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Corneal and epithelial renodelling Field of the
invention This invention relates to nethods of shaping

wo bh@santses i or surface of the eye for control |l iPQI/ALIZ007/001063
progression of refractive error of the eye. The nethod
may enpl oy the use of orthokeratol ogy | enses, although

ot her shapi ng ' I '
Background of Qﬁ@??@?ﬁfﬁ'%Pqﬂﬂéﬁﬁ!fwe‘iﬁﬁﬁﬂ?gof vi sual
acuity deficiencies, correction by neans of eyegl asses
or contact lenses is used by a | arge percentage of the
. population. Such deficiencies include patients having
Fmﬁ@ﬁi?@%i’%"e&t'%i ng far-sighted, nyopia or near-sighted
atients as ||l as astignmatisns caused hy asymetr
Thisf VARG Flatks Lo dyethoprel saang | e aeEPr ebtace afiige eye for

corEIER el praBAddsith Sﬁ/l%faéﬁﬁ %F]rﬁf‘gf ééggﬁ?xg mgﬁ'[be%fri?\% employ the

surgical teChniques have devel o
use hel strilnkesgtotagy pemnsamt ‘aheugmeathen simagingemgthriques are also
en%%{] t refractive errors of the eye. Such surgical

‘gues include photo-refractive keratectony (PRK),

LASIK (laser in-situ keratom |l eusis), as well as

procedures such as automated | anel | ar kerat ect ony
Ba¢kgourat obthecinventioese procedures are intended to

surgically nodify the curvature of the cornea to

In thedveastment eif ividuzhtaeuity Slefiticteiesc torredifth BPRéard by epéglasses or
COI%UCh techni ques has jncreased greatly, but stil

|
4t IPBSSY e USPAKDY A 180 Perreniaase el i populationa Sugh) deficiencies
incR¥ePBafietd BAGA aﬁ%@rbbféab'r %@ing}%r%@ﬁ%ﬂé%e&?&ée o%rf near-sighted

per manent sur gl procedures t
patiemnés asrwelh dsnastigieatisnn$ ckesed dlyoagymmety eofatheopatistt's eye. More

recgfilf 1, MBS thbobbfan B cieais Ty ealasln ealor contact fenses,
sur’%@%h agdHtiq@ds hade CBEEI AeveldpbacRr| élﬁfnbeﬂwelblégéﬁﬁ ad%feﬂr% patient's

he resha ir&% of the cornea in orthokefratolo
corpgamn Bﬂaﬂf{)q dofcorrash rgfraative srrass of thepeyel $ychasrgical techniques

incluB8PHOTE-rBRa Ve SRS AR] BRIS! LASTE (laser in-situ keratomileusis), as
well as procedures such as automated lamellar keratectomy (ALK) or others. These
procedures are intended to surgically modify the curvature of the cornea to reduce or
eliminate visual defects. The popularity of such techniques has increased greatly, but

still carries the risk in both the procedure itself as well as post-surgical complications.

An alternative to permanent surgical procedures to alter the shape of the cornea
include orthokeratology, where a contact lens is applied to the eye to temporarily
alter the shape or curvature of the cornea by mechanical reshaping of the corneal
surface imparted by the lens. The reshaping of the cornea in orthokeratology has
been practised for many years, but typically has required an extensive period of time

to reshape the cornea.

Whilst orthokeratology lenses (orthokeratology lenses) have been used for many
years, the manner in which such lenses operate, and in particular the physiology of

the process of corneal reshaping, is still not fully understood. There is no consensus
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to reshape the cornea. Wil st orthokeratol ogy | enses
(orthokeratol ogy | enses) have been used for many

wQ e@ss14sthe manner in which such | enses oper at BCT/An2007/01063
particul ar the physiology of the process of corneal
reshaping, is still not fully understood. There is no

ondhesptis eshapbdooplichEnsebanrd hetagsts Rol iRBS&fe siddsks or refractive
because no two eye shapes or_refractive error

ergh MAHBTEtYs 778 F}?e S3Hee, Saleqting PRgoRtima@plensashanendor a particular
paﬁ&ﬂ% di9kat tB%bHeCéBktéﬁt B tlhﬁﬁti} r%theqtthéﬁgsﬁr?é& éﬁgg'eprocess

extent, an intuitive rat an a prescri
process. Qther corneal shaping technl gues, such as

Otﬁé}oéﬁ‘m@'aﬁ ﬁiﬁg ft@?ﬁ’h‘(ﬁue?' §l9(ff‘r 5% ‘{hBE% ?i s{}}gggéégabov%a also, require a

understan ape
pr&meappdemsﬁemobmg uolﬁahe dqndmmlamaﬂxef éfemeya@ I@fw:m b‘ee!Apprecxated that,

beffEeiaidhobs ghApRARC ens Fuidhdess ot difera poskieps an the eve can
mak@Y al IsRificdHt dﬁ*ﬂéréﬁﬁ@! %e%émé#ﬁé ey'?"B?' %E Ofrebfifent, an improved

opti mal shape for any particular eis onS| der ed

un@@r siafsting aﬂft theTpptizal I%haptehiort ae}atpafgcmar @yesist eonsidered to be
ve inproved vision using the techniques di scussed

above have concentrated on focusing |light entering the

eye along its axis, that is, fromthe point in space

t is 'l ' .. Ho it.h nt | .
Ty, 8, BHEOAS or BP9 Aneyd THBHGlg, VoidiEs B bohricues
discedseacabore lea\ve)c:omdent@teswbndﬁbwsm@ngmt éﬁtbnﬁ@ tﬁkpbyéﬂldﬁg its axis,

focus tr&bs central or axi al ut also to control

that iz, Troyp the droint; igripask Bat Hip ene i yeoking &% . alyravert fidws recently
beér$ ’sug 88484 tﬁéP%Eth?&lsth pltdg‘?ié’él&ﬁj%k‘ tﬁ@?&facﬁ[@@ r{S{)P Eds not only

frection sone
:mqm‘ranmh@mlhmlly ifocus 1hns oenfraladr @n@ liyderbutcalp@mtd aosiol the focus of

| (%E ﬁﬁtravellln from Qgints away fromthe
'9'15 CHNY AND Y APt B9k 15 Q0mRIRg| ReMap9inExinstheayisual space
away dronh éhd direEsor] fhesé?@% ﬂ@tﬁ’&lﬁ&’ﬁn‘éb H%rs' @élﬁer a?r)’ﬁf%rgpws:on In

is also called the m d-peripheral perlp
optigad eagingating trarlapce f light rayie travéibiegl frbyn pbiatzawby dtdnorthe direction

A o R I L —
perq:rmiralcatsimﬂ is Lé%‘so?cﬁéﬂéﬂlﬂl@ﬁd-perlphera/ and peripheral field, and the
‘surface’ described by the collection of peripheral foci at the different peripheral field
angles is called the curvature of field. The patent application, US 2005/0105047
(Smitth) discusses the importance of positioning peripheral, off-axis focal points,

im

relative to the central, on-axis focal point for retarding or abating the progression of

myopia or hypermetropia.

Thus, it will be apparent that a fairly wide region of the eye influences the long-term
refractive state of the eye. Any process which reshapes the eye to correct only
central field to achieve acute vision and yet ignores the effect that off-axis peripheral
field light entering the eye may have, could potentially be damaging to its Jong-term
refractive state. Thus, a treatment regime or process which produces an optimal

shape over the whole optical surface of the eye is considered important.
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(Smtth) discusses the inportance of positioning
peripheral, off-axis focal points, relative to the
W@ eousads44 on- axi s focal point for retardi ng orpPebav2009001063
the progression of nyopia o hypernmetropia. Thus, it
will be apparent that a fairly wi de region of the eye
Rdceht denie stidies hang sUggasteefa ekt betevestnamgopib ddmérobpad the use of
Any praocess whi ¢h st_heeeto correct on .
oripekerpiglogy Lqr@eﬁcsn shiiene e imers W@f@@nﬁfgﬁ%%gubhcahons
(ad &%ﬂﬁfd‘ri%‘éﬁ it hé?/‘é ad@ds5el fligissuee! d 11 ght
entering th e may have, could potentially be
damagi ng to |ts long-termrefractive state. Thus, a
tre r oat or process whi ch produces an opti mal
shagbggé\}tearl (?Eggglnol e optical surface of the eye is
consi dered i rrport ant. Recent clinical studies have
suggest e of
ort okerg B%%pgﬁg\\é%smr% lrtg%%gﬁnclgg%erﬁ{bg?%e
awar e of onIy three publications (as sumari sed bel ow)
tha% hav§ 61o| efhd his issue. 1) Cho et al. (2005)
year prospec t|ve pilot study with a historical
control group b. 7 to 12 year olds c. 43 enrolled, 35
conmpl ete Qi n axial |ength and
n?eousg%ﬁ%énglyeodg nl;@é%a/e%g%a and control groups
i. About 52%treat rrent effect in OK treated eyes e.

| usi C d t t
o det 1 Esrefn SEAXRTKRRHP b ' cknBEt i Heleen OK and
covittol @oupss i n changes in eye | ength anong children and

there is no way to predict the effect for individual

subjects f. Limtations: not random zed, no masking,

no standprd | absuf 52%i treptpieat effedt id OlCheateyl efesal
(2004)

e. Conclusions: OK can have both corrective and control effect in
childhood myopia but there are substantial variations in changes in eye length among
children and there is no way to predict the effect for individual subjects

f. Limitations: not randomized, no masking, no standard lens fitting

protocol

2) Cheung et al (2004)

a. Case report: 13 year old Asian male examined over 2 years

b. Monocular OK treatment

C. Conclusions: eye with OK grew less than eye without treatment

d. Limitations: patient had uneven refractive errors to begin with and the

eye without treatment may have been trying to “catch up” to the myopic eye
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a. Case report: 13 year old Asian nmal e exam ned over 2

years b. Mnocul ar K treatnent c. Concl usions: eye
WORR/0A84gr ew | ess than eye w t hout treatnent BICT/AU2007/001063

Limtations: patient had uneven refractive errors to

begin with and the eye without treatnent may have been

trying t)qs c6atSiNcE$e rdgort he nyopic eyee. No control,

case report Reim (2003) a. Retrospective case

series b. Only | ooked at change in refraction at 1 or

3y r 3 months of stable OK wear c. 253
3)subﬁg@t§gﬁg§1 year, 164 subjects at 3 years d.

Concl usions: rate of nyopia progression simlar to GPs

in %tone,égrgscﬁé%ﬂg /nggsgﬂggly e. Limtations: no

control s, no axial growh measurenments The only
controll ed study was the pil ot conducted by Cho et al

whi gh sty r ¥ ' i B qugh3aydas Gffer 3 months of
oty *Hohly, foBRY [ raBl fhT¥efralof Bt Augl sty
stabld Opkweat ol ogy may slow the growh of the eye but it

does not work for all children. No one fully

under st ands why ort hokeratol ogy gave a myopi a contr ol

ef f ect i P5Dslbjesisrat lojedrn 64 bubjictnati hyedrat st udy. To

date, the inventors are not aware of any studies
directed to the specific optics related to )
or t Hoker EbatlagipnsMVanyrateav ef atrtyepis egragessien y similare to GPs  in

shape of the cornea via topographical anal yses, but
Ste %%”Qf/%é’ﬁﬁt\é@to quantify and describe the exact

corneal shape or profile for good vision (e.g. 6/6

AopFi ohi LAIaSB08) BRCHOPTY, &0 i SraBL T eEeL SRS a

intervention to control
The only controlled study was the pilot conducted by Cho et al which still requires
confirmation through a larger study. However, their findings suggest that
orthokeratology may slow the growth of the eye but it does not work for all children.
No one fully understands why orthokeratology gave a myopia control effect in only
some of the children in that study.

To date, the inventors are not aware of any studies directed to the specific optics
related to orthokeratology. Many have attempted to analyse the shape of the cornea
via topographical analyses, but few have attempted to quantify and describe the
exact corneal shape or profile for good vision (e.g. 6/6 vision), let alone myopia

control.

US Patent Application 2005/0105047 (Smitth) describes optical intervention to control
myopia progression. The publication discloses the optical 'profile’ required to cease
myopia growth and identified some techniques and devices which could be used.
However, it has been determined that not all patients respond in the same way to
treatment, and whilst some patients, for example, who undergo an orthokeratology

treatment will show a slowing down or halting of myopia progression whilst they are
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nmyopi a progression. The publication discloses the
optical 'profile 1 required to cease nyopia growth and
w0 deanifsied sone techni ques and devi ces whi ch POTYAU2092/001063
used. However, it has been Ileterm ned that not all
patients respond in the sanme way to treatnent, and
recsiihg orihoReratelogg ntentment, otixenspivitl, shwivo thatdenthpkesatology treatment
ort hokeratol ogy treatment will show a sl owi ng down or
haﬁé‘im?ﬂd"%?ﬁ%ﬁé%1 RYORIBReEESER™hi | st they arerecei ving
ort hokeratol ogy treatnent, others will show that
ort hokeratol ogy treatnent has al nost no effect on

SUMPBRIN oPHSE NIRFSHitibh Sunmary of the invention In broad
terns the invention provides a nethod of changing the

In bR téthnd HLHVBALGE hrdVidssh mietHd bRERandIhg the fedies bfincoming
a controlled and predictable manner to slow, halt

or
periphenas ighthraypriolgr s syein ef canfspied and aredidiphble rpapnelrio slow, halt
usi n orth t ens i e
or 851 D bHRESIER AL Rk gBPBEC HRRL Ul an orthokeratology
Ier’@al%i&tf%éﬁy tite Epéetificdtincteanhes nadthedtdibgiedesmidydesigd parameters to
producti on of orthokerataol ogy |ense \gﬁ}ipﬁhggéll ?nabl € vhich will
fadifigiarenthsaabls Bt desiar AndapPoushon of oekerallgpulesvhich wi
en8bl REFHERBIABRRL RvE) Ratibeehiy 0n Lhere | s provi ded
a method of a t

tering profile of the anterior
surface region of an eye of a patient to achieve

Acicﬁmiﬁ’%etg yi ﬁe@é?réd”asfa@@t gf"ttli'n@ﬁh}qeri\tﬂﬂ Wl rBYist BRVIdEP® method of

of . assessing central and peripheral refractive error )

altpringtee grsfilboof thecamtpdor detfacenreging afhan eyeiofed patient to achieve
anterjor, syrf

) ce profile for the eye. including at
mpGizciiop o1 BgipeeRt NG S SisPEEE g ot t e

effective optical periphery of the cornea, which would

resylt in a d'%fi re refrﬁpt{.ve correctiq{n t,fo ﬂg]i eve
asgesRing cential 31t PerRheLlCHRGIYS 8RR RARMPIRE TOpHXT BYS:

refraction (curvature of field) for the eye for

controllin rogression of _refractiye error; and .
de@gr@gmnggthq%ggwg @P?qrwé chnprﬁql ﬁora e eye, mc?udmg at both the
opgig%\llf@ac?ﬁefegt?@h@f&grﬁéﬁ‘éné at e @iveaglicarbénpHerfBt #1d &rnea, which
would result in a desired refractive correction to achieve good vision for the eye and
the desired peripheral refraction (curvature of field) for the eye for controlling

progression of refractive error; and

treating the eye of the patient with an orthokeratology lens to achieve said optimal

anterior surface profile.

Preferably the step of treating the eye of the patient involves applying an
orthokeratology lens to the eye, the method including selecting a lens which has
characteristics which will shape the anterior surface of the eye to achieve said
optimal anterior surface profile. The lens preferably has characteristics which will

result in the epithelial volume of the eye being preserved.

The desired peripheral refraction (curvature.of field) optionally places the peripheral

retinal image more anteriorly than the retina for controlling progression of myopia.
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Preferably the step of treating the eye of the patient
i nvol ves applying an orthokeratol ogy lens to the eye,
wo b@setsiod | ncl udi ng sel ecting a | ens whi ch hBGT/AU2007/001063
characteristics which will &hape the anterior surface
of the eye to achieve said optinmal anterior surface
Thesef hh@- fulther | reatures eberRd! mvBatort il abé efriatfd GPpWifNfrom the
wWill result in the epithelial volune of the eye geln
deperédiony et variaes cxeimplas pand @n@thadolp@lelsaaasmbed below by way of
a ) I I
oxbHRRIN T, o B RRERTRL R0 955 o AFREH B0 - Bbings which
althmugh afidgraginpatiog rassistoin  expleimiiy dowhéise iavehtfow ilight be put into
qeﬁatures of the invention will be nade apparent from
Praqieedescri pti on of various exanpl es and net hodol ogi es,
descri bed bel ow by way of exanples. In the description
reference is made to the acconpanying draw ngs which
Britfideeeaiptidnoch theTdiamiingdssi st i n expl ai ni ng how the
|nvent| on mght be put into practice. Brief
escription of the dravvl ngs FIGURE 1 shows a flowchart
Fl%HaEci Shews Rdlanmiest d ¢mctwag e paBeess Wiich REoGassai the invention
is éstriedloyt €d out. FIGURE 2 shows di agrammatically the
nanner I'n which an eye'is initially analysed using a
onput er assisted ray-tracing nodel. FIGURE 3 shows a
FI@UHEI 24shows giagramnaticady tfh&amanﬂheFlrgwhlehZameyem ipigially analysed
ich th difie application of a lens
sty § Hapish SRl e ol " P CoReS 4 to 4
show the steps to be followed in producing a |ens,

FIGURE 3 lshovdesai sgm’mIaaillasmt&rrstdtam%ofcﬁgnrdizbe afigyedn which the focus
. FI &@Rs ? sho E%‘IOSS ﬁegti onal views of | enses
is mPgHis GRS abA the fioat FuEaeRIS b Q¥fe

i nvent i on Figures 8 and 9 show di agrammatic

FICBRES 1805 4§shbiant atsiss be@fbll@%dbﬁfp%&@@a%ﬁseronce the

treatnment according to the invention.
design parameters have been determined.

FIGURES 5 to 7 show cross-sectional views of lenses produced in accordance with
the methods of the invention.

Figures 8 and 9 show diagrammatic depictions of the focus of an eye before and

after treatment according to the invention.

Detailed description of the embodiments

In orthokeratology, typically a rigid gas permeable (RGP) contact lens is used to
temporarily change the shape of the cornea in order to temporarily eliminate or
reduce the refractive error of the eye. The RGP is placed on the eye either over-
night or for a longer period (up to a few days) during the treatment period. At the end
of the treatment period, the RGP lens is removed leaving the reshaped cornea to

provide the necessary correction for the eye.

While the exact mechanism by which orthokeratology works is still being researched,

it is known that the anterior corneal surface may increase or decrease in sagittal
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Det ai | ed description of the enbodi nents In
ort hokeratol ogy, typically a rigid gas perneable (RGP)
wa@oeomsacts4d ens is used to tenporarily change theCEHAER®7/001063
of the cornea in order to tenporarily elimnate or
reduce the refractive error of the eye. The RGP is
heightamet! laual thuevatyee eitt Verousy catioghonothef oprmed degending on the

metRd chueete oo e e AR O RET B | ent 1 &

renoved | eaving the reshaped cornea to provide the

ThisygeRian SHHEPrORRER (P HERE B B PG | desired comea

profi§! A% rs‘ﬁﬁﬁ@%r%ﬂﬁ@ refrabvek NMBABAL ahBe rédligtidnoror elimination of
cor neal ace may |ncrease or decrease in

progagsivnhaif mefrafitveaandrl ocal curvature at various
| ocati ons on the cornea depending on the method of
treatment and the design of the orthokeratol ogy |ens.
In sbifi sontettHens ptwbbek@nrawlogg,sama (ipsteac of RGRXcoMtert lensris used to

achi ired nea fil r
tempB T IR G Fout G rror Gules: Browiet Py Iy AR gfminate or
red QO HELETRAVOBrrbebf 81 bye ABIA bon{/éhtlimfal oﬁh@k@@told}@n&he lens is
ort hokerat ol ogy, a soft (instead of RGP) contact

typicallyugleged ont RpRCaPY PRI hsiaotthe t@%@@ﬂbpew cAérthéa?”d of the
tredrtlglfeﬁg gghoa OsHeE THRR" i%r lléhr%\%ld @a&sﬁbeth%r rés?\gﬁtélﬁoénd;ﬁea to provide the

I'VE error o n conve
necestaglkoor@ctibofr.theleyel ens is typically placed on the
eye overnight during the treatnent period. At the end
of the treatnent period, the lens is renoved | eaving
The haint e@l’na@@dpmﬂermairiveanwsddot Ipmvmhazeasme;thod and associated
correction, for The ai m of the

ortthgﬁp‘o@M q%nqeohbmglaé:ogwqﬁétrﬁ%a%% cag eSgBI@Hed in such a way
thaggﬂé;%jﬂcﬁ%"e?@‘ (ﬂ@vtlfeec&%ré{%ﬁﬁc% 50fd) seHRapatihteadye can be

eved in such a way that the refractlve error
corfacted witile s:enntaaeousif/r the ipedpberal dnage (Prdajiing datthg images of

oni5H%, SFe B RSSO I e TP ABEAEAYL ok st can e
repérsl}lg&g?c;?g% g)béﬁgge%éggiﬁﬂwd Reinat TRissltter Bige haribitgadeg provides the
therapeutic stimulus for reducing or eliminating progression of myopia in the patient.
For enhanced myopia therapy, the peripheral image may be placed in front of (i.e. in
a direction from the retina towards the comnea) the retina. This introduces relative

myopic defocus suitable for increasing the myopia therapy effect.

The method of corneal reshaping according to the present invention entails the steps

outlined in the flowchart 100 shown at Figure 1.

First, the refractive error (i.e. central refractive state) of the eye is measured (102).
This can be achieved using standard refraction instruments and techniques well

known to ophthalmic practitioners.
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repositioned to be at least on the retina. This latter
i mage repositioning provides the therapeutic stimulus
wo eoosoedwci ng or elimnating progression of nyp@E/aAUR07/001063
the patient. For enhanced myopia therapy, the
peri pheral image may be placed in front of (i.e. in a

Nestt, rt‘ﬁ%t cSchl sRadd & "q@éhﬂ?e& YN dhid1@aR B e?@l)ne‘%/&? using any of a

retina. This introduces relative nyopic ocus

nugbier abf ecoroeali tancgaapmy systemy ofsi.g. Midackprategrfapty) . kiithven to the
I h di to th t
op AR BrclRITs the ot eps outlined-in the fl owshar
100 shown at Figure 1. First, the refractive error
i e tral r f ' t ft
TpnsSpretal efachif® sRc of fod S neb 5 LRAPERRY b e

cah g obitaRds byllai@ebﬁﬁ'imlsm@ﬁemﬁ\lvlth Kﬁ@%n’(@w@ﬂﬂh’f@ﬁ@aﬁd techniques
practitioners, Next, the corneal shape is quantifi

ed
as (fqm?ntraﬂfe&aetm Weh 4o pedgionaL siep thay th patienirisansteroted to gaze
at GH Hiyle t@%qgﬂﬁﬁnﬁ? S'i(? el afrgctldﬂ QROHRS FHOY, u?%l%n instrument.

Known practitroner. e perip
Altesfatiaelyi vtyplslahtvelumfs fdreaepepulahone(exdssmhpdwlatlon e.g. myopes of

pafRuE ety RVPRE) S0 Bl Pe QU iy e et Typicaly the
ref?éi:t'ﬁ/@ rstéﬁ@r‘dfrtﬁé re]e:y@flé é@idbﬂ@he% Tah atH}S RARARH AR re?étlﬁfé to the central

hat the atle is instructed gaze at an an

ey@ tepds. fihg aeawger@ an@etlﬁeorafar@b,w. sﬂhe@ed ttn@ar’ea&vﬁe@namut 20° and
al f
abBoHT TRk v G A eHf abouh 28,58 B opes of
particul ar amounts of nyopia) from published sources
A PR Rne DO blobb RIS I Bt Bl HLBafet speciie

orthekératdlogy erdxs Jittedhie the (pafibaY thlat MO pesitién m@b@ﬁa%m light focus
se| ect ed to be between about 20 and about 45, nore

antafierly 47 repeatits refaain Abe ananneg. deseribest helaw, rt@ghﬁ@eby initiate
GB35, 96 S UA. acthre SAEDER i PR 8 oo of e

eye hatarwumponasﬁ s’uepnmt deteparmxp@dhalshap@hbf tlm: pest treatment cornea.
tlet s.retin t he nner

Wlagzggt: I§§ %@nb E ttﬂ th%cpp g@ynf ocused image on the retina to

ensure sharpness of central vision, |t is careful control of the peripheral image that

will facilitate myopia treatment.

Once the desired peripheral refraction outcome has been determined (110), the
optimal correction to the peripheral corneal shape can either be determined by direct

measurement (120) or may be established based on population averages (122).

The device for corneal reshaping is then applied to the eye using similar procedures
to those of conventional corneal reshaping (orthokeratology) (118).

Once the pre-treatment shape of the eye has either been established or determined,
the shape data is input (124) into a processor programmed with an algorithm as
outlined below to calculate (126) the target shape of the lens to be fitted to the eye.
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nmyopi a therapy. As nmentioned, accurately establishing
or estimating the shape of the eye is an inportant
W@ t@p/0i4544det er mi ni ng the shape of the post treR¢TBaOR007/001063
cornea. Whilst it is inportant to seek to place the
centrally focused inmage on the retina to ensure
Fromaihasesiargdt dasign abramsieos), the tfiinas leswr daésugn asnldbnv)ded (bfy takmg into

o B SRR ol S o e b5k Gl eP i optimisaton o
mechareal dffestsies thaledreeal iRastdér th ddlevd Bemeat igdRhp ping.

correction to the peripheral corneal shape can eit
be determ ned by direct neasurenent (120) or may be

Inesdradl dasbediteasiag easugﬁnﬂbyltﬁeomtmwr\%m?&/éré%Z{refirT{@ according to
device for corneal reshaping is then applied

r@)Wé‘ fasters s4Gh parpgiientsdistey ob rateosfecomeabneshepinmand recovery
)"neal reshapi ng (orthokeratol ogy) (118). Once the
re-treatnment shape of the eye has either been

est abl i shed or determ ned, the shape data is input

th | gorith
i, P TufablBETRR, RS T BREE et Pl B Aol anc tne
desigm ofcthe domeba& réshidpioy tevitb adpitedtioodptirigeahé de@thent effect.

desi gn paraneters, the final |ens design is derived by
taking into account additional factors including

Thespthoe key Iaepsctsejftthetlnvzmtloan@qQ@éIem sédurate pfe-treatment evaluation

ni cal ﬁ on the corneal in order to achieve
of (5 SPS BBR cisT GV reriSines it e, RE: fm ihe crndra egion and the

pel?lﬁhéﬂi] @r‘éta'trﬁéﬁll Fong "’Uélﬁ tlﬁé %5{%‘ @rftﬁ &g?étf?néﬁ% lens is able

factors such as patien COT Ne
to hestesigney whithr witlosarrsct (forlcdrﬁ)al rébiad:tma engoxt, tedi thedti thk CFeripheral

ovbr SR Ppecty S 8ot aiogin OB HRIRKS UG co.ad) st ed 1o

optim se the treat rrent effect Thus, the key aspects

cpaptBiarTHr Rey G hasSailer Ualia 110 61 ror or o he

eye, both in the central region and the peripheral
dat.a thus obtai ned or

AseSERHLTLING BRAARHES 80T dne o0l BRRsPPMAPRian! i fo provide a
mﬁg?? gﬁg rei;s%cl'é% d&Vicé BY WwHidH ¥SmBhl ¥shapihy ddrSi abRBved in such a
way that the refractive error of the patients eye can be corrected while
simultaneously, the peripheral image can be repositioned to be on or in front of the

retina.

In terms of optical design, correcting the central refractive state requires light from
on-axis object points to be focussed to the central retina (i.e. towards the fovea). This
is achieved, as in conventional corneal reshaping (or orthokeratology), by modifying
the (central) radius of curvature of the cornea through application of the corneal
reshaping device.

In order to reposition the peripheral image points, the reshaped cornea would need to
have a peripheral shape that will focus light from the peripheral field angle onto the

retina or in front of the retina. Thus, the radius of curvature at the peripheral cornea;
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eye. These aspects are described in nore detail bel ow
Conput ation of Key Design Paraneter Values As stated

WO pooBloetsps evi ous section, the aimof the preseP€T/AU2007/001063
invention is to provide a method and associ ated devi ce
by which corneal reshaping can be achieved in such a

thé"@glémﬁ{att@?eépﬁn%% Foreroensing light Hoe Béﬁﬂ)l@é}’al §1s€éﬂeolﬁéBts needs

corrected | e si mul taneously, the peripheral

to bﬁaﬁjt@r@dlﬁo keéfepbﬁugu Thisrieaahievss dnther prasent vention tyethe use of
asér%rlc%ﬂ é(? h k%Lg?B%é ol thg.eédrﬁg?. %ﬁﬁé;ﬁ:ﬁ%'d@glcghﬁn gome cases,

rac e requires m on- axi

thi® kg ﬂ.&thamdamﬁtstdcbb@mé definitied dfawohdiffersnt izahes eindea which corneal
as. in

5&1@ ?g%a _Eﬁvs@% This is achi eved,
reshgR{enwl kapFRgredheo FeRERRiical 1A’ that delivers
thebdorp@&'ré %Bﬁtr{e‘:@éﬁtfa?lcbrﬁ%jéﬁ %ngg) rﬂrﬁfg\gvﬁdﬂﬁ Boftbct 8ntral vision

cor nea t application o reshapi ng
conjestiore smnlhardndewnmtroeglosﬂhoberatdegypeamqbHllee a‘penpm@al therapeutic

[ h h hav
BETTTE IR e TR T -
ch@®id Phpémdhdraklcfrastich feeBisarihe repbiifian Bhe b@nf)lﬁé’f@‘ irflhge onto or

the retina. Thus, the radius of curvature at

in B@nt pﬁehhm peinhesal, retnar etheriransifion or rssingar Kwre jupetion” in the

n I f
ertRaARY et BT, DI RUS] Wl 3ho R} SBEF Bige and ne
pemmahmelrapmmblzmehylaym bieaded \Aﬂbhpdnemo@ﬂh byrfat@pedre to improve
back surface the cor nea esh n8eV| ce. In sone
smpgthiess ot mechanical PresFUTSR o Ie-S@HeBNIROMIBH: ni t 1 on

of two different zones under which corneal reshaping
M1l he effected.. The .t es are; . the ' central
1t g BpPeRAn g P ReSiae Hiatiwiales Terigng ésiae Tot SRasiagtige elimination
or F8rd28Bh A mysid progesddntdt thfs! lﬂgerﬂWéreC@ééﬁi‘B%ble using any of a
central vision correction simlar to conventiona
numbeh ok geamtrﬁ@i' Poefﬁdlentsefdrmaphphe isalfatés rihp deyifeattoadhat effects
0

the, B Re BROBEE St B ERG aE St G (1 PREPhRL P istpd) 8 thg Retection of
the"8seopAsK lbeall GBS &f élﬂvéfﬂﬁe ReEr B Fedion BBEBsPORAING o the target
in front of the peri pheral retina. The transition Or

periphgiakiigid @ggle:j unction” in the

The following two methodologies can be employed to accurately establish the shape
of the pre-treatment eye to thereby enable accurate determination of the shape of the

treatment surface of the lens.
Method 1 - Computer-Assisted Ray-Tracing Model

In this method (box 128, Figure 1), a computer program/software suitable for ray-
tracing (e.g. such as commercially available software dedicated to optical ray-tracing
or optical lens design) may be used. In Figure 2 [Zemax diagram 1], an optical model
210 including an aspheric optical surface 212 describing the cornea and an aperture
stop 214 representing the iris pupil of the eye is laid out. Using methods familiar to
optical engineers and lens designers, two sets of rays representing light from a
central (on-axis) object point 216, and light from a peripheral (off-axis) object point
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term nol ogy of contact |ens designers) between the
central optical zone and the peripheral therapeutic
waQ ovs/onEy4 be bl ended with a snmooth surface curP€r/Av2007/001063
I mprove snoot hness of mechani cal pressures on the
cornea and confort. It is inportant to enphasi se that

218hiale dirbetebietbsthe esic0asd toRfigurel @oissHrdldhinaaédrABa 212 and on
retardation of myopi a progression of this 1nvention

th"@ﬂ@“d'@%@ﬂ%%f’r@fd@ f¥e-any of -a nunber of geonetrical
coefficients for aspheric surfaces, .the key feature
that effects the repositioning of the peri pheral inage

Theis aqaeﬂ%mewrasenmg)mpspcpr@)eau%ammaos slidace dmgiventthe appropriate

| I % r the ion
ooBFEREE. 157 LR e BONBHEY SRS, PHFle s RS o for
apﬂil’rmrfa(bde hmdeflimgt ghitsrep izl behgiiear. cThe halwsplop Yieskd Parameters may
rat tablish the shape of the pre-treatnent
bee @ "aef h‘éf e@{ﬁ nHISRSUEREReRta Ok %ﬂé?'mt%‘?ﬁlr@ﬁhbf using a range of

lnﬁpﬁ%tgfaﬁ&%éﬂnﬁlﬁegﬁctﬁ%f@w f’é\?#a‘?ﬂxssw er Eg% Sofnmercially

Conput er - Assi sted Ray- Tracin
aveiiﬁble 112tstrume@t1r®n1monlyaawlthﬁ én ppb@uahndcsoﬁm«mr Alternatwely, the
S _conmmer

valisi ek e s i BoRk ARttt pdlividht abSihass i aellg figm a large

nuaier ofkcieptific gaslicfipngry be used. In Figure 2 [Zemax
di agram 1], an optical nodel 210 including an aspheric

opti cal surface 212 descri bing the cornea and an

Asapeddrstodds dy)l@pﬂéél él@ﬁ@é@ﬂinmQarfsh@eélghérsflépmbnpf’uﬁé%n system is
eye is laid out. Using nethods famlrar to optical

form#@@tﬁéefegamseéngndeww@ thewepoteneasquarngs distribution of rays

ESRERSS i it {0 R 6 0 B kA boifien process, e

foaath pesmopdaémltf%ltaantml t(a%ml ame)r:]teqﬁ 220 bhe tlﬁ% ?gﬂﬁlﬁbral (off axis) rays 222.
ure 0] as r e COornea and

Fr DG BV doSRIioeions e 232 <heTerntiilopaual Spt surface power

F. BB PRRBALIANBofaa ﬁeﬁﬂaﬁfa%eaaav%ruﬂfca%é GBFaMéd gi ven

the appropriate paraneters . Pconi ¢ equati on
|ncI udi ng central radius and shape factor) for

Nesg%h%g Por tﬁ% ||a'anPgnn+§rlt'fhﬁctﬂ)‘ht $G&enPG0a%baRED Jdig techniques
familiar to lens des:gners and optical engineers (e.g. by the introduction of an
additional surface having a refractive power equal and opposite to the refractive
error). In Figure 3, the starting optical system 210 of Figure 2 has been modified to
become the computational optical model 330. In this model 330, an additional
surface 332 has been introduced. This surface 332 is configured in the ray-tracing
program to represent the inverse of the central refractive state for light rays 316 from
the on-axis/central object. That is, if the starting central refractive error to be
corrected is A (e.g. -6D), then the power of surface 334 will behave as —A (e.g. +6D)
to the central rays 316. In addition, surface 334 is configured to represent the sum of
the inverse of the peripheral refractive state and the additional amount of peripheral
refocusing targeted for the patient in order to reduce myopia progression. That is, if
the starting peripheral refractive is B (e.g. -5D) and the additional peripheral
refocusing chosen is D (e.g. +0.5D), then surface 332 will behave as -B-D (e.g. +5D-
0.5D=+4.5D) to peripheral rays 318. This modified optical system 330 is then re-
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be obtai ned by direct neasurenent of corneal

t opography using a range of instrunments and techni ques
WG ak/0as4a vi deoker at ograph, which is a comrer BCEHAU007/001063

avai |l abl e i nstrunent commonky avail able in ophthal mc

clinics. Alternatively, the values may be assuned from

dyiag! A centrap B 8 driy péripheral 318
opfﬂlhgodsﬁls‘?ﬁg;&g@gh?ﬂ@oﬁ‘ﬁ%ﬁgﬁ?onsb As ur?derst ood 9 pher

raysptoi foalis endhaesiginahadrieah sutfaes fonal HOSEHORS B ﬂﬂﬂw%g@ dauring this
|
w43 ERAATY Y e B A e o 05

vaWn’(d1 ilsheadio® s survbese) shaipbi fattohyeta) Irt dhlatwag the ray-tracing
opt1m sation process, the focal position

sotware, aluripg mpamlge)tl%v@" Q%V%raa to ﬁecqse?@' {58% that will achieve
co%éét%q hﬁ%gnlg%lzrelf@'bﬁ lltéléorésp%%?ionﬁfbstﬁé BB'@%I?@IQI #fislge points

e central corneal front ace power
onfteoi ipHfeordlof ther retiab. @n completicracferepaptisnis&#iors dne Iserneal surface 332

obt ai ned t he o t| cal and nerit function
W"&S@%‘"@?ﬁﬁ%hé\rlgﬁm?ﬁ %Q{nﬁé %qg%s familiar to |ens

desi gners and opt|cal englneers (e.g. by the
|ntroduct|on of i tional sur

F'ootteEatippst Hﬁﬂ@?e’gbﬁ%\n r%lrﬁﬂ”%‘iﬁié’?"‘feé?'f"oé] ?ﬁtlég%e'f Fadthve

error). In Fi gure 3, the startlng optical system 210
of Figure 2 has

ed b h
Fron (Bisal poshErAGRe L e kiG] Sarasal pewerin dibgtes) 555 + B D

addi tional surface 332 has been introduced. This
surface 332 is nf i in,ther Ci ng program
Wh%"@%ﬂﬁ@@e‘iﬂntr@h@% g g’ﬂ@fol?tﬂ??ee}f%aﬁldiﬂp% Practive
state for light rays 316 fromthe on-axis/central
object. That is, if the starting central ractive
B @rtlf"érpelr'éhﬁ@l eeffaciive stpte of Ahe gy%%n_cgqgtrest)h@rhc;t he power
of surface 334 will behave as - A (e.qg. +6D) to the
central rays 316, In additjon, surface 334
D isdihei agismtma! mypBjsrdafasks inaceiperae fopenhancscsmyepiagtherapy.
peripheral refractive state and the additional anpunt

of peripheral refocusing target ed for the patient in
It ér vortht potingithal, SppenAingr ortBe W, sizRANd &he targhdield angle for

deg&cﬁ'{ [{Jgji; @ﬂeaﬂﬁ{g) EL@rre%s%ﬁ FLiabG, it Bnée fhay BPredBAs iethe target

reshaped cornea 332 which is involved in focusing for both central 316 and
peripheral light rays 318. Thus, the peripheral focus 322, following re-optimisation,
will suffer from some amount of aberrations (as some peripheral light rays will not be
able to provide an optimal peripheral focal image point). In Figure 3, the aberration
includes a type of radial astigmatism (a type of aberration) which is seen as a line
focus at 336. However, provided the merit function system is constructed correctly,

the ‘most optimal’ peripheral focus will still reside at 322 in the modified model 330.

It should be noted that the above method employing a ray-tracing model is
illustrative. Many different approaches using ray-tracing/optical design programs
may be used to arrive at similar specifications of the target reshaped cornea 332.
For example, instead of making use of an ‘idealised’ optical surface 334 to represent

central and peripheral refocusing, some software permits the use of specific merit
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ref ocusi ng chosen is D (e.g. +0.5D), then surface 332

w || behave as -B-D (e.g. +5D 0.5D=+4.5D) to
w@essphsial rays 318. This nodi fied optical syBCEAUIBO/001063

is then reoptimsed using a3nmerit function systemto

bring the central 316 and peripheral 318 rays to focus
functidrheperangisnial dicentrthalfosalr pawer bt t@eet résiped28omea surface
33?hdl.i%zo Dur i n? this econdff)egu m sati on, the shape of

Uy e @xgch aBRIoRSh an SiflehRRPOraNg textheeseftwasp used and the

exéaf ¥ppdacho rc%ﬂbt#%tﬁ’fg & Méfﬁ?&ﬁ&ron\sé%@@m Fié ‘?(5re98tn‘§) describes one

In this way, the ray-tracing sof
metpor whigh inow, d%drlbedmhmﬂ@ pravide trepopiiz! esugrrfeac en6$éhs designers

/84 C ct n of central .refragtion
wik Bprlerk SR AP ERkct e e Y Farist rsBeher shtputing the
spetificatidrisofarr tio rédh%ﬁé@fcbﬂiba@@hél@@lgbﬁt i on of
re-optimsation, e corneal surface 332 wll

represent the target corneal shape such that: F o =
n

FiéldoAagle @woSelect e6it ragabba PROYredsici? TAeapyoer (|
dioptres) = FO + A = (target post- treat ment )

peri pheral corneal power (in dioptres) = Fp + B+ D

Siftar(B1SY 025[480) eRitubgds iR foY @liftiitmgr rbtbﬁ"dﬁgethé ilﬁ)?ogression

dioptres), B is the peripheral refractive state
of @wpﬁ* hyoﬁlt@ﬁﬂgéa§ PesiRbem! refradivesdaie (i.enslativeopinvature of field) of

t t
& e ol RaRRIPb Iy o BN ABER IR BaBeb0S] BE¥a fontral (on-
axtsl)erefractgm efmﬁhml oadhegl @ pmv:dr?egoq@IMOh hsmmwmeﬁtonstrﬁtes that the
peFRREET TR EgeBh PR A s aniviD| Gegsting the growth of the
eyéfbélﬂst/\}ﬁﬂ;ﬁ %rth@%rhﬂgw&?'bxg\&@f:ﬁ'm%ﬁﬁé o%@‘?éftatx{)ut%aongahon of the

rays 318. Thus, the peri
eye@aﬂbtﬁrm #his oib might be mﬁerred thabgreatmreeﬁnrmcmtn ntyopla therapy can

oo 8B 15 b o Pk Sr at e

pefipheva) fieldhahdlesthad stirfifg @grééfér%rip%téﬁ%‘?d "élqbbé%e Hwever, as

radi aj astlgrmtlsm (aty aberration) whic
exglgledaab %Vq,Mﬁ?@end@asorapustk@lzemtamet twld\angdm gdmee region of the

B BB REPL IR SRS RS kS oo

eri

Ilgm@ysn Tthe remdisf ined cruml;abnii@@ of | $pewifiation st thet Relgéteat reshaped
ahove nmet hod ? I o\y ng a ray-tracing nodel is
comea shape — needing onBro de %ood central focus as well as providing correct

refocusing of peripheral images — these two being conflicting requirements.

In practice, it is not necessary to ensure no overlap of central and peripheral lights
rays on the reshaped cornea. A good compromise of the above contrasting
requirements is to begin introducing peripheral refocusing the peripheral field angle
that corresponds to the projection of the pupil margin (i.e. edge of the iris pupil) on to
the reshaped cornea. For typical pupil sizes, this starting field angle of therapy is
between 20° and 40°. With this configuration, approximately only half (or less) of the
light rays from central and starting peripheral field angles would overlap.

Example 1 — Ray tracing method
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illustrative. Many different approaches using

ray-traci ng/ optical design prograns nay be used to
w@eeoswessat simlar specifications of the targePCT/AU2007/001063

r eshaped cornea 332. For exanple, instead of naking

use of an 'idealised optical surface 334 to represent
In cRagureaP_ andopiimail phmieil as ej‘escu!semga,boyeme lndd tosmdrie a commercially-
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equiyalesh$e rueeniay sgectien iwithf gertralomdiiss ok 70Themfand:gbape factor of
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nodel for conputi| n% the specificatjons for th

asyocigh Mih Bineaniral and peripheral figlth Pa2(anaiey were found. These,
by gbﬁﬁ?u‘é‘atﬁn‘) We‘?ﬁ %C@ﬂ% & BRYivarht ida %Qﬁtrgl Qa'ge‘alp&%wer of F. = 49.0D

usses net or elrmnating retar
ang aqueripberal cooieahpopies abB5abt Ey Frﬁg, 1lhe per i pher al
refractive state (i.e. relative curvature of field) of
an eye while sinmultaneously providing the appropriate
Foc this exampie, dumnysedhetpaﬂlen’(smamral) amckoediphenat refrsactivel state were

ger t. m{?ﬁ’flw.%\g@o@ ‘ﬁi{gefyrslﬁ]gr, tsﬂﬁggggﬂt' \&%ta%sesweg to provide

an %lhhfahéécﬁ mydpfa mefr&&)} b %thlﬁJcQ{gPé\ﬁ RdaftiohBramvembaf hwyopm defocus
whi ch |steéfr|rmr by whi myopi a cones about

to thel Berirhary of SQEaelreyeiaﬁatmgomnn:t@rthertametwesmm c@meal surface
33%ﬂ*§aefr I§tfla tagﬁl%vg e {8(5 &l oncfﬁp ﬁgﬂ@u Séf;ﬁ%? gﬁd q%ilrpﬁeyal Adge, an ideal

& Aheve u0|ng

refrzeting lserfate ISKMQQ gJQ)a‘iraﬂaleﬁfetdef)l vzt ploose it Bes sAMer @sition as the
field angle Qstartlng at greater peripheral field

antergl £9MEbwe adl siacing ey 834 deprattfignged o behave as a

+ - fi ng 5!8;?@ of the

6pgpgdet§d%?esﬂgg£ &gc;%?"rqea&%m@? be |)rf1 gé‘%gé o'?Egcusi ng

of both central and peripheral light rays. This
I f cifi f o
Keé&:ﬁge@ dfd}ggﬁ%%g@hgg?%(g gfﬁghgﬁf ég ﬁ@@od ‘?R)n‘? thghﬁ;‘rst t gptimisation, a
secgnm!obpimsa’abn fsoinitimtexs Welldwxag mlscselcdndg)pmmusaain durmg which the
h I -t t be

taré%trﬂ%g SI ncﬂﬁorpggﬁﬁzglmer agme‘cﬁgebse asu aegee deggrlbed b;g a conic section,
the central radius and shape factor of the target reshaped cornea 332 are allowed to
vary to achieve the best correction (i.e. minimise RMS distribution of ray intersection

with the image surface), the shape of the target (reshaped) cornea 332 is found.

A conic section is a geometrical shape family including circles, ellipses, parabolas
and hyperbolas. It is a particularly favoured geometrical method for describing
aspheric surfaces in contact lens design as there are few parameters involved in the
unique description of a given conic section. These parameters are the central radius
of curvature (r,) and shape factor (p, or p value). (Note that often, instead of the
shape factor, p, eccentricity, e, or conic 'constant k or g may be used. However,
these factors, p, e, k or g relates directly with one another mathematically in precise

way and so do not produce distinct surfaces through their use). In conic sections, the
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In practice, it is not necessary to ensure no overl ap
of central and peripheral lights rays on the reshaped
W@ orseats4A good conprom se of the above contraBCT/Ag2007/001063
requirenents is to begin insroducing periphera
refocusing the peripheral field angle that corresponds

cemealtr@elnm ®, Qiétslcﬂbes)ihé hestetzineo BT idiug bf Burvafl#e Rfthe very apex
iri.s pupi on to the reshaped cornea. For typical
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for optical desi %@a i he surface 212 represent| ng t
n

ellipsesicshere i isrleas ndvih s gregteniban s Haytie fersier (o <p< 1) the

SRR B g SR 95 051 i g ocusing

powat Dmmce)ﬁeéreasess away Iﬁﬂoﬂwﬁmeda;séxltubuhl the 1gtert(pe> h), Qhé ellipse is

%’f ngfﬁis;sctl on with the inmage surface at both
saigghor bg) "0 €p8F i AEERENINGePiPaRgl IBsSUGh ellipses the focusmg power

incROSId! @ﬂén@%egu@ gﬂ% géal%em I%r\?dl@ér? da%@hﬁam thg apexltp.

peri pheral fie efou
conmput ation, were found to be equivalent to a central

In R Q%P@%?ﬁ%lf c%tugﬂdoi t%pt%ggt F’Eiq 8hbd '&%Fr‘?éal %ﬁﬁgsé‘ldescnbed as

power a I S exanp
a cohie mtloeraresr odl:argetad:erzstrai rpa@iusphed. T4 neﬁramdt p \(mrgta’asleape factor)

= 2 E infiehei < s RBohiBe RIS LIRS de an emhanced

myopi a therapy by introducing an additional amount of

It B Blte b 1 eraiel v BUREInch 0, Bhike Tagihedc e Gk ahave for the

anteBBl CoRhbh O IB@Sbbt‘éﬁféde%H gﬂ}lrlﬂﬂlm \Faﬁ??rﬁé 3br %%Htral refraction,

peripheral image, an iId acting surface

penrheyal iefiestion adsliionad apnmwabmoew dafocteagdcermneal shape.
position as the anterior cornea. This ideal refracting
surface 334 is configured to behave as a +6. 00D (=-A)

It tsoimpentantiltor emphasise+ness Dhat- tBeDpppopriate | pmeuat of peripheral

refégf}/s?ng (i.e. repositioning of the peripheral image point) is achieved by computing
and selecting the local radius of curvature of the target reshaped corneal surface at
the region associated with the peripheral light rays. However, in order to translate
these central and peripheral local radii of curvature specifications into a lens design,
these radii are typically summarised into an aspheric surface that possesses these

radii at the respective location on the surface.

For convenience, ophthalmic practitioners have conventionally described the cornea
as a conic section. Hence, throughout this specification, conic sections have been
used. However, this is only by way of illustration as it can now be seen that the
above method is not limited to describing the target (post-treatment, reshaped)
corneal shape as a conic section. The initial and/or target corneal shape may be

described using more general aspheric descriptions including but not limited to
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Keepi ng the focal positions 320 and 322 as found from

the first optimsation, a second optimsation is
WO piosioatsed. Fol | owi ng this second opti m sati onPCTHADR2009/001063

whi ch the target reshaped aernea 332 is assuned to be

a surface described by a conic section, the central

(=Tl e r t agtget arseSIJa@@@tcmrn applied
polg@hi‘é gﬁlﬁ%f) tFi)O%@g?y S?Qtﬁggﬁ eve the best correct ;bgn o
matHereaticiensi, pptieal RIVBInHass BNBeNoACHINGay i nt er sect i on

with the image surface), the shape of the target

(reshaped) cornea 332 is found. A conjc section is
Forgexaraplej dalthe redyowef Bxamplei hewban fg-aiatineised using ,aﬁS%S—order even

polgar a&?ggggggg@ %gﬁ?qhéfﬁbh}dfel ?Oﬁgg@r %I ng%ag%'ﬁs up to 8" order)

adddd {8 Basid spiaeicat lsukfans, ﬁ)eﬁe@imbaSthenarﬁtamenézeweturns a surface
paraneters involved in the unique d scrlptlon

desg;rmtmndonwblcbe@ﬁ bﬁsmm@gcga? ee gsar Yys,5 8gr@rrgm and the
ad@@?ra%)po%(r@ﬁfa\'%ﬁ%se (diftLaanst h°’é'| %Q? { Byx0™+ Bg.x® + agx® in

at often, |nste e shape factor
whi@h yewm suefaty, haghto@m afmhlmette@r)mfd;he surfaceqwhw iseadded to the
ors

v oA el A A% B o B S Rgint ot
dlsWe‘%Pﬁ @fth@%)ﬂ@ta PEorare xdiosY, iap et 15364 S tdy 08¢868 x 10 and

In conic sections, thecentral radius, rQ,
agde$626be$09he |nstantaneous radi us of curvature at

the very apex (or "vertex") of the surface. In the
i deal i sed cornea, this is the radius at the cen r@il .
Thetdesigropatametepvabies qanenehaise used tecalgylatadbe fingbgesign for the

s} h G | f1
cob g PR ETa O BRSlpel i By SR 0L
and1|saneII|pseaS|spgreaterthanl while a

t | t h bola. For th
Mo s AcfhubRimeed EBRAB50™; & Piortant to di st ngu sh
bet ween two types of ellipses; where p is less than 1
Wlﬁl}?ecgmpp rlg%?é tEe"%J?Lw%g é]sbg%rg%g['ag{\g%lr \éa(i)lf fqrﬁh@dewce is most
pr%.éélg%%hlév@dao;f baididmaa ?ltramsﬂnidm@l faeowacngeamM@Ne there are
0 om

rface decreases avva ex/ti In. th iabl
octasions vs(herbcqmputaﬁear&/wr ars fohray-iracing Mgl %ﬁtebe gyailable. In
a stee ' S, H9cHshrBLimately, but

SUBBuEToain ol a5s B0 ERoI SRS, Bl T30 Findle, upeass 4
nedbAREleES WitH wejficiemyadoucanyt fee effieady, |qmart|ng values for these design
parameters by applying the system of equations detailed here. By employing these
equations, using e.g. a hand-held calculator, good starting values for design

parameters of the current device can be derived.
Given values for:
A = central refractive state (in dioptres),

B = peripheral refractive state (in dioptres),
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In this exanple, the specification of the target
reshaped corneal surface described as a conic section
w@r@sni4s4{t arget central radius) = 8.774 mm anPiCPAU2007/001063
(target shape factor) = 2.386 indicating a steepening
elliptical shape. It can now be seen that by follow ng
D +hemebever Bedinelal inpepicadefetus hangddd it i pBEEKEY for enhanced
cornea can _be obtajned for any individual values for
myggia therapyefin iapties). peri pheral refraction, additional
peri pheral nyopic defocus and corneal shape. It is
i mportant to enphasise here that the aP ropriate
ro Saffoiliat Poe-tisaimpni cantralepg s firyr(atues o rtgpo:@irmeaaﬂn mgillignetres),
the peripheral image point) is achieved by conputing
and selecting the |ocal radius of curvature of the
p = @nitiek prebRaipeenty sharafackurafseevatura ¢ofdhe egimea, and
associated with the peripheral |ight rays. However, in
order to translate these central and peripheral |oca
6 = &gld apglecat whiohr periphwsak refeactiond Bj) is acneadused ahssimyopia therapy

I, a i C mmari sed into an aspheric
de@grﬁgggg%?ﬂﬁaqe %@'%Ifsegg?egéérﬁggg radii at the respective
| ocati on on the surface. For conveni ence, ophthal mc
ht].0 a vent i.onal | escribed.the cornea, .. .
Th%sgé?‘g}.a(l:l%é : @%[ééggl %ﬁ?ﬁ%@nggza'%ﬁ?dﬂéﬂ%ﬂfm}% Jsing a Fange of clinical
instrnA®ints and iteshniquss knovattd eptshamyie ppegitioHsed or Be¥@veH according
this is only by way of illustration as it can now be R
to QYRIATE AU 0" X PEPHEIPB daYaIaRIA TPy rbenkes of published scientific
artidRs§ribing the target (post-treatnent, reshaped)

cornheal shape as a conic section. The initial and/or
target corneal shape may be descri bed using nore

PRSI SRS o DA ASLURL B Pt s

etc, as understood by applied mat hemati ci ans, opti cal

I YoToll : b g le, i h
=R PRE g R RIS 2l (R g an Bt - der

even polynomal (i.e. a polynom al that includes only
1 he. .der.). t i
r 4 6 SBoPRIIAuL B 8 Sles TR s 4P
returns a surface description in which the basic
o= ©Rge Rt 8GR Mg B8NS (h Bunfhduwdl) = 28f. 2 he
Fc = (initial) central corneal power (in dioptres) = 1000.(n — 1)/r,

Fp = (initial) peripheral corneal power (in dioptres) = 2000.(n — 1)/(rs + ry)

Where n is the refractive index of the cornea which, according to scientific
publications, is typically about 1.375.

Good approximations for the design parameter values can be calculated as follows:

F’o = (target post-treatment) central corneal power (in dioptres) = F, + A
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addi ti onal polynom al surface altitude or height y =

a2.x2 + a4.x4 + a .x6 + as.x8 in which y is the
waBacs4hei ght (in millinmetres) of the surfackCwAURIN7/001063

is added to the basic sphenscal surface defined by the

radius for any given surface point |ocated at distance

o= f -
S P e B P Sy Ealhod i Aidhyre *Fp A + 26
Akﬂklgn par anet er val ues can now be used to cal cul ate

the final design for the corneal reshaping device:

This will be described in a |later section. Method 2 -
F #5p prweat peskiregimenty sagitial eorosalmavedri(tndioptrebe=FaqtiFge F'o) / 2

desi gn paraneter values for the device is nost

preci sely achi eved by enploying a ray-traci ng nodel as
Nadestbat Feds @W@j”ammeacmpenwio@nEMrenRemthelnas shown that

oot AR % (AL BB £ BFormaon

thd-idesiod parafRREo%alies el Nowdir, iRy e5dtbelLaIawdtid the pupll and zone
sufficient accuracy for efflcacy starting values fo

sizerdbe padirphand demsedesresivalp For aaallpeos lpsgesmpurls or zone sizes,
a sefﬂé'l%tr'o‘?nac'rggp r%bh@&h m Lﬁyfofﬁpéa‘?yﬁ@gd{)&%f! fggﬁéf SPBtoximation.

at or ood
values for deS|gn paraneters of the current deV|ce can

; d I .
Fnibqlgt @e'(é’eﬁﬁrgl ﬁé‘ a;ﬁa s@%ﬁeffé’cftor @er a{&@\?l{:r ac%f()/ée %étcgraged as:
(in dioptres), D = anount of addltlonal nyopi ¢ def ocus

" t(Jujn .‘56"3& W& ?&eSgﬁ{r%p 'M%qur%lﬁgg@r ea‘?ng%&? Dehppo P dovice (n

nnmwmh@s)of curvature of the cornea (in mllinetres), p

pre-treatnent) shape factor of curvature
‘tﬂéQ¢$ ii#ﬂea and g = field angle at which periphera

refractlon (B) i s nmeasured and nyopi a therapy defocus
( D) %ﬁplle Fln degr ees).
deS|gn va ue sagittal radius “of curvature of back surface of device (in
rnnhrnetnas)
=1000.(n - 1)/Fs

p’ = design shape factor for back surface of device = 1+ (I's? — (F.r'c2)*® ) / X2
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These val ues may be obtained by direct neasurenent

using a range of clinical instrunments and techni ques
whp@sni4se4 opht hal m c practitioners, or assunmedPCT/AU2007/001063

according to average val ueg9for the popul ation

(avail abl e froma nunber of published scientific

TrahsiatiorSof kepHasRirepararpé Rlrs 1@ final 1difs déesighal
(pre-treatment) state can first be cal cuI ated as: x =

approxi mate ray-height (in mllinetres) g.p 160 rs =

He(\)uﬁq bb@hbaté@@’oﬂé\ﬁingfm@ Métlﬂfdst d@scﬁ@é@@ﬁltlﬁé @rewous section) the key
imetres) =r0 ).x2 rt = (initia

detsmﬁgei?ﬂrameterédutb@t cﬁO\telﬁ@S c@@ﬁ@gﬂom nofni qqnitr@ét F@‘&)O‘rl&er grror  while

snrﬁ(x%pt 0L Jéiy Lédlc%bt@n%n h_ecﬁg gérég%:'lgg?ln?rﬁ{?‘;@! |n( 'fant of thF peripheral

rethes, nﬂwseppwmétbrs dire phows gombd0 with sedoric{arys desngl) features to
\a{%ﬁre F L refragtlve i ndex of the cornea which,

cogieled ﬁé‘n? desigr fant ?ée'?ﬁjbl ications, is typically
about 1.375. Good approxi mations for t he design
paranet er val ues can be CEIﬁ Iat as foll ows:

THY SPRSECIgenS L noa i Bt dBRL T GARGTL ANRBIRAsSEs he principles of
acﬂi&mqu%%}\fratlgﬁ of e Rievick! WtHeFe %%f‘t rgat H@r"r‘lbb/eﬁye applying the

peri eral cornea power I n tres) =
apDrQerte Dpechanical (effachon kmscemeeanrmdey tcsa@ﬁshap@l the cornea in the

carn t =_F Fp.-,F /
migh BEket 2 SFcas Miaerone Bl eiRvighor getafiavle to good
cohnd Aathedudhasit 3 Wedrihaj/trédfidnit qdrioy. @ﬁﬂio@ally@ feriéabliRnown back
of about 3 to this factor gives a good approxi mation

surfgce rsélae@smgy] beaseiaeied r(boéH@@s Flgqtmé\)é:—ut prefiesably @ patient specific
Iehsc‘g dgés\"f;é Oxl¥ I?\ﬁ;;g{rla 13 oy?e%ﬂ?\ﬁlnﬁemgﬁnéﬁe patient

pecf er or larger pupils
or zone S|zes a snaller or larger (respectively)

In\/S%W'ﬁalfy?fhezfoﬁg\ﬂin%%ﬁgf%pér‘éqeaﬁirre&) BHbED iRRBEHAY B heYesign:
Subject flat k reading
Subject flat k eccentricity (e or p) (p=1-e?)
Subject refractive error
ComputeQ Base Curve (BC) R, & p for MC
Lens material properties RI, Dk

Lens dimension preferences (CT, Dia, ET, OZw, minimum and maximum

thickness constraints)

Computer controlled lathe designed to accept meridional input in terms of x,z

coordinates.

Steps to be followed:
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Finally, the central radius and shape factor for the

device may be calculated as: r'o = design value for
w@essads44 adi us of curvature of back surface oPCTHavR®R/001063

(in mllinetres) = 1000.(n20 1)/FO r's = design val ue

for sagittal radius of curvature of back surface of

Stéﬁ?\ﬂS@e(Fig?. Mllinmetres) = 1000.(n - 1)/F s p' = design
shape factor for back surface of device =1 + (r'o 2 -
(r't.r'0 2)2/3 ) / x2Transl ation of key design

Theapase iRirse {(BJ, | RA cddramafias bed cb?i#%@d.oﬁl\& Wab&d p from the MC

(follow ng the methods descri bed the previous
magiat in argonieseriign awsused. peheagpex of thehatrvgd¥e2his placed at position

or ~han. of . [ pefr ive error while
0, Q?’n%q%fggg)glgg{ &fpﬁ%%%og?l? ﬁ%%gg%@‘peri pheral inmage onto
in front of the peripheral retina, these paraneters
) i ned with secondary design features to
St%%ﬁpsg%’/gf@h ‘final design for the lens. The
considerations in arriving at the final design
enco sseg, t rinci s of .achieving centration, of
ThE AR e P ab et BeBalis, fconddsd Asrahigtervals (~5)
frohh ecAPar a5 18t the "RPMIHOFA | of ehé Ot 2die W‘Sieﬁg’ h8If the subject’s
order to reshape the cornea in the nost efticiéent and
noemal Rupll Gameieihner, as wel | as providing acceptable to
good confort throughout the wearing/treatnent period.
Optionally a | ens of known back surface shape may be
StepPedeefid. 9« 132, Figure 1) but preferably a patient
specific lens is designed (box 134, Figure 1) in the

follow ng manner. In summary, the follow ng inputs are
Allr saqiftaleBape i Grrveobeints peg iimereased [hynsndesiegnentSubitecdens centre

thiblrfdss{ c§adi ng
Step 4: See Fig 4d.
The alignment curve (AC) is computed.

Compute at equivalent small intervals the sagittal depth of the modeled subject
cornea using flat k (converted to a radius) and eccentricity if available over full
diameter of the lens using same orientation and coordinate system as employed for
BC. Three Corneal relationships are depicted in Fig. 4d. Corneas relationships A and
B can be fitted with a single oblate curve without need for a flatter central zone.

Cornea relationship C is dealt with in the two zone concentric OZ.
Step 5: See Fig. 4e.

Adjust (visually on chart or mathematically) the origin for corneal sagittal
computations (green dotted line) to allow tangential contact of cornea to BC at
location where all other corneal points are above (greater Z) than BC.

Step 6: See Fig. 41.
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Subj ect flat k eccentricity (e or p) (p=1-e2) Subject
refractive error Conputed Base Curve (BC) RO & p for
woRhosensS44mat eri al properties R, Dk Lens di mnenRCDAU2007/001063
preferences (CT, Dia, ET, @w, m ninum and maxi mum
t hi ckness constraints) Conputer controlled | athe
Thel eljgdead comeat peptts fACIRS analy benpsed Bs a guids infsetecting improved
coor di nat to be followed: Step 1. See Fig. 4a.
ACmpara E@éeésgﬂra\cigeé’g(?pt'ﬁl‘jmé'&ordl nates are conputed. The

RO and P fromthe MC nodel in a conic section are

Co%?@ IsTh?tgla B(%)r(\{soljogf@g&pf@%h}/p%&%%émgrgﬁégg &%)?s:@'timg with spherical
radid iy th§tr§r%e?of $O91akteg o 4b- sté_&?ers‘(ﬁﬁh %b@jlecﬂ@ﬂéf'k of the

requi red Base Curve Is computed at snull intervals (~5
) fromcentral axis to the sem -chord of the Opti cal

Adj f‘%n?anBf ﬂ?é la}fgrlih"\lef'nt Enﬁ/es{m))e%hcﬁ tﬁ‘é’trﬁ@sagffﬁl Ideg’th at the semi-

. See Fig . sagit
chardrafé)Zaeqmls tlaateofuthe rBééateﬂlalbyame mandlenalriocaﬂion he | ens
centre thickness (CT). Step 4: See Fig 4d. The
alignnent curve (AC) is conmputed. Conpute at
Stemlri Sed Bigt 4gmal | intervals the sagittal depth of the
nodel ed subject cornea using flat k (converted to a
radi us) and eccentricity if available over full
Coch';mmeitlm sagittahdeptbrof the iAQ) apdriiee adjustedhsibjecbeatnea (ACPs) at the

full ‘,%g jnal l%?hesystem as enpl oyed for

While maintaining the equivalence of the sagittal depth of AC and BC at the OZ
diameter (by adjusting AC origin as needed) vary the radius and/or shape factor of
the AC to bring the AC into near alignment with the ACPs such that at the full
diameter the lens and cornea deviate by less than 50u.

Step 8: See Fig. 4h
Blend Junctions.

At the location of any posterior junction, one or more alternate curvatures (of
relatively narrow width) may be inserted mathematically at posterior junctions or
mechanically after fabrication to smooth such junctions to avoid excessive corneal

compression over small corneal areas.
A depiction of the blended Base Curve is shown in Fig. 4i.
Step 9: See Fig. 4j and Fig. 4k.

The edge of the lens is then determined by techniques well known to those skilled in

the art, and the x, y coordinates of the selected Base Curve segments are combined
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BC. Three Corneal relationships are depicted in Fig.
4d. Corneas rel ationships A and B can be fitted with a
wamgloetsebl ate curve without need for a flattePCTan2eal01063
zone. Cornea relationship @is dealt with in the two
zone concentric QZ Step 5: See Fig. 4e. Adjust
to (crestead lcpnBRuGRABErY oMPLIRBTRbNE 8bhiYe 16 rﬂ@nsoéijgé f&g ifherate a final
corneal sagittal conputations (green dotted ne) to
cogmnasitetBarschtive deserpden. of cornea to BC at |ocation
where all other corneal points are above (greater Z2)
than BC. Step 6: See Fig. 4f.The adjusted corneal
Stgpi1R% §e@/ﬁ[@-§) may be used as a guide in selecting
i nproved AC paraneters to achieve optimumfit. Conpute
sagittal points for alignment curve (concentric to Q2)
ThefsonticugveR®) isptow designeddi us in the range of 1D
flatter to 1D steeper than subject's flat k. Adjust
origin _of the alignnent curve (AC) such that its
Usiagjithe BC Repthie lans Gl apd e matesél mperies| sompate tife radius of a

i di I ti. St 7:. S
fropf © e, 158 B TigRERlghe; & oibt Aosfed pawak sk anovershoot)
optidalysivest aruthjeasintiabaxiea (ACPs) at the full di ameter of
the lens. Wile maintaining the equival ence of the

sagittal depth of AC and BC at the OQZ di aneter (by

Placing $he apedGnahe giont 2anieaded) akhity ot 6the!s aXI¥d/cBmpare point
shape factor of the ACto bring the AC into near
by&Q"’g‘ﬁHﬁ@P"ﬂkﬂtﬂ*ﬁ@@@t@ﬁ@nMS&ﬂﬁe gempheitd BO. di anet er

the lens and cornea deviate by less than 50 . Step 8:

See Fig. 4h Blend Junctions. At the |ocation of any
Stepdi ePPBFig- M8t i on, one or nore alternate curvatures

(of relatively narrow w dth) nmay be inserted

mat hematically at posterior junctions or
Determine if any points on the FC and final BC are either too close or too distant (as

understood by those skilled in the art) and if necessary include one or more
“lenticular” curvatures in a composite FC.

Step 12: See Fig. 4n.

In circumstances where the model predicts an oblate curvature resulting in a
BCl/cornea relationship such as in C, it may be necessary to include a second zone in
black optic zone to reduce the sagittal depth of the BC at the OZ semi chord.

Step 13: See Fig. 4o.
Compute radius for central OZ (R,).

The OZ of this lens comprises 2 curves, a central curve Ry, and a concentric zone of
different curvature Rq,. Subtract subject’s refractive error (in diopters) from the
subjects flat k reading.

Further subtract any desired “overshoot” from the above result.
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mechanically after fabrication to snooth such

junctions to avoi d excessive corneal conpression over
w@rwBlo145¢4 neal areas. A depiction of the bl endedr/Bag®7/001063

Curve is shown in Fig. 4i.2%tep 9: See Fig. 4] and

Fig. 4k. The edge of the lens is then determ ned by

odfﬁxehrauéb@ﬁcv@dn tonanistisindRe 6f Bkeiddregai n the art, and
t he y coordinates of the sel ected Base Curve

segnents are conbi nedto create a continuous series of

CARRpERECritRINBRsBICEVE R} §ToRdiaatds0 generate a fi nal
conposi te Base Curve description. Step 10: See Fig. 4

1 The front curve (FC) is now designed. Using the BC
t}g; ﬁ‘@ugﬁ BBAtrbe0Y F%tl@é 'R%L d@ RREbhE &fay Cal8BUL adjust this
the radi us

front Curve (FC) that will yield piano
sphericaltduevatdess ia edpbenmbysudhdm;g a slightstritaning diyplcedly p < 0.6) as
axi s. Pl agi the apex on the

power .on the cen
sue%ﬁﬁdgmtbe SHgJ ﬁ"é?ﬂf"\r?@e‘é?‘? T"Hg'on the z axis,

conpar e poi nt by poi nt the axial distance betvveen

p0| nts aof_the Step 11: See Fig. 4m

¢5IteR; @qm%ﬁvg@gﬂﬂ ngﬂeHQSFC and final BC are

either too close or too distant (as understood by

those skilled in the and. if. neces i ncl de
It ghowd ke qogﬁff itiaaf sipee 3[]?2&@%&5@ 18nloa %‘ és‘fotreeolg of'the central
reﬁé&ﬁll 1§rro§‘?1\ﬁ1n6' Simufttaneblsly! Fe%@gﬁlbﬁfrh@eﬂwél\’ﬁéhﬁhéﬂé? nﬁﬁﬁ@@' point, the

predi cts an obl ate curvatiure resul ti ng i1na BC/ corn
regiohaifitbedengpmayche sonsidesd as twmzones{w@ceg@aa;dqswn defmltlon the

oo by 5ot BSRR788fa hob LERK PB; A5oBRE BefEYiface radiue o
cuﬂ?eﬂ@relﬁ) aSisievEi dorrettion @ngantral refelidtivef erforc eBurraundiig this central
zone is tzme more peripheral therapeutic zone configured with the appropriate back
surface radius of curvature to reposition the peripheral image onto or in front of the
retina. The appropriate radii of the two zones may be computed following the steps
and methods described previously. However, the benefits in defining and

considering the design as two key zones may be described as follows.

When a lens is designed for corneal reshaping (i.e. orthokeratology), the central back
surface is typically so flat (i.e. has a radius of curvature much greater than the initial
radius of curvature of the cornea itself) that the first point of contact is at the corneal
and lens apex. Occasionally, some light contact at the periphy could occur first or
simultaneously, but it is generally of such nature that the cornea under this more
peripheral contact region could give way quickly and sufficiently to allow the apical
contact to take place and proceed to reshape the central cornea. This is the basis for

improving central/foveal focus by correction of the central refractive error.

When this phenomenon is coupled with the requirement of repositioning the
peripheral image point, as computed using the methods described above, the
amount of asphericity (e.g. shape factor) is usually large. Thus, occasionally to

frequently, depending on the amount of correction and peripheral refocusing to be
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The OZ of this lens conprises 2 curves, a central
curve R a and a concentric zone of different

w@eoosatasne R . Subtract subject's refractive ePCDAULI0M001063
di opters) fromthe subjectg4flat k reading. Further
subtract any desired "overshoot” fromthe above

adhisugldl t!@lﬁmrdoneﬁcmmngéen ties ldotnéman@dém&mﬂldﬂbe Rit thé junction of
t he cornea. ut e Central Base Curve

et Kt anoURRI R Bt AUtEl cle, RIS 18 aalogs o ensure
ccﬂéc’[ QRGN ABM @Eénﬁ’ré’tlcﬁ’ijbf‘% Ibﬁéstoﬁf @6:‘#@%? & RS Bb6Id occur with

to aspheric by including a slight flatten
SL(chyfpagratuq;s thakthe. @rmas! apgyydseedobreceive suﬁfnx}!@dtt'r%tment to correct

th tj gr ﬁen&[rllglty Definition of Zones And A
ﬁ/l?lep rg r‘? Y51 shoul d be noted that since the

Obj ective is to achieve correction of .the central

Rl o Bl P s
Qflﬁgﬁ’ce(fo?%@%cb%tlm@e%ﬁehna%bla?edj‘P@"‘Qé‘g”) formulas familiar to
efinitron, the centrally pl aced zone is con ured

lens dasioners.ppdl Opficaltenaiaedrss ther sees ﬂﬁmmsor@ﬁaand/ﬁtmteégeted back
QCJH %)éﬁcﬁ\féfee%ﬂe:ﬁl{%;éﬁ f&etﬂérlﬁl!enpga rlé?\% Eé’ﬁe 81 oé/\rlge]en the cornea

G°F st Zoné 1S the nore peri
hasher apelier csazjamlgiﬁnfhaguﬁbel targéteuhasmrooﬁu'rfabe hiaek the effect

sur e radius, of curvature to reposi
d%@flﬁﬁﬁg} S BriiguS GRLASTBPhIaStS R MofSt bW, The
appropriate radii of the two zones may be conput ed

foll ow n the ste hods d scri bed previousl
IniaGereten ﬂm\@nﬁeﬂegn ?ggqﬁnétme@% ofrike esmignira Iﬁﬁ‘sttﬁeaCh'eve the

L%Sdtﬂé‘ct% bivee kel é@t‘?@éﬂdﬁa)énae Qﬁﬁﬁ‘érbp‘? o@ésnﬁ@' 'lso‘fé consider the

en‘a lens is designed ftor co neal reshapi ng
desigrhivkae iven-adg approaed. ddre cartrad apkicalinohaceould be conﬂgured in such

a8 WadRrimEoptaet fand Sk RolAave T b1 Hredi F Bbhéricty (e.0.
shapenatdr} seblied tt@fiﬁlsd lerett petipRérantrefobusiag! @ﬁaeéé is optic zone
the corneal and | ens apex. GOccasionally, sone

may Vgt have tee apehensily siviilad toceenventiopal @rthokera%ology lenses, or
t it is generally of such nature
pe?h%ﬂ)’é %@?gg@k%gte nder this nore

The asphericity of the back surface is then started at the location corresponding to a
novel peripheral therapeutic zone. This zone will be configured with the appropriate
asphericity to provide the appropriate local radius of the back surface to effect

peripheral refocusing.

The junction and ftransition between the central optic zone and the peripheral
therapeutic zone may be blended to improve comfort and remove severe local
changes in mechanical pressures on the cornea (i.e. ensure ‘smoothness’ of the

mechanical effect).

Despite the aforegoing considerations of a two-zone approach, it is emphasised that
regardless of the number of zones and their sizes (diameters), the features that are

key to achieving the objectives of the present invention are the central and local
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peri pheral contact region could give way quickly and

sufficiently to allow the apical contact to take pl ace
war@spraseeed to reshape the central cornea. ThPGT/AB200M801063

basis for inproving centrakéfoveal focus by correction

of the central refractive error. Wen this phenonenon
periphecalpiaeld ol tlrvaheer efhe neseeot asphedpesifhtesnisegreshd maintain a

peri pheral _i mag oi nt, as conputed using the t hods

BB e QU eoee S “BadonPUN (@Tgoro iRl minimise
mé@sdriéal drésétﬁé@b'rly théésge Thus, occasionally to

frequently, depending on the anount of correction and

peri pheral refocusing to beachieved, the first contact
TIQ?HYBWI’@ Bﬁaﬁﬁfé%eiﬂuﬁFQe|rﬁthH@§fe@)s% ib%@ %n Ity abb9& methods for

of the OptIC zone and al |gnnent curve e outer curve
coappitatien b key design pasameters card é"@nsbiltlog mfeuhesamarameters to the

oSS BBRR ORER0 bhT, SPRRTR BB e G98ASh iventin

fongpedifs widinedsal folatiehtient treatment to correct the
central refractive error. This condition may be

readily identified by applying the follow ng test.
Exdhple 3t andard sagi ttal hei ght (or surface altitude,
often abbreviated to "sag") fornmulas famliar to |ens
desi gners and optical engineers, the sags of the
A egjopidpatishttibao bher @eited H:ﬂé?d;Kpl§|Hbfa”i@|§v@§ RIfehé %UFr}énﬁfrﬁ/entlon The
cal cul ated for the intend | ens zone size. Wen t
preepdide descrivednin [Figurealy was datlowednmeakiegt uaa@afefdme more precise
f n ff [
copFRISE RSB L bl ARl FXL PRSI [fbdlfiog, or conta
d|$tbac®rre&antlom nwdtht aoresudtn ofddia0N alblriget:lmidalf %fretd‘men techniques

desi f to achi eve t al obhjecti
urEFRtaH By hiselmiﬁ pa%ﬁi'f"saé{sp hghgn the pabieal \Masv m%aspaed for corneal
sh%%BSuQﬁé 3 %r:ﬁ@a‘?'tgﬁogrﬁpﬁy%e Apt gﬁ¥ gg%habl'efhﬁ ophthalmic clinics

central op tical zone wou I'n such
(evgay \ndmketratogr@réﬁt Irethisoptaroplie, treneornial shamte Wa&eummansed by the

coripd)toBOURPLY SR e dnd At gt A8 s d. 1 ATG th a shape
fa6tBF o€ pZo MEsIEedifB [ib?i‘pﬁefél @ﬁﬁbﬁﬁh ef the Eéf@ﬂtaﬁaé fheasured using

conventional orthokerat ol og ¥ enses, or perhaps even
standagd orefractipn equipment and echniques’ but with the additional step of

instructing the patient to gaze ‘side on’ to the refraction instrument. In this example,
the peripheral refraction was measured at the field angle of 35° and found to be
-3.00D (i.e. the peripheral refraction is relatively more hyperopic by +1.00D than the

central refraction).

A computer-assisted ray-tracing model (as described in the previous sections) was
set up to incorporate the measured parameters for the patient (i.e. central and
peripheral refraction, peripheral field angle, corneal shape parameters). In this
example, it was decided to provide the minimum myopic therapy effect. Thus, the
device design parameters were calculated for changing the corneal shape to correct
both the central and peripheral refractive state without introducing additional
peripheral myopic defocus. From the ray-tracing model's standpoint, the merit

function was set up to minimise image blur circle size while correcting for -4.00D
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The asphericity of the back surface is then started at
the location corresponding to a novel peripheral

w0 b@sapswt i c zone. This zone will be confi gur eBlCWAUR007/001063

the appropriate asphericityeto provide the appropriate
| ocal radius of the back surface to effect peripheral

aloag dbe sSxisgand had.00kheat Bohfield dnalerfdptimisatipeofides madsl according to
> , i i | : it .
e RS Tat %) ARl DAL 4 B85 b pg v opa

comectionc zangeand nthee pkepheral theepeutieszame)t gthceengal radius r, of
i..e. ensure 'snoot hness' _of _the chani cal effect). .
8 891 A ihe ShEDPAGEIORG! S JAIeahach SITACesign JagRsborating these
[
A T pelere o R akdliond) PorpSRITHRP 886 dedfon parameters to
fafciitatar eantration af thekegvice withitbei eiye,t &pplylithecapwopriate mechanical

resent inv L, O re,.the.central and . . .
ol o BB rep AT A oeSpns 156 Poir e, 88tag) gp improving comort s
appliRlde s cdeudribad egnde s pkevio®i Bbalidch.a TR treBUYRME final design for
surface between these radii to nmaxi m se confort and
reghapindsthensemas ehthiprexasple igpshaymdr Figamee 51 diabignilnghow ones
I . ¢ _ h . _
PR cBRtect I ARSI dFe B0 RE B IenEtelirad fr g example.
and translation of these paraneters to the final
T?ﬁ@i.gn may be conbined in order to achieve a device of
e present invention for specific individual

patientsTExamytes A myoptgpattent s—to-be—tEeated
by empirzgsi ngrner devi €e gf rtnae |CUkstrent rbway ejndiavedaA .

prode THEER AL bAW | PPMBurle MIMgs PR IR gentithg Zovs
use |efrinlie s pPreci e conguter-assisted ray-{tracing
ret-HEE A PRE S o | TRNEY g s IHER QUEEND flor 0 0 gl ¥%amce!
refreact T ynaiae trh—areguttmofr—4—-09D—ustrg—cHrgget
r ef nacta gn veaechini ques |umeier 4t ead: Ny cophthalim ¢ cove | eoce
SS oF ET! THI Tl S SAG LENGTH
praqti b enehe” [ Thelt t He™pari|eMtTihgs™ HEEsUF I 1dh | o
COT TfEdin1 SNARE WUST I o J[COIEdl  LePQUT Y St ¢ 11 0.20
tvpically avallable 1n ophthalmec clinics
BASE BASE BASE FRONT FRONT FRONT BASE FRONT FRONT
CURVE CURVE CURVE CURVE CURVE CURVE CURVE CURVE JUNCTION
RADIUS WIDTH SHAPE FACTOR RADIUS WIDTH SHAPE FACTOR| SAG SAG THICKNESS
XXXXX XXXX XXX XXXXX XXX XXX XXXXX XXXXX 0.XXX
1st 8.390 1.500 2.537 8.420 3.000 1,000 0.232 0.553 0.095
2nd 8.390 1.500 2.537 7.340 1.250 0.600 0.684 1.223 0.120
3rd 7.470 0.600 0.600 7.570 1.000 0.600 0.966 1.942 0.110
4th 7.470 0.000 0.600 1.570 0.000 0.600 0.966 1.942 0.110
5th 7.470 0.000 0.600 7.570 0.000 0.600 0.966 1.942 0.110
6th 7470 0.000 0.600 7.570 0.000 0.600 0.966 1942 0.110
7th 7.470 0.000 0.600 7.570 0.000 0.600 0.966 1.942 0.110
8th 7.470 0.000 0.600 7.570 0.000 0.600 0.966 1.942 0.110
Oth 7.470 0.000 0.600 1.570 0.000 0.600 0.966 1.942 0.110
10th 7470 1.710 0.600 7.570 0.060 0.600 2123 1.992 0.100

When this device is applied to the patient’s eye in an orthokeratology procedure, the
device will provide correct distance vision as well as eliminate the peripheral stimulus

for myopia progression.

Depending on the patient’s individual response, it may be necessary to adjust or fine-
tune the parameters of the device. Hence, the patient’s progress with the device of

the above design parameters will be monitored including periodic measurements of
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(e.g. a videokeratograph). In this exanple, the

corneal shape was summari sed by the corneal topography
wouiopi45as having a central radius of RO = 7. 7BCTYAUMOTA01063

a shape factor of p = 0.8027Next the peripheral

refraction of the patient was nmeasured using standard

cermtPdir Afd ipeRipREkH! HERabLN Gtdtes iy dussribud imithd fidWchart depicted in
additional step of instructing the patient to gaze

Figus¢ de on' to the refraction instrument. In this
exanpl e, the peripheral refraction was neasured at the
field angle of 35 and found to be -3.00D (i.e. the
ExpepleBeral refraction is relatively nore hyperopic by
+ 1.00D than the central refraction). A

conmput er-assi sted ray-traci ng nodel (as described in
A patienpiveas umndstechavn s§.00Bsokawyopje (6. icepbepeefsadiveraiate). It was

oo BER 15 o AP P B oAy B or v

inveheqe patdsebemple, the tdphshamidnpiractitiohenatid desi hié\k‘b ta@cess to a
provi de the m ni rum nyopi ¢ therasém% fect. Thus, the

coupes| &pq%@rp@h systeatie & yideakeraiabiaphianst peFipReighgeTective state
mea&r éﬁie rgﬁgﬁvél%b?é”f&e%e B%ﬁth;uié?e SteHtr %ls %”Qtartmg point for

per| era Ctive state wihout intro
estirddiing Ghalcqmeealphham w;tbp’uhe daa\tmlablhtyFraﬁmtdmneal topography, a

elgimEls e e anle (86 aentel BRTEPL syt S Comea. (A
ken%%rh@t‘e‘i"lﬁga commdnIQ0&rdilane: bpsthatmic @imbal InSPlknaht &r measuring
field an Optimsation of the nodel according to

ceftral Sonpe gltcwvﬁfe'fe oMVhile ma@ualayd@@ kpratasneten angrstikes an average
racﬁéx‘é fcﬁ,gmo( tH?ac Hﬂr&lgcé.ﬁﬁaf: r?'th%%él&i@ cﬁééee%iwbegh 48"fie central

peri eral I’cC zone

radi @@I Ry ®f raOco:rf\eQ fGrQﬂ)emnrmm parpdsapef dreivingratafn 2ppdximateeshape for
back surface design,i nc_a?é)gr at i n t hese desi

the, spaieet 3% & slarifed Poind.) Pratem }fér Pﬁﬁer%wagwa Hd§80 mm. The
pof@stien %ﬁﬁ?ﬁﬁé%d b gﬁe?ry %)Eﬁﬁsrfe%n%&%hhf?@ idraldie vaI\Jes) shape

deV| ce wt e eye, e appropriate nechani ca
factdf efcp =00.70hwas @ssemednfopthie patient.dn Hlapeatisleece arfreiect peripheral

s well as inprovi co. descr i
roffiEn ropas BPEE G e EEPBRE Tt B A AT L giagessumed
to bertheaghieal ﬂgbltéﬁ%dcv&lﬁ@&opé BlU0D mimel THUE §hawe bN-7.00D was
Figure 5. Table 1 show ones
assumed for the peripheral refractive state (i.e. +1.00D more hyperopic relative to
central refraction). In this example, it was decided to enhance the myopia therapy

effect by introducing an additional amount of myopic peripheral defocus of +1.00D.

The practitioner of this example did not have access to computer programs for ray-
tracing an eye model. Hence, the approximate formula for calculating the starting
design parameters was used. Thus from the above parameter values, we have for

the equations from the previous section:

A = central refraction = -8.00D
B = peripheral refraction = -7.00D

D = myopic peripheral defocus = +1.00D
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possi bl e contact | ens prescription that can achi eve

the lens required for this exanple. Table 1 Wen this
waleosoetsis applied to the patient's eye in an PCT/AU2007/001063

ort hoker at ol ogy procedure, 28he device w Il provide

correct distance vision as well as elimnate the
0 PREIH RINGIAbf Qéﬂlpméralsrefr@btld&wﬁr?ﬁa progression. Depending

on the patient's individual response, it may be

necessary to adJ ust or finetune the paranmeters of the
Rode(:B8eMMHence, the patient's progress with the device

of the above design paraneters will be nonitored

4 fgkudi ng periodic nmeasurenents ofcentral and

peri pheral refractive states as described in the

flowmchart depicted in Figure 1. Exanple 3 A patient
Pu!@@rg\%;élﬁ\%athg?g‘a?ﬁg .thé aQ)%Qeq; gﬁ d@’?.grh\ts faeg‘f‘ﬁﬁf E&htral radius for the
bagk sgrfassobik, 5f9.850pima dmyi shaphcfaetoapo# ég¥p7usi ng the

device of this invention. In this exanple, the

ophthal mc practitioner did not have access to a
Whiler theaé desjgogpanzinyetey salees @ec got ab geetise atsothoap fthlcutable using a

ri.pher al efract ve tat asure nt was not

e {Fasiid ngdelrheRearsauiichnly Gioee et 1o Aouder 4ped prting design
paRPhéter {AILes Fbi a%m&a féﬂﬂlti‘éﬂﬁ?‘ eRlopH BRFapMdrithisatient.

unavail ability of a corneal topography, a keratoneter

was used to neasure the central radius of curvature of
AsthﬁEﬁ%B%aZ the DRk UpREBE Yesigh lﬁcé%%mmgyth@éé'd'e%@neparameters as

ophthal mc clinical instrumént for neasuring cent

wel @nadditionalperipheraband ¢dge desigialpargmetare tkefaallltah@tcentratlon of

i BEFHA T0E S B SR, AR BpREPRTAL comos i

ordado westdpeotheacornencas el dshienprouingdorpferiesil@flated according to
rrivipg at an apprqxi mate shape for the cornea as a

th%?tﬁpﬁ|q?§0ﬂ69¢1tabPV¢heTh@eF%ﬁUBﬁ%'ft alflgng, designsigigivenin Figure 6 and
based
on S B ROpAbATAB YSRGS (Docd on, ey

Iterature val ues) shape factor
of p = 0.75 was assuned for this patient. In the

absence of direct peripheral
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refracti on neasurenents,

t he peri pheral

refractive

state of this patient was assuned to be the typical

w@omBiostsed val ue for a -8. 00D myope.

-7.00D was assuned for thez2peripheral

(i.e
Tabgs pact i on) .

In this exanple,

refractive state

+ 1. 00D nore hyperopic relative to central

it was decided to
enhance the nyopia therapy effect by introducing an

Thus a vabPCEAU2007/001063

frrongl anou ofEe My ppi C FTPNeT Al A&t OCTweBT wareraL
1. 0Q®ciofHe PEECT i ti Oner | Gfendnhifs eskmnpl eowdk d| mereh hvaeoe

SlaMg 4 m %‘? or T?fr Qg aNVYEf g _aﬂ")fxﬂ% nn’%ﬂftn XX xxxx | ZONES
NDdehermiiRcR s»tahe appr oki mate [fornul & for cpl cul ating
t he | i a7 $aPU de i7ey *BY Anemey 9 WAk usedeoe Thils iy om e 4
3B0Y.6—p SR L'.Ell H_ES’ TiOTALi : r—{-ha E_E]Llﬁlf I_nng Heom
t he | pegyi[oUswsedtion: Al sueentlr aburetractiop =, -8 QR | o
B =|pew:k ghetalss | ef riaCt | P lreit 4. QOEED] Zmd@P| Guckness | maxsac | Lanom
per jlpieieal  Hef o¢us X=X + . O®Dg |= FiFel i 2l e) ofxx XXXX s

. peri ph@ral P r dct i%n. =1 3520 |= 1ogQ rmq.o?q =1 qowg 2.090 0.20

[T I WHE- VIR N -V v i oot aboyia ot i~ rotlrne A
T Uual T hhﬁ‘[ ITCEA& Va.] U’g‘gfl II FRb UI'LW \N,r, U| N,Il J % %NTM FRONT
t ar gedregqntdial §adivkks f br otk e bagks SYr fegee ch ~ CURVE | JuNCTION
9. 3557 DrITUm and ShdSeP f gTCt )gl)lf( 4 1 I~157 S V\hFI lO% thGse SAG THICKNESS
desi| diiohdr affgif et “VELNEY | afdonqgt % P S E Bsolhop &l | Moo
Gl GUS HPTIC Thog TTY A4 158y ™ G Y TRET 1 iRy B B 0492 0.096
sulf 11 €352t T ywsocl oSe4as Tt O mzo)w deigood Skar T] nge«des gy 0.136

ne2br vEles fHI0 5 Hevibe |f k0] nilt 0480 ng HPDOpl al.%06 0.120
Pt 4 7320 ¢ 0, 0000, ; 1 0300 1 TRA ¢l 0088 -} 105000 [ 9028 iq 906 0.120
et ] OrB0 TIYT0.000T FOPHS00 T 7A% V0000 [ L0300 | 0928 - § 1506 0.120
ST T A% JESE.0gd! CRHPOT gt Y {TTeRk UES Ut PR 6BE L BT 206 0.120
as_ Wwetho ds eodi {1 onabd  pEr rpherial coand] eda® JESL.ON 1,906 0.120
ﬁa[aniaﬁ(brc 8080 f AciPi® at b G&ht riat 198N of H5We detPtel widtsh| 0120
P Al 23320 | 0000, 0300 Lo 7420, 3000, L 0300 o f%& 1006 0.120
Sofi = [ 730 [SPEAY MO 0K P PPThe T Eos0 T 0300 | ' 2087 [ 1956 0.100
tire Torrieda 1711 0 (S} LU CoTTapT U1TIie L UT 1T A, daS— Wl [58s)

i mproving confort is calculated according to the steps

qu&\?‘/gwﬁ]é ?8\%&38&3?‘@!@% Otﬁ@%‘éltigm e{/é ﬂ'% clo?r?esal qgé’ﬂa%rﬂwd Erocedure, the
deVIce will provide correct distance vision as well as reduce or eliminate the

peripheral stimulus for myopia progression.

Also as in Example 2, and perhaps more importantly since only an approximate
starting design was used, it may be necessary to adjust or fine-tune the design
parameters of the device following some initiate wearing/treatment period by the
patient. Hence, the patient's progress with the device of the above design
parameters will be monitored including periodic measurements of central and

peripheral refractive states as described in the flowchart shown in Figure 1.
Example 4

A patient was found to have -6.00D of myopia. As in the previous example, the
practitioner did not have access to a corneal topography system and peripheral
refractive stafe measurement was not available for the particular patient. Thus, a
keratometer was used to measure the central radius of curvature of the cornea. The

keratometer found a radius of 7.80 mm. From published population average, a shape
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an exanple of a prescription table in Table 2. Table 2
When this device is applied to the patient's eye in a
W@ ormeads44 eshapi ng procedure, the device w il PCDXUR®7/001063
correct distance vision as3mell as reduce or elininate
t he peripheral stinulus for nyopia progression.
factor®f pn= BXEnphe aBsumed foethiapstienr Ehe mmphgmnryfrg@n@estate of this

st i RRL T oLl PRy Tot3 5 gt b, Thus

valu® I 25B0eS Wa@faésﬁméiﬁwﬁﬁefﬁérlphMQQe&aﬁme Bta'te alrethis example, it
wear 1 ng/treatnment period by the patien

was dadidadt e enhsgcesthenmyppiadherapy calfent b R G grditional
amoﬁ@ﬁéﬁgﬁ@ﬁtp‘@r@mew r#@?gk?d a(%f‘éw‘bp‘gg‘lﬁl Wl’ﬁ?c?% 'regg%ll"?%réeral field angle

of 25"t\ﬁé§§la&ﬁed@s&hemmng ficlearidlewé trerapghown in Figure
. Exanple 4 A patient was found to have -6.00D of
nyopl a. As in the previous exanple, the practitioner
Agaft, ds e thd previeus exambie, aag-tranieg| sdftymrgrfapbyrrwyngmra%tﬁ model

eri pheral refractive state sure
wasg\gaame@tﬁtgef bl,enpﬁeti}gaqmgqre@mgg%{ %@atn}]g he starting design

paréﬁ?ét@?sqnséﬁg yas used to neasure the central r adi us of
curvature of the cornea. The keratonmeter found a

radi us of 7.80 rrm From publ i shed popul ati on aver age,

= 0.75 was assuned for this
aneﬁ?fr&%e perlp eral refractive state of this
patient was assuned to be the typical published val ue

ang us a value of -5.00D was assuned
B= %8F|pﬁ%rgplbegl%l8ﬂﬁgra rdcle—t?r active state. In this exanple,

it was decided to enhance the nmyopia therapy effect by
Q,Qf]% oount of nyopi c peri pheral
D= H&O&Z(gggﬂoé%lgp%%%gu% I's case, a peripheral field
angl e of 25 was planned as the starting field angle of

_Lkher vi ous exanpl e,

'%‘%@-eﬁ% %&Jﬂ}‘%‘?ﬁﬂ g"}r)]ﬁc?nf)gutl ng an eye nodel was
not avai I abl e. Hence, the approximate fornula for
_C?|8%ur|n%ti ng the starting design paraneters was used:

o .

p=0.75

Putting these values into the system of equations from the previous section returns a
target central radius for the back surface of R, = 8.912 mm and shape factor p =
5.268.

These key parameters were translated into the final lens design according fo the
steps described in a previous section. As discussed under the section “Definition of
Zones”, it was found in this example that, due to the large amount of asphericity
required of this back surface, a two-zone approach would eliminate the problem
associated with peripheral zone contact with the peripheral cornea (which reduces
the treatment effect over the central cornea required for correcting central refractive

error).
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A = central refraction = -6.00D B = peri pheral

refraction = -5.00D D = nyopi c peri pheral defocus =
wo-0080Dsae = field angl e of peripheral refractiPOI/AU2H7/001063

RO =7.80 mp = 0.75 Puttid3ng these values into the

system of equations fromthe previous section returns

@C%%rz ﬁé‘&éﬁé %ghﬁ%hr, %% c}_ell; I'IQ%(% lébéﬁéé (A%%eadgpté@ The resultant

nd S
finaP ag@gTelesioh M@isistmaofs laad:miralrm;mdahezoﬁermid laengn;d"@g’abtherapeutlc

zor%;gs?grglglﬁrq Pg(glitré] uéfg%(am{ggﬁééqgér%§é@?§|%ﬂ{a%&%ﬁhl§ final lens design
q%%r}glﬁ Tabld 3“@?1&19@@' it dhrf Bé Se8X AR e tdaatral 6t and (rew labelled

e anmount of asphericity required of this back
as 17"} hee a ahanmfapmfeofa@pr@mow i ie e eaNYENHOR|SPherical surface

orBELPhSE, BRRSHP 58 ntt PRI SRSyt e, s

shtld Retor@uRluldtbe aending tocibensovedtie] 5.288).or correcting
central refractive error).Hence, a two-zone design
approach, as descri bed above was adopted. The

TabRes3! tant final lens design consisting of a central
optlcal zone and a peripheral therapeutic zone, is

FIgur[e Axe AN] exanpl e 1 eng pnces_cirnm meRabl e

fT orlmm PURE! | afhs dpstirr s VTV en R TEREE" BuaihB | zows

|a e—o,Tt-CcqIr oe seemn tnag tne gentraliy opti ¢ zoneg

7?@??}3(13@;5(%6A ASyor s hS| " saeMIA$  BucSNAPEoh AQt Ol Of Pw=}0 4
icating 1t [Ts a cohvepnti¢nal sphericdl surface

[ . BASE
opt I Ecaﬂ!u, Z%ﬁg@ HOV\BVGII‘ sgm e?\g}UALZ( n@mmbe' ng t he:URVE EDGE
per|i phar|lakcdddr apeut i £ xzane) thass t|hecxshdpeodea e | o
cal letiost lodoosc clor dhg 1 o Fhel aliiie | 0-% £ 05 o] Xox ) Xxx
~ oyl opoo [ 0103 L %65 < 217 . 10.99 0095~ | CemX A" 2.05'4“1?| %.zo
S—H—tSs—trportant—to—enphast se thdt _t e [ mpor tant
vall aBE | &sENOjt (5@ a 39 1 &I NTOT]  trkpRy BASE FRONT FRONT
CURVE CURVE CURVE CURVE CURVE CURVE CURVE CURVE | JUNCTION
RADIUS WIDTH SHAPE FACTOR RADIUS WIDTH  |SHAPEFACTOR|  SAG SAG | THICKNESS
XXKXX XXXX XXX XXKKX XXXX XXX KKK | XXXXX 0.XXX
1st 8.912 2.500 1,000 8.942 3.000 1.000 0.453 0.518 0.092
2nd 8.912 0.500 5.268 7.200 1.250 0.600 0.672 1.204 0.140
3rd 7.300 0.600 0.300 7.400 1.000 0.300 0.953 1.890 0.123
4ih 7.300 0.000 0.300 7.400 0.000 0.300 0.953 1.890 0.123
5th 7.300 0.000 0.300 7.400 0.000 0.300 0.953 1.890 0.123
6ih 7.300 0.000 0.300 7.400 0.000 0.300 0.953 1.890 0.123
7th 7.300 0.000 0.300 7.400 0.000 0.300 0.953 1.890 0.123
8th 7.300 0.000 0.300 7.400 0.000 0.300 0.953 1.890 0.123
9th 7.300 0.000 0.300 7.400 0.000 0.300 0.953 1.890 0.123
10th 7.300 1.700 0.300 7.400 0.050 0.300 2.055 1929 0.099

It is important to emphasise that the important variable is not the asphericity of the
eye that is corrected by the method of the invention. The lens of the invention is
changing the focus of the peripheral rays coming into the eye from a selected field
angle which is typically above about 20°. The important design variable is,
accordingly, the local radii of curvature of the reshaped cornea (and hence, the lens
back surface) at the position that corresponds to light rays from the peripheral field
angle. Hence, by understanding the optimal shape of the cornea post treatment,
particularly the shape of the cornea in the peripheral region of the eye the back

surface of the treatment lens can be accurately modelled and shaped.
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eye that is corrected by the nethod of the invention.
The I ens of the invention is changing the focus of the
w@ersphsial rays conming into the eye froma seP€AE207/001063
field angle which is typicakly above about 20. The
i mportant design variable is, accordingly, the |ocal
In esstiricedhe cuethatistepealchiate dwhapisting docea eier@gi‘h dohesfeastive power)

o U5 efnaited blAeRhaglos 160 B5H Wi o epairg ano at e
pefPHEre. Thl%ri§%o@1n#ﬂ]i@ﬁl&z$h&ﬂé'dégetd’fera?mfdd'ﬁgn(ﬁ’@ﬂ% @fand explicitly

the cornea post treatnent éBartl cul arl e shape of

byt the csusdiani methed pénepitst &). riBgnonthis an@ thee ltrmrvn (either by
megggrlﬁn?éﬁc}fc?rc tﬂﬁatéggeﬁﬁaqaatn'ae 2e! éh‘l%he mﬁ{éﬁﬁ\ge gfagpsgf fHeynatural eye,

I'n"ess
it Ceﬁlbwd:ait:watddehwIrﬁm¢h190\f\/ecaéedi§fwb@ added rcﬁfsruamabte@ at centre and
of the nat cornea by calculating the |Iqg

al
perﬂ%h;ﬁrus Féﬁth@S%éPﬁ? a"&ﬁ'ds'éﬁ‘pet Nerigiansthe y\ewhmoglrﬁg power at the
[P §

o R Bl ORI, R thE 6 L8R L APUIR  respeciive
targeti Qermwadhts (Wmd(tergdh eeripyenab eeslir(@eand Bh) et bewakllated.

central and peripheral refractive states of the

natural eye, it can be cal cul ated how nmuch power needs
It is ompertadtdéx note Mtthata art two cadit far Mdpﬂmhqmeirms is due to the

kel DR BREERN GHIeEhabRIalE: st per pRgle) esfpmatsm

whersaherd Bhe @ sifiglenshahe fssal Ebﬁﬁ\‘or@ fisheraD®nage, but in effect, two
respective target centre radius (RO and targe

diffgegntdliee ghapedirpther team meink shapeghfas (atright apgles tpteach other).
petl _ :
Tl AR5 e, SRR Sl BhobliEiiel G iobhin, 1 10, o these

derrati on

sagitihl st fani@leht]alefoaa$ | thord issarﬁagxttal andl tarigential g;fﬁctlsmpower and a
V\/nerebyt ere [ r} a sln e sh é)focal 5_0| nt for

re%@pt'\fﬁweﬁagr rgfi apgential algre s P@n?v%'lﬁgﬁeOf the two

astiiaRe RB E%fs fH@ R0 ;?BwémW%éé?Fgo%F a% 'tl%htc?\épé’deeﬁenpheral

ese ocl are the s grtt
powar gEmanle J mchhecﬂbm/stecgmm}amhld?ms tbaateavéstt dvesage focus for the

sagjttal ent focus, there is a sagittal and
€Y§ Qﬁﬁ@if)?ﬁ gﬁﬁ@@ﬁr\g ‘power and a respective sagittal
and tangential radius of curvature. The average of the
In b%ggt | mﬁéﬁwc a&g’pgégs L;%haﬂ%{rg?&cglﬂlmﬁ{é dggilga fof the cornea (and

associated orthokeratology lens designs) only defines the tangential radius of

curvature. This is because the sagittal radius is governed more or less by the
rotational symmetry of the lens being made on a lathe. Thus, a local radius at a given
point on a lens's surface is calculated, it is the cross-sectional radius, which is the
tangential radius that is calculated. In the equation method (method 2), it is the mean
power needed that is calculated. The tangential and sagittal power are then
estimated from a “rule-of-thumb” calculation which has been verified by research on
the "zonal compensation factor" that works best. From this, the asphericity is
calculated. In the ray-tracing method (method 1), the initial assumption is that the
surface is one form (of any of a number of) type of aspheric surface (such as a

conics section, polynomial, etc). Once the appropriate assumptions and
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powerl (Fp and F p in the above equation) which is the
near est average focus for the eye at that peripheral
wo c@Bd1#myl e. I n practice, when the cornea i s PEFAER®A001063
typically the design for th# cornea (and associ ated
ort hokerat ol ogy | ens designs) only defines the
appogiemtics hawb beenfmads \the Woftwalbi gnd protResysard MRed to find the
%qjtta r adi ﬁ% & overned nore or |less by the
i espheficiyiawvilatvs theveprreRgalsenagn PWeTon a | at he.
Thus, a local radius at a given point on a lens's
urfgce is calculated, it is the cross-sectional

Fiphes BdS anfeiatiye; irvafrg ghijeld: plal illusketing theaimage surface of a myope
wﬁl@'rélﬁh@él?%ypbfbrﬁ@@e HQHh?ﬁ‘e g@hgﬁ&e{ g‘ﬁ&g}éﬂ@ axld al Axial Distance

mean” power need t ha
= @aﬁﬂg@ nepreseatsdhe agting.alCyrvatere af dielchisnsest bswt eldaridedn the image

sffpadesifin feiiVBe o ST eSpkiaale diteaseoFor exampie, when this
patiahk s FeSsurdd ckAira) re‘fﬂ%a%tléﬁ QIBWe'r‘HIédk ({1}1§nﬁf’f‘1|d? Wv?‘rﬁé’ge point is in

Inthera-tracmg met hod (et hod
fropdseinpreasiive saxial 'Staﬂ&eédhﬁai%lnﬂsaweaﬁmonn(abélya-@mm of myopia

WS sl Y HBBLC LYY b 8 Eal LRSS lcanalo of oo
3zfs(snpppt black dasmiam))r the fortl p@ﬁtldjha%@ré)%etﬁemﬁdiﬂwé R&ina and hyperopia
fs V\$+@ i")?? E()jcessor are used to find the best fit

Ol ABH 4id be megsnured. ¢ ﬁéC@'MMQ)BW@t@aﬁ’@@@SM@mth it is this
h i6 def r t €

yfﬁlelg%ﬁs : r(%t ?Cﬁnigaltn tgllelé’én% B@eﬁz &I;{%C%Hrﬁ?lﬂg ér}}y i)QI %chlkth leading to myopia
preglessione| y hyperopi c defocus in the peri phery The

vertical axis at Axial Distance = 0 nmrepresents the

retina. Curvature of field is seen as a change in the

FlQW@g% sbows ceelativsi eurvature loffieldeplbbsinfilar tetiguread Heed,dhe eye of
is

r l. e en this atlent
Fige SaRbpE ated by iR Pt umesr Bithed! suriarsremploving the
méthedi amd) dertpdasighSofi thef b%ﬁen?ﬁmﬁéﬂﬁ%ﬁt 'ItVS ﬁ"?eaEe n that the central
di stance) the retina and apprOX| mat el % ?

imﬁpsptpcanwﬁnrasme%wsl@mn bi a@w@wnpnd\m fie$ reec theo neting mdlcatmg
T LAE% o B8 2R, R BB, AR Bt

of ahel pleylpiaemblcarrm‘al shap@ of the @J@é?semlirh\ﬁerhi@)nn”ﬁﬁas H’(cﬁg -peripheral image
c%rdln ﬁe(teachlngs of Smith, it is th

pom S per black diamond at 32° field angle) now lies |n front of the retina.

(For example, a refraction carried out at this peripheral field angle would return

approximately +1.00D.) By placing the peripheral image point on or in front of the

retina, the stimulus for eye growth has been reduced or eliminated, thereby retarding

myopia progression.

It will be understood that the invention disclosed and defined in this specification
extends to all alternative combinations of two or more of the individual features
mentioned or evident from the text or drawings. All of these different combinations

constitute various alternative aspects of the invention.
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hyper opi ¢ defocus in the periphery that stinulus eye
ball growh |eading to nyopia progression. Figure 9
W@ bwsw14544 el ati ve curvature of field plot simP&Er/AU007/001063
Figure 8. Here, the eye of 3Figure 8 has been treated
by reshaping of the anterior corneal surface enploying
It Whie afset bo dingletstb 6 ShateheaBrATcOMPriBESSRIMitsd GIRnLAEa! variants) as

It can be seen that the central image point
useghindbisrirasifisatipaik pavivalert th hedeamnineludast amd sHoeild not be taken
i i, il j I [ or has been
aif%%@??%@q%g?%%ﬁgggﬁgkﬁﬁfﬂ%ﬁ;ﬁgﬁgf%%“?% mani pul ati on
of the peripheral corneal shape of the present
i nvention, the nore peripheral imge points (e.qg.
upper bl ack dianond at 32 field angle) now lies in
front of the retina. (For exanple, a refraction
carried out at this peripheral field angle would
return approximately + 1.00D.) By placing the
peri pheral image point on or in front of the retina,
the stinmulus for eye growth has been reduced or
el i m nated, thereby retarding nyopia progression. It
wi || be understood that the invention disclosed and
defined in this specification extends to al
alternative conbinations of two or nore of the
i ndi vi dual features nmentioned or evident fromthe text
or drawings. Al of these different conbi nations
constitute various alternative aspects of the
invention.It will also be understood that the term
“conprises" (or its grammatical variants) as used in
this specification is equivalent to the term
"includes" and should not be taken as excluding the
presence of other elenents or features.Clains: 1 A
nmet hod of altering the profile of the anterior surface
region of an eye of a patient to achieve inproved
vision for the patient, including the steps of:
assessing central and peripheral refractive error
paraneters for the eye; determ ning the optinal
anterior surface profile for the eye, including at
both the optical centre of the cornea and at a
sel ected optical periphery of the cornea, which

SUBSTITUTE SHEET (RULE 26) RO/AU



10

15

20

25

woul d result in a desired refractive correction to

achi eve good vision for the eye and the desired
w@essphsnal refraction (curvature of field) forCT/AB29/001063

for controlling progressionsof nyopia; and treating

the eye of the patient by applying an orthokerat ol ogy
cidimgs to achieve said optimal anterior surface profile.

2 A method according to claiml1 wherein the lens is

sel ected so as to have characteristics which wll

1 I esAllhethBd tdfealePing Bk prbfilcobiie Shtctibeseiscd eédien of an eye of a
reserved. 3 A nethod according to either preceding

patigndioraeltieve improved dision & the pepaet iclyding the sleps of:
(curvature of field) is selected such that the
peripheral retinal inmage is |ocated nore anteriorly

assesaingtaestiabane acrigherahtaffasiive etior erameisrafor tbaeyef
claims 1 to 3 wherein the pre-treated shape of the eye

i s determ ned by neasurenent and the orthokerat ol ogy
deteemining theeloptimed asteridtasurface prefile fenhthefeyehdnayding at both the

opREChEY ohdfe.Oish e B bimiisl Byt R BRaTL BERRE Gomea, which
wogdaekult in & desireddefactivdltdrgedtioncioaadhivergies e visidfor the eye and
re-treated shape of the eye is determ ned usin

a
theg gapiied roefipberl cepfragfion, Guirvajurm (| Tielg) ,L(Oﬁéhﬁoggle for controlling

pro? d?‘ié‘lgm%’pi%l ghgn 4 wherein the pre-treated shape of
e eye is estimited by neasuring a plurality of shape

defining characteristics of the eye, and using those

| N (0] . N
iR 81 Bl of (1S epBoft bl PRI Br YT e RIRE GRS, i Fhieve said
optiraldrdemorsurdaeegirofilehe shape defining characteristics

include a plurality of the follow ng: central
refractive state; peripheral refractive state; extent

2 of Aymeihoddadcocdisgtto claihcke wherdihethpelenphisreglected so as to have
characteristics which will result in the epithelial volume of the eye being preserved.

3 A method according to either preceding claim wherein the desired peripheral
refraction (curvature of field) is selected such that the peripheral retinal image is

located more anteriorly than the retina.

4 A method according to any one of claims 1 to 3 wherein the pre-treated shape
of the eye is determined by measurement and the orthokeratology lens is selected so
that the treatment of the eye flattens the optical centre of the eye and steepens the

peripheral region of the eye to a predetermined event.

5 A method according to claim 4 wherein the pre-treated shape of the eye is

determined using a computer assisted ray-tracing model.

6 A method according to claim 4 wherein the'pre-treated shape of the eye is
estimated by measuring a plurality of shape defining characteristics of the eye, and
using those characteristics to estimate the overall shape of the surface of the eye to

be treated.
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initial pre-treated central radius of curvature of the
cornea; initial pre-treated shape factor of curvature

wo@toosletsaor nea; and field angle at which peri pp€r/an2007/001063
refracti on and myopi a therapy defocus is to be
applied. 8 A nmethod according to claim7 wherein all

7 of ‘?ﬁé’th‘(‘) a%@ﬁr@fngs E%irﬁrﬁ WESEH @M shape defining characteristics
orthokeratology contact |ens having an anterior

inclade basleradidoBthpdellevingr surface, the posterior surface
adapted to be placed in contact with the cornea of a
wearer's eye and with regul ar wear over a period of
t i reentral refedtdipe stdie; cornea, the posterior surface of
the lens conprising: a central treatnent zone adapted
to overlie the central optical region of the eye, said
cergeriphetalaafrastiie stateg having a radi us of curvature
which is greater than the radius of curvature of the
central optical region of the eye; an annul ar
perdxpdetrofl mysEadetotus 2o ireludkiio thé pedpneiyguous wi th the
central treatnent zone and which is adapted to overlie
t he peripheral optical region of the eye, the
perihiPpr-tréatedtoeniral zeies diestirmgtuse phthieusoroéacur vat ur e
which is less than the radius of curvature of the
central treatnment zone; and an annul ar centration zone
whiiaftial pre-Brebicdushapevittor ehcurvature ofitlse tormepeangher al
treatnment zone, the centration zone having a shape
whi chappr oxi mates the configuration of the eye in the
r el pigld BEwRich peribreralyrefrattien dadahyopia therpyidafatus is to be
optical region of the eye; and wherein the central

appliesat ment zone is adapted to shape the central optical
region of the cornea into a configuration which wll

result in axial |light entering the eye being, focused . .
8 on br malbes. esrorded! ks QAN HG WBAWH kil PR Sharacteristics are
| pheral treatnent zone is adapted to shape the
m%gp%egﬂeral optical region of the eye into a
configuration which

9 An orthokeratology contact lens having an anterior surface and a posterior
surface, the posterior surface adapted to be placed in contact with the cornea of a
wearer's eye and with regular wear over a period of time to reshape the cornea, the

posterior surface of the lens comprising:

a central treatment zone adapted to overlie the central optical region of the
eye, said central tfreatment zone having a radius of curvature which is greater

than the radius of curvature of the central optical region of the eye;

an annular peripheral treatment zone which is contiguous with the central
treatment zone and which is adapted to overlie the peripheral optical region of
the eye, the peripheral treatment zone having a radius of curvature which is

less than the radius of curvature of the central treatment zone; and

an annular centration zone which is contiguous with and surrounds the

peripheral treatment zone, the centration zone having a shape which

SUBSTITUTE SHEET (RULE 26) RO/AU



10

15

20

25

will result in peripheral |ight entering the eye being
focused at a location anterior of the retina of the
woe@sor45440 A |l ens according to cl ai m8 wherei PCT/AB2007/001063
configurations of the centBal treatnment zone and the
peri pheral treatnent zones are selected such that in
use i ba t €M et@je ;
dur ?Er)]g%tx Eg%ttbrgr:ﬂrr}]? . E(ﬂﬁﬁ,&w %ﬂgorrgggltn%ﬁtﬁ ag]}/\’tﬂléerﬁgaloﬁc f{Lj}{olﬂléngye radially
a | enavaidepf thevperiphatakoptival sagibrpofktherdye; surf aces,
and wherein the posterior surface is configured to
alter the shape of the cornea of a wearer to both
and véreapisthe cghtral reginesryt zohe ip adgpleddp ehape thy @meniral aptital region

or B HhER RS KRB E60n bRl TRES L 80 T <548 e v boing
foquesatiran of BBBLTHY raticonthed WearkrCARE aNE petipheradpdithiint zone is
to shape the central region of the cornea to a

adgpfed; tgushapedhevperihespl opticak igaion f #e gye|intgha configuration which
; I e ed,0 ' f 2 .
R e g oREer (R P b g B ! tobfon anterior of
the redinb o the weaeeradj acent and contiguous with the
central treatnment zone and adapted to shape the cornea
in the peripheral region of the cornea to a
10conAilegns atcadinghoctiaim Blwhiarsin thei sonfiguigtioas alf thé gbhtral treatment
ent er,i ocused atq{gggositi on anterior

oo SR R ol 2o SRR el B ELb e pthoa

volRfHY 6fthe @3N Hesietdined ALty irBStRGit pheral treat ment
zone and adapted to nechanically [ocate the eye with

respect to the eye. 12 A nethod for correcting and

117 edNCédEehiN oMbl &GRS iftiudiig B RiMsahbdy q‘\'ah/ﬁ{d Bfter an‘% posterior

shape of a patient's cornea conprising the steps gf.
surdagsisy iang whemsin Kb erosteriospuriasads tconfipergaatd alier the shape of the

[n t e i pduce a.specific desired alteration .
cofidal o YiedBEES Bom MtiERe iRl drbidss ShRLaRerSSt Gheiria, and
sinfule@eoesty icorveef foriydat réfiictise eRBl Ak podldrftisu¥f@ce comprising:

state; and simultaneously inducing a specific desired

alteration in the patient's peripheral
an optically active central treatment zone having a concave shape adapted to

shape the central region of the cornea to a configuration which will result in
axial light entering the eye being focused on the retina of the wearer;

an optically active annular peripheral treatment zone adjacent and contiguous
with the central treatment zone and adapted to shape the cornea in the
peripheral region of the cornea to a configuration which will result in peripheral

light entering the eye being focused at a position anterior of the retina; and

an optically inactive annular centration zone surrounding the peripheral
treatment zone and adapted to mechanically locate the eye with respect to the

eye.

12 A method for correcting and reducing the progression of myopia by altering

the shape of a patient’s cornea comprising the steps of:
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corneal topography to produce a resultant peripheral
refractive state, said resultant peripheral refractive

W@ t@s®i43ei ng rel atively nore nyopi c than sai d pOr/AB2M02M01063
central refractive state. 38 The nmethod of claim 12
wherein the step of inducing a specific desired

al ter %%Bﬁ{l/}]q Qnt 0@@{%@62%3@@@{6 gf@béﬂierﬂ%ré&ﬁéa to thereby induce

a) t opog ncludes Ition step of produci ntg a
a speEfE ldesirde silteestionl incthatpatient's cehtrapaeineat topography o produce a

peri pheral cqrneal topoaraphy; ereby said peripheral
COfEQﬁ“ﬁQé?fﬂi‘%B@H‘?&rﬁWWr}t'@gﬁ%&ﬁVé sée\{%e?p heral radius of
curvature between #. ## | nd #. # n 14 e t .
simofobams 1o o ghael ety Saimorsty TS SEIIRY peripnera
' f bRJul t eBk \iphvaral staw, el resultant
corﬂgé%{é)ﬁ)ggﬂéﬁ Iﬁ]@’l Blgiédg Ictehéetﬂ(sz;sdu(‘%I)ti%Pit gﬁgi}ﬁ%‘?ggéfg%&pr o?duci ng aresu an
perifesal rafrabtise retateabeing aelativelynmore nyapie thar said corrected central

peri pheral corneal topography; whereby said peripheral
refigstive siat®opogr aphy results in a peripheral radius of

131 o iR e tpe 8 CpitT dSev B St 1he SiAR. PR Bl Sidkiic desired
alt%?é%ﬁgrﬁrﬂgé ggﬁgﬁl@s‘:béﬂﬁéﬁaf&&ﬂe‘éﬂ apteindidids iheahdditional step

ucing a resultant peripheral refractive
of giratiacingeaeispesticd desised t alferatien i jghdhal patigntsctrafipheral comeal

state is petween_ Q. -di r d ' r ;
ONUERITY t W ﬁreﬁ(n??' I %gg%%@ ic\‘f/)Zn %‘a&o@o gli%%{ ian%su ?\ or peripheral
radhid 6f EMFatre behiadsn Piampran@#if#smenr nea conprising a

central optic zone, a peripheral optic zone, and a

14P€er i pher@inmdBsd Mitam 72hehvksyieihe stepdbfdaauciag eoppecific desired
zone is generally circular, and conprises a en?%?l Ig,_

alterationvie tbaqatient's aedpheral gomant AorodiapRy srlﬁllfcgﬁﬁat additional step
sai d central j C i ect c j t

of pBierus € rRBIe” (EBE o AISUEG C FECPRionts, Rrlitral comeal

topdgrhgny; Owheebise saids pefiphéral desnesidtapogestty oesults ime peripheral

patient's central corneal topqgraphy to produce a
ragjys ok suveiIrgoatwaeh Hremm §n@%€#§‘|”¥-r efractive state

and wherein said peripheral optic zone is i
15 The method of claim 12 wherein the step of producing a resultant

peripheral refractive state includes the additional step of producing a resultant
peripheral refractive state wherein said resultant peripheral refractive state is

between 0.25 dioptres and 6 dioptres more myopic than central refractive state.

16 A mould for altering the shape of a patient's cornea comprising a central
optic zone, a peripheral optic zone, and a peripheral mechanical zone wherein said
central optic zone is generally circular, and comprises a generally concave back
surface, said concave back surface of said central optic zone is selected according to
the patient's corneal topography and central refractive state to induce a specific
desired alteration in the patient’s central corneal topography to produce a correction
of the patient's central refractive state and wherein said peripheral optic zone is
generally annular and surrounds the central optic zone, and comprises a generally
concave back surface; the curvature of said concave back surface of said peripheral
optic zone is selected according to the patient’s corneal topography to induce a

specific desired alteration in the patient’s peripheral corneal topography to produce a
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general Iy annul ar and surrounds the central optic
zone, and conprises a generally concave back surface;
wo b@souseat ure of said concave back surface of PEEHAT2007/001063
peri pheral optic zone is sabected according to the
patient's corneal topography to induce a specific
reSl&int Yriphbl ababtivd stdis; E@H' @%biténtpﬁéﬂimﬁ%lalr b8 Atate being
t opography to produce aresultant periphera ré?ractlve
reletively merg Myepicuhaarsaig eeniphloefiactivf state and wheren said peripheral

i relati.ye e i c _t.han [ ntral .
el 286 o¥ ehelRl kiRt Ank ARArolkE JREidrBheral optic zone, the
cuPREM@NLE dhe 2RRR befaRNF adiy pRRPHERN rABEhEMEAIOERES is NRlected to

peri pheral optic zone, the curvature of the back

fadlifptespliongrerdang ¢rattigiinarad theBamithwihithe patientss eamest ed
to facilitate alignment and centration of the nould
17wi t h t hlee paguld reccording rie £laim716 Neaving bdcrass-sedtionaltdiameter from

oo BBEbIR SR aRRB AR 186BRL ) rc”

1Ganer o TG ROUK 2R dhEn 8 arizk Whisrei e iarfater of the central
oplietzBRE s BNEen3abBlt 3 ¥nPaRds mm.
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