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This Application clainms the benefit of priority of

U.S. Provisional Application Serial No. 60/475, 017,

filed June 2, 2003. FIELD OF THE | NVENTI ON 10 The

present invention is directed to nethods and

apparatuses for retarding or elimnating the

progression of myopia in an individual by controlling

: [
S O Mol AN IR LICAT Wi aTrONS
vi sual i me§@ ATER MEDUIARI0N TBRANSFER FUNETIONSar
I magi ng. 15 BACKGROUND OF THE | NVENTI ON The preval ence
of myopia (short sightedness) is increasing rapidly,
especially in Asian children. Studies, for exanple,
have shown a dramatic ri SBOSR-RERERENGEIence of mnyopi a

(OB ER e OOl L B3 ol R LA R s o
60T E0E], dleddund 2,12pahi a (-0. 25D or nore) in Tai wanese
school children aged 16 to 18 years is as high as

84% A population b | ' nd Chi na

reports that 5596of%gﬁg?é%ﬁggaggggg?ﬂhﬁoys aged 15

have significant myopia (-1.00D or nore). Studies show

th 50% of. people wth, hi opia (over :-6. have . .

SomEhpG YRy i iectis Pribitatl SBA frsblises GRiet e i ¢ minating
thd pr6gren®aSf ilyBpik iS4 iadividaslivyabntet@laCivaR Mons (tHaBNdhmighlating the

on .25 tﬂe I evel gf,nyopjg%, post eri or. cataract an
Pogjhionivgridhe mpdivgspd tigh spafipkiaueney pepsiodarisypl image while

shﬂﬁ&ﬂ&hﬂ?bﬁﬁ&ﬁﬁg&&ﬁ%ﬁqﬁﬁ.”YOpia_and !tS consequent
i nconveni ence and cost %o t he i ndividual and
community, mekes it desirable to have effective

strategies to S'ﬁﬂdﬂﬁk@?ﬁ@kﬁ§?ﬁEQNV@%ﬁﬁﬁﬂt or delay
[

t he onset of myopia, or mt the anpbunt of nyopia
occurring in both children and young adults. WO

200 . . . .

por dbcienacher ST RIS RGP BREer T e Rk, ppagely i Acin
childrere IStidieat for equipie bavechewd o dmnefic ot in del inddamce of mpopia (-0.25D or

or.de

der, to .cl ear| [t.is own, t.hat I a
QR abB el Byivasigt ey bR 450 BHRL HveeRo R Bid 3040, and the
préifﬁlémﬁofhﬁ)@piar(i—m%}}’b b A6@ER Iaf‘)ﬁhg);éidw?tgﬁ &hiﬁl@m@_ea 1O 18 years is as
. e o correct.l ons re avall.a rougn a w ange o
hl%fas 3841 deoms pm—%@ s@&w%rﬂégf?e Cfelaﬁ FeRets théhﬁég/g OLHHS and 37% of
boy£Ade@ Tt bR sTIMITRAMydpRNVEM @D drRYe)do ittle if
anything to slow or stop the progression o

OneStudienthor Tylol a0t neeple aith dighirapriadoyey eﬁiogla%gfglsgrhe form of
retiAPPtbIdgy. VEFopiSsigHifiddhfly Mcrehsds B ¥k b¥reBhal detachment, (depending on
the level of myopia), posterior cataract and glaucoma. The optical, visual and potential
pathological effects of myopia and its consequent inconvenience and cost to the individual 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 sohaaiozsryopi a") begins in children at age 5 PCI/EB2004/005560
years and progresses through to adulthood or
soneti nes beyond. A third “type' of nyopia (which may
be referred to as "adult 10 nyopia") begins in young
aduThispa thrggrpetaahiogd efethagerl@iemmﬂa(tﬂ)ﬁ hamﬂ@wﬁarlmed)fhat requires

sof LRGSR e A 3R pR b i ot o
ag¢b ofbgneéstendsso Er?t@? lﬁ&nioﬁntlﬁéq%h‘[ﬁfgt strofiges lhlm/\stfmlg@ cdrrB@e8. These

een su est that 1 nvol ve 'macol ogl Cca
CoRFRLBR AR F1UHG HiDYEh Y FIGE BhEHICE s SRcHelgs conactfenses and

refedcti@Pdub@r{ LB evRY, %dg}’ﬂéditt'leylf h&ﬁyﬂﬂng 123 sﬂﬁf &l YtPrhe progression of myopia.
acconmupdati on), pi renzi pi ne. ver, the potentia

di s8¢ Enmad égxoa@s@é%ﬁaélsd vﬁwﬂaer%iﬁlemym) PSourg plrhiigla s gpally of

hlg%l'l@\%l RBR IR SRR R S reINPBLANGE . SRV tPRAGEmSHAL: @lled “juvenile
nodal’ity problenatical . ~Studies using primtes and

myspiad pr FHeheph myapid élbf?gﬁéwhﬁﬁ@“/ﬁt aghatto dpysagmind progresses through to

AN 5B RO P AT A vt
mwpial) Egins Imaycemg h{k\dﬁhobchalt 1at© petenml yeatef I¥ctnd Siypary oﬂm) and increases

cufly FEERoL BRI T bAE: Tl af aBa NG s e pess
( | oRGatsgighb eevet Dy sloarmppia Hadebed s@@ett&ﬁthﬁﬂmﬂﬁﬂé plmgn&fological

. he a tivel omered or ., posi t.i vel ower ed s tacle

infPyHaons with SR RYSGRTYE iy suchasarbpRe Ungiare Ay Wegl pagalyze

acghéda8e9Hortreh AfinklSHoREver) Aot shEia INAEY Rth gk £ 250 diRe@with the long—
position Eosterlor to the retina, for exanple, behind

terfq,]\ge oEsuch B arwgﬁp%c 3l gubshaess By rqqﬁlprssuﬁlg, B mogahty problematical.
Pr 0ghRARS uGRg pimaes éiﬁt Sbr QMnﬁP(ﬁlé(helseﬁaQQ Wﬁaﬂo?ﬁ%ﬂ?erventlons
bringi ng about a "l engthening" of the eye-
thatranpalafethe emouid of kight raeling theyacsa sichp slol &0 mmapla Other studies
08 SB35y SPRALAE 0 0 o O AGLL B0SEE oo
patterds so tHaiitber niyopenae hyparetdepia(longssighiednsssy baovbe ihduced by the
we%éé%gﬁ}e%atgfey gﬁéeisépg%glg&? St)ogv%reg%Pelc'ta@ietlggsei ﬁespgctlgelg For
extmopla) m}wpsthd ionke isipositigiedtbyehanesanf mgdm\tekqumi lenoto af}:@Bltlon

near rk canpot b ar apt e d The. hi f aca
poR et Heiaiintac il HERGS Bl SR e i 2R Aobia
pré&dréfsioh aRaIdfed B9 aXiabélompabibd @€BIE brilfaneaRnt a Segdihening” of the eye—

ﬁifocals are known to produce visual problens such as

| oes gl are and ghosting, making them undesirable

f or shilPeRAEEHS prondptdine QR4 bRJQRE: JRlatédsRe 2123860 focal

Addi ti onal studies have shown that |nterr;$ %
copipeidenses Bdtieieeies OF retarding the progesss Af myqpaa invindiyidypgr However, to date,
stoRiEds ISR (1R e i aBPor theéxd R0 Sé’ﬁﬁht@d RN ess@%ﬁs;te% cle bifocals,

nmyopi a-i nduci ng effects such stinmuli. ere or e,
cotmgbigmiop ofithig Weargpiorabeias lwkéhrebgh thhgearpdhorcpraBestor oeag s/erk cannot

[ i I

(fﬂ%aﬁ%&f h'fgle afgga\l}'\g%ft%ﬂ? le%?éé i h%x% nggnZlE]St%@ltaon Cilrt)eeﬁévg ggeinl sngultaneous

viganpf@alss Howb\zcr,siléh Gifieyls are known to produce visual problems such as haloes,

glare and ghosting, making them undesirable for the wearers.
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Anot her optical nmethod, used in attenpts to retard the
progression of myopia in individuals is

WO eovdae7oeorrection' . I n under-correction, the MEHEP2004/605560
prescribed and provided wth a correction (e.g.
spectacl es, or contact |enses) that is |lower in power
than the full refractive prescription required for

cl eaddivibsdl etadieshave ek@npiher, in@rruSiAg Pt —MayciRestihvE for even
[ ect acl.es. rendering. this

onl -4D.pair...10 o nmyope
rel%‘t“f%i S?‘O‘f Be?&ae?tf pingy ’ffé"r?ﬁg?ﬁ cyen eiipgps, g myp smﬂ‘é’(“h‘u’o“cfg“s of such
stlinim' Thdrbfode, a FRAWIWARE dpPRadh Whiadby! tHBE oﬁe‘be@s@s R wik iR Anpia—
raded in sone way. This detracts from.the

rechlgg ndeics forgertaip @el?ﬂé\? dudng e fayevidd petbeietlicienh sndumey yell

colmpMERAid dficsbpual performance, (e.g. preventing the
wearer fromdriving due to |egal vision requi rements).

Fur Arether qpiesl ancthpdensed erttempts te triggé dhe progagssign of myopia in
indiRE&I1s & Oﬁl{cﬁp—kb&&)tl&p PiQfd —?@%c&&xe Phe bRk ?Sr;gés%nﬂ%oa%g %rowded
progr essi on. means 15 of “abatrng, retarding,
withl & domactisiny(e. g@p@ﬂmlfmgor cohtectiensey) dws isdowafin mcpn ithgn the fullldefractive

d fits to.th | ] i
iR FrasoR ORI P P e, Y g et R 305 0 o i
of $feetapleeeaddring nhvie myomn[ﬂr—om rellativedy fgbdpia dTlm‘refaﬁaﬂmmethod implicitly

redy e ebrggrase e BeAth dretda mymB oy G RGRer fom e
us&mEds R KRS vicé Elﬁheb'yareﬂm Bori3tahik} teﬂ@ceﬁh@v@m ptriferhande, ((—:J‘ge

medi um and hj gh-spatial - freguency peaks of a vi sual
PIEVERIgNE the, Wearenfromy dirdppivrdy lseakHiom fearirementy). Futhssithege isevidence
to @ﬁgggslt Ak hiDEhdRE CONTREREpp¢Sach 31 @Véill dél:élérﬂ%tn%lo}ﬂla progression. A means
altering, reducing or el |n1nag eye axi al
of apasingaretansting, 2l wWimpislrevarsng, m@r%@ss@a obmyppia prubd prieyide
enbiE blfRts' 8 RGN BBldoNlo St Rtk om ASoflh SCUSSE
previously, the nanip ion is presen to the nyope
substantially continuously, to cover all open eye
situations. Yet f FHPRSE i ment for
opti mal control o%ga e#P%Y?%ns, F@VEﬁ hod of the
present invention provides a device that conS|stentIy
re ns relati ve .subst ant i
cont PaPTEE R PrERES Mool PP YR iy o plimisping e
progisseioh oOybysia at ls}@eﬁlmdhepiagﬁ ah Gndavidel bpdmmbllwglae&mmysﬂ@ kl@reby

DI OQr essi on tard and i . many
"? g e HOé\t?ag gﬁ*ﬁs ppp- g sepafjpl %eqﬁwaape@ﬁtoﬁ @ ¥jsual image in a
préRhERed Bikhioa tﬁere@fﬁﬁﬁlxﬁrdﬁbﬁhﬁﬂlaﬁ@ed%@hﬂn@dhtﬁ@ Mol284 hiRthately

desi gn that abates, retards or elimnates eye grow h.
altermayfydueing preirmnatinpeyy apsl olpagdio8560 Still furt her,

accepghdd ot @e H&ﬁmﬁ 'b?ﬁ)% Blest iRBhtiAo bE Hﬁxﬂ{aﬂg %ﬁ@&fv@ s Afscussed

myopi a i's nodified by precisely controlli of
rropeustyathe apaipulatipo ispresentedite thfowfm@tsubséw@elw mtmmusb'h@ cover all

I t

opSf B AEAAE L ettt 36 s Soinche 6 i Whing of berrations, the
méth@pfehﬂrgreqaeaksenamepromdss zt deymd{heé corsestentdy tfmmntsapl_atnwly coaxial
ARl eni B, D, 1 9 spat 2
acc C[]hﬁpd:@d:ﬂt iRettivg is alku ditecied tda ﬁslb‘dhmh byshichimydypRa peodréssion may be

on
retard%d %]and in many cases, halted or reversed) with the use of a novel optical device having a

m

r\\

predetermined aberration controlled design that abates, retards or eliminates eye growth.
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| eading to nyopia. Since the device does not introduce
significant defocusing (as are, for exanple,

WO niogoeweed by under-correction nethods, or biPOUEP2004/005560
progressive optical devices) the devices of the
present invention provide the wearer with a good
gquality visual inmage. Thus, the invention offers the
ben#&fill figthef, acc@tchngjnonhp mesaghesmnom thd progressivat df\ngyoplariomodified by

I nta

Pl R R RPET F we Prdis bR Relud Bitepes e chbined optica
ab@tHtas eSthe©éyetnd kortattive @siva) Gich g1at the blR@iupi- 884t frequency peaks are

ror S RD LI, Lo BePLAC o et at) IRl L eCLl

TheH s2tadpéifent élﬂﬁnﬁt@@ac@@rﬁﬁ@@a‘cfv@ﬂ'&é WROR isdSstinfiBus 8 dyRAXial é]@x'fgatlon

i s anot her arative point. The aberration control
leadingde mygpiat ﬁ@c% dg¥iee dasy BfuRtEupRs B Bcanhafessing éas ags, dor
ex@hle %ﬁtr&i—ﬁ'c@cﬁlw ﬁd@ﬁ&ér&%hoﬂ%@h&@ss or BifdEAIdH {pﬂ%resgl% optical devices) the

exanpl e, spectacles, contact |eénses, ker at ogy
deyiges of ﬁlwreﬁentzléwn@@mpraade ﬂ@n’eeateemhlacgeed kalighvisiatrimage. Thus, the
1n\%h{el&£ %ftrférgggl'é ggﬁ ed df\fﬁ rﬁﬁ%%ﬁ#{sgﬁﬂ ﬁ?%é a!% 8 ?ﬁ? ?A éuggantlally
simﬁéanémlglyoﬁaIM@mh@catcldae sl W)Sfual ispecid IthB v@hsamrg Esr)purposes of clarity,

< SRTEE o RS5O AP kAR L B er o

point isi1ocatsdnid b Beehiendistakeafort thblkymed (agd heaidzale @find)figin is another
resent 20 invention are inplenmented in an optica

CO&@G%PY?WMQhaI can remain substantially centered to the

axi srheﬁbehiaﬁoreatﬂtrsmbecagf 8O b BfnPIvEHRARAY bk 8As8Mentbda any
refractive surgery epi ker at ophaki a,

suitabds PRYispLeetiges m&@ﬁm& fpmarrmsaveftacle% coriagt lanses enshokeraiodpey (a
sp&@AHzBE LortRDRESteA R W BIGh 208 Me reflabtivelliate ¥ eyé BE

preci se control of aberration leading to the preC|se
regpdeliag gerpprnes andapithelivan theweh 8 shore-terosweariog of estachlgnses of
r
oS8 A2l MBI BERS, 6P AP BOBLLEL Aot e,
inteavbeldi hanses (IOﬂheﬂqmﬁ @5 elmombma‘em i Ryefeiablyi, theldeviesstod (thel pmesant
1n&e%ﬁ&?§r% &Jnflnl?ler(tgag in agoml ?1' galir‘% {hafc' G la%rﬁalmé Subs Eangalfyycgnt)ered to the
axmrotf ﬂﬁ:@e atohlal O giyterinydhdrhtiey lentes, KL, [’Iﬁﬁllctl‘ﬂ’muf@yy (epd epikdrytophakia,

S|nce C and berratlo rofiles
G da S PRR. RYEK), 200 RAHAR BT beblse! bR apdputpkeratology.
In &ﬁs’lwbﬁ thiegelide)contsl ©f ab¥oralich leBnLRIR IﬁEclieh Bre@&Brindfidd manipulation
l.ens or orthokeratolo nmodal i t].es, w | ens can be

of freogifipprf thengtial ﬁgg}@ﬁgvewakse%?am Be Brediralip glaaxtameéyrreapﬁ@we of
ey€RloV&REdtUM i s scraped away, the existing on-lay -4 WO
2004/107024 PCT/ EP2004/ 005560  renoved and a new .
on- gnepmphodiment, thegresert ipyeption iy énplemenied ingrgoataridewsd safbor rigid
or S OB ey PoBRy S8 o G BRARL l MR bey nocslity o
comeal anolay inrdelity, sieea changes inepwetemd aheidion pyofites (equiteats the wearer’s

anlo%ﬂtsoftﬂl?}rogﬂ%a@gs)%raﬁ Bgﬁgﬁlgﬁrﬁlﬁégy nmodal i ty, thus

In the case of the contact lens or orthokeratology modalities, a new lens can be prescribed

and dispensed readily. For the on-lay, the epithelium is scraped away, the existing on-lay
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5 providing a substantially continuous stinulus for
myopi a retardation. Typically, extended wear or
w@oemkilemeus wear contact | enses, which may be, PEDEP2004/005560
exanpl e, soft or rigid gas perneable (RG) |enses,
have sufficient oxygen perneability and ot her
properties to permt the lens to be left in the eye
rerfldiiol BEH $h&e Pa—lhitfigedsh plabe WRE Gie\ehTgelis floGe@ R re 0¥ W 8Fer the
fromthe tarsal conjunctiva to nmintain ocular
de¥igal th, despite atnospheric oxygen not being avail abl e
du e;fh@%ﬂé%b%t ﬁlvé}ﬁi%ﬁi @éﬁxclula@lf/ wifl— dune@fo& 'ﬂ%ﬁ raﬁfesedeﬂ&n wealh&
con ens
copEAREtAr ptnyact ﬂ@nﬁaw%htr abqoetaﬁfdpnsémoeald@vo ker@ qgmrmqlshty, thus
prc%dlgé/ ?glg)séra%aél‘ygggﬂengpﬁ%st lljdré’gﬂn;ldf)?ae%g%‘%ﬁ ’E’ﬁfl&‘ﬂ? extended wear
or e@tmh@lsmmr ammthctlonsesaviadh ey lwhfag hxamlde,csoﬁpangldlgemmagble (RGP)
n
len?g Irlag%{g?f:/fgnegn dgrggn e@a ?ﬁgﬁ?éédecﬁﬁer prcg)gﬁ%a go réenim QIEehlens to be left in
thepeye slenitg slevpewhilestil] redei vingy du figodant ax;tgeh éos thearsaf @amjunbiéva to

riod.of e ctiveness of the rtho
i SR AGRE RO R SRR AP AR 3 AL SR e glosed eve-id.
way i drthok&h@lddyOhe &dnitdtt R84 @hiBhQRdyealsoBedT tHellagh @{ygen permeability
ocul ar device designed with a prescribed anmount of

kind foitafly for g¥eRded OF BATENTQUS GF RNPITER Weap may bgivrar for 4 ghort period (e.g.

duRh 6 R HRAS torl%ifnf)é’éﬁﬂe itkdhanoRdicsme] fee %%h&h@&ntabﬁems may be
in conbination with ocular aberrations, the nedi um

rergpyeljlogling tescadipriyn e dRsifed refesettecand aberpation statehaccprdiyis to the

pré3RRtihRhtidd, %ﬂm&ﬁ%xn&& 188 @dsar £544nS R%J@&Qﬁg&%ﬁéé bekds a
cont 1 nuousl Yy clear vision for the wearer

orplemdtelamsously pronoting retardation in the

pr 0 ?e\ééée%g nggnéfé%{g @(’i rgﬁ?e%r %ﬂgﬁga ltcg[:et;w“ér eliminate myopia

sud;l‘r mmsaﬁl@culhuque dosigrvll R)ithfagureseniibedpixiooat ofsymfohmberrﬁlogm fseprovided,

or]%lﬁlhgcitia %i)ﬁv?_x;n aqth F gep c}rgr?é:%gﬁ eLogpﬁuSh %tegnr alna)ur}ago%vvlth ocular

abéﬁiatﬁn@ ltiet mélflurﬁ spdmﬁbﬁjﬂlhcﬁo@(pblﬁ( iststbleat bebindt e Ediedpatial frequency

|on h for a i c. eye. 30 Fi
peole, i Srwbeat T bk b SR Rl i b pessp W simultaneously
préfESRIFTRERIbH SN RO rOFteRndF myShi@Ngat i on wi th particul ar
rel ative positioning of spatial frequency peaks. -5 WO
2004/ 107024 PCT/ EP2004/ 005560 Figure 5 is a plot of

acconmodat i ve @rafr @HSCREFEBN dRiTtE- R AerNeRheri cal
aberration in a group of subjects denonstrating the
i nk between aberrations and acconmnodati ve | ag.
Fig ' .
ISR £ LMAT SRR L s o

g r aﬁmra‘ibrs alpﬂm of ] émbl@li —fang nowiutagion Erdnséqrémctian VI GEy graph for a
nok@ 0b are graphs illustrating the optical effect

1Pﬁ'é—’ve&" by nodi fying a soft

Figure 3 is a plot of a through—focus modulation transfer function (MTF) graph for a
myopic eye.
Figures 4a—4d are diagrams illustrating the effect of accommodative lag on axial

elongation with particular relative positioning of spatial frequency peaks.
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contact |lens using a polynonm al series to describe and

generate an anterior surface. Figures 8a-8b illustrate
wao be4optoecal ef fect achi eved by conbi ni ng coni BCT/EP2004/005560
sections and polynomals. Figures 9a-9b illustrate

the ability to incorporate any required refractive
prescription into 10 the present invention to correct
r ef Fiyaie S/i€ a @lot 6f adcomADdive gradiegtivedsis ﬂﬁﬂl——&rd@i}sphencal aberration in a
illustrate the abilit t he present inventio
gr‘?ﬂ?r“? Slyeciidraopstgiine t}ﬁtyl‘é‘gbﬁ?“eﬁh e%ﬁ‘il‘?”é agd AgEPmALR %V§|1§g
CONE{gatek BMetafEﬁdlﬁgfﬁhrﬁﬁ ilMﬁra@ﬁF el tRBugH 308 mdB@hHiGH transfer function
eaks. ures a-1 Ib iJlTustrate the relative
QEVTBh®h§“@FB§ﬁ%¥ﬂéPﬁﬁé $-n hypernetropes and the
pos FldhRE 7RG g&p@ﬁﬁ&ﬁ%{g thyolﬁkslréfﬁu &Hﬁvédﬂfhﬁgd-!ﬁ%% a soft
by contact lenses with spherical front and
confaeiflens @sige 8 pelsomp] spuieetoriescaibe pid genergteess aatenor surface.
pre ’ SHLERESYR
R g D o
p0bhempWEsent i nvention. DETAI LED DESCRIPTION OF THE
ureoél'fl t?ﬁtﬂhtlslp'a{e%he asbll%eaﬁ Iéodlgl?c%g?rt%tge 22’1%1 rqugg%%rﬁci%é/e Pgescnptlon into
thmprbsenslhvermbh Yo d@ﬁecmﬁamee erfortimen genvent i onal man ner

(i.e. spheri and ast c def ocus) .as_ ar

pr eE@W%E&‘@ Hl}‘étr?f%a@ b&&’c‘f iths RReREIn %P(t,’ﬁ &é"omd wave-front
ab@pdtiona i SLBdnSousBPERAIBlihg SleFelana poBitibe bPHS spatiall jagks.

Vi si_on devi ces_such as spect acl es, contact | enses,

nt EFEResS 1ard Wb Bfestrain Giaelghveineeifian i f et aprke n ppgermetropes and
thd ﬁcg-tgonm%tshl?@i?fo%ﬁ By %B&%oﬁﬁﬁﬁodﬂ&p@scoﬂéﬁﬁeﬁﬁegﬁﬁﬁ sphencal front and

amount s “of hi gher oOrder optical abérrations
baglppretfaredgsicaberration, i.e. not sinply def ocus or

ast ' |

cor ¢ AR 15 sl BRRGrHE R Bcleh, BhEQrr A0 Mottt Ton
<h@@mdmmshmavemshmhmhmhamfﬂp®pﬁsﬁnvanmmu acconmodat e as

precisely (called "accomodative |ag", as defined

|ater) or as easily as non-nyopes. Acconmobdation is

al so known t dBRAHEIBESGRIATAONIQF THEINE ENTION

medi um spatial 30 frequencies of around 5 cycles per

degree (cpd). W have now shown experinentally that

My O [Thére & VidRac: thytaReSptRHIAmTRE Kiee trigded ﬁlﬁﬁé@%ldﬂ |’d>f myopia is not

their_ contrast sensjtivity response as. a result of

strppthy refragiivindhe oBy epioRal manne S sphsrical apd qzDghudeforns)as are
prEebdaRRY4LRR TR 0@ NSIch by 6ﬂh§ﬂ1al’1ﬁ‘<§2@ﬂ§ Qpfoibti®s and opticians, using

expl ai ned by the differences in np l'ation transfer

visigtheavicshsUeREIPeciaples Rontes) lapges antarige phagtbenlpnsg PF frarpcular lenses
aoD. aPRL hadd BBwn ket ﬁ?@&sm{ &e@%oﬂﬁ@o Qﬁ?&det‘ (soptlbé:l aberrations

nown that wth certfain types and conbi nati ons
(egbwherinal dhemalydn, e noptimphyldefpus arpptignatismyding that maomyis also

asgdc%.fte%rvﬁﬁlt ce .ar L?E 89@;)&(33%%?&&@9 QY RLOHI KidResGRG ghown that myopes
cannot accommodate as precisely (called “accommodative lag”, as defined later) or as easily as
non-myopes. Accommodation is also known to be driven primarily by the medium-spatial
frequencies of around 5 cycles per degree (cpd).

We have now shown experimentally that myopes and non—-myopes show marked

differences in their contrast sensitivity response as a result of blur. Such differences in contrast
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5 and |l ow (below around 5 cpd) spatial frequencies
are transmtted with different levels of fidelity (or
wO padd0ed , quantified as an index fromO to 1P@I/EP2004/005560
being a total |oss of signal, and 1 representing no
| oss of signal or fidelity) to different positions
al ong the optical visual axis. As shown in Figure 1,
sertshﬁltp edshSAsEBansR e@plaibd B the Gifer&i¢ced @ModuReb thidger R tion (MTF)
man eye, can be ortray otting its MIF. Such
RO egRiTACS DY SiARnGer 1 F?%{%/OP%GWF\%‘ féqpﬁwwaw@emmpes

onert 1kmwa 1% 3 |cBrtail RPeLAHICBmBMatiNR of R SIRNSn topt?cal system,
relative abl|lt¥ of the g%e to transmt informatio

inchydingthe @@Sc@fﬁ]@p aépouInFSéa‘ litghe (abeve am)lgﬁ 13 rgaql)i, gedium- (of around 5 cpd)
and TRAYSAG) Edund OUF gﬁatltahﬁeqﬁlb&ms a8 trdnBQitted rw@ﬂhhfferent le els of fidelity

(representing the very fine visual details) and i um

(orai‘rlfd)dubm ﬂu@ﬁg@d 2 anflnféeeﬂfémi) &osl with G\heing tqtﬂéosseﬁ" slgoeﬂ and 1

rep%r&@ntgf{ z?llahoss Gk ana(f gp'ﬁ(?quy)\fb Fh{ﬂ%{engﬁgsﬁL oh$ Alon T@lg ‘?Sstlcsap%tsﬂla‘fll |ax1s As
requenci es aré plotted” along t orizo

shdvar inthhgird ummpee@oenarme of aygitiesl spgemnnélhding tle rhuman eye, can be

pofiEl S IO IR B M e Fs P S5l g B feance of one

eyd bangph. [The yuioé oh hﬁ 22aph showd Bp kdalive abﬂltyajfslm éyee@&knsmlt ,
uen Io the retina,i resented b

mtfeﬁ? lgn of fpuioe rREe f{eﬁ%e“ﬁ?ﬁ‘s}% AR ToUPrES & é%ard% "F?% Fght of the

grdiih%@ies%ﬂitﬁlg Wd'_v&jjd ﬁﬂeﬁvﬁ.@m destaitsp aﬂlﬁnedﬂﬁﬁ an(MBb_Vef: M8l Rfquencies,

perfect' e Il be identical to the
tOWfaiisf tih? leftqf s arg fthe cagrsgevisuphdeteiish s Bipsesnatial drequeiicigs are plotted

alo%g ffetloBid A axis POSHE hiRAESe olfOOtcE}&eéj;%(efr Bﬁﬁl%Eer%&%sFéﬂds
frequencies is 20 that t he' MIF maxi ma
apploRimatebnito 39 saelpsiper degrep e‘iheqhe%n@nmalbf equwabh@p ﬂoaﬁukual acuity.
RSB B0 U oy SR ER SR WAL By
MEFowm¢. Tthh bt:ttee telpesipaanat off theeysethe highsr the BT durtegehdaltebe. The
?g \%grr@e(:dj §f é)egg%ta%(yg%slnll %gz e%%c%gtro(atﬁj S&lﬁ"’rggtﬁon hmx? Nqirve t h € eye
non Tigy apisequeyoe of By diffeightiad ransapifidrica bf the diffeesme ypatlﬁiﬁequenc:les is

o (G R P RS T S, oo

dlﬂérmegmrb@ fustrdy @b atthivngle feRekMIBdripHS A6 amwm)ﬁgiﬁaz the
gentlfle for each spati al frequenc¥ Such

angoaaft’f Hieasty et Fegropeak ey B! 3lcdepes on thereial %@@n (distance

aldNg AL ye tdWRards 1R 1eBAd), Stk £ gﬂﬂ{ is Qﬁo&rhﬁ‘)r h H@tg%}%bﬁ (F@raeglven

anterlorly or closer towards the cornea be |n

spatiad frequengye a7 xéah Bofivivy dhapgss (aé@ngdm horigenip shéhe modiHg pfdransfer
I t
fofét?lé’t@ﬁ%)al frg_(ﬂl‘é‘nc?eﬂ%c gtgﬁe ggl ?\};?&Sl?s gﬂ)?lelélus goégq?rﬂg%h B8 identified
forTdach s:fabalé‘reqmncy eStprdira spretinl fequsncgeeak app be lasatef en the image plane (the
e Ztnl(' hﬁlﬁt%f’(; h%ﬁlg) %gpgelx I &%é)%% %l%rly %)cho%{é kogklar(ﬁ*(%ﬁ ct,dngegz of f)ehind the
1magq:plmwl (hrprq}@sﬁetloldvjnmcfuﬂhm Ifrotrhthe cd}rhm) Nk pﬂakssqﬂ‘ahffabnt spatial
enc aks ar cat ed e posterio rel ative

oS e no R S5 B RE eBl sl Eisodhes oy ERimehtason
suppori ek goktante that 6RA0RHpES, fR24kiPEddifhR Q0 heRASHGHAd medium spatial

cases where the nedi.ym spat ency baks are

frqqgengy QWkﬁﬂFM?ﬂl]@PPSPP‘%PdtSH%g%I‘ ety spatia gausReY\PeplfeaTe
lobbte@nBdre pO:Mriodly rélERAUE (LY, “PARIS) the Iﬁ%hﬁﬁﬁiaumcﬁ{éﬂcﬂeﬁﬁ In addition,

spatial frequency peaks are
—7 -



10

15

20

25

30

cl ose together; i.e. a distance apart from one anot her
of typically less than the equivalent refractive
w@onenomes f erence of around 0.25D (Figure 2). BCHAEP2004/005560
further postulate that for myopes and eyes with myopic
tendencies (i.e. not yet nyopic, but would devel op
into nyopia), given their different aberrations, the
in wema\lvhq@é)ﬁﬂe tmedfinDépatidl i@ qiing} psfd bicadcated Qﬁiﬂ@ﬂﬁé’ndi@ﬁtkaﬂ @.g. “in

| | h
frogbok) G hieFrpln FpisRa e ko e TG SEh (o 5 peney peaks ar

cloAS topbiavmi.é. A diStGdE Epad; frcan by @dfler Saghsallyisss Hah mcfuﬁvalent
reé;a{otted far._an eye Wit h opi. c te enC|es (i.

cHERRRY Fbfsrace eharotay UE/pi c). 10 In th| s

exama frthdrpestil Feﬁﬁ’at?@ PH)FSE A QYENEYh M
(ap prOX|né?%? : us |z |ocatgﬂ5C§B%?€§? rat mfy“

myppEy, hytayeik 4‘3@PIOP intfemwm)agldgn thive diffeenmt absirations, by emaknosﬁmn of
0 SAUATRy 8 2y Rl SRR, BE B gy
freguegicy pcﬁks(meop}hme@oufd) 25 ammf). aés shosmpoWenredd, f tlepegieacus MTF

exdill it AP S BB SO PGt Bnaybocome myopio)
In s ¢xaoblecthe Sgpdwtetiinmf fosquencgppile(apprdtinatety MBS mbdulas)iiolcated

of Is driiven by the sition of t hi gh
apgtﬁﬁ‘?f@ﬂ% ﬁoétfﬁ Rieyer S kovany ‘ihg gmn LA SXorK g&f@ﬁwa)sto the 25 cpd

g}ﬁ%ﬁh&&y EMﬁﬁrGﬂnﬁfel}I @?5 1%}6@111&@ Phi9 @ RfenCén &5 pos1t10ns equates to

acconm)datlon) i s effected a change in the shape

a rgfractifepeyey diffrericpdn F}Wa@}?u%f qpnwglaaéﬁlhg 3#Re focusing

po 0 v y

he rea e Ry e R L RBP4 gt P LIME Y fo grample,
dutihgindudiion o€ ohiy opia.9pdriveal by fhegmpsidion pf the highwpdtial frequency peak. During
negr%(%rftl l?)éﬂedg 6e%Emg g@%‘%g} Ioggnaekeg'? g?prs{]e’ss calllgg eac%cl)']nelmgaaqgn”) is effected by
a ahmem theshdpg ofiheerystaiiine lénsy thys 1pasasingdhrefd>pu§iﬁg pwer of the eye. Since

St i for the e ta gro resul ti [

ccllye AP R g b et G S lor U Togh 8 Srestlppadhe
maiap siatial Treueich edkentideipositea BRttatiingee Hodeus:, fhe thhigh spatial

t he nedi atial. frequen vi sual . ontents drivin
FreQRISHRERACT B TREF 18 RRFCOUGALY Pt ROSrIAREHIgnSth gHS Provides a

st B YSMEY ey it bidlky, fetiltifiinSxia$ eloh ﬁoﬁ&ﬁﬂmﬂh@iﬁéﬂo\ﬁ%r ff3ression of
Fi gures 4a-4d ilfustrate the effect of accommodative

myoRy- die diffeggncom aspesmgedative fagns dega theineadivan snatirldfidapency visual
coRest bng Moﬁtno%&%‘ a2 taf feﬂﬁ'l%cfxr RERS hi éh'ﬁeﬁ@&x%? visual contents is

di agrans, the i gh spatial frequency peaks are
the @S@Q@Qdﬁt’éq lquFlgyW@—‘lé plustetelherelfsgsaf a@bmﬁmé@w@ri@g/ on axial

el(f?ll‘g%tgo% an aé%%%?%el%ﬁvebtgsg 15n§11i (ﬁ%pﬂ%l g cﬁ:?lnc%)gpe\c{fsr tIh ‘ﬁ%se diagrams, the

higiwatiial (ﬁrnsuenbnepanbsaare sqpaﬂscarabd W te'qlbeh &\ npdmksspbiad] (ﬁlequency peaks by

syxgi)ol%h e \r/eehrn %g}%l eétlc}%ﬂg ueggp '{ﬁcéep}a feqﬁlgfa%fq%ﬁ%ﬁ?%er?ces in positions

betweer sasibli fodquericy ptdke defofd Wintuds, éo ploeth Ts @?&uc@f 1sfjrblﬁe@)d%d by a broken
e.d. e ar ne I's taowar, { ery, .an

veliafding b e dehiie Ot BROD e DGRBS (o the

cofrden)dB towatds thdeft, dntl Gibht dnBACAat travéls WEdug A o} idRfthe left (front) to the
PC:QL@%ETSZOOM 005560 For distance view ng, the eye is

d wth the high spatial frequency peak near or
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the retina. For the nyope wthout refractive
correction, both the high and nmedi um spatia
wo c@guemey peaks are positioned in front of theCT/EPI00&005560
during distance viewing as is typical of this
refractive condition. This is illustrated (Figure 4a)
for a non-nyope or emmetrope (a person 5 who is
nei Foedisthron giewiiy, €d epols fedvoed witigtht aigh spantlfréquefdepedk héhr or on

YL T A obhe wae ratRyeebeaion bt s Hedlapd pooi gtgano

freqilgne s pedhy areipositiedaiin GonttoF tHeQetittl dBnPo¥@hice VRWIBEL as is typical of this

CGO atio rive t he di um spati a
reffel %%31“@% T hseted (Pbvisdfd EE& hor o pepmmetrope (a person
Wlféﬁﬂhéitﬁbﬁlﬁﬁédl edof SR HicDE Rkd M dyb wbtﬁ rﬁ%ﬁicttéﬂgﬁgesc{f}l gufe 4b).

the retina. In this situation, the difflerence in

pos PuriB&Eeap BoHewAb pHigadiag therave iTefopisg tolthe gmruvaﬂual obJect by
indrb 8GR EcuknS Hber BHE RicBmbfBRARR G0 Afvch UG ARGAONIRIAN.Y ©

lag of the ey his Is on- myope
fregngigs.aedrcipousanget b Hhat (lﬁunqun@-myxal Pfemew peakswitide pokitioned on
then]egllﬂa SIH%% lea&(gne %%nﬂ\’éfer&? %fog%i’lfﬂ) § E%Igrbtemge%ré X aedn{r?~| and high-
smttytbﬁequeacrydwmymmtbntsh@res@his theerae eonﬁmasdatwe Bgef ihngygrThid 8 shown for
(in the direction of

thetlh my?peﬁlgiuge%&&‘gglyxﬂe @i‘%‘g‘i’g‘iyo attenpt to place the

r et Howevet>ieo &KQ: Higtespaiif) fregiaty péakf wiith @iy ai@PdrowthNisSiow more
el ongation and the induction or

PO?}F%‘ﬁ{yéé’éﬁtlBﬂe Wﬁaypae anhbeyordihe iRierarpedwipriaeraing grpWth, a stimulus

foraROSetb @Fthw (i thB dirb@iosi bBlY ar6®IsleSoidl HELASAH 2BRRAMSo place the retina
concer ni na%é]g{?yo | C praogressi on. For exanmpl e

e
onferthrehigh & agFneyeak. phisEsiagn #énl cloagaiog and the induction or

prédrQ6ioE 8Bin9Pfpia.and i ndeed may induce further
pro ressi on, just as the use of spectacle | enses my

bis derpeajng explanatinn inpasistent witlsthe kady fossltstiéscussedatroat e
T

prcbar ¢seion, and pebt@mhjemdumﬂldhem tptogedstlem jusy mhausepifoga‘caskllem;es may

t f d
TN I MENER I A —
freﬁueelqyl peuky. Sﬁﬁlgﬂy,rthmﬁsel’mf pmf@fdsﬁvw bifbexd Q%tacle@wﬁ@lﬂ&mt alter myopia
ses ese. devi ces, nay .fur i ncrease .t he
PGS PA T BOS oF oma T M A reaPa Y 26 PBU iayediom and
highespkial frefienePyeakdifetnabruntitdryd. MEdet, ih BEmPERE, B8 ®Riced may further
1nn¥w$ﬂp Fromthe afqrenentioned, it is the contention

Senapfian of s medwm and highspafial frequepgpsaks, fheerby fpgher driving
theﬁ}ﬁ@'gr@JsQﬂro? S0P, Flonftht @fnenfbnddn® ISQHé EdntntiSPEf R 5B on that
myopes, and those with nyoplc tendenci es, causi ng
On@ PPé‘S%lP mEpisinglugtion sndiprogressiani ipm reselt ofthe pisicaltbenratican df myopes,
o s SR8 e LSAEUREL MRS, SRR e mosim
highspdinhfdatenenpdaks, M@}lodildun@nday fovedig) mtwgdates atcommodative lag (due to

ng 4.9 the 03|t|o in
ac{1 i Hé;ﬂplg?ﬁgdc?r g uen%lgln S %té pt e%ueﬁme IF%‘é tgtﬂgilenlg),s%onmg of the
hlghbt—smbﬁrqqublwyg)gﬂ{‘slbalj}nmtheaétm'aj wtigatelyoriggeniflg atiMiaingation and

}p ression. -9 WD 2004/ 107024 PCT/ EP2004/ 005560
m opla I'Ogl'eSSIOl’l.
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In our studies, we have denonstrated this relationship

in a group of subjects. In this study, patients were
WO eqpuitomed t o f ocus (accommodat e) through a serPEBEPR{004/005560

i ncreasingly powerful negative powered | enses while

si mul t aneously, the actual anounts of accommobdati on

exerted by the patients' eyes were neasured. If no

aC CRIBYP skallicy, Sve 1Age Bthdtlstrated MBRelatidlsh iRk gfodf oPEMiHRLEs. Bf this

5 accormmodati on agaj nst the power of the negative
stul pagents wee reyited O%ém@@a@%@éhr@rl&m gwies of igrgasipgly powerful
neéa%‘zé’?&v&ed leR&s WhiIB sﬂmﬁl&&@@sl@ fthelactuhD@houn®s offa@on@N&iadon exerted by

er of negative optical power induced in front of

thet méerésl @yes \ﬁ@re @yeesml dhogecarmasigiyelag exiptaghera plpt of the amount of
acdombSHAG 6 agalrdt ME g&&/ﬁ%‘? thetnlé ifve leln§ess& d fﬁ@aﬁ%ﬁl%ﬁgnve gradient”

error I nv ved S e actu measur e ope na
wasild igtutrl y/linh Witlea elape 6frlo ifhatlis,) foSiveny doptercd megrdizie ppw;al Egver
. be prese r.adi.e | l£ss, ..
lnCFUﬁ% nm%cbnq%f t}r%%"){e fi& %%Tﬁglﬂgtaééc\églggg%t? 1% (%)6%?% rdag]?o?l%% (ff‘nﬁéactlce, there
is §ouel m@nm’rambntcé&mmde]dedago thé]ﬁ:tuadagmasumel slopp gnay lba sh@ﬁly different from

tud for h subj.e ur ed
1 S R SR ST RPmRER TR »gulo g thn 1
Thef is,aRd ¢yead n@hedonahédatin®hhe fillEangyuat de'ﬁﬁhﬁadécﬂ@lxhé n@g‘an@a%ns In the
study i.s shown in Flﬁgre 5. In this graph

sarge gty gfi?h,%lb@cg Hee n;egsuﬁefd(}{l? gnow of thud— ctqipé spherlcal aberrations, a

typeRopEdad abehlailtgrijonHéjc%fe ﬁﬁ@ Rish1ESd ouB B8 ﬁtsh&ﬂ?h in'Higuré 8 Rgs graph,
clearly seen that for those subjects who have

thesgsremmedativa sedicat is plotigd egpinst the Bihiectsy’ Gumddorder sphepint dberration. It
t

oo Be ABrBRELFER AR BoRTBH s fho FLE PR H e o e R around

0 ;srp kerd is ah aminmlabéﬂ angouns bitasecnmeddative lag plegemoln contrast, subjects with

conno |ve Thi r.d- rde her.i cal aberrati
ek SR AP HAD My R Ahepa L P T Y e P r s T
hi ghrmancrae gméﬁb;ﬁ RBértatibn fs'RE WAH 6Y wheRKSe &Eﬂv@@ual positioning of
al tered, our study showed that it is correlated

highpng é’teém% Mfl@l\feeq}l%rgy Wﬂké K21} b aligred, and oupstpdyashawed that it is
coRtPIAE to &%&nhl%a&v%@agtmcmﬁwn%rsﬁgtamea b ABLaR Qg eHe &R lopment
of nyopia, Therefore, the basis Tor the presen

anfl pyogressiomof Byd, rf{hegqf@rgz thgpasmfgli tb@, p@@e}nﬁgwgﬁtlon is formulated. By

m&gﬁhﬁe{tﬁg } Q&utoﬁ Qﬁ)eez{belqzlt t AL Br tﬂg e)];ehg Ry gomlﬂ{lecf Ji@ and corrective optical
conbi ned eye angd correctlve opt feal system

systehabeé vedatirg ingikl preiions ofitke ogh aﬂdemd!dngh smindl ﬁmpiamnnpeaks can be

w4 orshREYRES pDRIEREE Hfina T RoRRIG e B ezapy liminating

thé ﬁ@nulﬁsﬂef £yl gedvirth) andtin fugn retiidngSdrietiinasing the oaset aievelopment or

g and in turn reducing or elininating the onset,
V@P PPERIf- or 25 progress of nyopia. The present

| NV ERE pREen ¥t Drévidi hthodfof Fediraing oNdirMihating the progression of
el iminating. the progression of nygpla in an

mYqRif HieR EPé]FVIWI By Aeiglling ﬁae%e?wfllsawgh BFEendsd; tagm pye, thereby
mBRISRE e ﬁo@fa@ﬂmﬁ)ﬂ?the Lhemabnd hf@ﬁ?% abdubcy ks of a visual image,
posi tioni ng of e medi um and spatial frequency
theresiasdusingzorelimingting prggaumodative ﬂ@tﬁyld m&mmlﬁ gpdyeing or eliminating eye
xS b1 g@&hng accommodative |lag and ultimately reducing
or elTmnating eye 30 axial elongation. Further, for
t hi §unmrhﬁodﬂnmttb0dm>he meeixinyalkyfeffectivieyas, disausseld previswshy] the
prg(g ‘tee\ﬁlnf) Xfre tu an(f) Jb%rra%o% dg% E&J q%ef @rrefe?a%i ?sea{é? to ‘ihﬁ myope

erratr on gns are pre Dl S
myope

Q)
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-10 WO 2004/ 107024 PCT/ EP2004/ 005560 substantially
continuously, to cover all open eye situations. Yet

wo eooheto24 f or optimal control of aberrations, PETIEP2004/005560
met hod nust provide a device that consistently remains
substantially coaxial (having substantial centration)
wth the optics of the eye. The present invention also

subﬁtﬂl‘ﬁhl(ﬂ}e&nﬁnud’meltyhmd:obgt aftbateyrgingitiony) FY)@ Iﬁﬁﬁﬁ:t CﬂSlr d’ﬂﬁ/hab&)ntrol of

abated, re n, many cases |t ed.
abetEafigps dif m ‘?Rﬁ‘f‘ﬂm‘c’ﬂ é’“Uédé a&’F"ﬁBé’é °°8ﬁ}ftF‘&t reppaips é‘é%?taaﬁ%lly coaxial
(hﬁk% RBRaritiPdentrticH) /i@ lthedptitd sfaheeylY ThOpRWNR inverdt also provides a
net hods .and apparat uses of the present invention

Sy R PTE Y PROGET BN By ?@%ﬁeé refgiflefyqad i wpyy cases halted or
re&é‘?ﬁh IRl ihBdse df'ho@el RLESEHERITs REFs a/“st@ﬁg 'tlﬁf‘reta&@ Sr Qﬂﬁlhﬁ@ kye 0grovvth
a erratlons of he corrective evi ce, he conbi ne
opt Féameﬁl@é& %rﬁtapwgm@rs of fhie peayent awentmrm@hfy thepigesgssien of myopia
r n
oy SR, RSO Bl ] BOUER ARG e comct
defice,cpn ghecpmbine epikes] abEhritong of tha gmmdtcosbthp devties such that the

mé&f urg-ggglgglﬁéq\él ﬁﬁ%?ks are 0% X)Hécg rrnggr\é/a p%&(}_)norrfE tlslan tﬁu hgﬁ ﬁg%{lal frequency
petalh;e mfs\am&ged@ﬁselnmhatemcmdmomma ;agdthémbyummmgn@ftﬁeeﬂmlus for eye
as are .introduced b under- correction nethods, or
‘“Bif%ﬁﬁwo%?mﬁ?3ﬂ?%@§ &'Bbti cal devices, this device
p r oginde Sletdbﬁc&\@@k @bt inGodst a@tdeadchs&ngseﬂwst 220 Hitlodu st b under—

g[ood Ilt)é ﬁiual i mage. Thus, .the invention
COFp§tiopndnet ebes Rrggrswvle@?%% fvicepribig dewes ryRViges the wearer

subffriial} siM@ItBTcbedly With h @osd didlik AR Ye. n‘ﬁ{u@ttﬁé RvBSoR offers the
substantially continuous, cléar, useful visual I mage

bepeftts phatayding Rrperesaiin of refFstiveior ahilosimalimepnsly mejpéining
suﬁﬁﬁtﬁgy{ Eo%ﬁhudufév ébfrufg@fumyuapﬁff&&g?dr%w&a?& in any

sul t e op I cal devices Inc |ng spectacles cont act
| endéyle thy shekiamatonirelggpachofdheainght inemition oy he tmplansnted in any

su{‘tﬁoé@éﬁyt%h‘lgdemés 1*1131%?1%? gpec cl"élé 6§ntac;t tl1e:%s<3rs(:“(]; C}m?c%ra‘&oﬁo&y @as eﬁlaflzed

y reno cornea an
cohtaet lsdsaedhniqgee whivhaedka ¢p dfer the mdfeactivel smnseﬁtheéyeﬁpeembﬂejmg the

coiie af G etk BE Py shirl B b piopiari 1P S 0B Sy, comeal

implafits, (e.gSonwaly$ or 1aﬁ1atas) zﬁﬁbﬁrﬁt ﬂainbéxelfaﬂtisa@ ﬁ:iﬁﬁgc?iﬂezgdyaeﬁ), etc., as well
erato akKl a,. ther.no S

as (b)&é%@ Pfégé‘:t‘?’e PHOTEI L ES PP ?Pg‘ﬁlilg d]l‘eqné’l’]ﬁf*%f‘e&;rl[ﬂ: §7RK LASEK,

etd.JPHeBBIRtRE chitra s RBfeta6 Bl imPRE@hied h dnftpticAl #bdh hed can remain
relatively centered to the axis of the eye such as an

relaRY Y peaeraa s @ﬁ@e@e syqyas ag ateréoticharsber feasepn QL. corneal
n‘f?%¥saﬁintdc?l@§s%§ ’orﬁf)fcé?ﬁgl%é?&qjeﬂ&)ﬁVQ Eurgéﬂ/ r ﬂl‘:ﬁlis\(ﬁgﬁﬂ% Gfeke control of

n this way, the preci se control aberr at
abﬁ@@tmnd@ﬁdm to fhe ppveései pyedetominge n@nmuh‘e@n oifithé pesitams ofithe spatial

fréﬁg c?%gékts A'Be rgfnn{ali}‘ed §19(% %cﬂlve 01f & g%@%%(ntpeaks can be

Fned | rrespect Veren Further, the
pr e $eriher] thy presand invemlqmus moprpea‘faa‘dp hryplemrp:htedrmrtt @dtacticss (soft or

I‘l%%\é grtr sl%ﬁa:r]al rll,}%e}aggzlth gfwtgzrlr?nzgom?ciagty qr gﬁlggc% ieglé %?eﬁl 1 Ertl iOI"T:hotk%gLeo)logy modality
orarobhﬁkl&malaQ hgylityreitad ¢Hayges dpaver anCabetiaidn @Ofile@ftequired as the

nodal ity si.nce chan nd aberration
WEFG R (Y S ey R bE Aty Hade |
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wearer's anmount of nyopia changes) can be readily
made. -11 WO 2004/ 107024 PCT/ EP2004/ 005560 1In the
weame/1afozcont act | enses i ncl udi ng contact | ensEGST/ER®O4/005560
in the orthokeratol ogy nodality, a new |lens can be
prescri bed and di spensed readily. For the on-lay, the
epitheliumis scraped away, the existing on-lay
r enwibel casa df eonteetlenses liimyndafsfdonaet lérrse@lssd: f:h tag drtlﬁdk@ratology
.t heliu dto. re- over devi ce.
Bl Tt s ohRar B b PR Bi oy Fivoe Opriay.diespityetiom is
sciapd@l SBNthe dxibtihgdn-RX randed abatew G165t YRc¥BR the epithelium
nt | ens, or_orthokeratol ogy nodalities, thus
i St

FgPRVBsPaAeTSH |y  continuous stimulus for

My Okvéh fufth&! BabieBdht inh¥RidRas st p@éf&rﬁlﬂg %gpl\éﬁ@iﬁte@ fn an extended wear
Cont| nuous wear Cont act | enses be soft or

OF CORINYOUSHHET prINAFRISRT, O mginyratoﬂfawéncsiehmqscﬁhmromyxg@rsubstantlally

coﬂﬁ{%‘&@fﬂrﬁdlﬁsyfoﬁﬂ%ﬁifb@a‘rdﬁ%ﬁ?pert' es to permit the lens
10 to left inthe eye during sleep and stil

rec @Wealb'u extpnsied weargr yg@muﬁtrso’mat pantachlesses, ool may bé st or rigid

o R B O R0 L PSR R i e

to be teftok dreayo hatg, sleep end gillt racxfvel saffsle@t/\dsuyrgbn freuy thd &ma]hibnjunctlva to

of, the h h n _per ab|I|t i nd su
mfre o el A P wRBEREER otet v e aPtlsbBRLF 10 B plogsd eve-ta
(e. gor (d‘ﬂfokﬂ@toﬁg?,&bdz Ogitachiehy GvhidhAndyediadel of tHeehigh oxygen permeability
i i%%ﬁgg un1a(% cornea gfter whi ch the contact lens is
iy @iar exignded of Aeerightyiear) dvorndos y,3of @eripd(g-e. during sleeping
hotiRf foabde RNRYitINE R Al icOie SRl FhRA U Bhiadt 164 it REnoved leaving the
resent invention wthout contact |ens wear for the
Pag@rt ibide desited rediastiveand ghergtion figte agqoriingio dharesppt inTension without
coﬁt@&tlélﬁtwéaleﬁ§ th@%%h&f‘of efffaEtl\}éﬁ(%s ¥t b oﬁﬂ&eﬁf&lw elrhg Qﬁt%we s design
nodal ity has a role. The contact |ens esi g ed
foyse with éq orthm@ﬁtolggy modaflitly ihgs & dvel roler clde vemtact lens is deagned such that
wl{eg %‘fjﬂi tﬂéa‘rtljeﬁ)tqrentt’ BFTe&% gn(?cy ﬁleac%?lbﬁnt%ﬁ %9§ gnd C%Htt%ct lens
erratl s are nani pul ate ording e’ presen
abpmations ite manipylatadergording td tbﬂgrekw:invmmonzﬂuqﬂmttm leas back or

po?tﬁﬁér%ﬁng%% %ﬁll %?%G:Eh%g?vﬁtﬁgkfe l%tnh ity gga?ﬁjﬁn t%ﬁgl'lﬂg A ol} which
contestp the Iraam@iehﬁg dfitke gpihtlheh andoonid, @0 be ﬁﬁmpﬁﬁfbdl@a that upon lens

mani pul ated so t hat, upon | ens al t he | ens
ol AP R b B 55 Bt b S el S
eplteslatiRb B iCRICh eat @B eesidafll detig dtdtratindld doBirbifedid6dtdiB &S the present
. the residual ocular aberrations is controlled
MY} ding to the present invention. 25 The

Pr eas piebdripomid “tﬁrbﬁé?%&sfmsgr%':whﬂﬁ Rdvs tHD hﬁ@l positions of the

shows the axial positions of the nedi umand high

mediyae pi high egtied feequans s reaks,of oanexamplermsities enbediment which employs a
coﬁx@@%bﬂﬁ%lé"ﬁf 8o ggﬁpﬂ ABceis SHOML ﬁ]r_lflg‘ﬁ kon profile for

|ts tical surtfaces is shown in re 6. It should
ewd boinoted thet tHedésign of fuchiachntactdenstdéfidrs knﬁasmntlally from those
deggﬁelfdrqn&itgé 3151%4&0\1/1%'%’ Iv%lofnrbg a%cgggg}oP é’g%‘%ﬁg %hen Kens is designed
to aibetaniliyoedice bihdiminatt drsbérmtidesif@iade, including what are called the

“higher order aberrations”, such as to provide above-normal visual performance (sometimes

referred to as “super—vision™), the axial positions of the medium- and high-spatial frequency
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30 to substantially reduce or elimnate the
aberrations of the eye, including what are called the
w0 biogheto2or der aberrations”, such as to provi deCT/EP2004/005560
above- normal visual performance (sonmetines referred
to as "super-vision"), the axial positions of the
medi um and hi gh-spatial frequency -12 WO 2004/107024

pedRSaleFRA0IM: GRERE BPekastHcEordRE Yo fht PfeSerit @AY for aié retardation
contrast, according to theﬁPresent i nvention, for th
1

or ¢l aRaR PRI BHOD B PIOERPh 4] BFTBT- SRYBb fraquﬁwg?eé%%%r%ﬁrefqrﬂ%y located
“béﬂﬁ{?ﬂ” l@ﬂb&%&b@éﬂ;ﬁ&}m ﬁ@ﬁ;éf)aﬁahsqu@ﬁ@ pRugf erably | ocated

"behi'nd" "(nore ‘posterior t he "hi gh-spati al

f r eGlepcnrespnipaygosion Wé)emwé@@dwm 3 wv@ﬂt ofovrye SHcibbat agcplapdevice
de§ off Wi \Méstcﬁﬁed%ﬁ grs ger?tl n&ﬂﬁ'ﬁouﬂpo ﬁfﬂtﬁé ab@ﬁXﬁ&l@ is ov1d?d ora

sI gne a pr and pre eterm ned nt
dirent iahdipriedeterbenadatirastive ¢1@ngﬁrlevff@té¢ﬁ, sugh thzt tmrn@mmamﬂlal frequency

pez{f(hlg gocgtga géhr}r?dj th% R %%?&t aYﬁ'e %aﬁ S’Hﬁ r?&%gxgen&ﬁggﬁs l,;slIczljf}]itmuously

reque eak i's
cletihdsibn @h-ﬂ&p&talrcﬁ Iwhiile @qmmlijmg rqmzaréd%on _‘ﬁh‘lchs pargreasige nEmyopia. The
ot ap Gl et el e e P b B pihe medium and

higﬁ)&pﬂ:]a&lﬁ\?\j{d’éﬁcy PoaRs 6f d)rﬁtelxaﬂpla R lthist Snitodigient ?)Bidll?] etdfpfoys a conic section
a | C ows the aX Si S.0 e

projior s APt %‘ﬁgqué‘f ShPWEéfU E &e éﬁ %Hf‘o?ﬂ%ﬁ&ﬁ fe%&"ﬁgjfﬁ fosa high (25
cp(i)hi'n& 2 ShHARL [SEdp) éﬁﬁhzﬁ ffre@ﬁ@%?iéssh@)v&ﬂﬁ hfe fiHh @80 6pl@feﬁﬁéﬂci%s Such

for its optical surfaces is shown in Figures
an Fyrehasite Siggtip#tisd fisquvey Heals stgnificgntly mare nopigyioriiepsiioned than the
Elaﬁlqi SausNncy is shown for an eye
%gﬁeg{?%%gg%:(%se % an eye has its high _
spaiWheh afstandpud poryach leakgsing @m@i‘t‘lewfi spheripa frenpaittack ufages is used

to ?o%?eeig{ tE?srl:gg tﬁéqaglcotnqasl ekgnggl 1§ %ﬁ%ﬁg%@lgpcﬁg ﬁ/ﬂlf’ecé}&?ﬁ elH §e 6b Note

that drewein 1nb sumtan’sq:l lebarige &l thé redative distinbmakd wualfm)smsns o thfst&@ spatial

to correct S e e .out.c S. shomn i t he
freiiE T s o I app s fon et bR O et CRUR R 0T ¢ per e
I S POm6ishedeatdppiacty Mb@&ve ﬁbdvb—@mﬁﬁdtl&ﬁshdtﬁ(oﬂd;@bﬁnﬁﬁﬁ) Bnedreduce or

axi al _positi.ons of the atlal
ehmﬁléatea%g Arectio !t She YE e coisg ﬁwd%ycpfa%@fn%ﬁgé%%‘eﬁ&mmd designs.
The 0 omA 1B B fRECIMIF %ﬂa@h Pdhbwn iPFigerdiceV & tﬂﬁ%‘d@- theaR® positions
VI SI Oon (or super - VISIon is to reduce or ellnlnate

of thedwg |seatiahfrpaygacygrealishavelren asolapsshtta one lOémoanhﬂe this design may
prViQAUCENG: ABBH gk bal b@&%ﬁfﬁ@feﬁqn ge@a?ﬂiﬂg, limidd¥ig @Hie‘}&%g the
t hrough-focus ‘MTF graph is shown in Figure 6¢C.
pregagssionofmyapip #1 thp¥siei ons  of the two spati al
fre ' :
v 1 it LRGBS RAKE pREE oy ich ARE Hheribft SREALP &b SPherical
abewpatiods bﬂo]vndsuufaﬁly op’@qat deisrgny ot thedelaigye robitinhing of thg high and medium
reversi n resgion of myopia in the wearer. 25
Spalth SeHte %k%eagsaté)poec ! Vgat he present invention is not
ascmhbg dco@i«bﬂng ‘(Dlthd Predent 1h{7m1tlsmh>@rdeszghng thb epprapriabé@nount and type of
i nvol ve tical de but the re
sbBUREY G hEPY oS G BRI opeTestion Bl ufeces for
boltEfhk Sntbflord@d pedidriRy ehtact lens surfaces, the through—focus MTF shown in Figure 6d

can be achieved. Note that whereas before contact lens correction the eye had a high spatial

frequency peak posterior to the medium spatial frequency peak, in this novel design, the medium
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Thus, according to the present invention, by designing
the appropriate anount and type of aberrations into a
w@omtaet2d ens, for exanple, by enployi ng coni CPGEEP1004005560
aspheric surfaces for 30 both the anterior and
posterior contact |ens surfaces, the through-focus MIF
shown in Figure 6d can be achieved. Note that whereas
spalﬁ&]fib&’q&eﬁl@lpbﬂci‘s nbﬁmﬁ)ré:pdsstﬁﬁﬂy toeatel ecl@ive thithd highhhpghﬂ frequency
pati al osterlor t o the nmedium
vk Shisrrap b G RACBBER R o g pplataly reverse
pro@ﬁ@mbﬁnof 1y oMOir2 D0 4/ediOr' D2 RERINERZ004) @254 {dn dBRAS hadt work has
fregyency ak is now nore posteriorly |ocated
?%W%$&V%“W8§the hi gh spatial frequency peak. This
ar r ;e RRMp1¥ithd ey@ ﬁ@é?ﬁ&h@croﬁarbeanﬂ bRl daful PRqARLSimply a Plano (zero
eI|n1nat|on and ‘potentially reverse progression,
refiRgysi Rovich of AB) eseretion. dovener, diciehiartisan stil besachigied as ﬂlustrated in the
d
fori o%ggﬂ du {0 e a%ﬁgnd'f@a{énég?fégl @ﬂﬁﬁt%ég‘??gs hgltlggndé%ﬁé &&%\4? The
premmtlan,rtblqlsmsep@ﬁmw surfapt pnoéle(forthe contatt leas ticsvgn qFdhvieparticular

exa%(ﬂ% eveg&{rgﬁl | 99 e. %\@%X%EOE ﬁtnj.\hf%c ec%%@a?l acﬁu r gaﬂeﬁkﬁaeﬁ‘gont optic

zorgppdiogyrdr FOZRY IIH)8 t% ramnavil alS]ﬁ&hb]D_;nOﬁﬁ a(whardeﬁtreﬂ thifkaes of

es rescriptiogn, thic s profile and
10 e 8 pprtaTarsBeS EontiLiag i (Aeh ol B ek Gl CAone Ficius” or BOZR)
of 30 hinfwitRan a%ﬁ&ﬁﬂﬁly%f RER), @hqwe opfic Find 'dfa‘?ne@a@ (Oﬂjﬁls 8.00 mm. The
anterior surface central radius (al so cal

refragtivripdexnfithe lens iy aisemediigibg dhat of hydgrm) hxdsoxsetmeaeﬁmwlm

(H@QA@%%&&H}} ¥se@Eof contacp}eé&nat@rlﬁ%letll I@bwh b ﬁl%&esif‘lleg £n the ocular
0’ m and a posterior surface central radi us

Sm@@Pﬁe@-the 'back optic zone radius" or BOZR) of 8.30

mm Wl?b@c?g%%?&%ﬂt gd %%de?sf oéfbﬁqdegc:rﬁ)%f)n IP ?&%#oﬁ%éé;mnb(e?fiiments that

di anete rac
thetnhrmipudation iof tha s ative ghositiorsef tHeathedifm hn}d:ilngh gdtial frequency peaks using a

ol AR RA TR G s SRR i Bgor

usd df cbitie satichsato defite the p@fite of thebphical furficds| oth@GaRee descriptors may

a to read the d scr tion of the
be AR ing G500 s Of FEha ATt plypalsgalines, Becir

furfcﬁd)rm FotRiepsict b}fhﬂ&s@fZehﬁEe ﬂmﬁioﬁfﬁlﬂﬁ 6hofittal ReigiR@bdcRibtors, or 2 more
ge gquen y peaks using .a. controlled anount of

PPEEOSTP Rk ERee deTTTRNEG 12 1 logkvipr teblegs jignilap approaches. Futher,

,the%ﬁ@iﬁ’hfoph%ﬂ&fe%@é& d?fthetﬂ?«?sentl-i%nﬁf)n ﬁ%i FEmR&Gh 't%n{r&llmg of optical

define the profil the optical surfaces,

suréyge pepdidesd & gmaﬁrpk@r graﬁmt refgciee nded(GRA) matenngls may be used to
ma&glhbémﬂé f%:la%we Eg’%ﬁﬂng af ﬂh %dl{afn ({i?cphlgh-lﬁ%gltsai ﬁ%@lul?c&g)reaks, as may

nom a e2|er

Fr6§@11t3€p§ oplies h@sglsph@mmﬁecm qpnombealseéglthagmctmddxallly@r ght
or, a _hor ener al oi.nt surface

Congﬁgﬂoflg%v?%%a% ofhez of WltE the%m?é’ﬁ PE0F des}g}ﬁ a%% aclis¥r oaches.

Fur Intiégyre 7a,ttheoptieslieffactad aohmtfd:d:laj modiRigehe plofild & a soft contact lens
[ ' imted to

by BBPRERE < roliFr R RS o Frsate fa SachifyheiGRaanae. 1R s i
therappropuiate vedative gesitidnixg d)havaédirh 8pialBequbky e fibdhthddhe hlgh spatial

mani pul ate the relative p03|t|ons of the nedium and
fregﬂeﬁw ge‘gglby éPprf’Fg’&t?@fm EARiyalegito mnd 0.25D). The prescription,

thickness profile and surface profile for the contact lens design of this particular example are
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Fresnel -type optics, holographic or diffractive optics

be used, either individually or in conbinations with
weamh/1goker or with the surface profil e desi gnPCT/EP2004/005560

approaches. In Figure 7a, the optical effect is

achi eved by nodifying the profile of a soft contact

|l ens by enploying a polynom al series to describe and
shayania Figuee Tt €TRMQAR Dirthis ask acdescriblell y b ®asit tpheiervs radBust8BE 2 mm

riate e ositio of .t he pati al
i e Re BN ot i MOt debathug g ppemmia
eqidYio@PPthe Kjrﬂiﬁs(ﬂ:ya B0 Iﬂmc()éﬁng\/xﬂle&m isttRe @iEt@MIRGrdPh e Bdntact lens axis
prescri_pt ness ﬁrofl |l e and surface

e

in SHIGPPES: 1 60 PH b OAoD0 ens -BA0HGH: w1 4 mrSOplte: abs arD i
8.00%RHPTRe @&nfal thlc%sé’p 18@ Qe 2h@ ?M%cl?gﬁy‘agg%ggﬁﬂ&g %QQBDOZ&I of

shown in Figure 7b. The FQZR this case descri be
8.3gymry. Eh@ie(ﬁra@pﬁen@xof thezkms ipsas@mB20 herthatwfiHEMAdi t i onal

a [ . A ¢ sphere

ooy PR Aohic SRR, M pShERH AL BT R R dop avaiabie
in éeﬁnmgbhe(ﬂlfface(ﬁrbﬂle)can phogide greaiesofttivel affest ianams of thimaprepriate
R 5R R Lo B0 TR s s o
thebpréseftinvetion Braplofyy ¢omlbirdaibs sNesmid ssctidng @'bl@ﬂ&niaﬁ&o reallze a

back surface is a sphere with a BOZR of 8.30 nm

sepappion ot the epatigkiEsauencympraks|by ABPPE IRk b m (e atenile atsmnd 0.4D).
e R
paigylpaxempleatd fhewoamFigris\sbd & th@aRell t}mam:aldewhbectby 3 lvasm conic
secltlgﬁ gpceﬁ&?lrrg(ﬁﬁégg (E:)g’PIBH a%h %splhgg(%.l@? éi{ Y‘a%tcg?g'i} -ta(l)I nvlwﬁ'gad%]ztlong] Sagittal
hengbtrﬁeamurd:sefrrsn ﬁﬁs l?@@lctsplmrq)deemﬁ by a\pelyhomml amahmysf the form s(x) =

i n 0 on .an
o P OR s 8P B SFRE e SR iend S BuRedebeng 00128, b
= -oyooaqpl axd drat-ebyoeddOTHe GEDUE .60 £, T}Q: o%ﬁ@dl fdcihe4 100 pm and
The prescription, thickness fr ofil e and surface

thedagh suriacs 52 sphre wihe AN o3 Gremi Jhe atfraptiyesindex of the lens is
skl toud B4t B ¥@pAe are shown in Figure 8b. The FOZR in

this case is described by a basic conic section of

c enthepreseatinvientign fuytheywantemplaeshes g idevieg offtke ¢warenbinyentipn may be
G ok e L
of thg e i o ewdmplie %Ermss(lp(t)on mayehex@tdsiugd@Hio theBlewtveythenxthé suitable

am%ﬁ'zﬁl og 51§e§1%881% addé)cf]ga %}%Bﬁg n{ %%e&l en%ﬁlgl h s&)ﬁgal greguency peaks
apperr@fﬂﬂQOHﬁreb'Ehﬁo@ﬁBg b&tﬁuéﬂ)gdtﬁﬂboﬂ'dﬂ;&ed()&ﬁtbﬂ fal thehicDkieBE wearer

thlF %ar%@g mﬁprﬁgsspgfo?gk/tlﬁg%;c?pﬁag gi(ﬁig?re?ﬁg eqlieg}g\é\n fit)rga s%ﬁ%%?ct lens of
theﬁﬁ‘éddﬁfﬁﬁivehﬁoﬂ} éndofitati@f a rlEdbiveldrrEQRonFH LS miyBHe BinpI8Ts a
ﬁ]‘r}t her cont enpl atrg%gﬁs hat a device of the current

comBipRHN of fORR §OREN ansRonpRmiRls 19 Tealigep prppmien afipe spatial frequency
pedl@hy @ﬁﬁrbﬁﬁm@[}ﬁ%rﬂnﬁ’Ee'qﬁ’ﬂa]@ﬁqb' hlroﬁﬁjd .9215P r”l"h%?‘fes& 1or1 thlckness

exl st ng ractive error he eye.
profigrngrsurf @qeupmﬁlg fprrﬂwob@cu lmsrd@dgn:eﬂhts q»attiqeladwmphe ar¢ ﬁmmm in

NS a

Fi L B IR en AR P L AR B sy
9.279 mm and asphen01ty (k factor) of —-0.95 with addltlonal sagittal height departures from this

basic sphere described by a polynomial equation of the form s(x) = a.x*+b.x*+c.x%+d.x® where x
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appropriately, thereby providing continued good
corrected vision for the -6D nyopic wearer 25 while

WO edoamndiony t he progression of his/her nyopia. PCI/EPZH0O4/€5560
9a, a design for a soft contact |ens of the present
I nvention, incorporating a refractive correction for a
-6D nyope, enploys a conbination of conic section and

is RO Hi¥ABGH fadnS the Qoﬁt@cﬁhd:n% axis iR Rhetkis 0= OfOOMB% B Ra008b05, ¢ =—

frequency peaks b roxi mately 120 pm ( eqU| val ent
0.00B003 B Aer 0. 090P) L. Ted 0D SRl B e coaLbrekaess 108 end the
baamrﬁwlé Qgﬁle&r\%}i 4 @o&ﬁrofts hg e NTRACLerh &R iR 'ogﬁle @Jns js assumed to

particul ar exarrp e are shown in 30 Figure
beﬁ@ZﬁHEMf\hl s case is described by a basic coni c

Facl ol o B YR, A Rrcio B I RRANE AP RN Pl o comer

t@paatsmunu aseye dehewta@mgb]atsprogrsqstwroé ngyepia in Hedarby a

on f t he r . X), = . )
B e oS Qv cd B8 oot sphercal
reMﬁﬁRﬁ% 46rRBHGOT differdnd powkir ahd@ sloRg f\ﬁd}iﬁﬂeh&lcﬁlaﬂixaﬁ bn the same
11Tiamsmmlllmeers a = 0.000186, b =_.0.000005,
eyg.and optigal eyeste dsvieey For exgmplse torpIreet pavaapep With agreseripan (written

in B EnfkRRL dyBthddr FdriknAE $iSuldbe %Q&rmm Vidién ¢ ?ﬂéot&iﬂh@@ Gch as
is a sphere with a BOZR of 8. mm The refractive

opfigieRexorRsemetHEs prehephihglmelagisp et r@DFBB t F4: the feigmarprogel yould
me?glf) b £ RAVmP @erﬁl:eﬁ o dé%ke\é%als} 4R HoRr GRS c@%%@ bRy §eﬁeﬁately A—

hat it 1s also OSSI le to correct astlg tismi
6Def§@@remm ipdesigned ﬁnr thy Vleﬁ@almmgﬂcmgéhemamfpnnvpblaadeaqnlaed previously.

A Y Glectioffs 'd%an%ea ®r tﬁeelgcmz@ﬁtal 'ags%% dnﬁ qin? ifAD 8{1&{/@5 g%e%ous As

sinply asa n for tw sp erlca
undmtorai:by 'osien cHre phlaétﬁtmnalsi COpBW&mS ﬁlﬂdstmngnt\mld require the devices to
n the s

G RERE, G BleoAEN R ek SuBPe Bl iompprations and
featiredlara well Reevn ptth@]iracﬂtiﬂonér‘s & adlﬁevliig duble ofi¢ritatiofaleyignmeer For
fornt. as woul nder stood.b i care .
cx e P B GASH L Catlest 1SS, et GAaNS MeBpibASiEnT axciapafions may be
us@pht hal nol ogi sts) o -6 2D x 180, the design
ht hal nol ) of D/ he d

approach woyld nerely be to treat the vertical (90
deg Fegectiop @ 1n§gblawpgr§6t}§p1a1pa3( lg_egggqageélraé @ spsgial paseo correction of

wave PR biRdtior and BRAeSRHEERLSWN IS designed for the
vertical axis along the sane pri nmégl e as descri bed

pr eHineadyapced approgeh @drsmcqorreq’slon Proyidss fnder qogiectiareo the wave-front

ab%?%fyﬁ%ﬁ%(ﬁé g)frgcgldzllr%ﬁ% fer ogrg: gﬁe%\a}l 121?8 Bf ﬂgg r%.éep | £138 design of the

prepsmaonvemimma}sipwm@m@cplart@hwa\feafrouabmgaMn cemection vllile simultaneously
Co{lt?(ﬁijlilﬁ ne %)gs?tx I o;f I%}?esrfc'é%itugné P% rk%%uenc& ggakﬁ\tc?%(e n%grre p&sterior than the
highesspgtial debdngy peuks. o’ﬂ]ss apytloach eat proede furthenieiprovied oisiontwhile
titi f or .ag hi e such arient ati.onal
gl oep el it B8 e Bl GPh SRS
| engas abeﬁﬁllﬁmobéﬂl inaBAidual Bhyete-19édsurd@ 841605 raapélof ocular Wave—front
truncat ons be used. 20 Correctiaon. of irreg

SeLSOFS; 5 agk dq:vggag)r Cfgbexagnpg of B’é&dkﬂld"@h§ @(ayﬁs—front aberration is
Sh&A ﬁﬁqgur@ mOefohe WeryEirs efrod hastReh FMdved i 18R Wvavs-tHRB Mkp BEGHder to

OW. . L . .
reveal the higher order aberrations more clearly. For quantitative analyses, vision scientists and

optical engineers may describe wave—front aberrations as a Zemike polynomial series. An
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One advanced approach in vision correction provides
for the correction of the wave-front aberrations

w@ eoppitermb4d y i ncl udi ng hi gher-order aberrati onspCDEP100£005560
eye. A lens design of the present invention may
i ncorporate partial wave-front aberration correction
whil e simultaneously 25 controlling the position of

additdhalREhMRBSIT R ¢ Abthbd 8HUBAIn AR S dnd 1sktﬁat|ﬂEHBem1ke polynomial
posterior than the hjgher spatial frequency

aks
terrp reéatwﬁb@raaéwnctmsa%\haa@ ﬂPeLRH*‘ﬁ@renglﬁiFF ewalov F@Ff&ﬁt For example,
he st i S.r

codfBie % REMBCY Beleron b al O B 3?‘§€‘5“§??§V%?f the
preggncle QE clo\{ﬁad(g %éue gg%t}egrg?%ﬁfﬁﬁég?&%f He §ﬁac %-l‘ﬂo error

ont mann- eV|ces
assg%(@tgﬁ @n Qhchaft tﬂerzynﬂkéﬂ,@ﬁoanm&ﬁm b 20 abeohatih @;ggfeﬂ 0b. It can be

own in Figure 1 he defocus é&ff ect een

sedn@RA Y& Ghik Partibilsr iM@Vidudlr @g}ﬁﬁdﬁﬁpamdun@rdiaéfom (ﬁﬁuﬁahset #Qopia) is
ggher order aberrations more clearly
PIe§

F
nihe westineFigerg L O ghowsheshigher ordcb ik iorgpyith gpfopusgpmoved in
orfPH A% rtl?en{r@)fh gRaef }I)I@ﬁSlvaroﬁlrtﬁé]fnsé big £l JoV3SeddStha this individual
Zerni ke pol ynoni al seri es. WD 2004/ 107024

haPGI A0 RO SGEt gradidint (IZO%I ahd Z%i){ anhage. 1Oefnd12|§I) and@phbridl
of descrlblng aberratlons I's that the Zernlke

rratl%éﬁso(rﬂd?a i h rf%Llﬁtl\ﬁTF gra?Q ?Jrrtﬂg n%Pvu%uXPf éyeé;@xm (liéf&rus removed

glneer or “vIi s1 on scCil en
is &ﬁm fﬁgureq@f f él'n&:é tﬁﬁteygﬁas' aﬁ ahR)thQﬁtaéﬁgﬁlaﬁgm %Qﬁn’d@ﬂ focus MTF
e optics o t he eye and 1S |nd|cat|ve of
culp’pe@e slaavip puecorreach af thy gine t'slfCI apegigied Widhthe ﬁﬁl%@smpﬂowver it can
be geen tﬁa% ]fo X)ﬁth li Iegsf%c::\::l(ge %fg U oh.lﬁﬂx? fr?iuregcr &al?ssﬁep %Sﬁ%cgglg a'h]%norly to
thd mgﬁé!r spatiel fie@oencl peakas b;etyplm eheyehwith {m;ypplp lgrcs;vth tendenmes
??Ltljpﬁrcléo%{%iogldé Xli;dvyglg—ﬁont %‘é ialgg an(%f t}%slr%/gz%osu 1{es19§ inMfie-Tocation
of Feghedeund BYal IﬁgIQmahh\lefrdqmghg ibeaks diailaZ @r thatlseent ie Figmradct This is
defgcgs em)\/qejiﬁt]0 order o show themwi th greater
unsipiighle dpr e refardpiipn e eyl o Wo%%woﬁlie%onoe seen t hat
t hi g doRGoMhE Ul dedig@fed db&)&ﬁﬁg'llobh@prﬁﬁﬁﬂﬂ%toif tlﬂfpresent invention can
astigmatism (Z 2 and Z2 ), coma (Z 3
TeRASHIOR theapediyom spadipliErapency peazra meye POPF?élo’El]ﬁ rootb@ lgh’eféa%hakﬁquuency
pe%savﬂhlefpgftlaﬁﬁ EStrdchsl thb ﬂiéﬁér—&d@nyﬁ)el%tk% gehoeys e RMBEment would
I's shown in Figure 10c.” Since this eye has an anoun
proyhota dheirptrietiemandpaisntid rogEal doeiepiaprgeressign ylge proyiding some of
|
B
ankangdmelnt nehdvorin Figure (e d3yuthe Blgmqua,l paftlabcpmntzqn fehksatigns the

m?q?lg& tﬁ]@%&{%’ ! egggtpgeg( 1? rglo%yaﬁlté%eg ?prgglé%{e% ;,Lm Lelguivalent to around
0.3MWhde hERGRIG heSomphiedo tirlhigef spadilifequaby béuk. The resultant wave-
wave-front aberrations of thlsnﬁ¥ @9“'d égsult in the
frong enreyaman o the sgft comact ity ramBing Erewp 499) ghows only concentric
rnf_%ﬁ ISRy thReRkR aﬁcﬂ E@ atidr® hi\.’%%erﬁﬁﬁ@tﬂfdﬂy &lirBin4ted.6C.
IS IS unsui tab or the retardation and reversa

of Pjspihe vedFams gbeérﬁhomoféber eyedw RisrremplensTogptiongfly@gymmetrical,
h@RaLE& eg'ﬂ%xﬁrﬂﬁalt: Bﬁhﬁﬁh&ﬁh@x{ i@%lsgfrotﬁttb%alw fs%%tﬂcgl\’@rﬂﬂs%se in order

can osi t |un1spat|a requency

togoirest p@@lgmehm awoma) t ’ﬁhﬁ debqiptien shuch ajens ﬂ@@gmen@yalso be expressed

as a series of Zernike polynomial coefficients. This is shown in Figure 10f. Here, the Zernike
17—
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20 peaks while partially correcting the higher-order
aberrations of the eye. This arrangenent woul d pronote

W b@4netoad dat i on and potential reversal of myoPCHEP2004/005560
progression while providing sonme of the additional
benefits of aberration correction. The through-focus
MIF graph of one such arrangenent is shown in Figure

poﬂy@@mlaBé‘arffeQﬁpfeﬁ&it&ddﬁuﬁ)nalﬁaglﬂﬂaﬂelgﬁ@rlree eHidk@Bss &F be add_ed to the spherical
aberrations i.um sgatl al _frequency pea

frogbay ?eoqfélcfogﬁ@%% .lwaﬂ%lgs}rei ® With [e4R {41 - t@e&:?%laﬂfof% 00 mm.

Thé Badk s38ke TR oR QAR 1 his ABOZR P E38 Ghih, qmmecelﬁtrgm&kness of
spati al frequency peak. The resultant wave- front

108 pro rTheagftagtive indexsafithe lewsyis aspmpdiodedbad oBPEMAonbi ned
F
( ! ?HE[:: go ntég g%%i%gg%ﬁmgaw %gg%é}b l[h% de\rnIF?n %&%lh ﬂgi%dctgtrﬁa%am the
Coﬁbdt akin aﬂaﬂiatloﬁlmﬂﬁeiphﬁ toviheey$ inah¢ saaleervayails |tlmrde0fce fdreonyeing

aSﬁlgﬁ%ilg ers&ﬁ rgé)?gﬂlﬁﬁ o e}saaHgl gsallgrlh%yl éiﬁfsg%{rgﬁe sgin(i?elgglrestag %escribed for
cofrodtiag asipalakiym agymertdd. cal (in this case, in order 30
to orr as tismand co The de cr tiqgn of . |
sucH B &Sl@%&%ﬁ%&%ﬂ%ﬁ%ﬂ %%% e aud xigldehethening in
or@dr /R iR @ﬂﬂlﬁﬁﬂ@ﬂﬂyﬁérxxféﬁﬁﬁiﬁ' G it@RhEn fulitS etheSHANT dnPentional
Figure 10f. Here, the Zernike -17 WD 2004/107024
com@qtﬂmmh FOSBEOTopeng hesk sarfacealesigns, fuedp dearrlens form, already
pr@\g hRN@ous@dia %ér@altloﬁ%ﬁ trSsultd nShe ﬁlg}é Pﬁgﬁggf%tcp‘ﬁeaks being

to the Sp eri cal ront surfa (
poel@nn@anorb poster(oHy ghandhelpedivmispiiaFERRendy Raks(Figme Mk Hence, some

. . . el
siftafts sy SRRy indREeBRE a0 AEC Holveh el in® Blrtodif B A8 brosent
m'cefntloril_ihﬂlcmrs fﬁhiESlgneﬂmaaﬁy aozeleratedeye glfowﬂh etnh&la‘sng sgmasutiychore rapid
be t.hat other rv.of ..
rofpfh 85 e Plmeiromis Ao rateg b irtoRRafrthd MBS S positon
thehigh-geitiabtdq@ety Ipézikts atfdztﬂﬁlrthbrt‘d@hllhé ﬂﬁeﬁ‘dduih@sﬂahel feRency peaks.
t he _sane V\?ey %@Qt he device for correcti . asti %nglti S
( dedF F3ERCah 50R Preseiion fore hYREMSHORIATY SURcATPHAE
witle@t BiiRBleatodRoT abdRBoAhen AAEd RGEDIIBioA Hlel rBMRIh sm HRBY spatial
be used. It may be desirable for hypernetropes

froquensy @y éP@fPH%t“Hy’ dhractparayiding ARt spgd cprrected Vé%l@fbfor the +6D
hyﬁ)mee € %veﬁﬂ%@wﬁi‘]@ﬂé@ﬁcug)orréﬁﬁl@ﬂaﬁﬁé hRhAetropla, TOFI8EUNB, a design for
0 enmetropi a nventional™ contact | enses wth

a @BWéfrlp%Sa?f thersepentinEnier incemprtinea WEesta soredtien o arifd) r

‘{!\ E,%: i
h TR ﬁgﬁi és&LHI?}LSS a‘f‘t%qlg)hnaﬁﬁrpyf{’]&glc§?@fx @?@g&%neo%%a@%efeﬁl% afl'®ven greater
sepazitrog of fespatiad ﬁe@enwwammreaqhwwwe Wh‘h ntandated nmmeu'mnal spherical
suf c% cof}éactfler: eguency peaks (Figure 11 a). Hence, some

us ‘already exists for inducing eye axial grow h.

I—IOV\/E’EN this configuraifyr (Bate 1ab), tieespptiad Sreqiendybpdaks/aa téparated by over
i ndi cates that si ant accel er at ed e.grow h, X
24&%@%? gt FIQW?C? ) é%lﬁhlflyo dofhgfionvenpieral Al Perighglignebl 12), which

coBITRY 1RBVife a Scphralih 68RbUrAa%0 IBM) de&lﬁ@aﬂé?ﬁ’ E@erlﬁﬂ 0.4D).
addi t'ional aberrations to position the high-spdtial

f r edlie neeseripdanghicknsss iirofileland susfbé profiteifer thedintavt bpaddsign of this
Gy @:&‘fﬂr/pleoﬁggl% 19 %1%?'1)(861%' ﬁgiﬁl?n Rli&asd is %Esc%ge(f 1%1 Ehsic conic
yper net rope may Corpor at e dev
section of central radius 7.769 mm and asphericity (k factor) of 0. 09 w1th additional sagittal

evice,

height departures from this basic sphere described by a polynomial equation of the form s(x) =
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with the suitable anpbunt of aberrations then added to
reposition the nedium and high spatial 20 frequency
w@eakgoramppropri ately, thereby providi ng conti NPEHERHO005560
corrected vision for the +6D hypernetropi c wearer
whil e reducing or elimnating hypernetropia. In Figure
1 1b, a design for a contact |ens of the present
a. meeém& kBa.xP ABereRGE aieidis@nae fr@xﬁ rﬂaacdohmet 160/ KBGh hﬂllﬁnfewis a=-
+6D hyper et r ope i nation of con

008856 bR BI900B 5 ORI 4 dcB 0005t 1 erirad Aueipers s 225 pm and
theja%ﬂ@glﬂfab{ﬂ a hér@@ltﬁ Q@U?ﬂi off g SAHRNGYe @%‘%ﬁ Std'(}é}ﬁ]m The refractlve

' I evab th standard, conventional spheri cal
lnds&pfdneéensmﬂsamtedlt@hs@lst of HEMAi s conf i guration (Fi gur e

11 h '
0o Fhe i SRR b BFUBIE OB, BB A o i
while sinfuitansonslg postaivaly refesitignng Elegmﬁdemispasial fregherch peaksmrelferably to

onl. vi.d e Lon_of ar 150
o 1y B0 B R b Bn] e oy R, R bmtemptates
thal 2 pedseitanethdds ahd dppafatusestrhey Eeoippmdtto hﬁ;ﬂpreﬂﬁﬁh@ﬂreqﬁlred to correct
ure

t hi s, parti cul exa l e ar in, Fi
thergHi g PP LS LIS 4 SOHEEEI SO P £ i eoduced f
theS®G1ck OfittPthe §1ﬁﬂibfeeh|moﬁﬂtcﬂf ldBer?aﬂZﬁQhéHﬁd@&ﬂto&Sﬁ@ﬁfoh (ﬂhé Medi¥m and high

factor) of 0.09 with additional sagl ttal _heig

spafieblipqugn@speplse thetehy sromidinecosiimed @0%%46?%%&18@9 f%r the —6D myopic

) _ -18 WO
B e B bl isc. w6edl, x8

whe ke inverionmeaydieseadinedeasfmasmprétacasaleviges, qu@i’ﬁ@l}dﬁ by high volume

=B BT o= B BB000R ethe” SR sk pEassdovices.

ab@PBiog magibd desigred balbdksugahlé for ¢hej tspiaal s\dh@mmlmomhvf myB@ZRFOT

mm ctlv
ex%rflplf:,htgr Inass plrosd%g[éosnu—r%elDZersantloI} {ce 1r%teraE(R/%r r%arﬁlﬁlé t]Ee e;))/rogressmn of
—3Deflytpes enberrationliatigh weuld éslge Somﬁenkh&nﬁﬁﬁheﬁﬁerratlons of a typical —

nvent af f rd.use
sl Sglieytsan BErmisv Ry by e BT aniihes s et fesiens n
aﬁxgﬁlﬁdlﬂhuefltf RIvel fdradliven illiaie aptisal @yopla fefedition Bffect is

ehj nd” the high spatial frequency peaks., The present
Produgerhityi wwﬁgiﬂ%rﬁl@‘@ﬁe&r Fprde cpsiciR-depangdydswigpy the actual ocular

abBRIHRAE ST BOHIRARRAT RlHSRISwdRRY n§ bB RRhd, t? eRMple using one of a range
prescription required to corréct the existin
of pexflpratavefrentsensers (o8 HarnaapeShappdeviseanghe design tggl takes into account
Vi
RSPl SRR Lt Rl ot i
Spat@ﬂ)ﬁsquen@mpetahss medi um and hi gh spatial frequency
pea ther Vi di .
Vis :ﬁ'zllﬁ P esent frﬁgntpogguﬂl%r &tgrlq%tep}grgg vﬁ[?%o el glﬁrg ?)ggﬁ etnﬁcétroplc eye
towardgemsﬂrmna dThxmsséﬁheesd byytbpindroduliien bfwsithble amment olf eéberration into

e s g e P PR FORGgY DO SE per SRR oAk, or
podieMbcsE she theliirh8paRb Requbndyassksphedbe pdmdéing 648 eldng®tionldnd, hence,

‘?berrgqtl on may be designed to be suitable for the
requeHPR off NYREIIHEPAT at i on of nyopes. For exanple, for a

MaS SYR[eQHdsrbicRBd erdBdIMhERE itk R 16 ForR@fis618 of RGP BEkRSLt idkes, it will be
retarding the J[or ogressi on of
immediately obvious to those skilled in the art that this invention may also be implemented in

other forms of contact lenses (e.g. haptic or scleral contact lenses and “piggy—back” systems
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15

-3D nyopes, the aberration design would include
conpensation for the aberrations of a typical - 3D

worpepao7osef ul ef fects can be achi eved by PCT/EP2004/005560
popul ati on- aver age mass- produced designs in nmany
I ndi vi dual s. However, for a given individual, optinal
myopi a retardation effect is 20 produced by the

whEéHv6 18t HBfd 18186l are W6kt BSandERY, shétached ShfbHSmhBBE”nses, TOLs,
devi ces, the actual ocular aberrations of the

artifiqia] caraeRs e g-indmteen-liarertoprpthsess ranigtipradampeyilenses as well as

refﬁ%ﬁwg%ﬁgeﬁsdergg Islgla&atef)ha@lar ABGEoplRfy, PRK! @Aswmfs@%etc) In the case
sensors . Shack devi ces). desi

of RiGR &% hiie6oiais cuact leptve beng st b S aiionmrofl dgr dhaigmed also fo
O

R GBSO B0 R cn

postericg stiifae of thetR{&t amdddhg atguloat@seadr onot i ng t he return of

a h I tro r tyr T,
fe awglegegoterﬁﬁ?m%? ctlérg\é\falcgvc'e m::'?l de\(? 8% 6{% ith tl% ﬁoteﬁt%al t(} correct
refadotve @tdrand balla abérhﬁoﬂba\m iread-timee (blgaWa\telﬁentmoghet&mazystahs and

NI P e O .

alsb b€ By ot hedg dided eI ongation and, hence,
reduction of hypernetropia. 30 Wi]e th Ereferred

enbYmpERdiicanens; YariaHenss ag ofhst crabadimenis FittigBvill come to the

mlh@ BP&%’skillted Yﬂ tht 2R whlei‘ﬂﬁﬁjs‘ iAbedliyn PRMIR %ﬁwh@tﬂehb@ﬁeﬁit of the teachings
ed in the art that this invention my al so

prqswﬁﬁcbméhq @aegomg dgsanigtionso Therefore, etamoav@tunﬂ@ﬁggkthe@h@mventlon is not
B

errtbwhnwntsmmrletehéadse be nchidedbwithin thet samtslﬁthe appevied claiss, Although

speicnfgc ‘[e1rrr(1)sr ar? Qnamg oyed lll 66211318/5 e’yk ee?és?% 161ra oé %%]ﬁc eﬁlld%esc%g)ilo &%se only and not
ﬁmmmhefmﬂememsnas well as refractive surgery (e. g.
epi ker at ophaki a, thernoplasty, PRK, LASIK, LASEK,
etc.). In the case of RGP or haptic/scleral contact
| enses being used, the aberration profile will be
designed also to 5 take into account the optica
i nfluence of the tear-lens (produced by the tear |ayer
between the posterior surface of the RGP and the
anterior cornea). Wth the potential introduction of
active optical devices with the potential to correct
refractive error and ocul ar aberrations in real-tine
(e.g. wavefront correction systens and ~adaptive
optics' systens), it is contenplated that the design
approaches of this invention may 10 al so be
i ncorporated in these devices. Many nodifications,
vari ations, and other enbodi nents of the invention
will come to the mnd of one skilled in the art to
whi ch 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 di scl osed and that nodifications and ot her
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15 enbodi nents are intended to be included within the
scope of the appended cl ains. Although specific terns

waneanplzoyed herein, they are used in a gener PCTARZ004/005560

descriptive sense only and not for purposes of

limtation. -20 WD 2004/107024 PCT/ EP2004/ 005560 WHAT

IS CLCAIMED IS: 1. A nethod for controlling optica

aWEIA TS ODAIMED &8t er nodul ati on transfer functions
conprising the steps of 5 providing an ocul ar system
conprising a predeterm ned aberration-controlled

desl.gn tAOmEMPO Sir oMol tiptical abeitktibinsgh aR@ahddalation transfer functions
frequency peaks relative to one another; said
repositP%Wjﬁﬁn%ﬂwﬁﬁﬁkgzproducing substantially

cor r ect ipY&idghg Mibdular sppfeh nrisiigAGpredeRemmbd shearatibrabdnyrolled
corrective stinmuli to an eye_to reduce accommodative

10 | ag, dHER BITAPISHIEN MEBET 1300 HishgePRdR dreflRrre aeakR Fiaive to one
subst antyh gty said fEPJ)sti@d?le;)Xaks @f&l\ﬁbi%F Bibsah@Aly bhBHRE stimuli;

I mges. 2. The nmethod according to aim1l wherein the
stinmuli ad provi ded substantially continuously. 3.

The met - ' - ' o ' :
syat om Apy g HelBece M eI bk RS Bommodative
t he eye.lag} whéteen thre tdpositienangas difengedtwhilel sabstantiallywimwbiangously

t he pr ed%t)ve%im' edr Vd%gi' ig{g é%r ovides a negative

spheric£ AVEF Fati 0N’ B5.5Fhe met hod according to Caim

1, dher eite mdisodsicepndiaf to Epmsi wherinmbe stheuliie gravided awtdtantially
hi gh-spati al fﬁequency peaks further conprises
reposi t iGRATHY"$ e nmedi um 20 spatial frequency peak to

a poi Nt THRGARA RcEling @CRIn | OMdrdie the Rtmessyfeml RBibRY Qibstantial
and towards the retina greater than the distance from

the cor rfeBTtEnEHEIilYHeSPati al  frequency peak. 6. The

et od agEAFFhJdihctRdikk & Clamn 1 WAREGH fhe ptdeteARinGY Besign provides a
exhi biting nmyopia, axiral elongation is reduced. f% 7.

The net msdatiiesphegical@bersationai m 5, wherein, for an eye

exhi bi ti ] ) ' I QR rdnSsifi dium—
5 he ra AR Beolii o CHAR b A e SN B medium
of r eposintlibighi-srgtislfeqnendy penks mdlehjogtprisgpatpasitioning the medium-
Llr Sﬂ[’lggg Iatgaﬁ %}éauefn&; I&QE bo & &EM &k o fHARE ‘ﬁjo%nthg] gor}léa%f the eye and

towards the retina greater than the distance from the cornea to the high-spatial

frequency peak.

6. The method according to Claim 5, wherein, for an eye exhibiting myopia, axial
elongation is reduced.

7. The method according to Claim 5, wherein, for an eye exhibiting myopia, the
myopia progression is reduced.

8. The method according to Claim 1, wherein the step of repositioning the medium—
and high-spatial frequency peaks further comprises repositioning the high-spatial
frequency peak to a point located a distance from the cornea of the eye and
towards the retina greater than the distance from the cornea to the medium-spatial

frequency peak.
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frequency peak to a point |ocated a distance fromthe
cornea of the eye and 30 towards the retina greater

wohaen/he4di st ance fromthe cornea to the PCT/EP2004/005560

medi um spatial frequency peak. -21 WO 2004/ 107024
PCT/ EP2004/ 005560 9. The nethod according to C ai m 8,
wherein, for an eye exhibiting hypernmetropia, the
hy per metyiephethddacah@heth Clifh 8, MiRrdiRhiosh 36 eatibitin@hpRrmetropia,
Claim1, wherein the ocul ar systen1|s sel ected from
the gr dbphwsmagiopiayabstedcont act | enses,
ortfipke r’f]ﬁe%e@l@ﬂ LEHGRS 10 @lgmll @,y\)?herélﬂ ﬂle%)ﬁ?lar %/st@ﬁﬁt@ge'l&fed from the
chanber 1enses, intra-ocular 1enses, corneal
scul pti rggqupamdsmmf pesttichlensess drthokeshtology lengeseonmiayhda-lays,
accor di er18r c%a?l:?gg lfl:n%es —gélﬁhrtlé}l%‘esc Ofhé&t Ecu g,ea%d b Abinations
sel ecte group consi sting’ of extended wear
contactihaﬂﬁés and contlnuous wear contact |enses. 10

The d accok. to a wher. ej h
" ep{) it Inh ogfac?(ﬁ pogClann;rl %nc}qereﬁﬂ thﬁ conta tlpeél%es%re selected from
f r equenaye peaksonsiling ef\ertehdedorer emmetch Ehsds and continuous wear contact
acconpl i.shed by nethods selected fromthe group
consi st i ffJ°f orthokeratol ogy and refractive cornea
sculnt i Nehe method HaordME BPTIaRe COK 1A tHeQeffdsiRiofiing 3f the medium— and
wherein refractive cornea sculpting nethod is 15
sel ect e dng}r—épﬁn@h%e%lﬁw@)e@g aelpiave tp Qnebqnother 1s accomplished by methods
epi ker at QRBRK IFBm thd %‘b%?&ﬁl%@ﬁl%&ﬁfrﬁlﬁkemtbﬁgf K BUEEEVY corneal
LASED surgery, and surgery. 14. An ocul ar system
conpr|3|%@m®n$redetern1ned corrective factor to

r ep93<:.| UIAR RS %H:%rdﬁlg% Bla8h 12, Rétlekddh rJﬂa ecr(lﬁl\éa p(ﬁlﬁhﬁlg method is
rel ative to one anot h&r to produce a tant

cor r ect i setectst ifioml the gmummreyseng of, ai'll:mtomkmmhomaﬂcﬁmwplasty,

| ag, wh I the 2 S|t|on| ffected while

subst antellr‘§$%sus%e%9tp‘aneous$e§7 Blrl % *¢I ear vi sual

i mages. Aﬁommheygyﬁb&ﬁmmmngypﬂﬂmmﬂnnw@bammm&éﬁwmmermmamﬁon
the stinmulj. is avj ded. sybst ant i .conti nuo

16° The BodivanallOgaraiaT Fonerd nit P eph st produce
pr edet er gibfiediafip coetive/Rinfudab ah eyed aRéraitdRBodutive lag, wherein the
negati ve spheri cal aberratlon 17. The s

ste - .
accor di n@pqs&m@n& 158 {egf:tedm%lp ép%tapﬂ@lyoserap @V&@mldmg clear visual

exhi bi t spp@st antial  centration relative to the eye.

15.  The system according to Claim 14, wherein the stimuli is provided substantially
continuously.
16.  The system according to Claim 14, wherein the predetermined corrective factor

provides a negative spherical aberration.

17.  The system according to Claim 14, wherein the ocular system exhibits substantial
centration relative to the eye.

18.  The system according to Claim 14, wherein the medium-spatial frequency peak is
repositioned to a point located a distance from the cornea of the eye and towards
the retina greater than the distance from the cornea to the high-spatial frequency

peak.
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18. The system according to Claim 14, wherein the
medi um spatial frequency peak is repositioned to a

woabniofmeat ed a di stance fromthe cornea of tReTAEP2004/005560

and towards 30 the retina greater than the distance
fromthe cornea to the high-spatial frequency peak.

-22 WD 2004/ 107024 PCT/ EP2004/ 005560 19. The system

?c cor diTig styaexﬁia_aédmiﬁgfto Oibied ©, gzhtellael thé Ei!gh&pelfﬁai abqugncy peak is
requency peak. is repositioned to.a point |located a

di st ancEPITRed foc RO a’fCSP%fSF?QC%?@n%% ©y¢ i towards

retina {ge A kreh3pifal the dibtSteR6eR Hd Rch Rethe AedRM-§ftial
the nediumspatial frequency peak. 5 20. The system

accordifﬁ@lu?’éfy(ﬂe_élf-m 14, wherein the ocul ar system
CORPr i SPR: JstBR\hkb&Rding & €GIe U, 'WHRR 8 oA AUDstERRSMSidRY device

of contact "l enses, orthokeratol ogy | enses, on- |ays,
i n- | aysselesied dropmothe eteaprbensistiegigkeoniapidensas, ozthekstatelpgy lenses, on-

| enses. lag% %‘n{ §, a‘?%ﬁ%xemaﬂl%?ﬂglqsiepﬁ}dtiﬂhgotagw 16fkes WhEr el n

t he cont nses are selected from e group
cofdi st Thgysttmextadidg tb Gleam 2¢ ovierot tht eprsed leased are selected from

conti nupus wear_ cont act 0,lenses, .22. The syst
cccor di i ol B Sngndh R e Mol PRSI woar contact

correctlengsfactor is introduced to the systemvia an

ort hokerat ol ogy nethod. 23. The system accor.di to. .
3 G LHE GHERATPRG G Bital b e e BT Ot aegiape fctor i
i's i nt madueedtd e EREnSYIS biebthukera®ldpgmidiald. scul pting

met hod. 15 24. The system according_t im23

ng_to Claim 23, : :
whédei nThhwsiepraseifing é¢ ot bty Whetoible prsdeteimiped cogrestitrfpctor is

the gr opp6QRS b Mt vieRcHGEALQRHE bthod.
t her noker at opl asty,” LASI K surgery, LASEK surgery, and

PRR4s ur gbe systemzicconding ¢guClaim daviherincbapeingdl sglpfing method is
pr edet ef ni i At : . '
Bbor at Rl B8 o bR eGP b B AR TR RES,
medi um EPSIK airgerp 0 A aiopey, e FRK suedent-i ve to one

SRS e BRTTR) LR R by .00 B

posttionin
subst anptedétbynisddrabkraioas togirydictiplp wipdsitign lupleasndunalivah—spatial

i mages. .26. The devjce accordi t aim wher gi n..

t hedevfEgion el PR Ve Rang ARt end et Bydilmyres st o an
to be r em%&ﬂeﬁmareﬁ@sit&mm@ inbffdcedatleld sabstinGhldnGRukAreously
the cornea  of 25t ?,eye and towards the retina

gr eat er PIOYihpg digar §isea! #Re&ES rom the cornea to the high

spaisi al The gsk@RNCYordiggto Claim 25, wherein the device causes the medium spatial
frequency peak to be repositioned to a point located a distance from the cornea of
the eye and towards the retina greater than the distance from the cornea to the high
spatial frequency peak.

27.  The device according to Claim 25, wherein the device causes the high spatial
frequency peak to be repositioned to a point located a distance from the cornea of
the eye and towards the retina greater than the distance from the cornea to the
medium spatial frequency peak.

28.  The device according to Claim 25, wherein the stimuli is provided to the eye

substantially continuously.
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27. The device according to Caim25, wherein the
devi ce causes the high spatial frequency peak to be

woepagiotizoned to a point |ocated a di stance fr @oTiER2004/005560

cornea of the eye and towards the retina greater than

the di stance fromthe cornea to the 30 nedi um spati a
frequency peak. 28. The device according to Caim 25,
whepei NThd GevideiaBidkding & LAY HG8iefo thd'8eviSs selected fr
substantia]fy gontfﬁ%ously. 2230 2062/1o%g§fwd On”he?mup
PCT/ EP2004}sBussontagtdensas, ertpkoiatndogydenses odaysoinClags, mmterior
25, whephibel Rl fifplotuifkgl ed from the group

consi sting of contact ?enses, ort hoker at ol ogy | enses,
on-3PaysThg gevicgypscording torGlaim 2% Wasrdstrthe endaetleased are selected from

i ntra-ogul I Th evice accordi.ng to Caim

26,  anel e pisahaERE af Pl e SR CPhlps PirEeontact
group cknsissti ng of extended wear contact |enses and

conti nugus.wear contact.. | enses. 31, The device

2oa0r di A S Brar e Claiat 27 §oE AR AL sgpolled through
cont r ol tiedisé brapHgh dedifitfeatiRs Sdlectydt fr@@the GRSipEondiQME W Eshic

sel ected fromthe group,.consisting of conic _sections,

pol ynontesfiens, Rylynonuals, splinssdBeziey puries and qudages, & owder series

Fouri er safek@S7dRiks YOYRRRHER, safRhlickt BRLMRRAL #hBlookup tables,
sagi ttal height descriptions and | ook-up tables, _ ]
gr adi engrafientgleqtiyenderepseliing Frospel gptiqat exsmromerspdiffrattive optical
conpone @(glﬁponghtg,f}foﬁ)%% MR ophda Gﬁhpongﬂ lbEnations thereof,

hol ogr aphi ¢ optical” conponents ‘and conbi nati ons

thereof. -24
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