critical visual tasks, e.g.
driving. We have now shown in our experinents that the
wesmos/miesial field alone is effective and suf f irIEU$2004022083

driving eye growth, which |eads to axial elongation
and ultimately mnmyopi a devel opnent or progression. The
wediet sethad omimeink eiyios xpkyisusbaruity,snd Inay praventdet wearerifeom being

cherratlceean ti of Fi 4c. In this
E?ﬁ%??%ﬁt‘;e BP Frﬁ%‘iagﬁ %@?’%ksr e%rdg'g{n th annul ar
di f f wed Hage h@n stosvnid 3d] exptriananth that tﬁerpmphcmil fiehialeneds effective and
[426] .. The, diffusi
ehiin et S22 YRRk LG myopis
defAGHndnbs: RY@edsha6] unobstructed. The same annul ar
di ffuser [424] scatters. or di. (fuse th )%42‘21) s of
f r oml b putepmesof ope keyHrRFriment 154 lwtrat,gﬁ gb{hg sqhamg §¥c e ptics 0

Bad ke fBQ; éx?&ﬂﬁ&l? phitates deRIrkarad Wfﬂlﬁ] arﬁﬁlla)‘ dtfﬂlsﬂﬁ fiensesi[824]
vi sual ob s in the peripheral fie

phasehingront ﬁfgth%ﬂ@e{fuﬂi Ehedhff‘fsé% lensd424d ﬁll?‘%ﬂ llsh.t aya [%%?m on-
5e\/ < F‘itr)ﬁ %W]Obﬁeﬁtsv[h?ﬂo 198\re8 G ROEYeIh20VRRKESHECHAD TRY SthePannular

opmrent rm deprivation applied to the
deffiiser [@24]i seatters dridiffugeq light ranid2 2l frgm e fcﬁylsoveﬂph@alefgﬁ‘@ objects

[4ﬂ)§ U-Fhls scgﬁfér%g 1&fu?¥¥tfgml) ?%gl'vﬁg)n only' ¥ gﬁ" ARis \Jlﬁalod{ﬁects in the

nvol vi ng epri vation to on
qaephqndi é‘uebll [430]evlile rtlzhetanaye cwasusldeﬁeltmdtra‘rﬁslﬁv[ézﬁiulé istkgown

t
tg P’ﬂ?\ﬂ/ Sfl %%?%orlgon meyogragf&ﬁ ﬁ?&?ﬁt lﬁhﬁ ﬁgﬁrig)%{]%rﬁ h%?tto Ct)he entire
Jvisuel ftp@it k:mm} ﬁelﬂ)hﬁ‘ tleeraye irglocediakib Lgrbwth 1basiimgds n{y4>214] In our
wer renov om.sone n
st s iR ety B pr e RS RRTE o freloped

th Ve to 4 efmpativh (nlicag®Pby the iditedtior opthe aabdw $432]) and eye growth
ecreased as illustrated by the solid line in the
[@?‘th of Figure 4d. Further, in a parallel extension

t 0 t e PARAELA R Hhe e)fﬁéﬁm@ﬁthﬁé af) @ diffulin@ Qhsés [9W]twiere removed
removal of the diffusers ftollow ng devel nment \?{%tge

fmbsqnmyresafollamﬁ@@lwq&yefﬁp%tanempw Y Bpfa-

o?fgt;l gﬁtv?erec‘reﬁ%eem Blou i JP3lyeflia ifPthe PRAGs AdkrAEMION illustrated by the
ue-green) laser to ablate the macular portion of

sohélinesinitreegréph qﬂ‘f@gu&%gul ation, essentially blinding
cent palnefl i 'a%gréﬁg%l ﬁnﬁ% lﬂ% 9@1{&18@%%&&' ?ésoﬁl adgi‘ﬁ@ﬂto

when on- axl s I SITON Was I n errupte in
bl pbtha ditfustrh Blidwingalsseonnrenhylswbsantiebmavats o myppiascentral

central Vvisi r
V‘T‘?WF a?rgaat% e¥%wasbe%nkﬁé¥?]‘e%r ?Sgﬁesu%]a% lﬁg&?&)l phgr%eip) ser to ablate the
rstulaf h@sien eﬁ«pe retineby plotacosgulation, daemnaib'rtdmémg Icemal ylswn Whlle
t hat appyopriate aredum fi s
BEPIEIREP AP Ay T S QO <R IDiAEitioh RaP Hleryh@S o i
rﬁiﬂn}tr iealcpedse phayypia fhRined fiathi wevien deistal fllslon &b notaisrupted as
etard or prevent th develfgefqrrent or reduce, elimnate

IHPSt’iaEe\‘}é’Vé@ Groken ing 4 B gapholdEWE 8fhi a. While the
ex perinaRkpaRietnRs felbltsr R Bhitrate oAt ¢ €t dppadpriare nioppirdducing

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
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we postulate that the Iink between formdeprivation

and | ens conpensati on nyopi a i ngeneral woul d nean that
wo owalossser | ens conpensation effects (i.e. appPCEUSINY22083

to the peripheral retina - in essence,

under-correction applied only to the peripheral field)
gewend 1 ov caldsroeaprtioay agelizsil fenk gempenpatigh effecdsy (i.aapplied only to the

n,

PP ARG 2 e s SR b e R ol Yok RE LB SIORE Bl woui
as pthldMSlﬂllﬂlr ptenmh for siyapip reduétnu iblderrqwage@n@ff onllyehe penpheral

ntr fie contin ore 2.:: en
rE s ifapipeoua e BR e MRt al el G b 2R VERGE dogpsed
iMagel 0Ntha eamabhely tof cntigeadreactsthalovas hietog t}ieewgrerfcam continue to
drivjng, reading,. watching TV, etc). This is.the min ..
cBPY Flem s OV T s BEERET vl LR OF 2o e Al B geading
watth@iget, @fc). dgiisak the i prircipldiéfabis R saim thvéidtionland fiegplaisd in
4e and 4f, an eye [436 with myopic tendencies (i.e.
g@ia?hé‘?ta‘iss"v‘%ﬁ‘i‘rﬁs 4endi#E non- myopi ¢ but woul d grow into

MY OP}AriSHEs 4eCinfl AL R B [BY6]WiBSmpdperdeRGELME SeitBér is myopic, or is
prol onged near mork) is prescribed an optical device

npurBBPpPi6but Weilpgrewdn miepriue SnfactyrisichrsmyoRIc RaspisE prolonged
anﬂ‘%@Jrk is gﬁfbgﬁl?rpop?@altdgﬁ& [4t3 sVt hehraeRahRthfoR T‘B% tiéal Qevice

rel atlve curvature of field [440] on the eye [4
[438] & desigradce s it wwldag@vqh@ aglegﬂylye tlative é'éfﬁ%‘éﬁtqf é‘lﬁlzﬁﬂ [440] on the

y&;@%g]' G‘Ff'n)irs aﬁ%{éj&%ﬁqpﬁfv %ﬁs @&%#Jﬁ%ﬁl&ﬁ)ﬂ&lrﬁher c%ﬁe&?&'n%pproaches

sed sharply to the fovea
ap Mantaﬂxa)blamgmgmmm |[@4u hls foaaéd sharplihie thecfovqaié42d jenabling good

RO RP T BAGAE IR 08 B o

fietd [U#0]f 4re ficudeld .neore ameridily, aliin ot (06 imghaidiredtion lagainst the d1rection

rection of _li I .eye) of.the reti.na 44
o 8 128 Oy ot Pt [ st o et PE il Fefbvd omcer-
cHiELEbE & the féripheral feld, Wehighe frm{agﬁf adpeﬁmleﬁtdesum iwbhldhcfohmcgheye
our experinent re WO u contro e.gr n
g&awtaﬁn PR §longadign: ﬁﬁais qug to Hlaén%artt%’r ?téoqaﬁm‘téeﬁfg?x’s
Qfatdl ﬂ@ld%agmuﬁs’ 4 X ktEmuliReb hﬂhﬁg'r&lvthflé abrlfitdn@g eeduced,
80|nts [443], stinmulus to axial growh

iS
menaierlios esveissd indpyedeading tﬁfeﬁiaft@a 0<5Pllrp@e%ﬁ“s@dnxqalat%elopment
o?yeﬁu ol Bn el GEoBA p%c?r&lsl'om nation of nyopia
devel opment or reducti’on and even reversal of nyopia
p r ogTesisiporiancylebthi pprinheehBeld &F driving PrAAiegTassiqn afogxplgins
E{ tlYé Mvéﬂﬁgﬁdl Bﬁﬂéf&:f‘%'n@ c@J‘r ngmlc@ﬁtﬂﬁ VW htapﬁeen shown not
nventi on roac er-correcting t
tg bn¢ffeative/os albppomsaﬂde@ fﬁcsh(mme pehlishes stusiasf Hage bméh«?\m to
in sone published studies,
"Flcreaégglggpla f %onq(e ingwllcﬁgltrsease nyopi a for sone
i ndi 14 Eignabszlg dnld 4EJ auye @%ghamdemtndelawreyred psidsihe harsrentional

been  u -corr .usin e convent

SRR b e oy B OB o PR f a0 RE e

cbévit8lioran@ipesiemto pagwadwme Gﬁﬁw-edsrtdcdmaleltm pogethehwitiothe optics of the
provi de the under - corrgptlon her to ethernyﬁﬁgoggg%

eéﬂ‘bt"F By itepth, dlpRuingyred a gigniticant amgynt B‘PsétlYe Rl
(#3090 the Gy?él'lHeﬁd@EDwﬂﬂe t8fs aplstsadhlpva@emé Sénitrd E oB-UkiY ahagee'pomf [451] in
fleld [450] to the eye. Hence, while this

fionpefetlie fomer (& indhe atisaphteireducs g stipis to qra‘s% o ¢ 5 the positive

relative curvature of field [450], the off-axis, peripheral field image points [453] are focused
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front of the fovea [452], in the attenpt to reduce the
stimulus to growmh, due to the positive relative

wocwo/asexe of field [450], the off-axis, peri paarna2004/022083

field i mage points [453] are focusedto behind (i.e. in
the sanme direction as the direction of light in the
©pedind fie. inghd saene[dirBGion aFthordiretiion ef hghtiimibia £Ya) dukting [456]. From

t hat d t t
o %i‘}?‘f’é%gg rsefugt%grpgeeél%gl)s(l?%%detﬁé b m{eﬂ@&\%ﬁs"& tﬁe&%n?ﬁ&%r {rqtgé the dto drive
Pedl 'gﬂh&h ahesb W@*Bopﬂltﬂﬂtlﬁnpm tage ®hitnntiucs afstmubix falaxial

el on icate t he arrow 4 d| n
ForBen (g vtcnier bege aany LsybaGal Bt ponaiubol 8 idkssion of
tnbepigfabeyitt shergifdas inadeo mglﬁztﬂil tﬁehﬁntﬁﬁ li’iﬁd‘gﬁ|fodul§’ﬂ@&i‘tl(fnoc us
osition. For an 4 W t rea
Cur vab i3 Aol CRTe PRI GRRLLS oy Fisvres 4

é‘dd)élg) o d;QQBI' dedice [86] 6rahd pr&ht iafentibemay Gé@ﬁtgnbdltbeﬁltdoﬁibmatlon
ned to, .in conbination w.th szg optics of
]

WH tlwetwsmf iepie PEOVidec Shapehntral focpg (470l 3s predfjas a getfigpptive
Ahitide Mrvathie g?ﬁél& ?468?&@%1‘166@1 iq lI”f adsUk an@h1).f1Hed kA8 optics of the

(as shown in Figures . This returns the

opttieg eyé andmmezd #bYI%ﬂStéVléo amjm@mr te Hat drserited inkiguign e and 41,

&/ﬁwﬁ) Ebeef ﬁéllrﬁlgathﬁéme ﬁﬁﬁl@t{s DELidl ?ro@tlgé&{derﬁYo‘i)% p}ﬂgreéfon or
Ive I'n elimnating Che stim

davebbmgmtcav\mll ambnnytopg © puovadgr edhgipoanto f@evmceismrf@r geed visual

wel| as continuing to provide a sharp central focus

HW&ssary for good visual acuity. From the foregoing

expl dhah |t1mrf9regomg S)tpmanladommmmdrr@afchel ryadily dedesstowithataanethod

P VERhlE pRiro PR S R PEGEARARD Fuind OB B 620 Ry

ppbdealg septica devidecinullding s@paclbambmsqt lemmt :&tlﬁmhlemmesl dev1ces
artifi ci al carneal devi ceﬁ,msuc

a
e pagrslave gtdrdaySi SRpCaee, b MRS PR g fenses

bty AtV infeBREEShs, AEh HYmE@RGHs Byt cOthehlnihe EM&iéhalOélﬁodelmg and
such as net hods for corneal and epit heI rermdpj@{(
seniptiag mcmrngrﬁl?}@FWP%&“&ﬁ?ff?&Réﬂr TPy amPﬂfeé*rt? Pyve

fheinstikeht E§Sﬁ<p iLASERL DRPRIK, that $Ardvideas REudRhtaRbitive relative
LASIK, L SE PRK, that can provide a resultant

gt OB TeIg Dy ne and R GHOR fRperde coIELF XRRALe 200d
%gralt Ndh Acﬂf?fl}g Lhifi@Mvisdal taQFIBE optalf @dedb Bptical ifeP¥ehfiéh should

good central” visual acuity for critical visual tasks,
tiiserepod faiis ofeentod field iwpgeite ie retirrer vent i on shoul d

ensunei ?cgrtafnp &)l'tll%te(%{nat C\Qlﬂ{e tﬁ‘é &)ﬁ)go%th%altt}%v\ﬁl eltﬁgct:l\%?efocus can drive

retina. ant
eye[propth I(Gttrﬁ’ntg}’qﬁﬂhblkadlm‘ toagopiadomitsiregresionhim thiy phegoragnen of lens

rowth .(or .no n nvoni I {S

FagaRup Gy e b A REsT6ieth BBl el besgh aaree
WpediatidieinamBgerjuality dnefortm:ielvme delfotwahia theS)pg(:té afate mdyelhenge into
be such | arge degradation in ina

e Py dom IS Eya A ek Su G i Sl por Skifuple, when

S0RNGE isl plced AlieridR BEiRe FeRIAS By the 1ﬁtﬁfdmtﬂ|)ﬁmlfh v DdensastihulEsyto axial

i nduce nyopia in_that way, For ]Zxdg Lﬁ when %@{l cﬂ 1

FIGngSfig BAoRRCA IO FHEbS EATIALE 3]&’(% dLthe j1pags g etacyhextremely

Qr{tex?orl"}'loho%@vleﬁfb?exzﬁﬁﬂlmgl WSing 8 +51i1éHs, tBE Mg He@idatidn at the retina

renovéd and nyopi a may be controll ed. Should the i mage

ey ¢ scerertdbat the gendjtion becomes one of form deprivation and may lead to the

development or propagation of myopia. In such cases, myopia is induced rather than reduced
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anteriorly, however, for exanple, by using a +5D | ens,
the i mage degradation at the retina may be so great

Wo bats/0548e1 condi ti on beconmes one of form depri vedtT/O82004022083
may | ead to the devel opment or propagation of nyopi a.
In such cases, nyopia is induced rather than

despitel dﬁdxdeesﬁfpobmvé bmwanablemsbs pugiespitg ¢hepowel whgt beisganterin to the
des e .the i mage..bei

b e GE TR T P nmorLgt B P Rl By
wheMed théinhapB 1ﬂﬁémtceﬁmllya)p ptriphedaBy hﬂerrrtsl’uf fiekirgeles. Hence, for the

sy e B S O TR, B bl B sl o o s
afthé Beriphvial fidl endlshusupa suffiigiit toodlintirdtethic Vﬁnmlagﬂir axiel elongatlon
curvature of field at the peri heral ﬁkd ag&g tt ¢

whele i5maEPER emERNt Of THAING Peeat e UEY Biustdif b so great as to

c5lsO B8Rt fPradidhnlog tHe anﬁmiﬁﬂ Pdial ﬂﬁ@éﬁhd Bifing Hoaf foue depnvatlon
negative curvature of field must not be so &reat as

mygpiseWs sorsider fhe grinisnam snoust ol Rlatiyseurysfias fr effpdiyg Ffeatme"t to be
alJiRg & %Pﬁi} QL1 HGivARR U e. HRTEAABRS ditMehd PBasTHQRBI Be ci¥¥e of least

consi e m ni mum anount of relative curvature for
ceifhigien)iof 60 254 HPAD-t Welsensides the anaivenns praynt epelative curvature of

oot
Eie ezf;oq‘% gxﬁ;tstaﬁt#al @resgﬁsl e 5&?1&@?%0'#%’5 wﬁitcﬁ‘ie%dég% {S‘igx?‘éé&h i m\,\@)pla

tebaabatelrthe sphemak équinacanefiidtS0bfto rré108Di whick tapresenty @e gpper limit

field.before S\ VI tion occurs,
f%ﬂegﬂwle SHFAME ?ifdafn ef%rC tl“(?a | %%ng&%pfo g?a to be around

t he ©phniplaadntaign oy tk eresend fnverBiod GDhe usedof GOtacigh vath lenses

OB e RIS o s ROV Ec Rt b
ckdtiple BEJtIRE Eotaclb 1dnb émfléaatition muematedﬁn Figuteh 6a s, Brhen an
spectacles with | enses de(gl I(r:;[Bed tﬁ? (?I it\/‘gr th(ff le. with
eéwrﬂa)pw af 893 FHORE 1DFOrEEh M 8 SrRfard FRe&EHR A {iar gepple
ofﬂy%FH’ean’kﬁrtﬁ‘éé@)rﬂI’ iR déﬁe&%&e@bﬁﬂﬂﬁdlﬁﬁk@ndt%ﬂ&npt to control or

enentation is illustrated |n Fi gures

nWﬁlgﬁ therpuppirgwh fipld of3hs eye-lepsicqmb Wﬁtﬂﬁﬂ o rgsug eg@(vg gurvature of
f\é’ldu? tHfd réttrﬁrb@ﬁﬁéjex% ?fete?@ hgy bepsitlvk %mﬂ%@@maﬁsho%ﬁﬁ‘F@ﬁﬂeWa

spherical surfaces the correct power, but

Topiss] of orany pptisehiysies.doghedieg thisarisular gye fos the Reviaein elgpngles
SIrllBeSF nﬁal%no‘ilgt@ of 8l z?sﬂ?rn?t?sﬁ) gqg{e'o? erighB] 51%?&“151@ @Just This is

Ive curvature o e retina of
skovamipy e existeng\pf beo purss plofted fos ithei cupvaturgyofifield 1“&1%\}&?154 A he one
Ei gur.e,, t |
T PR YRS Ol TR SR B S Pl
“w@etial’itlmalfocasmﬁxhd: mdiaf astignatism awsltthegcmtlalslcd( é t5ppbrepfesents the

eri pher aI rat| 0 s y
i PRt erAle S0 o SR e Ror g
abti ghatisin Nasfin@etstBobby thdseakitiadin thbat.ed T [ 502]
represents the focal positions and relatiyve

o 1 e REGP0% ey pasR DR OREm. 45 HRALSGLY) U cafeRariaas df yimple”

a8tdnh iSR! S Mpaid” bRl bahekeTt astigmdtiofd Sirislp aaigmatisn occurs
the focal positions and rel ative curvature of fi

whep opch(glthgé@qtql 8r tanggnfjal) plythe, inefociiip positipged pn the retmla (\:lehlle the
oftwt ls%ﬁhbr%@eltﬁér iNRORIP LR AR A drifspicskiglé AighBtignt)®r behind (in

art. under st ood by eye-care practitioners,
t@apv@wpmemc pjglp@aqs@@mqsleégle aefinag pﬁﬁlp@md astigmatism occurs

weh *b&'H‘%L 1§Jﬂand ﬁlﬁ%@m'ﬂqgle £563 hie PRt brAoR khe 'sHn¥ §e of the retina,

asti gmat l'e astigmatism occurs
.23 .
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when one (either sagittal or tangential) of the line
foci is positioned on the retina while the other is

wopss/tssgmed either in front of (in the case ofPOc§dE/022083

sinple astigmatism or behind (in the case of
hypernmetropi c sinple astigmatism the retina. Conpound
‘aBdt]neg ivathiis Aoatedior othivelind te hictmag Fott %&hmahdcmgmhhypametmplc

! t
%}sggr?lﬁtés%%?ﬁ% $ rh@% g?th L E)?lr %ﬁ P&sl(i_}?)’ngdg?eﬁb ! tﬂg [)egh a. rl}\E&cg%aestlgmatlsm
ScRtuls When by lireXadud |1£posmonqnbu lﬁdnth},f mmrﬁﬁﬂar\dpiledhe other line focus is

ST BT BOSHET RSB 478 RS, LB ARk hegdian o
dstip@atisardnd ﬂlyﬁ)p&%drlgltﬁﬁm%rln&rlﬁfaﬁmencé thé teem raiixedd Whl | e

t he ot her Ilnefocu3|s§03|t10ned behi ndghla rht hen
In s FERCTHAESON HPIARASTPRIoRySIER AEMBAF fensss %‘ﬂ‘g“ at whe

B EthifHaPDRY a@fhiaBER Y FERcADGe ayewma &he nggrbhen m smcm to
meri di an, hence the term "m xed". Experinents

Tepeion ther iRl shedie faqupyhigh s ‘ﬁﬂ‘ﬁtpP%“?‘l“élﬁ@%‘?t%‘é% i focus
%Eﬁéd L tﬁé’x@ﬁﬁa@nw}@{eamn)&gﬁtpaﬁﬁmgﬁ@in'eﬁ@lé Bstipm@6$) twhere both
eye would ténd to grow in an effort to reposition
fobieare pasteniriniocetad growth of e gxe agk te Feposition the 1giya PEMPRlY|tgwvards
Jhg ?ﬁ‘é f%?us(WQr tht tP&mla '(1r1=:e thfe Afdie arlt&fb@lty%%lg&md Midle 'f&ﬁs) although in
ereas I n conmpound hyperretropic
mteu igrtances the eyihdaes gtoot beyprstthe linefopussieatet B Irsfing gadigaaginue on
ro h sition the retina

%?Va%rgtﬁ} elmor%’ gﬁ&%%yt Ctaéflﬁlge fd ?gsgus nearer the retina

. €. T}iuhm thocase afﬁxgmre oa, Isy1cpths|pbm1dneth taingengia¥ foeusd $02] is slightly

sone e )

'E”‘ﬂré’ aInF ﬂgrhr: BYS ll'&on %glf';llé I,he: T léla,r\?é 1!%2%&: e%gﬂ%gln flg&%l\go&%)fﬁﬁﬁils more
baawioE pbsionsd rtee ¢ye sioald expérienteccsainadusl foraxidl elbugation taysrds the
In. t C of Figure 5 si nce the peripheral
RHELRE T ) GRS BT bR T A PEORC er 1 or | y
posi tAPHQpl IR prdierddebéoidle liiidesigh hﬁh@ﬁrresqnhﬁwa{tlon as shown in
sagittal focus 504] is nore ‘gr)losterlt?)lg Y 5‘9 ('133 "
th sommprEerpgsEitad %Bﬂﬁélr’f’%?ﬁ@ég B RIGo et 3pp 0SS Hb providing

&k engat fe%cﬁ\@gﬁ&lgls(—ﬁlbﬁ aB@piobided tht aspispriabldbhirsicsssélniye curvature
progressi on of myopia, An . exanple of

wt
‘fzg@g;tg@ﬁ@ﬁﬁe‘@ttﬁw r PR llEg rogFesepn Pﬁ@ym‘%gémpamcular exemplary
%}éﬁ(ﬂé 1699 mﬁléQY}'Ek df rzlsﬁhlaﬁc LRI RILESs vAfhSofic R€LtIBRY 4@ made of

I ng ram out put” of Figure 5b, in addition to
gias;\qufngmtehedqzdrilé& with@fcenteal fhickness w3 mm. Jiy back| sygface of this
provi r u
ct]aclgj Fﬁ 18&1(}?41%5262 %fﬂ%l{lg{n a%@&e?lut)?’ ﬁhﬁ% fé(c.zl‘t;r b%of -893
phibgthe ﬁsnto;mfmfe hay axpapscal fﬁkhus (1paf 262 6 imam Witk @ ishdpa rfgctor (p) of -
i‘%e(?ﬁ acle lens [508] nekes use of aspheric |ens
aces with conic sections and is nmade of gl ass of
r ef r aXHeirssaltam ekdative corlB8rewif fibldaf derlensahd mybgik apseniinagon is

Hivedn e SAFtie TR BT ERS S ASCBRET R Tl

hstiginaic fobal p@iltloﬁg& el lbEaté&bﬁhtd‘nbomtthsmﬁﬁaaﬁmohmg amystimulus for
apical radius (rQ) of 259.5 mnmmw th a shap

()
Sl longasiop, trn e e 0 REPIDYSPES G SREUREPBRERIa g the
&fe’dfigopi£ns and nmyopic eye conbination is shown in the

relative field curvature graph of Figure 5c. ? 5)3
seen, Aybidie oy cqnpentional 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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astigmatic focal positions are now | ocated anterior to
the retina renoving any stinulus for axial elongation,

wa hos0s3841m nat i ng, and in some nyopes reversi g T/42e04/022083

progression of the eye's nyopia. As a note on
conventional spectacle |ens design strategies, due to
dline 1ﬂa|temat)eldnsctteggmsargﬁorfsmembémg ablg it gomirak enthgr dndyeadial
ce shape

PHepfER AR aprafiRig BrBSHRTR Aboh ColBa kit sitbiact
logs dégxgﬂdolk ® cto@trclcmﬁ nohimgZetdn ehmumeyadlaidstgmaalsmlfgrmbnmns

r curvature of fiel but .not he conve n
B obb grpral el w8 elRh Fumere BB BRRT M W gpacom
e EuF ahre OF fi€d i, @@bﬁdly,aﬂé adliefehitiif tatpresenck of cirwaure of field, the

reasons. Firstl gener al | cce hat. vi si on
et BbieneiomeodHs o ik e dEnEi B hTER ST S pisred.
EtiebusRe 6f thé ?@Léﬁt ARéehtios aoafllof thetcherataed ¢f€ffeld inalie lems design is
t he presence of curvature of field, the e le to

%fd%’@ﬁwalt qonirel of stiemaisa apit S this &oraer #885%1 thﬁg%%%ﬂi{f‘om

1Bh§en%ﬁlg'n{3%pﬁ%e&e@&meﬁ@ﬂmd PisPressioR. PAHHRASACOThe PRGoREREBAEEI]

i nvent ron, control of the curvature of field in the

deasity a1 i griphesy effthereting isfgw pyalbing s EificanthnlopErttY Erihe
%f)tlérall f1d mesdeglgﬁ gﬂ%‘ioa@p 6f thét fe%t Ink}é\{tloh Svold e bibYiGcdlly impact

i nfluenci ng myo devel op nt and progression.

Hsiot methg pgipherel fidke phot o-receptor cell density at the

gleglmphseorn nl?{lecf e caﬁ %r‘%ji}leeﬁné a%ﬁ’l%n%%ggéd \Qﬁue 4t r?l?cllieétlel&/’appreciate, a

done séamngypeapnﬂrenamhs sfnot fhe oply dsegt agpmadnﬁlamummdvmtbc

RS SR RSG5 B RS B

WeReHsShy Irﬂmlc&tveiuye dfieldecheatuesd ia cobinatiohedth tbcne)te)m@ be

aspher,i ens not .t he .on t hat
ORI h B8 Sprite MSAEIo 8 FREGAE 8 oL P DEral drgfhion (602] were
ddsBhél ushipya uibiRE6SofonRREJtEA kndiesy@hSal lewdtiony. OrHiclens has a
the necessary relative curvat ur of .fiel ol1 \Aﬂ ?25 d
bagle AR POTSUR 9 4908 EgREOmPe BETash PRl i oirg G 45 fim an
8fpe £0Gr é)l)' bf 268 S1tOfroR sHPRE {sakbRibkEPPa pilyidAaligB&RAlS the form
[ nveqtl on, [602] were designed using a conbination of

£ORIE et Fork alaresds fa sl bighidmpasaisd alpg dhejagjidn palimeters)
o r?%faé@{efaﬁ@@tong &S0t RteR) anﬁ XC‘IQHI'C Qacﬁ’zﬁ Qlstafe ivyh%om the axis of

ace with apical radius (r0) nm and 9
ﬂnadf.tn@m r(lpl}mciﬁrsrmzlss dgsigm, #anh@03§i|2 faacé 053* e spd Pbecﬁ Hp<10".
i"h cen zﬂ cl%ess oqlﬂlﬁg l ﬁ{]ls %fm1£ gﬁd{ %Lam: gfﬁla w1th)?gfract1§gmﬁéx 1.517.

ere s sagitfta elrg measur ed al ong
Thie p:a'm:lﬂarl emamplb Idesn@txe als<) swtfdblb e asiPfrayeper Ehatesultant rglative field

%W ﬁ’é‘pég §h16 fpeftﬁée eénﬁgs shown m{i‘e%urg ?lé aIL"rogl tﬁ'lts ?Ex‘f Gt {8 VRYr that

demilgsTor aidl el%m%htﬁﬁaﬁﬂléh lead®® t(;m&oﬁl5 aitiabob oamdglaéi;lm has been
484><109. The central thij f this |lens i .

FRAFLARE CRARS GPEgnaiace et BT PRSP daT SHEeh PRooptrir o the

Ehhe particul ar exanpl e desi gn is al so sui tabl e for a

- 3D nyope. .The resultant r atlvefleldc ure

gr apHn n horprévigus tup RS Of pretrered ?%ﬁ&’ﬁﬂeﬁ‘%‘s 8 tgggential and

fa%ﬁm fitkdl 8¢l Pidial hdtighatish Gerde nidAffulabddi sodb toSoefpakitiaaddalibstantially
ongation, which [l'eads to nyopia initiation or
ipriengt efsthe eptina t9amaxiypizg the elimination of stimulus for axial elongation. However,

within the present invention, reduction in stimulus for axial elongation, and thereby

-25-



10

15

20

25

30

renoved since both the tangential and sagittal focal
positi ons have been placed anterior to the retina. In

wo b@spssyi ous two exanpl es of preferred spect aed'BUS2004/022083
desi gns, both the tangential and sagittal |ine foci of
radi al astigmati smwere mani pul ated so as to be
ppositidnariédtigiob st wdvdtiah inyprogressiaprof myppig lsen bestchiezed as long as the

s%glgzﬂ & -?ng%e_hg eno{? Eo% t{oggn ?1%(3 ?(ﬁ:gmé lnH eo#?&mﬁiy ?{enorrlly to the retina.

”Irhed letiinllrﬁt‘ion of thd stmmullussforf axial abongdtior bmmchlcmd exam when the sagittal
of initiation or reduction in

. on
I‘BFg‘ﬁP% @a{iﬁ ?ﬂ‘tlh 6B?a can be achieved as |ong as the
sagi id ngré B&ehmrﬁcep 0$4 ggecaclk Yenpobthe pmsmml)nvbntma (6@ were

IS not .position osteriorly to t

cerrRnh b pereRabet ol enpeae e reliol iis PoIogfine oeus)
sb8s BRI sayRMENEsh Mdary \teheshgmgy intfednt J)ﬂ tﬁ@reflﬂeﬁ UBhis Bns, using a

pl aced on the retina. Fi, &ure 6¢C, surfaces of . a

cepbimatien of cp@ﬁ gecgen @r}glepobmg quaHQ}gn]gqsa afl@blgr cggopgsting of a

6 QBeH Pk Sl rlbRitR@pitdl Qa\ﬂuﬁ:,r(rofgf Bhin\4d SRapBBdeta? @) dF L129.8. Its
the sagittal (nore posterior |ine focus) so as to, lieg

fepmbarfaer is dpscyibesibycrpobimoiia) equptien pight foym|SrT i XoiR2- B Tap KeWhere

si€thb @%}]tta-fhgﬁht ( Q%ureﬁscdo‘ﬁg {1 SRR Bk RF) 6f the Qitksee relative to its
sect pol ynom al equations, has a back surface
apen®r sctrtemgartdfx iatheawdiel distames oveytiyome the @i &F thegns in mpliggters. In
o B L5 §P) meyf f
LB APl 3. 5B LS )il
thig Lt lsdrmmfantl remdde rofrgbssnwa] reftactive index 5.3 1% 6T hisparacudarjexample
r}gxil }Ssa %blehfer E?he It g&? ZC eg?eesaf z}%?%latnt}g ﬁI cﬁrv'aﬁre %r%ph for this
s)j&i’cdc@@:nsaﬁl showniis Fighe &daﬂloﬁll thﬂ kait amaa baween tlﬁat dm tadgentlal line

L
rfé&ﬂtersabstidﬁhlqi)k&ﬁ&%hgﬁtlytlh Iﬁ‘énﬂ cffrmse tetina3 Sifve asichet Enafaciearofocated
glass with refractive index 1.517. Thldst arti.cul ar.

k‘&ﬁﬂ}eéeta@&i‘eg%ﬁm} sdprspsial glonegp high Igads (YR [RsiatioR &f

Pré2éssioRMas b&nathyRdf M%lréll)v&uﬁﬁﬂéi ﬂhé es@i' é@ﬁf(fcﬁt” th&Urﬁ of myopla
spectacle lens is shown in Fig romthis

develenirenb avhichestatestibat tfteﬁwetoiﬁﬁf@ﬁ‘fsl (&(P“P‘?rﬁ %‘a‘f‘Y’f%@ml‘?é’gS‘B?é"e‘?f more
vglﬁl ]ﬁot\u?e‘ij) 1590&?1@63%%1‘65&&1@%@1@%%1‘ %&bﬂ‘n & dﬁcﬁé‘asé 6t inBrdase in

agltta focus now li e substanti al y on or
gS‘bWt@h theymyapicf defostis epsociated Wit the tine fepRosiienedqa frops ¢fdhe retina

nqgét a% elxgrﬁﬁl;: etﬁe 8 v\%&nﬂﬂ lfn@ %o BSt\J/dﬁ?d §eps% a§ta' Hy{lﬁtlmﬁus to reduce

ds o nyopia initiation or
gnow@resm on, has been renoved. Moreover, under the

St at g&gfeﬁ%{%l? aem rov ¥1§%B€%§PF‘?\H’ ?%egéryg %g?&;]%ﬁri\?é\%}bmsua]

pPEEbENAROSAs dne ©f the hrmfoeusnxe gathievetinan Ilpmnma)lsqnnthc prYEs tvep
di rect.i onal

SRBPY s&g%gnsrxefcae%ﬁﬁ%‘seﬂeﬁt"wé g%ﬁ%{e@ %‘é’f‘ St f}‘m“g%ss SE g slpneation
s\(McE IBoﬂﬁhﬁ tbﬂkx)géﬁtlaﬁ eﬁmagfmslmelhfoa @dvd teeif pl@cﬁdl aﬂfenbif’le theeretima

In that above e e, .the ta {1 A.i npe us) ..
oul & 1spEs SamEle JBUER B PR inegosidh s of sitina t
nld¥ifiz8 ¥R ehatl6s blihe RindMbsdBBaxid elongidhi Ho@tved) givenghd db@ve

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

by the judicious choice of design parameters, either elimination of the stimulus for axial
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performance as one of the line focus is on the retina.
I n conparison, the previous two exanpl e designs
w@e@siostsot he benefit of greater reduction of sPCTUE2084/022083
for axial elongation since both the tangential and
sagittal line foci have been placed anterior to the
etompitiva mafibe neamsmlzmjbye sterpledorjmsitignisg af bath bngplogid.cor beften
ront of .t
pgvé}me{]] glﬂlaé Rer(g?nntaﬁce may, beQre,hlg %‘é’p%é‘:‘(l.q‘é‘ g%nrég% 6ﬁgme reduction of
shmm &t axigl al@igatidre(bg lth.'e\pe»smmang)bfethe mpte Imlstoudndlm (ﬁwub en or very
f 0 2? se sk Iled in optical engineering and | ens
ghtly gm ot etf‘}’i‘ judi ci ous choice of design
par agpti®l Sorre@iid@yviced dthernkdni spébtszes hh@ aEb Ibmlkeldsunﬂm'rthe present
axi al el ongati on may be nmaxim ze élé %
iBy§EIQn teﬁplﬁgfl afyowatlﬁ ppitigwlat gops optiggl ¢ ‘é’f?‘&? ﬁ‘@?%‘??é fegpain

s\bstahilyRelhli B Ealwh tReaach (Ry/6@ rétatdlss bf direstibhoftdage are
benefit of sone reduction of sti ;}ul us

TR PG Bt heEsfore ey STefS s M og o ft*W@lefPﬁP@“ﬂb%‘lttB? prgient

nlnjeﬂt‘?onf {96 the e QF sof@bMtact dnSht InVFigule 74, R4 ex@nple 6 a soft contact lens
retina).” Qptical correction devices other than

dgspgccpfabet presenbipvention isphowR byja condast ]epsh@esw@g%mm plot of its front
ah@ ?&Qt In?zﬂ:etsggeﬁﬁ 'ﬂtﬂ%ﬂljs and/{ %th%knelspprgﬁfetal&lg bR halk- Hl@ﬁ(ﬁan This soft

I cal correction devices that remain substantially
cmahaﬂans desygromalex ngd ofwicombinkteongpf iceni gections ang éOlynomlal equations

fﬁ:ﬁeao(rgg %g’neostxrfgceg P‘T%‘é 'b?cﬁ( SQI d&%%gsh : far@?)ﬁl% sQ{t e%grface with

erre or | tation
apfcaltrh]chusp(lt@@é&% rrmvnmitshm facs_tort(y) Qﬂﬁ)e75u§he @Sl@@lht sugfopr ig@tconic

In Fi 7
L L (e
s@gmiléheightl ided el gasiquuelaceatesqibed byd polymnhalmqtlatwnabf Bedurm s =

suyfacg sagjittal hei S and i t.hi ckness .p
oo oh e arhersius Pinadiiom ueidad ek pae Bloe gaiodn
lﬂﬁk‘x‘%ﬁerw tiRfsuFaceQBRiivEab tiebasé C(ﬁﬁtﬂseetlcﬁﬁﬁﬁhmd ariglthe radial

ynom al uatjons for its optical ne surf
d%ﬁa@%a\w %wﬂ&éélseé%@lsén piligetesnindh 1§ g0 f t@%gg% 3=

Osdbﬁgﬁzcﬁldéé Lh /pk gﬁﬂ Thi@ i/ Bas(a @teOthicBacdS oMB2a1ME] a6 Bﬁtﬁkﬁzone
factor of 0.75. The basic front surface is
dsa@mréﬁ o8- apintand is anttablg fqrthy cogpctiay agd g@%ﬁ%&ﬁg ag| F\Bﬂévope

Alg@ﬁ%[ an%@fﬁ?z{n gopcg)?lta\é{ fEhs A 19533{!)6 &@@'tﬁﬁ @)lenﬁ@alrﬁ n:tns 1s

asli c surface describ E@yno
aeqyoreet itabe widet froen 4 sitipans h#dragel Xf@teﬁahzlhwh 1%(@“ ‘Wn‘é’rtbo% skilled

iL g’onttac?le%%? thg ni%¥ 1tsz@gﬁ )E}%%] Lperine {btnhtg %ﬁ%férf&dex?éngwor Bftinuous

I neter relative to th
ms jagd basni reframaw index oflir423 cEheamulltantirglatiiedietdxehirggiture graph of this

ﬂft F?Tﬁﬁcifeélﬁ 5 \%rq ﬁ]hﬂ%uhrg gg)i:lrom 9115 61@@6'132%%5 Wfde %lmulus for axial
e%n@&%%’zhlaﬂ ttads B n@oﬂ@(imtlét[bn&)r prT)BreSmdne hsas Yeas reanayedsiage both the

thlc 2. .mm..an,optic ne di amet D) of
PR e A e e S SR

t r eatReduld Bcome clealProny P EoreNidgthatgle ra?(}plajtfreaanélﬁ Ageodhand
contact lens materials IS exe

y. be use t hi r
RS TSI oD P CEITES 1 (e e B gLy smount of
TR, P& exaPle Chlsoftcon@btllertsAeYE éhthd ﬁt 1§kén|tlbﬁ3 guifaBle for a —10D
contact lens practice, for its hig

P IV iy Fighre Satihe bagk sugiaeee dusient design eoRinsLg afagif section
r?&dsun% v@i%}{ ﬁd'a@féhiu‘{ ) J18eX% ngth aﬁd 5413 ehfaa_tlafa(p') 8801774 amk front surface

lat1ve curvaf’ure graph
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soft contact lens is shown in Figure 7b. Fromthis
plot, it is clear that stinulus for axial elongation,

woniebssg|ads to myopia initiation or progressipaT/US2e6t/022083

been renoved since both the tangential and sagittal
focal positions have been placed anterior to the
daf bk Bescribdd byaibasic bptedos sofaanf fadios(n) bl 34 36egoiwity adtigibnal

. h d
B SR B S Y Rl MU -

ARY +anRuni; 6F Adphee s lsake aﬂu'ainmleaglml sxelfght (mamiumltaldrgnbe axis

desjgn of t present.inv i on for, a

palagnee) ok i i g ire o 8 bl ips Bl e

Alﬁﬁh%e degy ﬂqumhsSstheqénsan ﬁﬁlﬂhﬁteﬁs‘aﬁ{ fhizrlediym@, S008I, =
api cal radi us

shape f act

f(b‘)OXéQ 01 73543010 b e Soh PRLES TR b B %g)esa of 100 um,
DEHE 2SRRI GS! 0295 beE e, ah@HinkRe 6F A cofacl BAy'mBeAANof refractive
w th additi onal ittal hei ght added to this basic
ot bl dds esshliadi 1vaﬁgié|cywmeaara@cfara%wﬁﬂ GPNRGh enf f5yshown in
Figiie 8b. Frd tﬂisg ot XA aeeﬁ%hif §t1rﬁ'ulﬁ§ 68 aMihI& dhgStidnS whidR leads to myopia

afdi t1ona |ttaf hei ght (measured al ong fhe axis in
mtiatlommmvgyssmﬁ, hak beanuethened sine¢ bath the tangentipdanshsagigtal focal
S radi al di stance away
Ollrglg% e ax sglgcggflﬁ%ré%{shéf&nﬁ% Ilimeters. In this _
desi griyerathe forégoﬁhgmuss&z, one5kilddinl aptical gRgineceting dtensydesign

?‘H‘iﬁ'@mﬁq}?w gﬁp%rﬁ%lga tha(t) rl}lg %%prgarcrzg togﬁl% é)%Z%? nﬁv?ﬁtégng@op&ﬁ?cﬁﬁ%the
prngﬁm:tﬁl di‘fmyapxa@ﬂﬁla@imdltmmmmacaﬂxg myomeeéananctappieadwmm}(fferent
427. Th | t ant ' t h
bR PEVE P g Beraimsag Mg Suieef fiER gt rdlrdh B0kt
feRh&ivelagtigmatitmi s cl ear that stl mul us for axi al

el ongation, which | ea |a|n|tat|ono
Bt OQHES 4T Banagols b R CUEFGESh S PRERS o the curen

in8eR hhddho @t a288bchitia kanﬁ@ﬁf&l:laﬂja ghitbodistaivad e pBifital contact lens.
&haced anterior to the retina. Gven the fore

oin
de mr&ﬂﬁtané%or@mtm Ritpcplronigetilenses hang PARE? i“ntg ‘%F‘%rﬁ gvhich
H?fﬁl%glcwjﬂl e'r %B@Elyre@gﬁﬁ &E bt Qo bEadvetiRec R roRG R

present | nvention r retardi ngfrthe progreSS| on
ofrvatyropf fieldithe bifasklit (irea htsingstvy cfleetive eetrasHvanasist.ang hgnee two

f&)lg* s?iBRlltz{ng&nyl) E)Psugh t:cg ftact [éhse% ?Jnﬁ@ﬁfxén\{ @orﬂli% fvefyCIneffectlve for myopia

erent 'ans o e same optical device in
amttel astesplaimed ex:lflgur@fﬁraact% ve astigmatism It is

i por % (yfstrz?cﬁp i(I:)l treh§ gcéntcgrd?&%%e p g&ﬁﬁpb{f&gt c%'ﬁ{aci 1%5[900] has

desi ghd Urrent “raventi on: an
£ omtrandircular fomn @9oe$ thecfoalsky/light EX0# bfrerd idsstanhvieual ylp edts [906] to the

BBl GO ShEin S e o RS B

Mtr@l"lzoﬂ@wo tﬂht@nﬁﬁlﬁn&du@l@l%cums’mghﬂ D&l |Fneticar elqmul Db;dcts [912] also
der to _achjeve t %Correct r | ative Curélat ure

YOI tgq @)veat 1988 In [t adugte s:multéneoh ngt%orb? 8‘& (Rpéac lenses that

fh@f' hrRGhllde siRRBReoudisiometifoRalt. \Bach SifiultSebul Vidors Qoisdeitiic bifocal
such contact |enses render .them conparatively

?qiilé@f lenses o1 tyrigallynpendifar the parrestiona PESSBYCRided in Fi gures

9a tqn %Factlce, 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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As illustrated in Figure 9a, a center-distance
concentric bifocal contact |Iens [900] has a central

wOcion®esssa1 zone [ 902] that focuses |ight [904] POTOWS2004/022083

di stant visual objects [906] to the fovea [908]
(central retina) and an outer concentric annul ar zone
he 1<ﬂl]ant<ag¢sraﬁ umdplmgw Wigh & emalleapupiloirs duga@iear higion (this is due to a

Si us f.Qc ] \
ez R OISRV a5 M P o G et e sotfc Bt
Ithe gh Bidet @rekies: tﬁ@mntm'-ldg;taaod: (andhayfe smmhnd:matr)afocus such
enses are ca t aneous
ST Qoo o T S I UTEIR B o eORyeegperter
éft?ﬁbt Rfifral lZ6MES B&hild kechtlyReL@hy, Yn Uﬁ@(dybbsrerdaﬁenscba’ meecikedy identified
of pres

byopia. .l n practic concentr cont ac
Vi legs wﬁvﬁ pvidsh? Breativsllinee yrvpdurg 8@*3?15 e ea#s*%féfm&e“&c
BiEJRLI8 o REEEsembREhEQIMtRE leRRABS tﬁ@ﬁl@&iﬁf invéntioh bOaYy Bav@fagnore
nore conmonly used due tothe advantages of. conpliance

nfigetiveporsBparigheryl, pempassd e the depigny ¢f, é'afrpr?ﬁegﬁ igypnfipththeyjage not
%g:%tl@e‘%n %J@BH&I% nfy@lglh B¥e WNELERKCNRE RS 1108ra@M8n FRAHSABS A center-

r near, pupi'l” size al so decreases). In order to
@uethmcevenqeh@c @émaé gongict leanl9d4]iapldcadeonas cxadt wﬁéilﬁ%%tra)dlstam

%bggclt'fS'le%Et&fﬂ ﬁSUah@,%f?& jletes bl4‘]‘%%£ge's GRIEInAQYhIffield

era zone ter posi tive power than
pnslttohe Ti’raln,tlrﬁt [92@)feom W’an@rask figld [923hpassingrhyoughiheentgdjstance

R GRS T PRT014 f DL B 520 oy

hege bﬁnhe nkjact [@kBﬂldBmtto the plmsf:rwc af elative pesitiveesoatreofifield [928] in

v it SP S PanR e PRl AR 90T e R g icance

slemhigRse P41 b endpeé senposltion §982] behind the;etla{[ @3mbt81multaneously,

ggl';t g%(:;{gl F[rgvltlg'sctepmlg'lg t[rg?% é)a§swgﬁp1§b$1etgggnntu%r heht optlcal zone [938] of
e B&lﬁm uegg B4 Bis GOSN b inbar BddaDsht mtrﬁﬁ&m loefms n{tm 4934] and
IS aced on an e

fogqae[ﬁ% i pesr s ik gl 4@105% gof %‘%@Wé n Sl i (944

bR gl?f,speﬁbﬁerﬁq{ema[%(ﬂtthﬁ bassés tﬁtlod H@e hﬁduﬂiﬁ* Pear -Eblllkfal zdnie QB@IS] is
920] fromthe central field pas&qrqgthro

eaged t9la noins {A6L byingrm thaneay foges qug@L]re o figl H}lgte(latlons%np of
h??eﬁat 2 1ddvatui df %Hlsfgxgth& le{aﬁ% aanYn@ﬁ 63 #Pthe RMta bR f8Beads shown

ear inage of | ect . Due to the presence
nfFigue ¢ asearelotivd fidld eurgatmg atatnh t ghfouldjadgocbe PQ@é}haF With Hiegresence

N ey e

tegardlaswgcﬁ”cécctentrmtp dusd tbitlercoh 982 pufsgtositidning ef a dear (distpigrg 47 near)

Si mul | f .
e RREEHR g oplatortstioky B RERRLLY f U fhroniaty o

f&ﬁaﬂepﬁatlbﬁﬁlmmﬁﬁﬁx1il@'l3vt[1914] is focused to a near

focal poi nt 940 [ n the r
e RS el FhkBY i SELER ST  prouc
ﬁﬂlf]tf WRtbdi &Eﬁfwlfeh ?b(ﬂ'ingzﬂ"rgﬂé 6(&Hpﬂr?siﬁlhﬁ§ aré b@chéc}q {0914641]et1f12r th®eye would
t he peripheral_ fie t ass thro
e e i naitoc et o8 Bl e oukau 4O e g fecase of
nJl MI'% PR @dplchiSt g?&.ﬁkmf(mcmwm@w Ne €ci e Pbéltioned behind
e relationship of the relative curvature of

fhy @twa} dhe eypwould dendrie srowta repesikion e reting ta tat of gieimege apfgriorly
E&Ytﬁﬁed ﬁneslt]&}@mln sﬂn;ﬁb 4 e?maﬁ)pﬁssas RlsAtinienifh Sledine focus is
urvature graph. It s e noted that with the
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of bifocality, the retinal image quality for any
object in space wll always be degraded regardl ess of

woewaeRerssdici ty due to the constant superpositi ®@vigs20d4/022083

cl ear (distance or near) and a blurred (near of

di stance respectively) inmage at the retina, which is

lsBiongaladnethid feeihd andahd athenlide frchyiapootiorst behindithe frefina peyie growth
rowt h. I n our experinents h

rgzlly sé%qlhlﬂ@ﬁail aimgaln, ér}ore nltteé‘ir%)rl\gﬁ%:afgé goc?fvl\%l%nﬁﬁée ‘%‘*g’ga.’ ?ﬁ‘ﬁn some

dabdhe Whewodld\groaxtd adpobitioretht extiah toptbatiof itemsorepestayioflg pesitioned

bR S 1 A o G P i R B8 i
£RAMhSthé ine Fdtud BPosiaGRd BELLDMP edtins), thy pgy weild Gidco grow to
astigmatism (in which both axi ?I I i.ne%jfoci are
1spRsitianheaigtinaelh ithig o the moes Rogigyiorly pasttigyed W5 Pst end t o

gr oW thQ idt&RIBE bt m9Opid Peverfibh Bangd Bifdchidon@ét 1ékes i8S Rduce the
anteriorly positioned |line focus. In_s

. A i mpl e )

imyquet picaceampnedation fegindi aadior the amapmt R defecus ipyrredwtfaout
Ac@&ﬂﬁib&dtﬂg ﬁgﬁr%’hetap\%i&?ﬁ}b G AR ndab 6ptRaNBhe Hbrty de@CHSual Sork
positione eflmnd the retina) eye growmh nay stabilize
@ndrending)t Hpweehas sesnan Bigvisdc ofueyo the sistidiandpge alesanrs@f bom the

. r . "
RS e s L TR L B B R o
gowilt irthe dirdctineof the arsow [948 itoverddsethe digtaacdeiimagq sunfagshyveid lead to

R

isetof Bidgcal dohactHyeseskmsindt ieemelfféctivginale ¢ontroleyfagiopiador dlhe

retina to that of. the. nor osteriorl 0Si.ti L
kL0 ot e BT S BBl e chine
Qird0Gabf At Glughten dR prdsent iveritdiuce t he anmount of
accommpdat i on re%ui red and/ or the apount of,defocus ¢
" neurt B B PRe HERBRIBAAE HisH SITFAT O THSH® (D RTogReSig 0
M50 fdk BR eNQRE nARbé, GBhayZAstebedidéd 1 Prdvemithe/drseralf myopis for
(e.g. readi %) However, as seen in Figure 9c, due to
mAiidyplsin the rAESISE calead¥nioBeBMPlsy these Fith %W%Rl&ﬁ%f%nfaﬂfdwho are

B?&Ped. iﬁ%&ﬁéﬂg@é nd8 b suA%ask P RuddOR istultyiflg bEdoRIputER ofd#itioR) bk &nown
0 reld, stinmulus for eye growh (rn the direction of
totheveaz high/likgihgdd ofidsvirlpring myepialiFet hesedndividyals whe may aot be

%&i?b&t%@% rhgo ?c?(lief?&engileé? %ﬁ)&és 115\%519& ! ,etiﬂﬁlemented in a lens

el opnent P progression of nyopia. This explains .

whily zérb esfustévegfowr. fAacahmplo of such 2 zerapewersd dens (rlsaraled a “plano
ffective in the n . Of [ | e

Rh o tADnaS] bhh itbrdk fillenhyonion's approach t

Pryveteing thloadet ofmpdpid, ikshoeh at Rigwre ¢0a. Tht back swifackiof thif lemssdesign

taught .in the present invention [ t [

SRBROT BB o Tl ! B Bgia ST 3 hape factor
@? Gﬂ(ﬂ.gﬁ gihe froff suffie@(is aesétﬁj’e;i] dY adAdiS §;ihf31(jjcah}mfae¢ \fNith amadyus (r) of
al so be used to prevent onset of. opi r .

T2 i et St heig S5 B SRR B B by
bR kb tioH OPihe fRAY £04 S’ @12, Whoaat'e d,aV @hated i the additional
prol onged near visual tasks Esuch as. st udyi n% Qr )
@a@}ﬁgh]@eéght @@slgp@ gﬁyg the axig lnpgerﬁ)aqféheasuh%%q{ lative to the basic
bdnk&dal BRR Afd A6 MRIrARAINktARY OBV A frJnid he lakig D thic s ¥t AllBInSters. In
who may not be nyopi c but jhave og(la_p t endenci es, (the
fhiscdeeign, 2 mPAE 5 2 Ty OReL O napl=e7n£‘/?f‘ 314 29=|-bAZ7¥10°. 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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with zero refractive power. An exanple of such a

zero-powered |l ens (also called a "piano"” |ens by
wey®sosssel pr of essi onal s), which incorporates ther/us2004/022083

present invention's approach to preventing the onset

of nmyopia, is shown in Figure 10a. The back surface of
alchitsct et mackeial afnefentisd ivdax 10427a Tho reseltagierstative field garvature graph

surface with apical r.adius of., 8. .an_an )
e S qapjeeble i S Bafoltb Py ot SR R 2 gyptes
fé aRRABEIEn@ABE MGl cas ity ayid devalopmehitLisis bedn refioded. sitle both
mm and wth add{gé)i&a?nal. .sagi ttal 9ei g}ht added to.this
thsganeentia ppdsegittgloedl PRULPTS P25 B581 DIASHARIeT GG At B %ot
t he F&IsBms irdividualsad in @2ai4pplicaonsHit hagBe xdaitagioas ® tiesble to
the additional sagittal hejght q(erreas*%re al ont? t he der t
stimylatejagiahslpngatien: Eprgxagple; his Taaybe dope fox p Rypapmetqpe i grder to
QRS Ge SMBETt0ERpefitfopfaCORBEn it oF rddi6ing @Riagloufl oFhegeeetropia in
away fromthe axis of the lens in millinmeters. In this
sepbgndjriduals isimprogerysar fogysing a1l Bl epnverss ottho basyapprgactsof the
TG | h Btropid¥hfduBES S

ppehy e He S Bea e A O e ork U
idtidneof wpebell gfeavti diiguae t 12l shorss arepfieqonibt leyts degign aicthe prgsent
dndex 1.427 I [ j :

088 st for [N SR M berh Bl ofFart) SRR Thub R suruce
of fhiix letksrdesigh hérsisplobt sphieticdl sur€dce svithtraviags (Divé 8SPimn Ths fropt
axial elo i on, .which LNid] opyi . ‘s
sHRErspraies ohaessthtal fltatf Uil (YRR mm with additona
shginn) @eightalddand tsabdstct satfadeclestribpbisyi 4 pdyrenhia\equdtion of the form s =
placed,antegior to the retina. For. sone indiyid s
aghd” frk d&ptal er%ﬁﬁltf‘ecaéildlné’%l,Sagl?tal%ﬁlﬁﬁtb(gle%%l\rleanY%lﬁggéu%lstlg
miBinRr§ of heShifate rélitercax thalbagit pherddal ainfacdand »eix drprhdial distance

this may be done for a_hyper rope in or or §
SR SO A AR B ER BB, BrbsBen ft S PopRtiar hgiio”
ahd§, 250 0O TP TRE b Oftted thibknSsdT 24N diny drflsiAic SoneSdiameter
m‘groved near focusing ability. The copverse of tp7e T
(BEB) ef ppibandris Brde of@ copiaedens matrrehefreirackys index 1.427. The

i PP B soRt oMYA Rng R showh an RiBure u ok It
r%ﬁ%@ﬁ%‘ﬁégiferdgggﬁgﬁggg owt h. Sl(:)i 58re 1fa shows a lglgft e

be seendiom thisrotdeas beth thsftanghetiab pressagittal facad pesitigns dayengn) heen

. ret i . + ] Y i
oL el O B2 JERATTE] GO RRad AR On R PR Mnulus for
asiphdongatidn & evélkadevivich danrigtite sye(grywibfleaging@o raductiphef
front surface is described by a basic spherical
BYPFPSEP St radius (r) of -614.7 nmwith additional
sagi Figates h2d ghRi dddent: anadvdriced dppbicatios uf thapreseit syentivado
o LR SR i R B o
Witle @iulta AeRasY irRdipalatingtht bervaidesf ifialdifor dohnelting syom4. Thive
surface rel ative tg t he basic s%her i.gal erf.ac:ﬁ and X .
technigpe inraynPE cogireliof thedresehtyep i Rrpddes fprlthe sinpifianepys correction
of theavEIEORE £ Fationd (thp1bAlydRSudi higher-order SRE@Bonspef the eye while
1.400kI 4 and a3 = 6. 19_8)(I 06. This | ens has a center.
deliyesing desopect 2mounhef reltive pyrvatuss 9f Beld; ThistRproackpas)preyide further
i i . i te stiffifus aed @ re@fd the
iHprey gﬁg@g@@%g&ﬂ%} i fe SRRLARL: HEMRLTEURE el e
peagressionpemperaph for this soft contact lens is shown in
Figure 1lb. It can be seen fromthis plot that both
the tangential and sagittal focal positions have now
been 231-
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effectively placed behind (nore posterior to) the

retina. In this configuration, a stinulus for axial
webasgsisvon i s evoked, which can initiate eye BCDWS1004/022083

| eading to reduction of hypernetropia. Figures 12a to

12i illustrate an advanced application of the present

i nveTid abarrstnp Gintlidihg asdgmatiemt’, acompbesticalpptiea [defeetruspally

i ncl udi ng ast.| t . hi gh- I t] j :
B LN R e S e D
hiphét sradrl abagatioyo@ich as Thinsa”t @yhadpberrationniypisally wad nomegtable with

of the pr.esent ipvention ovides.for.the.simlt
cemeprte] YROBFOTREOTisST PENES BTt PLdRiF U i s edoured
ukifg h whigd of SiGihg beuddrdeve-aber seadorsng) HatmarneShayledemtiet)eAn
delivering the correct anmount fof r.r%:i a(%i }/,e cur vat ur.e of
cRamle|of arRpR oL MaveFont AbFTBRAR o1eae AN HHEL S PYRIP e 1
Fidusd 0. W0kl B B AbrA i aEnhbrey Gpis Gfavd-abet medpl thatlthis eye has
required to retard the progression of nyopia. The
S%@PF@@F@H@S of stpmatisHyrrdg8Pr-gnmt i snt', a non- spheri cal
opt i £@lqulaftafk aHARE VikidnQEkREstPad @ptical Biggire¥tsinideGdibe wave-
corrections in a spectacle or toric contact |enses)
frenichbeseass at 4 Gerhike Relyoomiglerrieh8p pddiiigsadvapiage ofdhis method of
des%ggﬁé ta% agi&%ﬁts E\fat @D SEMAE ngQnorﬁiﬁpﬂeﬁﬁé tedteNhiberration-types familiar

corre conventional vision correction

tSIBY b 3] SseRedst vERMGERAE For Sfaniple, bordfisiérn LZE%l is fitedicakiee of
nmeasured using a range of existing ocular wave-front
i idSF (HIRDDard PC K iflRUHCESD the HRRseR¥@PIofhaGh 1
aﬁ%ﬁggﬁtlé]gle\%g\lles-?r on?@?ﬂber:’r atli ona of oneéﬁi%%di Vi dlj)ala' S
oBN& Jf theYOMIOr the ekdrfplé ShohvAdn Fighreclan, theasltidef of dita Zeeike
asymmetry of this wave-front map that this eye has
oBefHiie Rt Forabtigrmnism (22 Pfs -@e46 gmpend Soncamd (Zojveis -0 pm.
guantitative anal yses, vision scientists and opti cal
engi Meefehtinayurdese bf Held nativeft tiist indibidnal steyo isshawn @ Figures 12b

Zer ni K I i al i es. ddi .t i;onal _advant
¢ L o e BeVerptuaamige abdRars BHESFe e FRIFT AR B, e
rélgivRi JeBrafied YITRIE differs @EtWBer ditfadest thaididnerfigtre 02b, i §pasl 12d show

famliar to the_aqptical engineer or visi sci enti st
thegrelagyeaghsyadire ebRsld b horizghglrpaycsigel gl lpp e ertical htt-
nfsidladREpe I nhadiasH, whle @is éy28s QYR t@Béingethetropic in the central
i ndi cative of the presence of coma in the opti

) s of . .

fieldeasagRa in Eigiras i eb o RAphePainbeAl F611 FagaPesiions o astigmati

b A 1 agEduntak® afeQREdohfihRNY foch®d b@sid ©ERking Aong the
ARSI il afebio S g doniaadl { 'S 0,344 M
eliﬂqet. qflemq;t ofithe hﬁlﬁammm@, anfl »\fqu@ e.d'o]gfmt stfer axpl glongation and
e\ QQPV o%ﬁllléaﬁingl[oem#«?pias&(%% rlngnt'c:ﬁ dfefse. .12b t_o 12d. i Due
{0 e presencte o asynne?rlc aberrations including.
ast i gmepiisinievics desipred atd¢vedingtoghd pranciples\od thermeeset iveatien can
differs.between djffer ridi. ' 2h
SRS AR RSO T Ao e R
abatdtivandfahe eyepPies arvangéren woald hrdnte the vegardatioml and potential reversal

al fneridians r ectiv . .o addi ti whi | 4} .
o Juope pignct BRIt R o ilrE ST oriBe bt B bithdiop
cBfe @R Buch alr XpinphSis d¥oribed bbRG, anid iguspeted priéipats flead d2i. For this
plarrgggl%r gx%fﬁlp%el, g Qc?ft go%{actb lgrtlshdegigrtl Ivvgsn‘&t‘{l{z(e:d, 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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(tangential and sagittal) inmge surfaces are

predom nantly | ocated behind the retina along the
wezxdosnsssof nost of the hal f-neridians, and woubdr/esmke022083

stimulus for axial elongation and eyeball growh

| eadi ng to nyopi a devel opnent or increase. An optical

ifleutiaeto tesiyg nfiie descubedi agglat waveHicond pheratien, & redultaavave-front

resent. inventi ani e i L .

SBRFGR RS SRR SRl b A P Bl R ciminaca whie

shinglassously @ewvidadpethe slativn suredtutetoé field euitablei for contraltige myapia

woul d pronote the t ar dat.i on_an ot ' ever

S5l & e ot TR Ntk SBadf FeBRLERY Ve b Tha %

@1 Rf Thbebsadeel adymnadfrydhiicatattho astigonties tndemaSuehbeen

CHASTBh bt Bt Y bl AR S R v
ontact .| ens. desi an. . utibize vV '

RS ST R He3) RRopR ey Blxe D8

opti cal i ces St I 10 an.:.of: . .

RAHER 0B RPAR  R g FSEH Ryn o ssgmai

ad cérabihet wddyd promlbtei imgroxed vimtaheduityens desi gn of t he

apr esgnti nventi ?n tgl taeee & of t r%a descqei ig (gatpo%gllbar

waves F‘F%Wf’ WaBG PP TR UOp ﬁ}e( F &S ARt WEve- ? ront

e Sl e o e

: [ : aneous

i Prg GioAGect RRMERS PRALOBY o VT B 10 B BACEITEL ) soes

oFiehthfiH (hisH alRY ORLRicHCYREMIRFERAs Sractibiofgs)asiati@no thehtys fardptimal

clearly seen in the resultant wave-frant r{?;?hl n Fi ucraia

perfermantre Dagigh frabres suipblaiee GOTaqteTicRtaben phiyeh asymme
c@ﬁt@aétgé]ﬁés! REWENEh AT cHANE 1A BRctRiches hhy ﬁilcl‘{ld@#ﬂ_isﬁﬂ Palagithg,

The anplitudes of the resultant Zerni ke coefficients
dysaroie ithin eeneniant ‘slabeofE designst Eabprigatia of psymmetrgal design contact lenses
i85Ld | ) i i BY Gselo® SRRFlrBhiolled
lﬁégzangg%Af ce J b té1 0 S%Skg[lbgig ﬁﬁ?g %?1%1%%%6 m%od em trr at i (r)1 ge
multrskiatrtheslandmillsi nat i on of astigmati sm and cona t hat

woul 0 e | ' ' ' o
vl PR RLERUE LR Rl Sl b s dscipion
of Gilichtan asymhrhatrice Jemsrd¢signosdy, betcoevenntipetprdseadsis dsetiegof Zernike
exanple is.al sorotationpally as ical (i | 8
BT I Tl BB RSN el b L oo 12
t9/Q2H Ghidk sitbwt @nbiet 16w detigh pgranmplats bf gcfrom nidbdck sirface sagittal

(also call.ed "l ocatiqgn” contact .l ens.practiti,Qners

Hefiring g 115 Koers PR H101e By AT kB R BB e hper-
Jeﬁﬁﬁwﬁgﬁrem’?) aallewérorertichRFiQFe B0 haf-meridiadsi Oliis 65t cmeaat lens
asynmetrical contact | enses are wel | Egomn to con

tac .
degigg m,g}(eédlg;q ¢f areabyateniof opic lﬁﬁféloﬁ% and polynpmial ?ciuﬁaons for 1¥s basic

ogM&ﬁ RhirfactiTRe BRRQSrfacB B6hsishl R voit sddadn §P& surfaddwith @pitA)Radius
f as%/rmetrl cal desi gn contact |lenses is also well

(khefh3 B 4nd shaps iackar d) af . 76 nEhechapic fREr Ffade bR sorhEectigphith
a@%ﬁ@ﬁ@%@%@?%i ! agld SPABL et X))o bBbART vatkthdBitbhad sagittal

! (ont a err.tl on COFfEC_tI on conponents, )
hetgbt oided FDathIS begid mw@smﬁefbby & polghomgiakdquatipn of the form s = a,.x" +
A TIEE £38 wh&l S iReh FMlioHasa R GRIPHARME R tniokREARIPRSRMed to
4S a“¥erids of Zzernike .
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, a3 = -1.540x10* and a4 = -9.261x10®. In order to
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pol ynom al coefficients. The soft contact |ens design
of this exanple is shown in Figures 12f to 12h which

wostesmsgmt act | ens desi gn program plots of it Pdvim2004/022083

and back surface sagittal heights and its thickness
profile along the horizontal half-neridian (Figure
lilﬁéc)u,ce tH&(asmnpemvaé strfase profikis gegessamyty pormesd the asymmetrical

ower -verti.cal (F L ft
et 2 BiE g M B Qe L e (B B
myﬂoﬁnﬂ gaiffice descebel ysoigyieorilegiolymqmanls. dipscificallyi fos thggfmntsurface
optical surfaces. The back surface consists of a conic
desigh iobthistexpmpleuthé Zeraikaipelnerpials anclydg diltd< f ) estigaptign Sé ) and
mm and shape factor (p) of 0.75. The basic front
Sfaf (ZCE) dinpRnEfidvEh BAFNHLER o0t002 846 10 0.00982816m(and).00442 um
0.3712° nm and shape factor (p) of 0.004667 with
Rt dvegnal sagl ttal height added to this basic surface

descr.i bed a polynom al equatio form
2. Mhigaens s & o thcesp of aemand a1 QZPHE STt T gfemplar
RAGk bisthed R W3 adt AT a difoond Ry deddREmBtetisl vath Adeddive thdelef

surface, measured along the axis in mllineters) of

L4 She feadlant iejaiys Geld prvathre e of thisftcomagtdqn is shown in

e [ t
SYBLTEPOE w1 Bl SR s v o
elimi8®n oﬁgsttgrna@slmg_r@lmmaa@e resulfantelatiyoemrsaiare 9f field has been
regd 2e6d %la@or@aflly 91%91%51 FRthis gﬁ)ltl G6is LGk tﬂ'ﬁ%ﬂ?ﬁﬁfuﬁ 'f&%klal
surtace | S necessary t correct the asyrmetrl cal
elweationt, mchmh leaglel thi mycmmilmt@agn ertpadgréssionHias beenfreneted since both the

to,thi f
8%688?1618(& S b t‘?arl1 %oc%o rors11I i sCh%v gesén ﬁ]ﬁg?cpa%lteéﬂec : tﬁcj: reﬁp{ ace for
t he fa méntﬂa\reﬂcqm&nd esacgrevmbovhnmkamph &r smheter@rrnfekred to as

polynom al s include filt % ast i tism(Zz" n

P%—vcsuzl } 1syto gwéﬁ 8hxpgla%(t%ehat)g¢%t ons agtgaeyef or Glef%rfﬁgn% of the
Waan@ c e 8RBVt @bsIbIe Ddrbirplnherabspaiohs mhg/corfébmm degits by
has a center thickness of 224 nmm and an

Wﬁﬂ@l@@ﬁ%‘f‘%&ﬁ“;ﬁo%‘iﬁ%‘j <53 U RPor R TR B YD f5iEh sPProach to
sdhlelv€ Qper-Ryidh ﬁﬁ? brdPRde@ktclentWisidh it wohid &6 insuficientidxetaiding,
1.427. The resultant relative field curvature graph of
elimigatingfor revensing dhe nragressioa of mygRia itheVgdiFe 12i . Only a

Si Ngl§e eGP of tRe &Ql\%lrd%%% b bi8seht inbstibAvehealapplied to also correct
nmeridians as, with the elimnation of astlg I sm and

oyl abartation, defer ﬁ\dxstannzélyaftqnv@oaelﬂevamrfer the optiraipgfionef central
9 ?1%1? b{/ ﬁ}gqgﬁgc ioh Of ?Dteh%@lls ! \?(’hé?’emgﬁ‘st & b& ed E)r s‘ﬁmtﬁxmaﬁy reduce or

ear that sti us for axial elongation,
anohte ﬂeaﬁmzttmnmfohﬂ 6’61 lncludlag what aor capledie é‘lslghfli wrdep aberrations”,
enpved.since
§u8§ afto OVI% aéaﬁge %r\x}lgp 1seu§np ?‘f %%g 8{‘] % g%ﬁ-‘gggﬁ} gﬁ&hgh%n 1s to
mﬁtnnm:awavfé feant elerrad e fokr dprmmal, fovwaladsiore The adssandfontbe particular

5 PR B PO ed Pl s R SO of B
tofifal pREL6redep PR 1sQfen§ehﬁptbyﬂn%ﬁﬁbsC£nureE\d§mrr)gn dm/rleglen Out51de this
conbi ned or. si the aberrati f t.he corre

E89P B By BrBaT g BoUEFats Girb P BEEUE S Ghie M pervhery

i dEAERQ i iadfidieht BPk Srdnb@dmestisitbfabeRsiba forPipreadVisich in this
achi eve super-vision may provide exce]lent v

wsiondnsentrast assordingtathe mes‘egttlaYeap% for the retardatllor? l)ro r?1m1nat10n of

myopia progression, the relative curvature of field, governed by the relative positions of
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elimnating or reversing the progression of nyopia in
the wearer. The design of the optical device of the
w@e@sessoi nventi on, when applied to al so corr eecT/082008022083

aberration, differ substantially fromthose designed

for the optimzation of central vision by the

1@@”er;ﬁatwmcmfss thb entrreuy iobths retinh ancludingdneeai middessiphergdnd o
stanti al red or eI ons of
e@'y@“?eﬂh%ilﬁ %fny laela%:%ﬁtp%gwéﬁld%?%& élr1 or der

ab er it atill b&asme aﬁpaieknt asreddersufohel ditecripbiow ef the fqregomgl esnbatliments

per.f or na r-vis
e e Do B0 P et eyt of BFig bV pRACeL dfkides pl B¢ proser
ifleftidH nayheeachi@a&ian sdvaral ﬁd&l&ldﬂ@lrWay@ (Hoa Exeati}il@ Histead of the use of
central foveal vision.is t soIOL%{l of t.h tina

cprig EEchipns 9 @olyasraial gauglion FPe & S W 4gs, per

ﬁlt%% gégcn?@fs%é}ﬁhenﬂe(mﬁ&ﬁdlﬂ@ bﬁlﬁes\/ BS}i6M) FduFier $3tiSs JyR@EdN) Zemike
his region, the retinal receptor densit

Y
pgbmreak@seaglaph hmggzt ‘ieéCftH*@S’;%F?ﬁ‘b‘W@Péo 3my of g toregoing, or a more
ggﬁe(?al St Bﬂ% ¢ subf1€ ESODHbY via D 16JkS L able lof BnilhCapPpRIEIRB! Further,

corr ctlo aerratlonsfor i mproved vision in this
theg@slgm of ¢pticelaigvicesstf thea@@sglptdnwgthlbls pﬁtémyﬁe@é@ the design of optxcal
sur?acg I'B;df%l Ft)loéxahlgﬁ éﬁé}l@ﬂtq dcgﬁe 19&ex%bm5‘ﬁ\5ﬂegﬂs F'H‘ay be used to
a progressi e relative curvature I d,
ngmpetametﬁe ixjativh eumauratofﬁeldmsmam%meldwqm@e y,hel@gtaphmsr

d racqlz{'g ro%)ge gr&ts dh%l md1 yy 5’} 1f1 Q&nlglgé:t{oﬁ'ig}vﬂg e;c(ﬂ\f)%r or with the

stuBatk peadfile drglgﬂyzpmrbaa:hdaevel opment and pr ogr essi on.

wi || nt .to readers o esc

the. 7ot oG Bt s L ER e e fen S ERGGH B aﬁ? offfygevice

degbrttlivigh aGpiéseabedrand @fedétb@hﬁhdbynomm ofsmltabtquenpbsalcabextdmens in
present invention he achi

pglala\llfi{ Ia}ﬁlglve Ire Pg&éﬁ@kﬁmfﬂ"‘g (? an '11815 ?Nde Rrﬁ%te&gglegfefractwe

cﬁ%bqse?ﬁg{eaons or pol ynom al equations to define the

profiles of the optical surfaces, other surf

desc ;l"hfbkedrrgqmylegés thatdesigns-of ibe m@segi'p\pyqﬁlggn ngazf?cg? good visual

agﬁg; Vet lelg85d SORhIRA Bcusks kdirkighaRal Yovearvallle dfhultaneously
ttaf gl ght descriptors, or conbinations of any, of

elifyénafing é)gétlrnglus [ abzalrﬂh@aWrrmltlwp& the WUI&?F% fmages in front of
arlafpkstiad abl e or simlar
t’z{“’g‘%{“g"a hes. &@t& ﬁ%&ewlﬁee dggﬁg% of optical devices of
t he iﬁh@sresﬂnt inmenginn ifusther eonsotplatds that ehy presentiectignds pfhapppratuses
oang I %?[lt)llle\%;g ANy a5 eI'CSQEl&é ’\fcﬁnreg g{cogx)égqpr% isti gé Eégila@me error of the eye.
Ronevapiplegh e6D Ipeesd:rqitlah imag be introddogd & bé dwl@L with & spigable amount of

TR T AT O N R

Baplt vadahee fvhile rdtdrﬂlhg tH&@rdisﬁlaﬁ: ef lis/bdrichy@pthesi gn
appr oaches. prese i nvention (fan be reali

i SRR 5 S AP e RO e CRRET Gy o it an

approPridiel k&u6dd anfdeﬁwcﬁ&edoaemdﬁqﬂe an®utipresérigion) whildbe
peri pheral  aberrations, %A cul ar rel.ative

intEadyerd e @agtain papty with éheﬂ}eU\fF‘B’é leysl ¢f mYBRiFect and

pr edgtefnvkiRd n{a?fb@ &libatens %@ﬁ?@dlﬁo‘éd aévias! Bflexatpe dyiigh
requi renent is that designs of the present i nvention

viefunie raglfling decherdeRyy Praggpstom- -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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acuity by ensuring good central field focus to the
retina and fovea while sinultaneously elimnating the
W@ oostobass1 f or axi al el ongati on by positioni ng p&EUS2004/022083
peri pheral images in front of the retina by
mani pul ating the relative curvature of field. The
p@m&a&ﬁ)ntof myusst Foo exdnyle, iera nos pexdpitan eéDtphfaGnnth)e device intended

res thods an ar es 0
(S mg ﬁ ﬂgrreg&ﬂﬁll S glg%alog tj'lg %Sl%‘l%Vé(?ugc)l( ﬂigﬁlde § ensa%rclx for the
ekiStingaselilay R 18N E &Irveﬁlﬁre ohfiel@yla typival -SDampdpe, Inahls “ﬁtj) useful effects
prescrijption .be introduced,to %?e devi ce,. d lthe
AP B RRORIA G PETEaE PUE pGUEd SRy i T i viduals

t herphys e‘ﬂ‘ihcﬂhﬂ@al %%Vd’i&ﬁiﬂm@Dﬁh@*oﬁﬂfdtﬁdﬁtﬁd effes hmhifewd by

the - 6 pi ¢ wearer mM|4 §é§rdln 1prog si on
cytorpidesignse dWﬁﬁﬁl Epr thgqustprrdeyigneddeyiges a‘h‘i’ h@ﬁ%ﬁﬁ?‘é\“s
iRERHTRRe LEHiE Sativ@ cRRWuRTTRIIIf MR iA@VideS 1Mbrtdad @arer may be

appropriately reduced anount of refractive correctian
mepsuged, §orlegateitle privgseneioha ranas ofyailableeeulan avaliedensers (e
WﬁfflSHacE%E%Eéf%mdtd%hﬁ&eor%ﬁvﬁxfsee‘}é'-‘ﬁﬁ‘lja)hﬁ\l&{ tHhed¥RRleAts using

I nventi on realized a$ mass- produced
opigaal cahstent t@moemalma(IO&Tbyr whgﬁynﬁ@ ofiipterieringitesgor high-resolution
tlfa%gurr]lﬁlsysg s The &%Lff‘e'hqmeg t HR\%L@Existifle lle'l'h%vg R Fature
roduce evl ces e ative curvature of

of field din ardyr th ecldewagnembgato/ebela@\m cunatuge ¢fdield whila ppipteiing central
sth ﬂPulatlon of nyopes. For exanple, for a mass

ﬁ odU¢tion - 3D prescription device intended for
r et aThé prgsehhi@vition figthei @mteofpla{esipmmymgdsa remlheofdielslpgmetmpic

e}’r\g#)g/gf% gr%lgtl%?rglgg elgfs'eaa‘i .lzegri)e{ t}bef 1né cﬁlcte an(zﬁ asu .'ga%cz%ﬂuﬂfnt of positive

rdlivieRuS by of flesEihtsl theddvive] tﬁerel@l‘lprbﬁoﬁtguxm eldngnjlon and hence,
popul ation-aver age mass-produced designs in nany

r?%la'ilqn FRAPLMERERA- 3 gi ven i ndi vi dual, however, opti nal

Y OPiathilk @ledréttdd UMREMRGEs akeSinAdToRY Sﬂsolﬁ)br RGP contact lenses, it will
cust om desi gned devi ces. For the custom desi

b épmediatelyrohmiontiokase sk llidin thematthat iy myentiog) ﬁ*@ Yehe
uﬁﬁl‘eﬁ%ﬁ il FAARKINS ofLtnYRt ehRs Rfg. hiRlc@r Mlerﬁl%nia&déﬁébﬁd—iﬂ'

wearer may be measured, for exanple using one
“legg)ab«‘ltcé’r’l gestants vehvesd Matsir E0BTerniEet [ppsoRuny bhyomdn §efem), spectacles,
1EeS
IéES %Bth_cj?aﬁ cor éﬁg (‘[sg Lﬁﬂ/g ohh&fs; ﬁerﬁ%o&ﬂsbsg UgiteBibr QfafribBribes as |

measur ements using optica
vmrurae be ntetltodmgaupﬁy c@@etal)or epitholidh ggmadgliresorgpulpting including

terferoneter 1 hi al
SRR SR s Dol (57 AP PRI BB ) 1
thecdasd dARGE u:rhaatlmodaeraifcoﬁtace Ildlsccsras oretles cantacalehice ueedan Hhet

negati ve.r tive curva of f

spalfaen Shar@pferiBat Herphe Bedimy R pultlsfeaB ety B hlun
als0 hecdpbib d igfuefdeTitiel tm-léd's €prbéiiced by tif tear hygdreneten dpl posterior
eye tqwards ennetrgﬁja. This i zed by the

SPﬁ?@é@ﬂ@FP@W”&?“é“ FP%H“ECQH%%ﬁPE%? ‘positive relative

cur Vgt ife fdterdtiaBinflodudtioh éfhuetiebedptiea detibes mmyh@pcnmm t0@orrect
axi al el ongation and, hence, .reduction of

refyasE Y herrar @m aculappbarestipnian fralsHie (8 VEeNB AN RIFELiogsyststps and
gcﬁﬁtl &Jﬂﬁb@ ys?é?’f)st) iPts HEMHIARY afat thb 8OSESapplohchél bf this invention

may also be incorporated in those devices.
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be i medi ately obvious to those skilled in the art
that this invention nmay al so be inplenented in other
wb ee03ms%801 cont act | enses (e.g. haptic or scl erBCT/US2004/022083
contact |enses and 'piggy back"” systens where two or
nore cont act._| enses Worn in ,ande _ ) .
s pectth’Fye‘go‘Lﬁ‘@t_‘Qns é’ﬁrlalt‘%? pngd otheg Fﬁ‘@%i‘mf’éts  the jpvesiag will come to

8 Ay §f onk BKiBEPRRSA WS SHS0h, thid MveAti A peANBTRAAng tROBES ST the
wel | as by methods suitable for corneal or epithelia

feachings |prq%?yt?51r in dhe fPI5EPIAG deSARRtieas- TietsFarh dide fodegindefstopththat the
MOEtRATY R Sy lgﬁfeﬁ t6 fre IpechiRd éﬁﬁfo@ﬁ&ﬂﬁ @k%'cf%sedpaaﬁ'thalt%hlj’ﬁcatmns
LASEK, etc.). the case of RGP or haptic/sclera
@tsirﬂﬂx'é?mb%@é%ts @1@ Hmnded asbecl@m@étwuhew% gcops efithe appended claims.
A S L Ot SRS B Aoy h Bl b Bifer Sy Bcrpive sense
oy anshilot farfphupeses of Wihitattom. t ear - | ens (produced by the

tear |ayer between the posterior surface of the

contact lens and the anterior corneal surface). Wth

the potential introduction of active optical devices
with the potential to correct refractive error and

ocul ar aberrations in real-tine (e.g. wave-front
correction systens and 'adaptive optics' systens), it

is contenpl ated that the design approaches of this
invention may al so be incorporated in those

devi ces. Many nodi fications, variations, and other

enbodi nents of the invention will cone to the m nd of

one skilled in the art to which this invention

pertains having the benefit of the teachings presented
in the foregoing descriptions. Therefore, it is to be
understood that the invention is not to be limted to
the specific enbodi nents discl osed and t hat

nodi fi cati ons and ot her enbodi nents are intended to be

i ncluded within the scope of the appended cl ai ns.

Al t hough specific terns are enployed herein, they are
used in a generic and descriptive sense only and not

for purposes of limtation.WHAT IS CLAIMED IS: 1. A

met hod for controlling optical aberrations to alter
relative curvature of field conprising the steps of:
provi di ng an ocul ar system conprising a predeterm ned
aberrationcontroll ed design; controlling the

forward- backward positions of the peripheral off-axis
focal points relative to the central on-axis foca

poi nt; said control of positions of peripheral foca

poi nts producing at | east one substantially corrective
stimulus; providing the substantially corrective
stimulus to an eye to alter eye growmh wherein the
control of positions of peripheral focal points is

ef fected whil e sinmultaneously controlling the

f orwar d- backward position of the centra
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on-axis focal point near to the retina; and
substantially simultaneously providing clear visual

WO 208g@sg9iwher ei n sai d ocul ar system mai nt ai NS PCT/US2004/022083

substantial axial alignment with said eye. 2. The
met hod according to Claim 1, wherein the step of
provi di ng the ocular systemto control the

{Ng{ @}fﬂ? posi tions of the peripheral off-axis
points further conprises repositioning the
peri pheral off-axis focal points to positions |ocated

at di St an esggg?agtma oﬁﬁ)tég)gtg aPzIbe}r fon§ 1o lépglattlgg\@ﬁrgfture of field

t he retln anc el ng ess an or
t he di st aa@eprtsmgtthethepscoﬁnea to the ret| na. 3. The
met hod accordin wherein.the s

2
control ling th&% ‘8%85@?@@?‘8 BRIy IEHh %reéesé)r{nﬁned aberration-
peri pher akogfdile@déssgnf ocal points further conprises,
for an ocul ar system which ex St.i tism. .
reposi ti oni ng o me the f OB’\‘aF%\E’? gWPﬁ%WQS‘i Ef%n?&ted’anht}‘éeaﬂ@;ﬁf'am
astigmati $6Ba13 ihtB Adlativefo thé EenlrdionPAxid fBEE paint; lsaid €ortRAL bf positions

pr oduced bg e astlﬁmat ism_ a first peri gher al line
f ocus, whiot Reripkermlfoe @pintsERAueRg at:‘etSﬁ%%e stgnially pegrective
than a seggpg,peripheral line focus, is repositioned

to a distance fromthe cornea of the eye and towards
t he peri pher al progidingghe suhptantiafly cerrreBvesbimpudps te ag exerig alter eye

or equal vytﬁ Q/hgﬂeﬁtt tﬁé}ﬁcﬁlﬁf}f&ﬁb%ﬁ&ls(ﬁ@ E)é}%extapfot;gl%omts is effected

peri phera Tetina accordin Caim 2,
wher ei n, fudile aimudtgmeorsii pdritolling thefopyasd-ba yatd)mpttlan p&the central

abated. 5. The | al Claim 3, wherein,
for an eyémélg((’t%f%ca[?oqgn%grctggh%r gh ﬁld opia is abated. 6.

The net hod accaubdiantinlly em@tltanewualy pmheinr@ alear Misua irmgegesif

provi di ng the ocul ar ? yst.em t o

f or war d- backwal, erﬁlggfi o8w§r sg?terpﬁréamptzgrrtslz sb tbg?%t al a 1?1 ahgnment with

focal poi rgilaewrt her conpri ses rep05| tioning the

G <t ncea Th Bire Bt S EE BT GURaF tiing g ocuer

retina, sajstkntlicdoaiélare @Nﬂ@bgﬁk@aﬁd@j’osﬁlbﬁbﬂt]litq)edlpﬁér&lnﬁ'ﬁaxw
fromthe cornea to the retina. 7. The neth

to dam éocal,mgrptéflﬁt @q@n@pgﬁ r@os@gﬁpg B’FlpF efqi 8? -axis focgcll points

forward ba@d‘%ft@np%h&d Asstabestim MecbmbLsfahe Qfefan@iowiirds the
focal points further conprises, for an ocular system

whi ch exhirdtinassalshtaiees beaeloss isn oF equghtorey Fermegiigmype comea
of f-axis ké{ﬂgﬁéﬁgl produced by astigmatismso that, of

the two peripheral line foci produced by the
3. The method according to Claim 2, 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 comea 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 comea to the

peripheral retina.
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astigmatism a first peripheral line focus, which is
further fromthe cornea of the eye than a second

wopeos/gpaexal | ine focus, is repositioned to a CIIE2002/022083

fromthe cornea of the eye and towards the peripheral
retina, said distance being less than or equal to the

di st ance Themethhéacordiresto CgﬁimﬁeWb@Pﬁnpf@é ppyereghibitimg ng/opia, the
The net hod accordi g to Claim6, wherein, for an eye

exhi bi t i ng’yﬂk}’ﬁésran%{ér'opi a, the hypernetropia i s abated.

9. The netThestethod accdidig tb €ladindi, whateinyfoe aeéye, exhibitingmyopia, the
eye exhibiting.hypernmetropia, the hypernmetropia is

abat ed. 18Y°H és%gieﬂ'od according to Caim?2, wherein

t he qgul armhs yRiRii®rdg] ©cldn If whefeinhthe gepofiproviding the ocular

consi sting of spectacl , .contact. | enses, on-| .

o e S RaBTP RS (o e G attionn O o BeTIPFa| g focal

or t holeahPtuRhG¥mphi&s FepelitiotngChe papheaCiobfltpoing tapdsitions located
conbinati ons thereof. 11. The nethod accordin

.0 ,
O ai rit diotancen &iowy the eqreeach eyt anddpwards By &etwgy Ség’t‘ﬁﬁa’FFsol?ﬁmg

the QroWw ueaRRd @ihite 18 ROMhAUOUS Ral contact | enses
and ext ended wear contact | enses 12. The net ho

d. .
accorfdi ng The mefhai gecpolingir&ilaimd, thereinghe sier phronellipgthp forward-
scul gt i QR : Lot
Raf rﬁ%ﬂgﬁ}sg)’? BELEThEM S0 (hSI BEIRUTLARATOAbARA, for an

of eplkera h )- kKer at opl ast Yy, N . )
sur gercylar byS8EKwhich gehibits astigm@ivr, sepogjtiening pgiphgghoff-axis line foci

et hoc}ocia ced E)? | Dl Qisft B tmlt,6 of AEGA! %ﬁ%ﬂ?aloﬁﬁél i pEtRE by the
IS S ected ro %e group consi st g or s ect acl es,
cont astighsiseg s firspeliphgs)] lingfocwsy svhichns Birther from the cornea of the eye

chanmber| enses, i ntrapgcul ar | - ok gt I
LB 055 T, BIRER A RO SRR g come of
14. Tiheeyeindasvadcthe dériphetbreGhaisaii di3tanvdisineg lasstthen or equal to the

contagt |lenses are selected fromithe group consisting
of cdHtfHE ?%%@?&ﬂﬁﬁ@?rlﬁ’}g@&mﬁnd ext ended wear

cont agt | emg @fethod accoldif @EIIAIAC, ateRing fdrgn bye &hibitingl 3,
wherein the refractive corneal sculpting nethod is
sel edveermerepipthePrENRTorBAsI%ekng of epi ker at ophaki a,

t her - kergk aRkiaa bYoordidS 18 T S¥sein- ABEK ed:x@dithg and
PRK surgery. 16. The method according to Claim1l,

wher diyaemnisaopie; thaMpsmedropi s44ba6e substantial |y
cont i RUOUSHY et a Jb?dlﬂ?{olmgma}: GREAINEe bl st LBelected from

wherein the step of providing the ocular systemto
cont rthé grohecdnsistieg of sbestdelrarcanipes d¢nseso Ar-lays, ipfays, anterior chamber

per| HQ:%%Q'im%Edlﬁ’i&ﬁei gﬁl?clkeratology, 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 corneal 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, wherein the ocular system is selected from

the group consisting of spectacles, contact lenses, on-lays, in-lays, anterior chamber
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poi nts further conprises repositioning the peripheral
of f-axis focal points to positions |ocated at

walies/esse|s from the cornea of the eye and t owar@izus2oet/022083

retina, said distances being |ess than or equal to the

di stance fromthe cornea to the retina. 18. The net hod
ac c ollahisesgintraocBlaalenses, orthpkesatelogy, tréfeactvegorishl ssolptingnd ng
the for rtd-bﬁ]ckvv?rd positions of the peripheral
off-é%nﬁi%?bo@é ®(8i'nts further conprises, for an ocul ar
syst em whiTahimethbd ficbslinggo CipimtlB swhereie fesontactiénses are selected
peripheral off-axis line foci produced,b Lanmadt i

o t R e oph el R Eply P RERRE It R0 CRERe O
the ashth@makéssm a first peripheral line focus, which

is further fromthe cornea, of the eye th secon .
per i pAer alth¢ mﬁ@oﬁs greguling 1 aé‘B&gi ‘f’i’eﬁ%‘ﬁ g‘etraf?%%ﬁ? %%%g gulpting
f r ompt iR dGOEMRRAdFHont the gRYUS caREtihDVRpIkSratdpRakis thephe kadatoplasty,
retina, said distance %ei ng less than or equal to the

di st ddcaKspigrmyt hASED syeer 1 BIPRE Pespheral retina. 19.

The ngt hogyhage@bdlhdigrding tgj(‘ﬁdixm1}%her%3ﬁeedtiﬂlufl&ri§rﬁrﬂviﬁ¥£

exhi biting nyopia, the nyopia is abated. 20. e

met heebsteatidhaiongnuosslcl ai m 18, wherein for an eye

exhi hi,tin b acchbiing ¥ OiA 16Swhkah 8 step bf plRRiing the ocula
met th' acggg}&?ﬁg@%coc d agl‘ﬂfn 1é, V\,hv_é/_r ein thsee%_st gp ofmg_ ° ot
pr ovisghiteny tot dvetroldbe ferwarg-daekiwardpasisiens of the praipheral off-axis focal
forward- [ | 1] 0RS.: . | pherabo Al @b Sositi
B
per i pdvated lat disteaes frommnliescotrea phHthie eyand towardg el regina, said distances

di stances fromthe cornea. of the e _an s the
reti 8‘,ngie§f ! P%‘:tqgﬁ]ct%gheﬁiasitaﬁl e grad ecror'%ﬁg%ﬁl? E%irng'i stance
fromighe @as memod accohiéng teiClaim.122wheétkie tivatdpad cargomdimgiting

to daim21, wherei.n the step .of cantraqlling the .

f Or velrsh ek Ppt Geriien e PERPHer SRS el Bty ftngr, somrises,

:‘Ngc anMLd&%ﬁr §ydteihiiclCaxhfbits S@igmafian, repositionihg periphsiabofif-axis line
ich exhibits astigmatis repositionin erj pher al

of - AT §adiiFRd by GesEnAtoR e Htgt 5§ A O¥S BFRRIPRHATEJofiplgdicegiby the

the ta‘é\ﬁ’%n%i%hpbﬁfs%en ha18) 1fn@ FbcuBWAHAICS Eurth¥r frdif the cornea of the eye

astigmatism a first peripheral |ine focus, which is

f ur t Hean & seeandmrEphesl Hamfosts, tspeposifignqdig A distaleg fipm the cornea of
per | land | iphetal T@RASdald ROSRe bOn@1cH HhROCRual to th
fr omqﬁ%%éigé {r?ggn%f t (relpey% _rand tao_vvar dset hggperi pher aIu )
r et i nidstansaframdhestomes ¢o e periphembetinhan or equal to the

di st ggce i i i leyé ElHiting Byopia, th
The frlgt hogﬁgémggjpgf%gw?@at&kg?%h? ??ér\%\ﬂgﬂa?ﬁyf or lan geygoma’ ©
exhi yopiags Ehaedr net ropi a, the hypernetropia i s abated.

24. e hod ., accor di.n .l ai A rei nar .
eye g@hi bi Fﬂ‘ﬁthﬁig B%Pﬁdé’%%g‘%?%{f“ 1t%hvgh‘%§lgé¥%te§%%hgﬂl{m yopia, the
abat elyopia 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 comea of the eye and towards the retina, said distances being

greater than the distance from the cornea to the retina.
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25. The nethod according to Caim17, wherein the
ocul ar systemis selected fromthe group consisting of

woepestdedies, contact | enses, on-lays, in-I|ays,P@EmUe004022083

chanber |enses, intraocular |enses, orthokeratology,

refractlv corneal scul. t|n and conpi nat | ons t her eof,
26. Flotaetg B5S9F néll H »pwhergip &SPt Pfecontrolhng the
cont %iwdr@ew&aﬂr&sﬁlehse&ttﬁa $ripBBat SV €5 BRI PR instteNSbmprises,
of conti nuous wear contact fenses and extended wear
cont et ap epdarssystem wirkgh exhibiip astigmatyni pesttionmgapenipleral off-axis
wher ajj & %r(ﬂﬁwd% SRl 58 tlﬁ?lo?%%ofpél%ﬂel'am ﬁngfogplproduced by
consi sting of specCtacles, cont act |enses,
i n- | dysastigmeém, @rfirstneriplerallisa deoys, Whigh tﬁcf@l@hearfroheﬁrs esnea of the
ort h I t

Qzﬁg tﬁfﬁg %Ssgt ﬁél{eﬁagglhé/ %h&so qsnl%ﬁ!;s dtﬁ)gl%%: %rzi d(:i]i%ta%q:rom the cornea
CI ai mf2E eyatand mmrdSHbe paipherelt retl@nsaed;dataeceslwllr@:bsdhmwmqual to
t he stin ont| ar contact |enses
and %eto g%'gg V\énat?legcgﬂ atf:)t?h eng QR ¥ eﬁg{g An ocul ar system
conpr23si nGhe aethoé deoeating to€daim®rly @hetrem dorfancyoexHilsting
contr,ol the forward-backward,positions of the
vor | PRRSeeRif. BEINECIEIara SAPREL [ ol ative to the
cent 24l  orrhaxietholl acvatdingoh WMaitn@2pwhdteie €orain e aibitipe
subsé&ntl al I corrective sti m,l|(l{13 to an eye to alter

eye i dhedRemmsEoRa 1abgied-of  positions of

peri phler arI’hé fethbd B@bﬂﬁrﬁg tb Tl8f 19CHBSeiMitied Rular system is selected
si mul taneousl y control| t he forwar d- backwar d

posi tToghthe erorpeonsisting o spj aclgR ntagldesph ORtaysdaTaNs Anfasior

reti REamiH %n%ébﬁﬁ%éhlaﬁiehéés %M&rﬁ@l@&“%%cﬁ&@é@nﬂyaﬂ&ulptmg and
clear visual inmges; said ocular system naintaining

subs cambinagions sheggof o] | gnment with said eye. 30. The
Syst eg) acgfL gl'eﬁgd 5&01@1 tBnC%gm 2Wﬁ<§élﬂ tlfer&gntact I?]nses are selected

predeterm ned correcti factor controlling t

f or wéroth the gt pehsistieg ofi can@uoﬁs Wéps cgraadt fenessahd efténdag ivsar

focal noints. further predictably controls the

rep05| t1oni ng of said peripheral off-axis focal points

t 0 p@8iti afhcsmbtmodwo&drdatg tal C@mﬁdmha‘mmthetohelacmtnmas odlected
nce being, .

| oo TR o A bod MRpE Tl SrtenBd bl P cutecgr

t he kkimbealensks, inffiveularlehes| oatholeidology, tefraCliwi dom2al, sculpting and

wherein the ste f controlling the forward-backward

posi £PBRgat H’F‘Sf}}‘?g’ [o)eri pheral off-axis focal points

further COURNPmMEHESacchbingad CREM LA wikysih BH¥CHhta&NerRétrdidlezted
asti %;9 mati sm repositioning peripheral off-axis |ine

foci T9PUHE ERHP BYNsising of rARTURTSHCA Reftact spsesapd exfgnded wear
peri ph@sihenkdsne foci produced by the

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

-4] -



10

15

20

25

30

astigmatism a first peripheral line focus, which is
further fromthe cornea of the eye than a second

wapmns/pserial | ine focus, is repositioned to a diCIVES20@4/022083

fromthe cornea of the eye and towards the peripheral
retina, said distance being.less than or equal to the

di st a0 PFAaRhe ﬁ@neoarnﬁé&bs{ag%lﬁeﬂra%lr@mmw@ps Algar vapal
The sSyRE&MAE QA isieknt Raintadiifd BstatRPLEA1 Alifent with said eye.
predeterm ned corrective factor controlling the

f or watld- badR Westedn #reeidinedn S1ayn 2P Hehesn thepesdgierrained eperestive

focal RGN d¥hBollikg the SSrwhtdaRb el A8 b¥siGRS bf Ak §elri]hﬁraﬂ off-axis focal
repositioning of said peripheral off-axis focal points

to pasinty Hrber|pssatably eantrals sheappastioning of saikpasipherelofbixis focal

t he - r et ] j [ i

ar ca e R R8 i B lced Romifl ddrith 3t ABES R arcs e

r et i metina3@id diktencebting tesaithemonkiqng) to the@istanne 88m thehmrreh o the

the step of controlling the forward-backward positions

of thé peripheral off-axis focal points further

conpr3ilses Tht orthat agorisy to Glanei®, whéreih tiexdtplificsntrolling the

astignat i r eposi.t.i oni eri pheral . of f-axi s _li.ne .

foci Taricl B PRuliv B e R ettty Rlifixsdpcel R fytndr comrises,

per i ghemalculat syetenochictpexhibite aslighytiénh @emSitioiiR perfyReraboff-axis line

first peripheral |ine focys ich is further fromthe

corn ol Bodtifrd by pEgIHEAM 50 datoht ° e P"pﬂ?@?f&f line; fed proslugrs by the

s r Q&?ﬂa&i’s@ﬂzﬁﬂrsf riphéth19in8 feRs, fWHNR it RRhEOR AR theQbrrel Bf the eye
nd towards .t

eye a .the peripheral retina, said distance
bei ndhangsscand RetiRierad fumfocyspisterosigipaaddn @ distapesirem ghe comea of

COr NERe dye ahdRwRRsIt Fipherd1 84tind said3MstanlP Beify RESHAN or equal to the
according to C aim 30, wherein the ocular systemis

sel edisice fromtharomse (e erirdpst fetigg- of spect acl es,
cont ast | e §te ag:;cé)rlaﬁé] to ERirh Qé/ﬁv}f?é?ﬁ fhk :p%et‘énrﬂﬂmgorrective

| enses, intrdocu ses, orthokeratol ogy,

r ef r destoreenteadiingthé forward hackwgrdipasitvosol thapérpheral off-axis focal

t her rding. ' | A

b S8k DRORUALEIAGF Bty P Al I ShEL o
c onsipsinisrig poditians hdchtied etulstave ey fram titeaotneh efibe syeaand towards the

ext ended ..contact |enses. 36. The. system accoydi

o crefi il biGe eRBORER ud frod i BeROLEE b v

net EGBl. i STﬁ@inet(hbdaﬁbﬁbfdﬁ@tb Oig BQ,lehdi‘ﬁﬂﬂieﬁebl’d)@c@ftrolling the

epi ker at o i a, therno-kerat st.y,. LAS| K .sur.gery, .
SR SR S b AR oF (f e Treragor s S0al A BRI Comprises,
acCortiaA@cdler sybtam Which exWBR$ StiBmb ke, @6pakiBbnify pérpheraBoff-axis line
sel ected fromthe group consisting of, spectacles,

cont &t PIodpred Oy agigmazisrs so that, pLiye twopariphgralrling Hagkpeoduced by the

| ens @gigniaféh 306 RFpheRN HRS fockd, WARKSE AHALAHYN the cornea of the eye
refractive corneal scul pting and conbi nati ons thereof.

38. 1hes asgeond perinhest inefgcusois cypasifiersd to giistarterfrank the cornea of
cont %teyé EAPEwards ﬁle%@ﬁﬂféfa? getina, said distance being less than or equal to the

distance from the cornea to the peripheral retina.

34. The system according to Claim 30, 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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fromthe group consisting of continuous wear contact
| enses and ext ended wear contact | enses. 39. The

wayasessaccording to C aim 37, wherein the refprPeris2e4/022083

corneal scul pting nethod is selected fromthe group
consi sting of epikeratophaki a, therno-keratoplasty,
LASI B5.sur Gier gysteﬂnAsa(dlsmtog@mw 3% mewhsmng@ér @nses, ate sglpeted

syst ?rag%ﬁe? gr%gll?,'(g 1st1n Cgf%b n? \%lg oqftz{&]:t fen&s §ﬁ(* g%in%@(i{véar

pr ov ye subs cont 1 nuous
The smﬁdoemn@ascor ding to C aim40, wher e| n the

pred ed correc act o ontrolll t he

P orwaba. b ostd §<RE o nEoRi fruhdPrealgrutpine

f ocalmepd s&lef:t!dﬂ ﬁhﬁhrthqaglemb ﬂinalbthr)g of (Bplkemtosheﬂdrae thermo-keratoplasty,
repositionin eri of f-axis focal points

to p&élspfé‘l‘fggrp’ S‘H i aglii gh@eﬁgrg&%m the cornea of

the eye ampe $yeimradsording to Elhin13R, whaieth tHe sdudi apstdir isnglected from
| ess than or equal to the di stance from the cornea

t e HHSLERPHD CoRDS T R SRAEES G0 REteAcP T eIl T, Aeror chamber

wher gyt ﬁﬁa&hﬁp leRes Qﬂﬁlbﬁé?zltl)l'og)g ré R tiveOdonfh Dsc B ek a1dd
positions of tperl pher al f-axis focal points

furth@mble‘}@imﬁﬁﬁ@@s for an ocul ar system which exhibits
astiggati §p a@%ﬁ%é&&lﬁ@ t GlaREE 7, RNEFef thO@ESmARX efisek hRRelected

foci produce y astignatismso that, of the two

per | rﬁtherth¢ giomeonigig qficontinuees wsar t:macakemeg ged pxgepdedwear

fi rst, g 'le%Ee%ral line focus, which is further fromthe
cor néa 6? e eye than a second peri pheral |ine focus,

i's raéposi ﬂh«)syetdmtaoctadldg &t Glaioe37, Whmetrhthe chacteg Cgfnealﬁeulptmg

eye angd t.0 er i h d

bei na’neghé)g & seLeg%d gré)mt € gdrloﬁ)l% ?ﬁtn{gdo Pgﬁrgg)gtlﬁla ltl%&rﬁ@ ﬁa‘atoplasty,
cor NeASIK siirgery peASEXD arrgdry,raaﬂ PRK siperyThe system

according.fo C aim40, rei t he t er.m .ned

corr égt i v@(“? Sé'étfﬁlrac‘é(ﬁg’ﬁ %‘T@FW@ Pivé’e‘feg}tﬁgf‘etamg% SRR ifled to the eye
posi kipstiffy dohenupesly.pher aI of f-axis focal points

further pred| ctabl ontr e.re I tiQni f said
peri fher al h"cﬁyﬁte%ﬁc %Eﬂ 16’6‘? %1&?’ hF’EﬁPrbtgg}"ie ?fﬁ‘s‘g?egiccﬁf[g‘awe

at  diggkaReRfIdeaRR fohRar8 BhASRAIDfositidBs SHtRe PRiphéraMEE-ghs focal
the retina, said distance being (F:;reater than the

di st #eel TninpiedisiablroqBE0ls e reRosRng el seipenhsal ol tisfocal
ac ¢ Oirpgfn&glo BsttgnQ 'ld&té&; at MRS forh AR c8inPothe @}Qerhtnﬁ @dwhdrdOhe

or war ackwar d POSItI ons of the peripheral
of f - asting, satcigtango beingless tharhseqesd mhp distancet fipm the cemgs torthe
system whi ch exhibits astigmatism repositioning
per i p efal off-axis line foci produced by astigmatism
SO tKat, Ohe mhibod momiergl tpRbrim 4 1] wirezeif istepob dertiolingyhe

It 2 € ¢ (?rtwlﬁ afcszmi i 3 thB ! ;H')?ﬁﬁ gilf-alus ?%31;19 its fudﬁgﬂd&)%pnses,

e COornea O a secon

peri Iﬁdi’r&ma)bulhrl sly@telﬁl@ﬂnkﬂa, exhibits aqngmamsm) mﬁxdsmomag periphemalbaff-axis line

fr omfct)crll Sro uceg%y astlgmatlsm 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 comea 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.
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the eye and towards the peripheral retina, said
di stance being |l ess than or equal to the distance from

wo b@sossspea to the peripheral retina. 45. The BEBEUSIM04/022083

according to Caim4l, wherein the ocular systemis
sel ected fromthe group consisting of spectacles, '
cont a8t | Emseystemowedrdiys to Glain 40, shergithe predetermanedeprrective

l enses, intraocuyl ar | en: : o 1
o0 B PR ook B g AR AL R g o
46. Phiats Sysicepredicmblydongpld the Gpasitionidg ofishidiperipherdl eff-axis focal
contact | enses are selected from,the qar consi,stin

of ¢ BRI AT epa RO diancrs felitbe Somed of e &8 gnd Yowalth the
cont agiha,lseid¥@tancéWeinglfreat&yibdnahe distemediongtht oorgkatontheddtina.

wherein the ocul ar systemjs |l ected.fromthe ou
cons bt | nioneipbisealinee Clabn g otieren b5 ghenylit e
I N- | @ @ardALBNdr® posititRl BEhe b&iphes) off-akit &nelionits fueth&eSmprises,

ort hokerat ol ogy, refractive corneal sculpting apd .
ConRIAD PHHE SHHHEP aich DI HLESHSFE FRPSREGYES PhgiPpgyel off-axis line

d ai Pefrodig b8 htighiifsd WhACH heRmAriBhictal Rk €8 pbdlidedmy the
the group consi sti ng oagé_contl nuous wear contact | enses
0

and estigevtien afirsirpeaphera dipe foswss which Agfurther fem,fhg comea ofche eye
lCO MPiHan 'a '€ oHE ggﬁﬁﬁramir{égfgc@,qg Fe{p@&iﬁ&ﬁa td did@hdeMRIm B cornea of

east one predetermned stinulus to an eye and

pr editetexbhnd towands iclperiphetah eetina seid diptanec Renrg Igsspba aricgypd to the
of ' NRRE A AARALRL o AXpetiphQtfbaOI Nt s rel ative to

the central on-axis toca ﬁm nt; erein said device
furtHer cOhpsysemsaceorging theCleimnd h edrersinetbe pdularisystem is selected from

strength: said prescriptiv di.c :

o PR g S S 1 ko chamber
cent teabespintraocutar fenga) orfhokearitolopy, refrachies qoatcahsplpingland

subst ant.i al | royi ding clear visual imges; said

devi E¥MARZIOD Fl'{%feﬁ substantial axial alignment with

sai d4gye. TR systtheicealing & @804 3] whgreinthéba@itat kfises are selected
wherei n the predeterm ned, aberrati ons cont roél [ ng é(he

f or WAPBL A& EIHR FANSistRg fiCapiugEs WHE CHast %H%ﬁs And BriegG vear

f ocal o fhsesf urther predictably controls the

repositioning of said peripheral off-axis_ focal poi ]rr;t S
to pdditi Shesysismeaceridias taflaimuth adiererfic prdar iR sgiected from
the %%r&ﬂ)‘%oh&%@ﬁ? tsﬁgbttﬁclés?%d'ﬂﬁ:t lefigts Chndib . B8 $s, RbAG chamber

| ess than or equa he di stance fromthe cornea to

t he tessdsniatragular enges mthpkriatalosy reffagve @rsrhscHipng and

wher ej 0t he g,% en.pf controlling the forward-backward
posi t1ons o }he peri pheral off-axis focal points
furtHer cOhpsyseasicedrding anClouft dwheieit thercautact lenses lafetseleeted

PO BT e BB
peri pbetidalenkésne foci produced by the
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
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fromthe cornea of the eye and towards the peripheral
retina, said distance being less than or equal to the

di st atieeeitrabon-etie facalmead on to théveetipaang bubstahtialkytpravadingPear visual
The deV|c .

pr ede %r%z}gm Salg% gérrﬁa tltag%ng sﬁi)sr{%n%g atxngﬁ%%h‘[éni »bﬁh said eye.

f or wasdl- baThendevite pmrdmgmﬁmm 49hwhge1mtlpnrmcchcltermfded abarmtions

f ocal ints furthe edl

| opos Pt e hasi-pRASR R G defiplerdtafipuis fopat paints

to poﬁjdhbﬂmdlbt@mgbadro&tthdtesémm cffl‘sﬂﬂpérli]ﬁlembbﬂﬁ-ems @dcal points to
the eye.and to etlna sai dlsta ej ng . .
et DRSS g ha bR 5T B SPTRB OIS REAT GOV the Rtina, said
reti Naistadeh bemqemah@de@ﬁp@ et digarice fichathtdarea AR,

the step of controlling the forward-backward _positions

of thelper Thsrasthed f&rz?rd@ﬁ.t%chae aPs st e sigp pheqntrolling the
CONPI k536 ard-HaBkwRD pSEInGbS BY perpMeahbe-Bxi§ XdthYolis further comprises,
astigmati sm_ repositioning peripheral off-axis |ine
foci freuaeds spyerasthicheakiPisastgmatisay repevitienies pepipheral off-axis line
per i PRRY fodlde@By h@EaRinP PGS0 hdrfl TR fbrofuced by th
first h%eﬁlog égra b ﬂ%ﬁg focus, v ei:Wn)(ape@i?urrt her ?%rr% “Cﬁ ythe
cor neastigmatism adiye p@hmraéhsfe@ewdwb@h igplethey|fropy fhe corpea s the eye
| S repgsi

e o p ks fer e HeTARTE L AR LRLERE, A b Bomea of
bei ngtheegsartdiawards the qeraihetabretlme salil distanceebefimgdessttive or equal to the
cornea to the erl r et The devi ce
accor Stﬁacetfgmtﬁ‘ Co m%ﬁ%engherg rﬁe%dew ce is selected
from the grieufevice amoﬁhngng Gifimsieehacih de, praimhambd aberratlons
| enses, ant. r or,

| nt r ade e e b kg e G SR aeY g o

54, whgthei rﬁedllftﬁblsl ostt@tthd t%ﬁ@setﬁ)nafg&)f sl peripherafl 6fBaxik fizal points to

group consi us wear . cont ac Ien es and .
ext enBEYIRE %ﬁ‘t‘{%ﬂnc? e cgigea qfifae gyaand & %&ﬁedﬁeﬂﬁaf said
to O aisith@g beitd) Sle@ethi@e dRih6SHrir® theebees fdhé feﬂHA t he
group conS|st|ng of spectacles, caontact |ense

O

on-1apd, i Rhamst da&ﬁ@rémgéqC’@Waﬁ%éﬁrhere@h%lé§teaﬁacontrollmg the

intr a%br@bak%@ﬁosﬁ%ﬁs oﬁtﬁ@p&ﬁﬂ’xérﬁ%f@%@fdéhlgﬁlrké)ﬁl%é'cmnpnses
56, wherein the contact |enses are selected fromthe

gr oupfas ene¢uarisygern hich sxhibitiAsSrrtism, teppsitieming resghesalptaxis line

ext enﬁ)%ﬂ? é@ﬁ%&/ﬁ?% tcltl n?gbstﬁﬁ ofﬁﬁe th):}% dgﬁe\éélqge Pﬁ%gﬁc?g by the

to Ca ere predeterm erratio
cont r sdtigmdtisnh racfugmemrﬁeram hee fofusophich & fudlew ifigm the edrosaed the eye

sel ecghggl af rc81'¥& cinp Elqyn% fgc% L rséhosntgon% to O(ﬂgtgr%c% %H 88'%ornea of

pol ynom aFe nes
Fouri g eye and towards the perlpheral retma said distance being less than or equal to the

distance from the cornea to the peripheral retina.
54.  The device according to Claim 50, wherein the device is selected from the
group consisting of spectacles, contact lenses, on-lays, in-lays, anterior chamber

lenses and intraocular lenses.

- 45 -



series syntheses, Zerni ke polynom als, sagittal height
descriptions and | ook-up tables, gradient refractive

woO 2oodessspr of i | i ng, Fresnel optical conponents,PCT/US2004/022083

10

15

20

diffractive optical conmponents, hol ographic optical
conmponents and conbi nati ons thereof. 59. The device
according to Caimb52, wherein the predeterm ned

aberr 8% i 0Ny Afe9ice Atofdhd B E14ifAr AUIHerkil ehetDRtalf 1eRBY 4,6 @t%lected
design features selected fromthe group consisting o
coni cfremdhg graup copgisingnticentinuouspydanesntacheniee andextanded wear
and s Fourier series syntheses, Zernike

pol yn%grﬁftagfgﬁseg'agi ttal height descriptions and | ook-up

t abl e8§. grBuidemice pesbrdang tb Ciaiinr@ewhqueinthel demige iskelestadfrom the
optic . i ffractive i cal .component s

ol ooy SR A Spectlles kb EusRRbl B R RER GRERoPetamber
t her eBfises 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, Zernike 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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