-1- OPHTHALM C LENS ELEMENT FOR MYOPI A CORRECTI ON Thi s application clains
priority from Australian Provisional Patent Application No. 2005905621
filed on 12 Oct ober 2005 and Australian Provisional Patent Application No.
2005906150 filed on 7 Novenmber 2005, the contents of each of which are to
be taken as incorporated herein by this reference. FIELD OF | NVENTI ON The
present invention relates to ophthalmc lens elenents for correcting
nyopi a, and met hods of designing such | ens el enents. BACKGROUND OF THE

| NVENTI ON To provide focussed vision, an eye nust be capabl e of focusing
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referred to ggréhceMyopi c eye. The resultant condition is referred to as
nyopia, and 1s usually correctable with appropriate single-vision |enses.
When fitted to a wearer, conventional single-vision |enses correct nyopia
associ at ed WENDESPINAENYICHN 0N Meaning that, conventional single-vision

| enses correct nmyopia associated with vision that uses the fovea and
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vi sion, recent 'résearc as's eviewed 1 n A. Stone & D.L. Flitcroft
"Ccul ar Shape and Myopia' (2004) 33(1) Annals Acadeny of Medicine 7) that

par axt ai. ol kRGN R FHERRERTIPN 20 ¢ cyes tend to display | ees
nyopia in To provide focussed vision, an eye must be capable of focusing light on

the retina. However, an eye’s ability to focus light on the retina largely depends

on the shape of the eyeball. If an eyeball is “too long” relative to its “on-axis”

focal length (meaning, the focal length along the optical axis of the eye), or if the

outside surface (that is, the cornea) of the eye is too curved, the eye will be

unable to properly focus distant objects on the retina. Similarly, an eyeball that

is “too short” relative to its on-axis focal length, or that has an outside surface

which is too flat, will be unable to properly focus near objects on the retina.

An eye that focuses distant objects in front of the retina is referred to as a
myopic eye. The resultant condition is referred to as myopia, and is usually
correctable with appropriate single-vision lenses. When fitted to a wearer,
conventional single-vision lenses correct myopia associated with central vision.
Meaning that, conventional single-vision lenses correct myopia associated with
vision that uses the fovea and parafovea. Central vision is often referred to as
foveal vision.

Although conventional single-vision lenses correct myopia associated
with central vision, recent research has shown (reviewed in R.A. Stone & D.L.
Flitcroft ‘Ocular Shape and Myopia’ (2004) 33(1) Annals Academy of Medicine
7) that off-axis focal length properties of the eye often differ from the axial and
paraxial focal lengths. In particular, myopic eyes tend to display less myopia in



-2- the retina's peripheral region as conpared with its foveal region. This
difference may be due to a nyopic eye having a prol ate vitreous chanber
shape. Indeed, a recent United States study (Mutti, D. O, Sholtz, R1I.,
Friedman and N. E., Zadnik, K., "“Peripheral refraction and ocul ar shape in
children', (2000) 41 Invest. Ophthalmol. Vis. Sci. 1022) observed that the
nmean ( standard deviation) relative perppheral refractions in nyopic eyes
of children ﬁroduced +0.80 1.29 D of spherical equival ent. Interestl ngly,
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progressi on {gadohdHiReRySSES, or at |east reduces the progression of,

myopi a. More specifically, the present invention provides an ophthal mc
| ens Unfortunately, conventional myopia correcting lenses haphazardly

produce clear or defocused images in the retina’s peripheral region. Thus,
existing ophthalmic lenses for correcting myopia may fail to remove stimuli for
myopia progression.

The discussion of the background to the invention herein is included to
explain the context of the invention. This is not to be taken as an admission that
any of the material referred to was published, known or part of the common general

knowledge as at the priority date of any of the claims.

SUMMARY OF THE INVENTION
The present invention provides an ophthalmic lens element that
simultaneously improves focussing in the foveal region and the peripheral
region of the retina of a myope’s eye. Accordingly, the present invention is
directed to an ophthalmic lens element that compensates for a varying focal
plane of the eye so as to remove most, if not all, blur from the retina, at least for
a primary viewing position. Such compensation removes a stimulus for myopic
progression and thus corrects, or at least reduces the progression of, myopia.
More specifically, the present invention provides an ophthalmic lens
element for correcting myopia in a wearer’s eye, the lens element including:
(a) a central zone providing a first optical correction for substantially
correcting myopia associated with the foveal region of the wearer's eye; and



el ement for correcting nyopia in a wearer's eye, the |lens el enent

I ncluding: (a) a central zone providing a first optical correction for
substantially correcting nyopia associated with the foveal region of the
wearer's eye; and -3- (b) a peripheral zone surrounding the central zone,

t he peripheral zone providing a second optical correction for
substantially correcting myopia or hyppﬂgpia associ ated with a peri pheral
region of the retina of the wearer's eye. An ophthalmc |ens el enent
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In one embodiment the central zone may have a plano refracting power.
Such an embodiment is expected to find application for wearer’s who have not
yet developed myopia, but still require an optical correction in the peripheral
regional of the retina (for example, a hyperopic correction).

The front surface and the back surface may have any suitable shape. In
one embodiment, the front surface is an aspherical surface and the rear surface

" is spherical or toric.

In another embodiment, the front surface is a spherical surface and the
rear surface is aspherical or atoric.

In yet another embodiment, both the front surface and the rear surface
are aspherical or atoric. In such an embodiment, the front or back surfaces may
be formed by combining any suitable combination of surface shapes. For
example, a front (or back) aspherical or atorical surface may be formed by
combining two ellipsoidal surfaces of different curvatures.

In yet another embodiment, the front surface is a segmented bi-focal
surface and the rear surface is a spherical or toric surface. In such an
embodiment, the front surface may include, in the central zone, a round centred



be formed by conbi ning any suitabl e conbination of surface shapes. For
exanple, a front (or back) aspherical or atorical surface may be forned by
conmbining two ellipsoidal surfaces of different curvatures. In yet another
enbodi ment, the front surface is a segnented bi-focal surface and the rear
surface is a spherical or toric surface. In such an enbodinent, the front
surface may include, in the central zone, a round centred -4- spheri cal
segnent of | ower surface power than thé”%?ont surface power of the

peri pher al éprm@ricarb@%m@mt sfabwep Berfa\powenthah e poNt piacel pawsreoftoeer
correspond wth different optical correction requirenments of the wearer.
The central PEOPREBARME- will typically correspond with the on-axial, or

paraxi al , opticafhgeeheftzofB goRiidian@the PéribheranesHeepowdh@r@dpond th

peri pheral zone power will typically correspond with an off-axis optical
correction Mg tenties comecignresiremgnisiifihe wegeest ThRHSAtrAlZonedIert o t he
"of f-axis opgi RpbRA Wi \ i t fcal ¥ rdFRER ire@pt i cal
correction thI!a lggwgé:t S o?:l\fgt@?ﬁélbp%iééﬁgorp%ﬁ%ﬁg‘?%ﬁer egl{éﬁ o{é{ﬂjﬁreeereti na,
for a view by tppweaieorwhareasitos penehasplaong| posser wilblypicAly egreespand éht i al |y

aligns wit gnt&ﬁ%ﬂ?togﬁ@ell cﬁ#gﬁti&‘f {éc{ﬂjﬁe{?m&tthélv@a(?et]. ‘?ﬁ‘?l?is TogdcEAtidregeopt i cal
corrections may be specified in terns of a first Trefracting power and a
second ref r agfer ity thpoVaf-axis optinalscatesntionptequired thyetheewearer,f we gaearefinact i ng

power" refers.. h tjical ' (@RAe) . L ON- Ax|

par axi al opf’ﬁ%éaq? € g??tg(& 'lihéﬁ)corg%éetéﬁ%desgn‘go'b tﬁ %&%@éﬁ?rra gfb%ﬁogﬂ%%\?ﬁgﬁ@%s t he
term "secofw & efewktd positipowe whichefher sptical bkis ajfihe egk substaatisliyoaligns
(typically, t of f - axis. tical, correction) specified for the peripheral
zone. In anWétﬁﬁB%P%ﬁ ?“?I‘?gﬁ?e%%}ﬁl&éi?’éq"?aﬁti ng power is a refracting power
at a radius of PRemefuicy opticat adoreetidne nefy bbespeplitbahnieoms eisa dirstnent, as
nmeasured on the front surface O‘;{}ﬂ[ pgsélpﬁns el enme

nt, .and i nscripes, the
peri pher al r%f@pgn%\pgweé@.ngzq 31514 P Paweg; I érﬁ§td%§9rﬁ)§'88g8@ege.r MThe
required optfirsefef@efii pbiver refdrs tdhend epliciibakctiom@yii®llybethesoeakiticed as a
single value of refracti ng power or_a set of valages of refrac in%é@ower.

Wien requi r 8araR acslcerTecdppL spegfiedfor e pe1TEb Rorsl WISHRAS ©esEEdi fi ed

“second refracting power” refers to the optical correction (typically, the off-axis
optical correction) specified for the peripheral zone.

In an embodiment, the second refracting power is a refracting power at a
radius of 20mm from optical centre of the ophthalmic lens element, as
measured on the front surface of the lens element, and inscribes the peripheral
zone over an azimuthal extent of at least 270 degrees.

The required optical correction for the peripheral zone may be specified
as a single value of refracting power or a set of values of refracting power.

When required the optical correction of the peripheral zone is specified
as a single value, that value may represent the optical correction required for a
particular angle of peripheral vision. For example, a single value of optical
correction for the peripheral zone may be specified as a value of a refracting
power for peripheral vision at a radius of 20mm from the optical centre of the
central zone as measured on the front surface of the lens element.
Alternatively, the single value may represent a mean optical correction required
for a range of angles of peripheral vision. For example, the single value of
optical correction for the peripheral zone may be specified as a value of
refracting power, for peripheral vision, extending over the radii between 10 mm



as a single value, that value may represent the optical correction required
for a particular angle of peripheral vision. For exanple, a single value
of optical <correction for the peripheral zone nay be specified as a val ue
of a refracting power for peripheral vision at a radius of 20nmfromthe
optical centre of the <central zone as neasured on the front surface of the
lens element. Alternatively, the single value may represent a mean opti cal
correction required for a range of angles of peripheral vision. For
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central zone.

As will be appreciated, positive refracting power is not accommodatable,
and thus may induce blur on the fovea of the retina when the eye rotates to
view objects in the periphery of the original field of view. In other words, the
positive refracting power may induce biur on the fovea when the wearer looks at
objects away from the optical axis of the lens (in other words, off-axis objects).
Accordingly, in an embodiment the central zone is shaped and sized to provide
the required optical correction over a range of eye-rotations so as to provide the
wearer with the ability to view objects within an angular range, by rotating the
eye over the range of eye-rotations, without inducing blur on the fovea. In other
words, it is preferred that the central zone is shaped and sized to provide an
area of substantially uniform refracting power to support clear foveal vision
(hereinafter “central vision”) throughout an angular range of eye rotations.

In an embodiment, the central zone “blends” into the peripheral zone via
a blended zone so that the mean refracting power varies gradually in a radially
outward direction from the boundary of the central zone and into the peripheral
zone. Alternatively, in another embodiment the transition between the central



Accordingly, in an enbodi ment the central zone is shaped and sized to
provide the required optical correction over a range of eye-rotations so
as to provide the wearer with the ability to view objects within an
angul ar range, by rotating the eye over the range of eye-rotations,

wi t hout inducing blur on the fovea. In other words, it is preferred that
the central zone is shaped and sized to provide an area of substantially
uniformrefracti ng power to support clear fovea) vision (hereinafter
"central vi som:and the pergpherd! zane arayidesra stepged ofiargesinrefraatingmower as an
enbodi nent , e central zaone 'b(iﬁ[}ds" into the peripheral zone via a
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appreciated, since different wearer’s may have different eye rotation patterns for
different viewing directions, different lens elements may provide differently sized
and shaped central zones.

The present invention also provides a series of ophthalmic lens
elements, the series including lens elements having a different peripheral
aspherisations for the same base curve. In one embodiment, there is provided
a series of lens elements, the series associated with a particular base curve that
provides a peripheral power that provides a plus power correction, relative to
the central zone, ranging from +0.50 to +2.00 D. Sets of series may also be
provided so that a set provides plural series covering a range of base curves.

The present invention also provides a method of dispensing or designing
an ophthalmic lens element for correcting myopia in a wearer’s eye, the method
including:

(a)  obtaining, for the wearer:

(i) a required value of on-axis optical correction, the on-axis optical

correction for correcting myopia associated with the foveal region of the

wearer's eye; and



The present invention also provides a series of ophthalmc |lens elenents,
the series including lens elenents having a different peripheral
aspherisations for the sane base curve. In one enbodinment, there is
provided a series of lens elenents, the series associated with a

particul ar base curve that provides a peripheral power that provides a

pl us power correction, relative to the gentral zone, ranging from+0.50 to
+2.00 D. Sets of series may also be provided so that a set provides plural
series covering &i)r angeeqfiredastuecof oféaxis dpticgr@seation, nthentfi-exis alpsicalpr ovi des
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correcting myopia, or hyperopia, associated with a  peripheral regjon of
the retina of thé)wea? &pnisalegkane RIAWCING) ans BPICA! (CRECEHONIRYSFRPAGNG AV
ophthal mc | ens @{Limakis 8686tHInand 0 the values of on-axis and off-axis
correction, the ophthalmc lens elenment including: (i) a central zone
provi di ng an opt{idal @derieberabrons ryuspodmonienremral t2eaeotheaRparhesalr ect i on;
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correction. |In onerectioodi nent, a nethod according to the present invention

T sy ot 1o, ool O KRR 8 A0 g TR IR RN
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wearer so t Qg)t ngf[errr%lninzgo%% RESY imdo(?/?q-bment and eye movement characteristics of
the wearer; and
(b)  sizing and shaping the central zone according to the head movement
and eye movement characteristics of the wearer so that central zone provides
an area of substantially uniform refracting power for supporting central vision
throughout an angular range of eye rotations.
The method embodiment of the present invention may be performed by a
processing system including suitable computer hardware and software. Thus,
the present invention also provides a system for dispensing or designing an
ophthalmic lens element for correcting myopia in a wearer’s eye, the system
including:
(a) an input device for accepting or obtaining optical correction values for a
wearer, the optical correction values including:
(i) a required value of on-axis optical correction, the on-axis optical
correction for correcting myopia associated with the foveal region of the
wearer's eye; and
(ii) a required value of off-axis optical correction, the off-axis optical
correction for correcting myopia or hyperopia associated with a

peripheral region of the retina of the wearer’s eye; and



an area of substantially uniformrefracting power for supporting central
vision throughout an angul ar range of eye rotations. The nethod enbodi nent
of the present invention nay be perforned by a processing system i ncl uding
sui tabl e conputer hardware and software. Thus, the present invention also
provi des a system for dispensing or designing an ophthalmc |ens el enent
for correcting nyopia in a wearer's eye_,Sjthe system including: (a) an

i nput device for accepting or obtaining optical correction values for a
wear er, the(optiaabrocessoedoi @noceskingsthienweadiragoptida) carreelipni valdeydbue of

on-axi s optical, correction he on-axis optical .. ctl recting
myopi a assoé?%%ﬁr desep ?'ﬂé’bP%\?EQ'Fq‘?%Sg?%Weﬁi a&ﬁoédmggéﬁer %slg%yéféna'%%g(i i) a
required va]I?ua otffax@f Eoreottion apé iopathabwit l@ct élement iheudifg- axi s opti cal
correction for cqrrectin opi a or, hyperopia,associated with.a ri pheral
region of the r e?’) na df° %Sr%?v‘gméﬁé", ORY! _cgr_re%m (ﬁ’rﬁs%’@%?ﬁ%or P
processing the WeRr&i-ass edfrédivh; §8drection values to select or design an
ophthal mic | ens el enent according to the val ues of ?n-axi @@nand of f -axis

correction, the BWht HaIRFrENEhOBE sivEiRUNTRg| 08I FRA FPN% peERherdne
providing an optL&ad FOVNidRGT 4P bptiehlr BSREGBNNGortéddondingewRtR - %I &ff-eRisr ecti on;
and (ii) a peripheral zone surrounding the central zone, the peripheral
zone providi ng aferegatioBal correction corresponding with the off-axis

correction. In Onﬁofzg?%wﬁ%m, é‘gié‘téFneé%c%?&ﬁé % B hresbheniipRRtrthérvent i on

further includes: an I nput vice for accepting or obtaining head
novenment andhaydes: novenent characteristics for the wearer; and (b) a

DL e e Bbvchb b AS4bl, o2 e8I e BoBinAy a8 el a550r 2,0
t hat cent r almavemenpcoamdesstios far the vofareulagtdantial ly uni formrefracting
(b) a processor for modifying the size and shape of the central zone
according to the head movement and eye movement characteristics of the
wearer so that central zone provides an area of substantially uniform refracting
power for supporting central vision throughout an angular range of eye
rotations.

It is envisaged that an ophthalmic lens of the present invention will
remove, or at least reduce, a possible trigger of myopia progression. Thus, the
present invention also provides a method of reducing myopia progression in a
myope, the method including providing, to the myope, spectacles bearing a pair
of ophthalmic lens elements, each lens element for a respective eye and
including:

(a)  a central zone providing an optical correction corresponding with on-axis
correction for correcting myopia associated with the foveal region of a
respective eye; and

(b) a peripheral zone surrounding the central zone, the peripheral zone
providing an optical correction for correcting myopia or hyperopia associated
with the peripheral region of a respective eye.

The present invention also provides an ophthalmic lens element for
correcting myopia, or retarding myopia progression, in a wearer's eye, the lens
element including: a central zone providing clear foveal viewing throughout an

angular range of eye rotations; and a peripheral zone surrounding the central



power for supporting central vision throughout an angul ar range of eye
rotations. It is envisaged that an ophthalmc |lens of the present invention
will renove, or at |east reduce, a possible trigger of myopia progression.
Thus, the present invention also provides a nethod of reducing nyopia
progression in a nyope, the nethod including providing, to the myope,

spect acl es bearing a pair of ophthaln1c I ens el enents, each |ens el enent
for a respective eye and including: (a) a central zone providing an
optical corrzeat) e pmiphe@p@onb pepwdind) retatias it the:oemteatlzboel, 4 omsqmwact i ng
nmyopi a a5500|at d wth res ve .e d( b)
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provi di ng aryi@phi patipHeRalr Bsdiororoff ®e eQihaest ith Wfdé?@t@ aye. hymeslmw an
associated wth the peripheral region of a respective g%%‘?ﬁ‘al . resent
¥t

i nvention aleﬁtpoﬂirﬁ%”tdé@e SRNBBhENA MY PENCSPeRiaRe. PoSY P:nyopi a,

or retardi ngeﬁ‘é/&ﬁb‘%)oWe?grA@ﬁér'nBBdNéﬁt %éﬁ%l@dessa Q¥RtrallZAel RN £bRimBNT
i ncluding: a central zone provid nfg clear foveal view ng throughout an
th

angul ar r andefratting\pewes isaexrasied igritndanplieatinneindetarding ﬂwpreo@rﬁar%mhe
central -9- .r%gﬂsnnés%&% hBfi2hae 201BHE BYHEL(H foﬂ%k/g'jﬁl'\ﬂs‘?oﬁo the central

zone, a plus power tical correcti antl correcting myopi a
or hyperopi a assAoiaphéthimig fehs @lqmeritmwdingrwman@pdm@t péthengresentt he

wearer’'s eyg, lellnﬂor? Vr?%ogep forﬁ‘m %Wi an%\%ﬁltﬂé‘%éﬁ%naéo% gl e%cﬁ{étg a@ Piano,

or substanti & I ncl udes a
central zonenéyalve ngpda Emeapdymleet: nmtemahmq:ydveof ary smd]abtettgpe tfor éxample,

oD ot g Bl ShALgh PREAB R LhBRRO AR TR BB )
accor di ng t glyzol erbodkiteeyie, tdr eb<bmplzar@§e69(PHGW&imtstrres) may bbeus‘édr mul ated from
o oDt o R TG al™b8 s e Sl Flhap o ©
t her nopl ast icastiig édiﬁ;ﬁdm&mts féﬁbﬁémféie asAdawatiesd il USE PaheNadi4gd2y155, gl sfcol
carbonat e t%%(taentf %Ephcatxgl? %e l\?o (OI;IID7%1 Q&uskhlst?’gpannalyatent Epp(li:catlons
50581/93, 50582/93, 81216/87, 74160/91 and European Patent Specification
453159A2, the entire disclosures of which are incorporated herein by reference.

The polymeric material may include a dye, preferably a photochromic
dye, which may, for example, be added to the monomer formulation used to
produce the polymeric material.

An ophthalmic lens element according to an embodiment of the present
invention may further include standard additional coatings to the front or back
surface, including electrochromic coatings.

The front lens surface may include an anti-reflective (AR) coating, for
example of the type described in U.S. Pat. No. 5,704,692, the entire disclosure
of which is incorporated herein by reference.

The front lens surface may include an abrasion resistant coating, for
example, of the type described in U.S. Pat. No. 4,954,591, the entire disclosure
of which is incorporated herein by reference.

The front and back surfaces may further include one or more additions
conventionally used in casting compositions such as inhibitors, dyes including
thermochromic and photochromic dyes, for example, as described above,



The polyneric article may be fornmed from cross-I|inkable polymeric casting
conpositions, for exanple as described in U S. Pat. No. 4,912,155, U S
pat ent application Ser. No. 07/781,392, Australian Patent Applications
50581/93, 50582/93, 81216/87, 74160/91 and European Patent Specification
453159A2, the entire disclosures of which are incorporated herein by
reference. The polyneric material may inglude a dye, preferably a
photochrom ¢ dye, which may, for exanple, be added to the nononer

f or nul at i onpolaesing @geptsotivc stabliserpdngnmriesialsatanabld of madidying reffastiee | ens
el ement according to an enbodi nent of the present invention may further
i ncl ude staﬁ‘&'gf'('d additional coatings to the front or back surface,

i ncludi ng el ectrochrom c coatings. The front |ens surface nmay include an

anti-reflect] ' f the type described in U S
Pat. No. 5, %&ﬁ%@%ﬁﬁgﬁhﬁ]ﬁ%ﬁw%@%w@@ which is incorporated herein
by reference. ThefbredntimirRNIoSHr @sriptidy dfnahudmbadingddt asfi te rpessesit ant
coating, for exanple, of the tg/ e descrihed in U S _Pat, No. 4,6954,6 591,
the entire Hvealisshere sffoujhibensemae xpnalem Ol oRs 8f % lpnoupes Lied The
front and bﬁggvééﬁd‘@p&@hggyth@gpbaﬁéatioﬂgl ude one or nore additions
conventionally used in casting conpositions such as inhibitors ag%es

incl udi ng t her nE@hBMRIC.ahe TEfeseRsEnioRiscSRAEISation fo fesiepne orhibaliiscr i bed
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turni ng to empEyediiptiheapothalkmic afsoacinding, bat naidingiedsterapeciagipcfisem, there
shoul d be s i :
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speci fi cat i Gmishiogtthe paeioular eysardrisl prescription so els dorar spestagler lenggsence to al |
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spect acl e | ensresefarahcserdre fibnibes hadetstotsl bb emkeferargai toi agnéaswaaf the
degree’to which the curvature of the ophthalmic lens element varies among
intersecting planes which are normal to the surface of the lens at a point on the
surface.

Throughout this specification, references to the term “foveal region” are
to be understood as a reference to a region of the retina that includes the fovea
and that is bounded by the parafovea.

Throughout this specification, references to the term “peripheral region”
are to be understood to as a reference to a region of the retina that is outside,
and surrounds, the foveal region.

An ophthalmic lens element according of the present invention
simultaneously and substantially corrects both central and peripheral vision.
Correction of this type is expected to remove, or at least delay, a presumed
trigger of myopia progression in myopes, particularly in myopic juveniles.

Many myopic eyes appear to be of approximately prolate shape. This
implies that an ordinary single vision lens that focuses the image on the retina in
the foveal region will focus the image behind the retina in the peripheral region.
Therefore, to bring the image on the peripheral retina into focus, the present

invention adds a relative plus power in the lens periphery.



finishing to a particular wearer's prescription so as to form spectacle

| enses. Further, wth respect to references to the term "surface
astigmatisni', such references are to be understood as a reference to a
measure of the degree to which the curvature of the ophthalmc |ens

el ement varies anong intersecting planes which are nornmal to the surface
of the lens at a point on the surface. 4khroughout this specification,
references to the term"foveal region"” are to be understood as a reference
to a region of tAerefetiedesernbadiment bfidelens raelementeaccoatiag ttddbe iirvasganded by

th f . Th £ thi i fication,
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the retina pbsitive sefeattiag dsowera(tdatsis; raupids ,powee daoreetign”) egliative térthe

ophthalmc | c%ns el ement &écor di q% of the present invention sinmultaneously
and subst anf§TE%109 POWFEae G8PYAIZ@REr al and peripheral vision. Correction

~0$ this type is @Qyre@redintd do%méﬁefr@dftin@]tpdvﬁéisis mbagommopatebbeltrﬁdmlltri gger
of nyopia progression | n_nyopes, particular in opi c. juyeniles, Many
myopi ¢_eyesingppRAMr 0 thiaypag) ﬁt'ﬂﬁf"&ei?aﬂb‘? éyeafcgé%ﬁiq)g'ebv &S NP es” t hat
an ordi nar ypéﬁﬂﬁérf of ttsd BAgih8NGeld RAtvidvpC useenidag thidper edibddiReritedfitha in  the
foveal region wll focus the imge behind the retina jn the F?erl her al

regi on. ThBrasept iaventiongrpyiges Acentialgonsihatiesiged ApR ehared ©ra¥de Ao f ocus,

the present g4 IR ty P VAAVBleat Tolcdf vists oR&r bRhery.
-11- A pref 8??%\3%%%%?%% %oggblgethéevgl%éﬁent accgr din tvo thg i nvention

provi des anapgitturkalhat coresponaisewiittheaveargrs tyieal myer latanse 1 &Ngr ovi des
a_ Positiveyorld a6d bl WL chdidls & Tirst'dDtBhIDRMSH 16 ofBEdPiyepiel ati ve
to the reflactIng power -of the central zone. However. since positive
refracti ng psswmiated witbtthetoveahnedmnadfltiee wiearanisidye, ardinaalshape and sEe f ovea

O orvar 11 B O ALETSUICRE SRR 1 S0bEcHE Dok, RSty ©f (e
i nventi on pravedest andeyd malvementchdratteristicsiof & weareshaped to provi de an
g;r:])t Ical correcti jPrr1]ert<e o%, ptFmg\/ipgeeTSérrteQe e\'\n"?oaord'?rEen){st'i t&oﬁhggr af Oc‘é?r@l:t Véo%éﬂn over
correction, not just in the centre of the lens element, but also in the area
representing the extent of typical eye rotations before the head rotation gets
engaged.
The level of the plus power correction required by wearer will vary, given
the large scatter in the myopic peripheral refractions found by Muiti et al.
(2000). Thus, in a series embodiment of the present invention, a number of
peripheral aspherisations are provided with the range of plus power corrections
ranging from +0.50 to +2.00 D. For example, in one series embodiment, four
different peripheral aspherisations are provided for each base curve: 0.5, 1.0,
1.50 and 2.0 D to be dispensed to people showing peripheral refractions up to

the threshold value of the correction.

DESCRIPTION OF THE DRAWINGS

The present invention will now be described in relation to various
examples illustrated in the accompanying drawings. However, it must be
appreciated that the following description is not to limit the generality of the
above description.

In the drawings:



aperture that corresponds with the wearer's typical eye rotations. In other
words, the central zone provides a first optical correction for correcting
nyopia associated with the foveal region of the wearer's eye, and has a
shape and size that has been matched, or selected on the basis of, a
wearer's typical head novenent and eye novenent characteristics of the
wearer. Therefore, the preferred enbodi_nlfpzn_t provi des a correct foveal
correction, not just in the centre of thé lens elenent, but also in the
area representimg.1tAes &xXlorblieof oft ypoplathaleyie lensteddmnemtsadsefditgtot hidrshead
rotation gets e,ngageg. The I?vel f the plus power correction required by
wear er wi| | epRPYIMest oEhe eRent VGBI @ atter in the nyopic peri pheral
refractions foundghysMittdecBbn@tview (02 @99 bphihalsic 1éns elesent émseateddn ment  of
t he present inven?i on, a nunber of peri pﬁeral aspherisations are provided

with the rahigel-6f plus power corrections ranging from+0.50 to +2.00 D.

For exanple, in ﬁg%ﬁqgiae@aﬁiﬁ‘ﬂ%mgttheffwﬁ sufthéd exenmt pwesr phevealens
aspherisations aré provided for each base curve: 0.5, 1.0, 1.50 and 2.0 D

to be di speatestent showol gshbini ng peripheral refractions up to the
threshol d val ue ﬁ&/_%g‘%agé;?hﬁgtgﬂl ninEEﬁﬁ@Wr@rﬁ' SMNEE FilGriaioW! HiGReTips Pr esent

invention wll no atron to various exanples
i I 1 ustrat edelemarthehaer onipigrlyAng dr awi ngs. However, it nust be appreciated

that the follow pg dascri pti IS t Wey IdeYoRiertdte above
description. In '?'ﬁézdgr‘év?/i ﬁ%gﬂ%h?gmﬂﬁhg t%péérimg‘i 3%%8%‘?‘@5%%6&" aneropht hal m c
| ens el enmenthedlenseldntent sibowen in Figt1-Apnbodi nent of the present invention

0 LR e SRR P e bR VPR bl gt ¢,
| ens el enegbcsHioamMbodimBhgofthd\prdsegt Rventich; a gr aph showi ng the front
surface astigmt Lisgrg-gfis tahgeét%ggl view of an ophthalmic lens element illustrated in
Fig.3-A;
Fig.4-A is a graph showing the front surface mean power of the lens
element shown in Fig.3-A;
Fig.4-B is a graph showing the front surface astigmatism of the lens
element shown in Fig.3-A,;
Fig.4-C is a graph showing the tangential and sagittal surface power of
the lens element shown in Fig.3-A;
Fig.5-A is a front view of an ophthalmic lens element according to a third
embodiment of the present invention;
Fig.5-B is a sectional view of an ophthalmic lens element illustrated in
Fig.5-A,;
Fig.6-A is a graph showing the front surface mean power of the lens
element shown in Fig.5-A;
Fig.6-B is a graph showing the front surface astigmatism of the lens
element shown in Fig.5-A,;
Fig.6-C is a graph showing the tangential and sagittal surface power of
the lens element shown in Fig.5-A;
Fig.7-A is a front view of an ophthalmic lens element according to a

fourth embodiment of the present invention;



el ement shown in Fig.1l-A Fig.2-Cis a graph showi ng the tangential and
sagittal surface power of the lens elenent shown in Fig.1-A, Fig.3-Ais a
front view of an ophthalmc |ens elenment according to a second enbodi nent
of the present invention; Fig.3-Bis a sectional view of an ophthalmc |ens
element illustrated in Fig.3-A; Fig.4-Ais a graph show ng the front
surface nean power of the lens elenent_shown in Fig.3-A Fig.4-Bis a
graph showing the front surface astigmatismof the lens elenent shown in
Fi g.3-A; Fig. 4- CFigs7-B igraapbctginalwiegy ohan tophtpainticdensastbremgiitustietesiuinf ace
power of ttl}e é%s el ement shown in Fig.3-A Fig.5-Ais a front view of an
opht hal mi ¢ "&hs™i enent according to a third enbodi ment of the present
invention; Fig.5FR.8-5 B 5eeaprogabwigetveoforarsuofabé madan powensf ehee famst
illustrated in Fi % 5-A. . Fiq.6-Ais a graph showing the front surface nean
power of th&lqnagis @W@rﬁ%ﬁtg'_’éf%ovm in Fig.5-A; Fig.6-B is a graph show ng the

front surface askigsmt isSH Phph RROWRIES thee froAE Blirfadeodstigniatising ob ths 1dnisg. 6-C i s
a graph showi ng the tangential and sagittal surface power of the |ens
el enent showementsngwsIAFigE-§: 7-A is a front view of an ophthalnic |ens

el ement accor di ng;d & cajs égwdhhsr%mwmé?fﬁngeﬁtialtl %d@a@&%ﬂ%uﬁéﬁ(&eﬁé\h@fﬁ - 13-

Fig.7-B is a sectional view of an ophthalrmic lens ellement illustrated in
Fi g. 5- A ; Fitlhe Bnasdlemeptghaph ithigwf-Ag the front surface mean power of the

!sﬁpfsacgl ng?t Sh?)gﬁ%-ﬁ‘ i .hgs%riéas‘; of 'cBnBuP picts FoBtRP bphikRhRIIchS Slément
gmat1 sm of the lens

depicted in Fig. 7A; .

Fig.9-A is a front view of an ophthalmic lens element according to a fifth
embodiment of the present invention;

Fig.9-B is a sectional view of an ophthalmic lens element illustrated in
Fig.9-A;

Fig.10-A is a graph showing the front surface mean power of the lens
element shown in Fig.9-A,

Fig.10-B is a graph showing the front surface astigmatism of the lens
element shown in Fig.9-A;

Fig.10-C is a graph showing the tangential and sagittal surface power of
the lens element shown in Fig.9-A;

Fig.11 is a series of contour plots for an embodiment of an ophthaimic
lens element having an asymmetrical cental zone,

Fig.12 is a simplified flow diagram of a method embodiment of the
present invention; and

Fig.13 is a simplified block diagram of a system embodiment of the

present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Example 1
Fig.1-A illustrates an ophthalmic lens element 100 in accordance with an

embodiment of the present invention having a central power of -3.00 D and a
diameter of 60 mm. Fig.1-B depicts a side view of the lens element 100 along



el ement shown in Fig.7-A;, Fig.8-Cis a graph showi ng the tangential and
sagittal surface power of the lens elenent shown in Fig.7-A, Fig.8-Dis a
series of contour plots for the ophthalmc |lens elenent depicted in Fig.
7A;, Fig.9-Ais a front view of an ophthalmc |ens el enent according to a
fifth enbodiment of the present invention; Fig.9-Bis a sectional view of
an ophthalmc lens elenent illustrated i Fig.9-A, Fig.10-A is a graph
showi ng the front surface nmean power of t e lens elenent shown in Fig. 9-A
Fi g. 10- B i s sactipmaphA’s bowisnghavre tiunoated sard slisenetet ofy@itmeniosffitingetd ans

el enent sho%nﬁgétgcfg%g% A, Fig.10-Cis a graph showing the tangential and
sagittal su 8 the lens elenment shown in Fig.9-A, Fig.1 1is a
series of cont ourrhaldeb&tédmprahammw'isnelameof 180 iophtdsphetic sing@nssisiehemant

havi ng an a jc cent al one I | fi.ed f ram of
a net hod en‘i‘%mpc mgheecerB pasiels 15?\%@#? Bﬁr'pehf g. 1?% s '§V¥£‘g"‘n’§?, fied
t[)):z gg; | gIT ?%r\l arlichF 1@ $ry§t@@ H0eidb m&fnmdef‘ ?: tfm.tl spﬁ@@efamma iand enbacknsurBIEEAl LED

e .1-A i]lustrates_ an ophthal mc
| ens el enent 1@00” |ﬂF1e E{H%tbﬁtﬁ%ﬁé@“ﬁﬁet Feapent flré#ﬂs %fzo??lﬁ‘aﬁr’seg%ﬁ}dt anent i on
having a cepiraly fPQJW&SntQur oBs@fadd astndatis. aumreé pRiseADcag®, tﬁe Godtrd depi ct s
a side view Of the Iens elenent 100 al ong -14- section A-A i S shown

truncated t gogedilnterdsordsly mwwaly for @” Ryter posndaydeeaied @t @r rét*ﬁ’ié‘s The

depi cted okahﬁ ?odtqqﬁwrﬁl enment 100 is an aspheric single vision Ilens 100
i ncluding a tral zone 102 and a peripheral zone 104. As is shown
In the central zone 102, the front surface 108 provides a central crown

curvature of 3.00 D (in a lens material having a 1.53 index of refraction) that
extends out to a radius (R¢) of about 5 mm. That radius corresponds to an eye
rotation of around 10". The front surface 108 also provides, in the peripheral
zone 104, a marginal mean curvature of around 3.5 D at around a radius (Rp2)
of 30 mm.

In this respect, where used throughout this specification, references to
the term “marginal mean curvature” are to be understood as a reference to the
curvature of the part of the peripheral zone that lies outside of the blended
zone.

As is illustrated, the ophthalmic lens element 100 also includes a
“blended zone” 106 (shown as shaded region), which is shown located in the
peripheral zone 104 and which provides a gradual transition in refracting power
from the refracting power at the outer boundary of the central zone 102 to an
intermediate radius (Rg) in the peripheral zone 104. In the illustrated example,
the blended zone is bounded by an inner 0.5 D contour of surface astigmatism
at a radius (Rpy) of about 11mm from the optical centre of the lens element 100,
and an outer 0.5 D contour of surface astigmatism at a radius (Rg) of about
17mm from the optical centre of the les element 100.

Thus, in the illustrated example the blended zone has a radial extent of
Rz - Rps. As depicted in Fig.1-A, the radial extent of the blended zone is less
than the radius (Rps) of the central zone 102.

In the example depicted in Fig.1-A and Fig.1-B, the front surface 108 of
the ophthalmic les element 100 has a shape that has been constructed by



in Fig.1-B, the lens 100 also includes a front surface 108 and a back
surface 110. In the illustrated exanple, the central zone 102 is a zone
that is bounded by a 0.5 D contour or surface astignmatism In the present
case, the central zone 102 extends radially outwardly to an outer boundary
| ocated at a radius (Rpi) of about 11 mm In the central zone 102, the
front surface 108 provides a central crown curvature of 3.00 D (in a lens
material having a 1.53 index of refraction) that extends out to a radius
(Rc) of aboubmbining twiheltipsoatisuracesraf éfferericuratens wiffea weighling denadPnar ound

10'. The front. surface 108 als I Lt he peripheral zone 104, a
mar gi nal neﬁﬂ“éﬁPdasﬁﬁE’o3”%?5@H§5§35855%T5§¥bund a radius (RP2) of 30 mm
In this respect, where used throughout this specification, references to
the term "margi nal an rvature" are to, be understood as a reference to
the curvature oﬁﬂﬁﬂ§=ﬂgﬁf9&?5ﬁﬁ§‘6gfﬁgﬂg)al zone that lies outside of the
bl ended zone. As is illustrated, the ophthalmc |ens el enent 100 al so
includes a "blended zone" 106 (shown as shaded region), which is shown

| ocated i n where peri pheral zone 104 and which provides a gradual transition

in refracting power the refracting power at the outer boundary of the
central zone 102rto/dn ¥internedi ate radius (RB) in the peripheral zone

104. In the illustrated exanple, the blended zone is bounded by an inner
0.5 D cont our ofAsud@a@b;@gngnatisnl at a radius (Rpi) of about 11 nm from
the optical centre of the lens elenment 100, and an outer 0.5 D contour of
surface astignmatismat a radius (RB) of about 17mmfromthe optical centre
of the les %hgnent 100. Thus, in the illustrated exanple the bl ended zone
has a radial extent of RB - Rpj. As depicted in Fig.1-A, the radial extent
of the bl ended zonﬁaise%éss than the radius (RP1) of the central zone 102.

In the exanple dé“{) t TA'Fig.1-A and Fig.1-B, the front surface 108 of
the ophthalmc les elenment 100 has a shape that has been constructed by

-15- conmbining t | kp_s?péi_wrfaces of different curvature with a
wei ghting functi ‘(’)&%(}@) d ° ’

g(A)=R-vR*-1%,

R= R1(1_t,):

with the parameters R,, R >0, and a, b, m, n, p, t=0. If r=0, then M(r)
=1 and z, = go(A) which is an ellipsoidal surface with centre (0, 0, R,) and semi-

. axes B—"— Ry and R, in the x, y and z directions respectively. A similar
a

b
argument can apply for large values of r. Here M(r) ~ 0 and hence z, = g+(4) a
second ellipsoidal surface. For rvalues in between the M(r) function blends the
two ellipsoidal surfaces together. M(r) can be any suitable weighting function.
In the present example, the shape of the lens surfaces is controlled by

the following parameters:

« R, The radius of curvature at the centre of the lens (hereinafter the “crown

radius”).

» Ry The radius of curvature towards the temporal edge of the lens

(hereinafter the “marginal radius”).



Mr) and is defined by the surface height function: zo(x,y)= Mr)goQ +(1-
Mr))gi (A) where r=x2 + y2 , A= (ax)2+(by)2 , and mr2 Mr) e 1l+nrp' go
(A =R, - Ro- A2, g, (A=R R-A2, R=R (1-tr), with the
paraneters RO, R,b, >0, and a, b, m n, p, t > 0. If r =0, then Mr) =1
and zo = go(X) which is an ellipsoidal surface wth centre (0, 0, RO) and
sem - axes a , b and Ro in the x, y and g directions respectively. A
simlar argument can apply for Iarge vaI ues of r. Here Mr) - 0 and hence
zo - gi(X) a second ellipsoidal surface. For r values in between the Mr)
function bl ends the t her.,.. Dbg any
sui tabl e wei gh"[’llﬁgS ?Lﬂ#l‘:@ﬁé *‘19?{9‘% g%hd (Lags)%%?r? %ﬁ@%tmg%&(h%gggf tghe | ens
surfaces is coatirapkl teds byotat:bmufycslyhmmtngsnpréﬂmﬁeﬁmd freR@:tha hiendiagiofis of

curvature at the centre of the |lens, (herein ft t " Gr

The radius of ©ErV& e eHRaGS ImLth gﬁ%o‘?f .e}nﬁ 'QWPGS e@‘?)ﬁy ei naf t er
the "marginal Agghssialy, cﬁkﬁysmgaa balus cfat ig Mbvestst from hb&rotamuy axes in
go and gi. In this exanple trlc

|, |
surface is def PRR@eriCopTage Wf‘@ﬁdisnfja]uﬂf '”t'i&u‘é v@re§gt iie na %n%’yaaf with

radii of cur vagiReR and R, respectively. Alternati veI y, ch005| ng a val ue
for b<l will result ' in a non-rotationally symretric surface which is
flatter in the y direction (ellipsoidal shaped surface).

« m, n, p: parameters defining the function M(r) and where and how rapidly
the transition between the central zone and peripheral zone occurs. Also
the value of these parameters can be varied to locate an umbilic ring or
band in the peripheral zone, or to control the size of the umbilic spherical

region at the centre of the surface shape.

« ¢ parameter to allow a gradual increase in the curvature of the peripheral

zone as r increases.

The values of the parameters used for the above example are listed in

table 1.
Parameter Value

Ro 176.6mm
R4 161mm

t 0.001

m 0

n 0.0000003
p 55

a 1.0

b 1.0

Table 1

Fig.2-A to Fig.2-C shows various characteristics of the front surface 108
of the lens 100 (ref. Fig.1) having the parameters listed in table 1. The back
surface of the lens is a sphere with surface power of -8.3 D in 1.53 index.



m n, p: paraneters defining the function Mr) and where and how rapidly
the transition between the central zone and peri pheral zone occurs. Also

t he val ue of these paraneters can be varied to |locate an unbilic ring or
band in the peripheral zone, or to control the size of the unbilic
spherical region at the centre of the surface shape. t: paraneter to
allow a gradual increase in the curvaturg of the peripheral zone as r

i ncreases. The val ues of the paraneters used for the above exanple are
listed in tabl einkhisRamanmid, ¢ene YahthalmiRiens Zerbemh 108 praddesrencenigal@@te m 0 n

char actor i stPE4%5rFoita hevBac BFEIREPdus’ St Ok 8lalbdiery ape 84 1)

havi ng the paf.angligmavingss edfracnmgq&ﬂveerlof érrbend)aalﬁ Dsutrf atrermiorwethéens is a
sphere with surface power 3 é R E% In this exanple,
t he opht hal ﬁ%p’?eéﬁ'szoé‘ﬁé’ﬁ%‘ﬂ eﬁ@@"ﬁrweﬂé afé\"ectQ be g?nt 8902 (ref. Fig.1)
having a refracting power of -5.0 D and a peripheral zone 104 (ref. Fig.1)
having a refracting power of around -4.5 D. In other words, the peripheral
zone provi dmglﬁﬁs power relative to the central zone. Exanple 2 Fig.3-A

Illustrates anot Pfta 3- %mﬁ%ﬂa%es%n@tﬂepetaérhab%fcaﬂ 6Bﬁth§|n¢iﬁﬂé‘ﬁs B%enﬁi%gr ding to

an enbodi ment of present i1nvention. hi s exa Iens el ement
200 i ncl udegc@orﬂmgﬁo a@mmcbm@oeofﬁampr@eqnh@vg@ﬁ@ chgiii @@mpéﬁ dhelens

element 200 includes a front surface 108 having the same crown curvature as
the lens 100 of Example 1, but a higher mean marginal curvature corresponding
to an optical correction of +1.00 D in the peripheral zone relative to the central
zone power. The back surface of this lens element 200 and the refracting
power of the central zone 102 are the same as per Example 1.

The front surface 108 uses the same mathematical description as

Example 1, with a few parameters changed as listed in table 2.

Parameter Value

Ro 176.6 mm

R4 139.5 mm

t 0.001

m 0

n 0.0000003

p 5.5

a 1.0

b 1.0

Table 2

Fig.4-A to Fig.4-C show various characteristics of the front surface 108 of
the lens 200.

Example 3
Fig.5-A illustrates an example of an ophthalmic lens element 300 in the

1.6 refractive index material including a front surface 108 having a marginal



the |l ens 100 of Exanple 1, but a higher nmean margi nal curvature
corresponding to an optical correction of +1.00 D in the peripheral zone
relative to the central zone power. The back surface of this |ens el enent
200 and the refracting power of the central zone 102 are the same as per
Example 1. The front surface 108 uses the sanme mat hematical description as
Exanple 1, with a few paraneters changedgas listed in table 2. Paraneter
Value Ro 176.6 mmR 139.5 mm t 0.001 mO n 0.0000003 p 55 al.0 b
1.0 Tabl e 2rddiup df-odrtaturiaj.183606 mhpwnddné same crewmetwaiuse pe i Branrplesf r ont
surface 108, of e lens . . i 5= A el ; | e of
an opht hal n’i1 ca'?%?s] C@V%%ﬁ‘?%oﬁéﬁnphgca%l&g%ﬁz g?rf‘gtf:te%rgczﬁclf %Ic}gio ?&tlﬁﬁﬁg})

i ncl udi ng apétgieralszorfeat®: t€8tiveato e aemeal gional 1021 BoweradiThst ©f it dhivat ure of

136.5 mMm and the sanme crown ture as in Examl

cor r espondi ﬁﬁa'f‘glea €olsF @Eﬁm%’gﬁo (a:}t"'i'%ﬂ rB?athrc?Wﬁ‘dcmstéf? %J ?‘%gt[%eandp%ri pher al
zone 104 rehpishvgargMat fevaerd 68l 32D e a18diup ofed mrd fram the Jerisrcentres exanpl e,
the | ens el enent_300 has a nmean_crown curvature (%

f 3.40, D 1d.
mar gi nal cur vat uF2e dronk 155cs: 198 rusgsu N9 MA ??%%’C@hedelsgrrr‘]rg“og‘eﬁgfgh The

front surfagg,dgf Ysead lb@rs@ee2 erttharfﬂéW_?@draﬁh@méidﬁahgé\d.a%eﬁoe&imhe 1 and
Exanple 2 with a few paraneters changed. The revised paraneter values are

as |isted i Rataamter \@lugsarg @stlistedyg|tarde 3.

Parameter Value
Ro 176.67 mm
Ry 136.5 mm
t 0
m 0
n 0.0000028
p 2.5
a 1.0
b 1.0
Table 3

Fig.6-A to Fig.6-C show various characteristics of the front surface 108 of
the ophthalmic lens element 300.

As can be seen from the tangential and sagittal power profiles in Figure
6-C (and is also shown approximately in Fig. 5-A), the ophthalmic lens element
300 has a larger blended region 106, as compared with ophthalmic lens
element 100 (ref. Fig.1A) and ophthalmic lens element 200 (ref. Fig.3A).

As depicted in Fig.6B, a larger blended region 106 helps to keep the
peak value of astigmatism on the front surface 108 to around 0.75 D as
compared to over 2.00 D in Example 2. It is envisaged that a lower peak value
of astigmatism will make the ophthalmic lens element 300 easier for the wearer

to adapt to.

Example 4



Ro 176.67 mm Rl 136.5 mmt O mO n 0.0000028 p 2.5 a 1.0 b 1.0 Table
3 Fig.6-Ato Fig.6-C show various characteristics of the front surface 108
of the ophthalmc Iens elenent 300. As can be seen fromthe tangential and
sagittal power profiles in Figure 6-C (and is also shown approximately in
Fig. 5-A), the ophthalmc lens elenent 300 has a | arger blended region
106, as conpared with ophthalmc |lens I9e_rrent 100 (ref. Fig.1lA) and
ophthalmc lens elenent 200 (ref. Fig.3A). As depicted in Fig.6B, a |arger
bl ended regi on 1Pig.7h&alihstrateskesghéhexarpplakofval ophtbalns ténpnelement A0t he

front surface 108 to around 0.75 D.as co red 1o over, 2. ' anpl e
2. It is en@F%‘%{ngS fonay eé”qm}@?“tpafaa‘%a Ei?nR g}v%gé q‘gr%ﬁttpis%mg%[ﬁlé EQEZ '[rﬁe

opht hal mi ¢ bpRmaphienens SBeraaverisl mantfzeturedrfom d o @depactive. indeanpl e 4
-19- Fig.7-A il lustrates another exanp of ~an_opht hal m c ns elntﬁrrent 400

accordi ng t 8'aterial apednciedns afrophairfcestis Navina e e %:rrqu{nr{:aglu&gg Fe the

opht hal m ¢ |HRs cRhRIFEM00A8P Exaniiaul aghdir£dirhiamrarding cerbataed iivehendex
material and i ncludes a front surface 108 having the sa $r .radi us as
o T8

the |ens ebefpharaizomeotorrssprpriagdo agpligalomertn Keargy Pe in the

peri pheral pRHIGherIo/dneSiRe r&19t A 0QRE cBAkalGBRE 80P ipBlkep! around +1.00 D
in the peripheral zone 1 power relative to the central zone 102 power.

The | ens el enent Th@@emslemeﬁréaﬂﬁocmaﬁ/vﬁ eaRy SR cgrvatira i34y and Aean
mer gi nal - cupyatung Har durdBuebfe DBW 4a Adiklof8 mm.

In this example, unlike the previous examples, the front surface 108 uses
a finite element mesh surface mathematical description and has been designed
by blending a central spherical surface having a surface power of 3.40 D with a
peripheral spherical surface ha\'/ing a surface power of 4.28 D at a radius of 20
mm from the lens centre.

The blending occurs between the radii of 11 mm and 50 mm.

In the present case, a C2 continuous extrapolation algorithm, that
minimises the surface curvature deviation from that of the marginal curvature,
has been used to calculate a surface profile of the blend. It will be appreciated
that it is not essential that a C2 extrapolation algorithm be used as any other
suitable extrapolation algorithm may also be suitable.

Fig.8-A to Fig.8-C show various characteristics of the front surface 108 of
the lens element 300. As can be seen from the tangential and sagittal power
profiles depicted in Fig.8-C, the ophthalmic lens element 400 has a larger and
nearly perfect spherical central region as compared to the previous examples.
In this example, the larger and nearly perfect spherical central region helps to
provide a clearer foveal vision to the wearer up to moderate values of eye
rotation.

Fig.8-D illustrates contour plots 402, 404, 406 for the surface tangential
402, and sagittal powers 404 as well as the surface astigmatism 406 (cylinder)

of the front surface of the ophthalmic lens element 400.

Example 5



In this exanple, unlike the previous exanples, the front surface 108 uses
a finite el enent nesh surface mat hemati cal description and has been
designed by blending a central spherical surface having a surface power of
3.40 Dwith a peripheral spherical surface having a surface power of 4.28
Dat aradius of 20 mmfromthe | ens centre. The bl endi ng occurs between
the radii of 11 mmand 50 nm In the pregent case, a C2 continuous

extrapol ation algorithm that mnimses the surface curvature deviation
fromthat of theFige-4iithatrates aataxae)ple ohs degmenie@ difpeal crhthalmiceleassur f ace

rofile of al that
g C2 ext rap%BQleP e”gl'rbé)l%i r\éhﬂ?tbvéa 1U§§>gm§ger§n$19l89 h@fé frg{\}i étUﬁB]Petlggtﬁ rggipﬂ) : ation
al gori t hm maycrélve euhatsdiof 3lgeeD, dnda &eﬁph@aﬁngr@%ﬁtcehahamaf bd6P at a
characteristics of fthe fr urfa 108 of the Iens e As can
be seen froffkeot %%% ?'Qlthﬁiﬂqssﬁ‘ﬂ? fer SPTTRRRANING,103T PEY Caggg&%%%g of
Fig.8-C the1%hﬁﬂh@'ﬂerlbﬁ&‘él 2o Te0d re@ﬂeft@meacdnmegmneam nearly perfect
spherical central region as conmpared to th Z}ﬁprew us exFutwl es this

exanpl e, the Iar @bﬁh‘%ﬁaaweb@mtpeﬁ@nwwaew nage i 9 %d?t@HO'PPQIVps to

provide a Ckgﬁh?eftné oMt 'caV!séQrﬁ@nt%OnérhélyV\é?ﬁfs@rceH@ed @odﬁ@ﬂ@égﬁxﬁ@t\wﬁuﬂg of eye
rotation. lustrates contour plots 402, 404, 406 for ¢ surface

t angent i al thﬁ)zen'faﬁﬂcimgi% andpbpeeandsoenteed aegmenisdefifungs tier ReWPNesdli gmat i sm
406 (cyli nd%pﬁe g4 the front surface of the ophthalmc |ens el enment 400.
Exanpl e 5 I1 .9-Aillustrates an exanple of a segnmented bifocal

opht hal mi ¢ | ens Memrmmwm the @rst eentsrst foyad ispamgnihiases radivg Ranefi ng a

front surfa f 8ropRg izpher al
mar gi nal curq\ﬁ/avﬂ‘%?“e’mgﬁ{lpgg'%%ﬁ%%%vg ﬁd‘uﬁ &%‘8%%%@?(%%0%6 ens centre,
corr espondi rigs tmbaappreciatad thaba difterérdmadiis mey. (BoUsDd; withovbderartipthedl zone
104 rel atlv to t he entrg{) gone 102. In this exanple, the front surface

108 i s nmade uep ol her&v onaIIy symmetric spherical segnents, nanely a
first centred roBpdGAdoEIY.10€f shuwngaridubehettterstic oftbe ot surtace 1¥8cond

centred seg%?ﬂwe o&thaq}n?cgletnsh% rr?err{t %BSr al
As shown in Fig.10-B, the second centred segment has zero surface
astigmatism and in addition to providing an appropriate correction for peripheral

vision, could also be used foveally for close work, such as reading.

Example 6
Fig.11 illustrates contour plot diagrams 602 (tangential), 604 (sagittal),

606 (cylinder) of an example of an ophthalmic lens element including a central
zone 102 having an asymmetric shape.

The contour plots 602, 604, 606, illustrate the surface tangential and
sagittal powers as well as surface astigmatism (cylinder) of the front surface of
an ophthalmic lens element in 1.6 refractive index material.

In the present case, the surface characterised by the contour plots 602,
604, 606 have be derived as a new optimisation for the original surface
characterised by the contour plots 402, 404, 406 (ref. Fig.8-D) of the front
surface of the ophthalmic lens element 400 with the symmetrical central zone
102 of Example 4.

In this example, however, and as is depicted in contour plot 606, the

central zone 102 is asymmetrical and provides a low level of astigmatism in an



zone 104. In the present case, the first centred round segnment has a radius
(Rpi) of 14 nmm which provides clear foveal vision up to the eye rotations
of around 30. It is to be appreciated that a different radius may be used
wi t hout departing from the scope of the invention. Fig.10-A to Fig.10-C
show various characteristics of the front surface 108 of the ophthal mc

| ens el ement 500. As shown in Fig.10-B, 4.he second centred segnent has zero
surface astigmatismand in addition to “providing an appropriate correction

for dper i pg)e(éﬁia 608 @b@gmte@mswa:idaummer uamisfde\tﬁaid yptitbaimid iese elsondnt such as
readi ng. a

Il ustrat nt o ot di agr ans. 602
(tangenti al {0 e@gge %’8@%‘%@[ urning éfae Eﬁﬁffaﬂ‘%ﬁyn NET ¥ S [§pullfhe
opht hal i ¢ heas ﬁJr@E@rﬁO\Néﬂqh E1:7Y giénéh@rﬁﬂkér@é at@ﬁ@reﬁﬁ?amavomgh@@pa@armmt ric
shape. The contour plots 606, illustrate the s ce tangential

and sagi t t 8entERpREINS lgas @}@merﬁéa%meﬁa‘é@dém 8rfﬁ¥\t§H{f???yP§uW8 #98)of@¥ he front
surface of n@lnbé’%ﬁ{l@htr%f?odgﬁﬁﬁt £lparRlar Irfdids.6 HoRINBE the/ BedigHitex ﬂm&e@rl al. In

t he present case e surface characterised by the contour plots 604,
606 have beati@gPmpefronsthe ertivabgentre shthelensaiemaat wili ke ﬁblea§w9é9eD

e 5t ) SRig R, SR B 008, ol ool ot

enent the symetri cal
central zonascdiogs, cﬁveExeaniplredln th¢ meﬂhm@abzmq)p@er awaireythal sgxdeni<ofi af
depicted in %p% Q&H ?gg 606, the central zone 102 is asymetrical and
provi des a f Everd's ‘astigmatismin an -21 area 608 el ongated towards
the | ower nasal Bigdie &f at simptified HalntiagtaemSorlaemetiiod emboditeantd afhibeneed f or

he head, d
pover 1t nErSpent e Bhanodf o Bibeghbedt i Hend{ g AR REFEOTET 1

of the Iensmbzrmrﬁbtéaamgmeamar@tk on—auhaeo;btraahtosactmnealoé t/maekalam)ed may
not be constant throughout  a Biaraéicul ar r adj
S @RIiC i

power at 2BFYIQYSYmahaNsRt eE1Yt "f’t‘r‘ée \Seﬂs\%l'eérrr%% weﬁn f)er 'egahg[ a: east

+0.50 D central vision. The on-axis optical correction may be obtained using
conventional measurement techniques and devices that known in the art, such
as

At step 1204, the wearer’s off-axis optical correction value, or values, are
obtained. As explained previously, an off-axis optical correction value is an
optical correction required to correct peripheral refractive errors in the wearer's
eye, and thus for correcting myopia or hyperopia associated with a peripheral
region of the retina of the wearer’s eye.

The off-axis optical correction may be obtained using conventional
measurement techniques and devices known in the art, such as a Shin-Nippon
autorefractor configured to measure peripheral refraction in a wearer’s eye for a
measurement axis aligned with a direction different to that of the wearer's
primary direction of gaze. One suitable technique is described in David A.
Atchison et al, ‘Peripheral Refraction along the Horizontal and Vertical Visual
Fields in Myopia’ (2006) 46 Vision Research 1450, the entire disclosures of
which is incorporated herein by reference solely for the purpose of providing a
skilled reader with an example a suitable device.

At step 1206, an ophthalmic lens element is selected or designed in
accordance with the measured values so as to include a central zone providing

an optical correction corresponding with the on-axis correction; and a peripheral



relative to the surface power at the optical centre of the central zone and
i nscribes, over each radii, the peripheral zone over an azi nut hal extent of
at least 270 degrees. Fig.12 is a sinplified flow di agram for a net hod
enbodi ment of the present invention. As shown, an enbodi nent of the nethod
i ncludes the step 1202 of obtaining a wearer's on-axis optical correction
value. As explained previously, an on-a4s optical correction value is a
value required for clear central vision. The on-axis optical correction
may be obt azoesl susrburgjin@cbm@entralnmnemaem@imbartal tzeoarirguidingaar oglied! ces t hat

known in the art, such r cal
Sorrction sarpiiongiipspdiund with e sihie GOTaR s ExBahal tiaudi o2
of f-axis opid ﬁ@iltmoror;?fovldmg v désied cptignl carpctio@in meroeetrai an perqlmeraéd to
correct peripher refractive errors in the wearer's for
correcting ELB?e ROBES 51fYa 2505 eaf et 1aRPL #' S[F8r | hSﬁéPB?n&rg hﬁ% of the
retina of tlwéay@@rt%,cg paMern dittyeabfationl s optical correction nmay be obtained
usi ng conventional neasurenent techni ques apg@ ev ces %V]novvn in tge art,

S

such as a Shi n- Nfpfcieleclian orrefipsighiog %fth‘? QRAEAETIE 1783 sTIPEePk MPhEPal

refracti on bBEmRATH" aSs@Xém| PlcIRlingTBAHS SRRledasbMmpaler wtRGbpsidt ith
direction d:pfferent bt?o th%‘f of the v%eargr # primary pd| rection of gaze. One

suitabl e t e§hlﬁﬁtﬂﬁ|é0mﬁu@é§@fﬁwfﬂféd q)fiﬁ E)éﬁfﬂléieﬂf sugl ew%tsm 30045 depistgd iBher al

Refraction %Sqo the Horizontal and Vertical Visual Fields in Mopia
(2006) 46 Wi on Research 1450, the entire disclosures of which is
i ncor por at ed her 8% nlltwrat@fmémbii sibeesysterar1300einpludpd eopr PiIHeiiaPHg a

K Lhed 1 eafgliold SR, FIGIRICE oS! douflf EbriolooRbBRlEies fF

ophthal mc F'éns”el enent TS sel accor e Wltﬁ t he
measur ed vameesersd haoptioaliaocieatien mluemmlcmdemaumct)v&llde afon-anis@pticdal

correction cor r§ns ﬁgo Lg%{&é%azwg gééc?atgé)r\ﬁ/ﬂ?tthgnfovéé’\dré& (ggrdfpgp@r al -22-

zone surrou88Vﬁ & perlpheral zone I ng an optical
correction ewar@speyeliang arvirequirtelcla/ahﬁé obwifsaxsoopteat COfmeCtlQS fex pbraeciing
previously, in. add

central and nB’é’lpfapﬂ héﬁ)ergpltaoa Sr()%l\él éjd rv]v%l[haa %%ﬁbﬁ&gl Pé)gténcgl’ OFé’t%%td)fotrﬂe' n the
wearer’s eye.

The input devices 1302-A, 1302-B will typically include conventional
devices for measuring the wearer’s required on-axis optical correction and the
wearer’s a device required off-axis optical correction. One suitable input device
for measuring a wearer’s required off-axis optical correction is a Hartmann—
Shack instrument configured to measure peripheral wave front aberrations in a
wearer’s eye for a measurement axis aligned with the direction of the wearer’s
preferred retinal location. Another suitable device is an open-field autorefractor,
such as, for example, an autorefractor sold under the brand Shin-Nippon SRW-
5000 or Shin Nippon NVision K5001.

The system 1300 also includes a processor 1304 for accepting and
processing the wearer’s optical correction values to select or design an
ophthalmic lens element according to the required values of on-axis and off-axis
correction. In the illustrated example, the processor 1304 is a programmed
computer equipped with suitable computer software. Examples of suitable
computers include a desktop computer, a hand-held computer, a lap top

computer, or a personal digital assistant.



zones, those zones may al so have a shape and size that depends on the
wearer's typical pattern of eye rotation. The selection or designing of the
ophthalmc lens elenent may be perforned by a systemincluding a
programed conputer equi pped with suitable conmputer software. One exanple
of such a system 1300 is depicted in Fig.13. As illustrated in Fig.13, the
system 1300 i ncludes one or nore input _-devices 1302-A, 1302A for accepting
or obtaining optical correction values for a wearer. The optical
correction val u%hemﬂhadwh&qudem%dlemmM@ tofingndeirioentspl 2a08 havégr g ect ion

for correcti,n aci a th arer's
eye, and a ?fé%{ﬂng% S\;ﬁqﬁ% '8#“%@89 c? S eo‘fc‘)' ?{?g%%@ol?gﬂ }[tt?@nﬁ o)gé]goct)er‘tﬁlétl ng
nyopi a or h&@ahptmideva&sdaoatkdamtmnaayp‘erth@heclade ealgvine fof acdeptingtor na of
the wearer's eye. Th i nput devi,ces 1302- A | - LY i ncl ude
convent i onaPPta H@H ped M‘Pmﬁglﬂ“ﬁn%yet HE’V\‘RE'EP&F %apgg %S fﬁ’tr tﬁé gielusfgr(i)ptl cal
correction gixh éshﬁfor éb@@rﬁﬂé '&h eyeleatiany Eymemrcﬁdwe)fybeabesmbmtlnd.as Bet.recti on.
One suitable in device for neasurlng%vFg}?rér sre w%‘f&be Xi S
optical corMNeet %Wi"@ athBa eniRen AISCigsHEsS (Oh WMErelfit NEBWPTY el Rasure
peripheral yay@nts Onh ARGr haddseNIné récesvBar804 SwikYdisd @TciRieTBaditiGreient axi s
aligned with the direction of the wearer's preferred retin Ioctlon

Anot her SUI fusistienality/ foc@ofily Hye %@%ﬁnﬂls@@aeameﬁ EFHER £8Pe aceq[ gﬁ‘g ¢ or
exanpl e, ﬁﬁ}? ﬁfo%ﬁw@ﬁ@ d é)flé lﬁiuoUé'tqgﬁt éﬁé?a&éﬁé?i@s ahtrz- Wedteeso BRYEHAN0 or

Shin N ppon st on K50 ystem 1300 al so i ncludes a processor 1304
for accepti ZI@’\QB.QUDVIQﬁSCﬁT‘eS@ar@ $U’R§tam§laﬂleHnéofﬂptqf@&tmgzBPW@'E:qucﬁ*r'pi?‘aflt'ﬂés to
select or d fdkng to the required

val ues of Oﬁéﬁg}%&?g%&ﬂ&ﬂ%ﬁ%}{%ﬁa*g&rerg{wg %ﬁ%ﬁg |k| | ustrated exanple, the
processor 1304 i Bhaa qiuoagr@mmdes cxiﬁmuberthequismﬂédsmqfw parangipes @dfiput er

ron et CHRBHIERA ot R SRS S WiateRebsoesmi 2
-23- \Nere tsheotctphietm I1m¢ed eﬂ’he@pehmm ensnsages trelt uther sudeer gapmebiee havi ng
a and other parameters may also be used to design or dispense a lens element
according to the present invention. By way of non-limiting examples, such other
parameters may include:
= Chromatic aberration: for example, since the periphery of the fovea
has relatively fewer cones and more rods it may be more important to
keep a particular wavelength in focus, thus the design of the lens
element may take into account parameters that provide selective
focussing of that wavelength. It may also be necessary to have low
chromatic aberration materials.
= Sagittal (S) vs tangential (T) power error: for example, it may prove
necessary to maintain quite radically different S v T optimisation
weights.
« Clinical measures to lens relationship: for example, it is anticipated a
wave-front abberometer may be used to sample optical errors from a
foveal through to a peripheral location to more fully characterise the
off-axis errors of the eye. Once the wavefront aberrations have been
characterised, the desired blur spot minimisation is applied to deliver
appropriate corrections to the entire field of view of the eye. Those



shape and size that is matched to the wearer's typical pattern of eye
rotation, the input devices 1302-A, 1302-B may further include a device
for accepting or obtaining head novenent and eye novenent characteristics
for the wearer, such as, for exanple, an eye-tracking systemof the type
described in U S. Pat. No. 6,827,443, the entire disclosures of which is
i ncorporated herein by reference. In Sq% a case, the processor 1304 w ||
al so include additional functionality t© nodify the size and shape of the
central zone accor dahgpléPmiahde healbtodEsImN bp@Eropriaty eelatioresmips, so as to
characteristics of the wearer so that cen ral zo n%ﬁ¥ ft'hdes an area of

subst anti al |y uni f G848 18d0e SganRpaRe oF ¢ 'aé'ﬁﬁﬁg??q c8REYE  vi si on

throughout an anguhgy, # afg®eLling¥8tdoat tat ARsre ma? t&é)@mreo@@ﬂbms agescri be
t he use of specific paraneters and specific surface %eo tries. However,

it isto be"%ﬁﬂhft(‘éléi)féﬁé‘él“ﬁ%&@“ﬂ%a'i'(?ﬂﬁeﬁﬁ%ﬁedl'Eerﬁ'ﬁtth?b Wit 8. The
appl i cant eggb gﬁﬁegﬂ%knphbgmmﬁprface geonetries and other paraneters nmay
al so be used to desi di spense a lens elenent according to the present
invention. By way of non-limting exanples, such other paraneters nmay

i nclude: ~ Chromatic aberration: for exanple, since the periphery of the
fovea has relatively fewer cones and nore rods it may be nore inportant to
keep a particular wavel ength in focus, thus the design of the lens elenent
may take into account paraneters that provide selective focussing of that
wavel ength. It may al so be necessary to have low chromatic aberration
materials. Sagittal (S) vs tangential (T) power error: for exanple, it may
prove necessary to nmaintain quite radically different S v T optimsation
wei ghts. ~ Cinical neasures to lens relationship: for exanple, it is
anticipated a wave-front abberoneter nay be used to sanple optical errors
froma foveal through to a peripheral location to nore fully characterise
the off-axis errors of the eye. Once the wavefront aberrations have been
characterised, the desired blur spot mnimsation is applied to deliver
appropriate corrections to the entire field of view of the eye. Those



-24- sanples may be transl ated, using appropriate relationships, so as to
characterise the shape and or off-axis correction/s of the eye. Finally, it
wi |l be understood that there nay be other variations and nodifications to
the configurations described herein that are also within the scope of the
present invention. -25- CLAIMS 1. An ophthalmc lens elenent for correcting
myopia in a wearer's eye, the lens elemgnt including: (a) a central zone
providing a first optical correction for substantially correcting nyopia
associ at ed @uavMshe foveal region of the wearer's eye; and (b) a peripheral
zone surrounding the central zone, the peripheral zone providing a second
optical correction for substantially correcting nyopia or hyperopia

associ ated with anpghiraiaicabng eghwnt @r dorectied myaplafintaheeareds ey stheye. 2.
An ophthalmc Iens elenment according to claiml1, wherein the first optical

correction 1NSHRYBPRLIREUABIL first refracting power and the second optical

correction {§) spgctéitfl Ashed FORAORY & efifsacddtiagl Q@V@éti@ﬂﬂo%@bﬁbﬂtiéll?? second
refracting power provides a p ower correction relative to the first

. . . us p . )
refracting CRBREING MBYORiA agpatiaied Witk thefeyeal regiontof R WPHPRY Y &% m 2
wher el n Fhe(@ rsh pdiphbAfitidng BOMGInding HRE dbRatborid)anensdriphbref &dhee of the
ophthal mc I'ens elenent. 4. An ophthalmc lens el ement according to claim
2 wherein t peovidiag a seoend optied ecaseastion foefspbstentiyly peescling ryQRia ror

refracting t adius: f kihs at 0o d he
opht hal m ¢ Bgé\g{og eaﬁs‘ég@?fgggﬁ ;ﬁ@%géﬁ%ﬂ?r@lﬂé@ﬁ@ﬁ?ﬁ:{%: ggr ?%?gg&g% t%}é | ens
el enent, and inscribes the peripheral zone over azi nut hal extent of at

an
| east 270 degreex, (o ARBINERICR: h&dRaifh HIERIm ACGAERGelrPsiofbs 1 Or 2

wherein the“seco ting power 1S in range +2.0 D
6. An opht hebrrectidneirs spkeifiemtasaac éirsdi nefratiing: Ipaiver laret kg sehemdiaptichle

refracting %8%<r:tic}nnist shpeeu i%gtegsala $e0fid 'rgfréc'}inggh&ov&e?‘n&% \f/vhgr@irp 'tr?engeéo(?]d' 6.00 D.
refracting power provides a plus power correction relative to the first refracting

power.

3. An ophthalmic lens element according to claim 2 wherein the first

refracting power is located at the optical centre of the ophthalmic lens element.

4. An ophthalmic lens element according to claim 2 wherein the mean value
of the second refracting power is a mean refracting power at a radius of 20mm
from the optical centre of the ophthalmic lens element, as measured on the front
surface of the lens element, and inscribes the peripheral zone over an
azimuthal extent of at least 270 degrees.

5. An ophthalmic lens element according to claim 1 or 2 wherein the second
refracting power is in the range of +0.50 D to +2.0 D.

6. An ophthalmic lens element according to claim 1 or 2, wherein the

refracting power in the central zone is in the range from plano to -6.00 D.

7. An ophthalmic lens element according to claim 6, wherein the refracting

power in the central zone is in the range from plano to -4.00 D.



7. An ophthalmc lens elenent according to claim®6, wherein the refracting
power in the central zone is in the range frompiano to -4.00 D. -26- 8. An
ophthalmc | ens el enent according to any one of the preceding clains,
wherein the central zone is a zone bounded by a 0.5 D contour of front
surface astigmatism 9. An ophthalmc |ens elenent according to any one of
the clains 1 to 7, wherein the central_.,gone is a zone bounded by a
stepped increase in the front surface nean curvature of at |east +0.5 D
10. An ophthalmc | ens el enment according to any one of the clainms 1 to 7,

wherein thecentyal ne 1.s,a.zope un . e i per 1n the
front surfgce anoéﬁtpéj@f%J%qsog%g?eq\?e%%?pdﬁgdgé*yl%ng\or{ @%h?’%g?%hg | ens
el ement accemrithsgviiaremnyie @aeatralf zdnkees @l ainesbolintied By a OB eomtotthef fomnit r al
zone is a zone bounded by a stepped increase in the front surface nean
curvature oﬁué?cq Qf“ai'i%s D. 12. An ophthalnmic I ens el ement according to
any one of the clains | to 7, wherein the central zone is a zone bounded

by a stepped increase in the front surface nean curvature of at l|least +2.0
G

D. 13. An ofht haffiaPhthaigicdeasneitment ascaiding ihamh ene ot e CRMs dslo1’t o 12,

wherein, W {JpeRsif ife 66t 2bné &8 zohB®oBHASRBH aP¥SFecPhcicdse fif B frentr f ace
varies by less than 0.5 D. 14. An ophthalmtc |l ens el enent according to

claim 1 or surfaggmean suivature peaieprslft0a2 B ng power of the peripheral zone is
in the range of +0.50 Dto +2.0 D relative to the refracting power at the
optical centre of the central zone. 15. An ophthalmc |ens el enent

accordi ng t d0cl aAmaphgraln@, lenp etementtangordingaio peyY paetdf tie pleies 1dp f.he

peri pher al . i fis 200RL opt. | ; | ens
el ement as %\n@%gﬂﬁtgfgél ﬁggﬁ?gésn% sur fbg)gga %(i]sh?e&%%@ mEfe?%gﬁ‘n ﬁ{eea{sr(gmw. 50 D
rel ati ve tosttiace mepactivagireohetleast 11h@Doptical centre of the -27- central
zone and inscribes the peripheral zone over an azinuthal extent of at

| east 270 degrees.

11.  An ophthalmic lens element according to any one of the claims 1 to 7,
wherein the central zone is a zone bounded by a stepped increase in the front

surface mean curvature of at least +1.5 D.

12.  An ophthalmic lens element according to any one of the claims 1 to 7,
wherein the central zone is a zone bounded by a stepped increase in the front

surface mean curvature of at least +2.0 D.

13.  An ophthalmic lens element according to any one of claims 1 to 12,
wherein, within the central zone, the surface power of the front surface varies by
less than 0.5 D.

14.  An ophthalmic lens element according to claim 1 or 13, wherein the
mean refracting power of the peripheral zone is in the range of +0.50 D to +2.0
D relative to the refracting power at the optical centre of the central zone.

15.  An ophthalmic lens element according to claim 1 or 13, wherein the
mean refracting power of the peripheral zone at a radius of 20mm from the
optical centre of the lens element as measured on the front surface of the lens,
is at least +0.50 D relative to the refracting power at the optical centre of the



16. An ophthalmc lens elenent according to claim1 or 13, wherein the

mean refracting power of the peripheral zone at a radius of 20mm fromthe
optical centre of the |l ens elenent as neasured on the front surface of the
lens, is at least +1.00 Drelative to the refracting power at the optical
centre of the central zone and inscribes the peripheral zone over an
azimuthal extent of at |east 270 degrees.. 17. An ophthalmc |ens el enment
according to claim1 or 13, wherein the nean refracting power of the

peri pheral zemealzone aradinasritss Permeripheid zoee owet ﬁ@@?l'”@ghflﬂr@(t%’ft afteé | ens

el ement as he front surface of the lens, 1is at least +1.50 D
relative to%aﬁzﬁ‘ga?%{é?% ng power at the optical centre of the central zone
and |nscr| bes t he peri pheral zone over an azinuthal extent of at |east 270

degr ees. An ht h ns ele r ioM wherein
the nean réﬁr ac ﬁ Lﬂn ﬁlgmﬁgflaﬁﬁcgﬁéﬁ glg ngﬁ %Lﬁg’dlvﬂhse?%?]@firrmfrom
the opti Ca'mé‘a@nﬁéfr%cm‘fg bbﬁe} @ﬂ%@b@ﬂﬂiﬁral&ﬁon&ea’sarmdlwmﬁZ(Hnrfnriwm tear f ace of
the lens, is at least +2.00 D relative to t ef t he
optical cenPPpticahrepife of %H?P%F"eﬂfﬁ’é aaﬁaeqs,%ecc{'?%g‘ée ﬁ(ﬁ'gt E‘%F%ﬂﬁﬁ‘gl |<%One over
an azi mut halg sxje@8t +PH0ab relb@s to thélret@etimpepowdat tﬁ@ cﬁmhélheérmecoﬂ tBs

el ement according claiml1 or 13, wherein the nean @ﬁ?' gﬁ%@t of the

peri pheral g£enigalaong anshingsrikgs YERATPNEMA! ZRBC YET éalaz"E ¢ | ens
el ement as soved @.@eg_he front surface of the lens, is at least +0.50 D
relative to e sur? ce power at the optical centre of the central zone
and inscri bes t he peri pheral zone over an azinuthal extent of at |east 270

degrees. 20,740 AR BRLAI e | SRS oBIRHE Hocane 8 B Rl 3, Qindidn wWeer i n

t he nean surface powe e peripheral zone at a radius of 20mm fromthe
optical - 28me:aaantafnactmﬁg tpbwerelﬁh@lp@ﬁemrab@m%éé@r @diusnot Rempy Ba Wer f ace of

the lens, faéalrg;{a 8 br e @As B é—f e s\ eés%r% Bn T fr @fs@%@bfﬂ%el%l?@ opti cal

centre of tﬁg Zone an |nscr| es the peripheral zone over an
azi mut hal exd enteasf +a150| Raslatiay @ treepfmetng power at the optical centre of the

central zone and inscribes the peripheral zone over an azimuthal extent of at

least 270 degrees.

18.  An ophthalmic lens element according to claim 1 or 13, wherein the
mean refracting power of the peripheral zone at a radius of 20mm from the
optical centre of the lens element as measured on the front surface of the lens,
is at least +2.00 D relative to the refracting power at the optical centre of the
central zone and inscribes the peripheral zone over an azimuthal extent of at

least 270 degrees.

19.  An ophthalmic lens element according claim 1 or 13, wherein the mean
surface power of the peripheral zone at a radius of 20mm from the optical
centre of the lens element as measured on the front surface of the lens, is at
least +0.50 D relative to the surface power at the optical centre of the central

zone and inscribes the peripheral zone over an azimuthal extent of at least 270

degrees.

20. An ophthalmic lens element according claim 1 or 13, wherein the mean
surface power of the peripheral zone at a radius of 20mm from the optical



21. An ophthalmc |lens elenment according claim1 or 13, wherein the nmean
surface power of the peripheral zone at a radius of 20mm from the opti cal
centre of the lens elenent as neasured on the front surface of the lens, is
at least +1.50 Drelative to the surface power at the optical centre of
the central zone and inscribes the peripheral zone over an azinut hal
extent of at |east 270 degrees. 22. Arlz%p_ht hal m c | ens el enent accordi ng
claiml1l or 13, wherein the nean surface power of the peripheral zone at a
radi us of 26@?:1116c obinet lbes emnheralas meassured@rn thadrdnéssriateeatifte lags.neéa@&sur ed on

the front s C f S 2ast D surface
power at th €?$9§D6 ﬂft'\feepo n ‘?{5'%88 zﬁr at}%%ggg%d Clghtg‘(g:ro :{gheetse?r&%?

peri pheral zemeagy Miscafesathielperipabraexorenbvearfanadzieatist e@@6t ofde dease7023. An
ophthal m c | ens el ement according to claim1l1, wherein the peripheral zone
i ncl udes a BP¥REBA zone that extends radially outwards from the boundary

of the central zone and into the peripheral zone, and wherein the radial
extent of the blended zone, within a 40 nm di aneter I@Bs element is |ess

than the radius AbPrhiaireisdensaeiemsnt aeeRrdiiaime bpeds. Whefeihthemean | opg

el ement accgy, g 0pbReBY th’lsﬁ%e%héraﬁz&ﬁ@%@fa e of PBmMMIGoRh fhd lapticatent r al
zone i s shaped and sized according to a typical range of eye-rotations of

the wearer tentreehtheaenyielgreent assmeasyredPrethenfait sufae? af Hig epschdtm 24,
wherein t hele%g {%E B3 Q08 t@ e Slrfdcd @ciwé?'pﬁrtﬁé'b%tl&@‘ﬁeﬂge%f%@%ﬁtﬁél

corresponds WI e extent o wearer's typical eye rotations before they
engage headzomd annd ascribeEothea@riphetab rene peereait azigwdial exgnt of atlleasn?Zq wher e

the central é@@g has a rotationally synmetrical shape. 27. A lens el enent
accordi ng t8 im24 where the central zone has an asymmetrical shape to
allow for the asymetrical distribution of the frequency of eye rotations.

28. An opht ?Ql e uléa?)ﬁg\a%l%rrens eleRlert AeE& GG dail¥ PR3 3 Wndrdif MEmedneye. the

| ens el enen
surface power of the peripheral zone at a radius of 20mm from the optical

centre of the lens element as measured on the front surface of the lens, is at
least +2.00 D relative to the surface power at the optical centre of the central
zone and inscribes the peripheral zone over an azimuthal extent of at least 270

degrees.

23.  An ophthalmic lens element according to claim 1, wherein the peripheral
zone includes a blended zone that extends radially outwards from the boundary
of the central zone and into the peripheral zone, and wherein the radial extent of
the blended zone, within a 40 mm diameter lens element is less than the radius

of the central zone for clear foveal vision.

24. Alens element according to any one of the preceding claims wherein the
central zone is shaped and sized according to a typical range of eye-rotations of

the wearer for central vision.

25. A lens element according to claim 24, wherein the central zone is an
circular aperture having a diameter corresponds with the extent of wearer's

typical eye rotations before they engage head rotation.



(a) a central zone providing a first optical correction for substantially
correcting nyopia associated with the foveal region of the wearer's eye;
and (b) a peripheral zone surrounding the central zone, the peripheral zone
provi ding a second optical correction for substantially correcting nyopia
or - hyperopi a associated with a peripheral region of the retina of the
wearer's eye, wherein the first opticalégnrection is specified as a first

refracting power and the second optical“correction is specified as a
second refraeting lpeswleradrtt acdoeding rtot diains @4 onidereetheacdritray zpoadraspaovi des a
pl us power correction rel at‘ve to the first refracting power, and wherein

the refract fHgIPHNESYPREI8! 81818 al zone is in the range from piano to

-6.00 D. 29. A nethod of dispensing or designing an ophthal mic | ens el enent
for correcting nmyopia in a wearer's i ncl udi ng

, th t hod X
obt ai ni ng, £ér tﬁéemwent(qgcoggimgg@%’@a %ﬂal?"(ﬁ‘\g?%f%%ﬁ%%'sz%‘& ?%S(ag?‘

correction, a&?ﬁm‘éﬂm‘%ﬁﬁaﬁ?ﬁfd SRw TP QhE BEYMATRIARI dRETILEBH ioh thditeqiehcy ,
associated w the foveal region of the wearer's eye; and (ii) a required

val ue of of pbfaxé otafjpnscal correction, the off-axis optical correction for
correcting myopia or hyperopia associated with a peripheral region of the
retina of the wearer's eye; (b) selecting or designing an ophthalmc |ens
el enent acc@Bdi ngntophthaimicvenselemsit &ov-coriestinghmyopi-iad Wea'ef s €¥ei 68, t he

opht hal m ¢ i%g?egrlﬂgﬁg%u&ﬁﬁ:l uding: (i) a central zone providing an optical

correction I'ng th the on-axis optical correction; and -30-
(ii) a peri gder ab eentml szomeoynalidgiggt hefitsenoptivhl orrectiarhdopeubptaetially zone

Corr ect i on. CagbetRdTay it Patimey ROIES RVERRE drthe NER R P, P )
det er m ni ng (e begatiphenst mone aurdoeyiingrihe wentralchareacther pariphesal ofonet he
\rArlet;s retranra;nt and pgc()j\)idirsxé Za{ ggcéin%d ofvpléaaﬁ ! gcgretcggn cfgp tsbgétarzwﬁé]l‘?/ gé:r(r;eoé’tiﬂb nrﬂy&ﬁa tcne head

hyperopia associated with a peripheral region of the retina of the wearer’s eye,

wherein the first optical correction is specified as a first refracting power

and the second optical correction is specified as a second refracting power and

wherein the second refracting power provides a plus power correction relative to

the first refracting power, and wherein the refracting power in the central zone is

in the range from plano to -6.00 D.

29. A method of dispensing or designing an ophthalmic lens element for

correcting myopia in a wearer's eye, the method including:

(@) obtaining, for the wearer: _
(i) a required value of on-axis optical correction, the on-axis optical
correction for correcting myopia associated with the foveal region of the
wearer’s eye; and
(i) a required value of off-axis optical correction, the off-axis optical
correction for correcting myopia or hyperopia associated with a
peripheral region of the retina of the wearer’s eye;

(b)  selecting or designing an ophthalmic lens element according to the

values of on-axis and off-axis correction, the ophthalmic lens element including:
(i) a central zone providing an optical correction corresponding with

the on-axis optical correction; and



and eye novenent characteristics of the wearer so the central zone

provi des an area of substantially uniformrefracting power for supporting
central vision throughout an angul ar range of eye rotations. 31. A system
for dispensing or designing an ophthalmc lens elenent for correcting
nyopia in a wearer's eye, the systemincluding: (a) an input device for
accepting or obtaining opti cal correctiqgpval ues for a wearer, the optical

correction values including: (i) a required val ue o( |s th ql
correction, the @h a>ﬁ @eﬁmqfélalzon%éﬁfr@lé'ﬂqj'ﬁgl the rcegyp éﬂrﬂ‘? ﬂ%& e
associated with Ri(}?xfblw r&o! 'ﬂ f cdisctioneadrsspon@ing; wtnthé i dff-amist equi r ed
val ue of off-axi s optpl ca %o%?e t?%nc theloo ff- aX|p§ opfgl cal correction for

correcting nyopieptsal ¢yyastionpi a associated with a peripheral region of the
retina of the wearer's eye; and (b) a processor for processing the wearer's
optical correction values to select or design an ophthal mc |ens el enent

accordi ng t @0t heAmétbe@aochrdmg&ac@lméﬁdfuziﬁét @glugingor recti on, the ophthalmc

| ens el ement i nc%kﬁglrr{x]ﬂgg ax?as s r?@gf‘f%ﬁd pég%dhgbé}?e&nc%%& ﬁétnc%ocffr ection

correspondi ﬁ@ a peripheral zone
surroundi ng the genvéaer;ande, the peripheral zone providing an optical

correction correspondi ng Wi th e off-axis _cor j m
accordi ng t &kl a?'%”glano?ﬁ'??m'ég tth%(gleﬁﬁ?l ng"e- g(icorﬁ ﬁ§td|)§ﬁ%th%§gv"lﬁ%\z rﬁérﬂ
aﬁceptl ng or Ogt ?g@léyﬁ Hﬁ@@&ﬂﬁﬂvaﬁm?tteﬁﬁtﬁbsezy’ethenweamrm teacenitatrioei ?S Lor
t he wearer; an t he processor for e sjize of the
central zone ac@E?thﬁeﬁgf“t%f el SHE%@”%{;’DéfPéffH%/ma{%f&acgvg Wé rﬁup%ﬂ%g
characteristics pintdiQisioaffcRighsst dhadguiatangé ozeyearopitions des an area of
substantially uniformrefracting power for supporting central vision

throughout an angul ar range of eye rotations. 33. A nethod of reducing
nyopi a prograssi Angdierd BY ARPensing dredéiishing an ophthalmic lens element for

correcting myopia in a wearer’s eye, the system including:
(a) an input device for accepting or obtaining optical correction values for a
wearer, the optical correction values including:
(i) a required value of on-axis optical correction, the on-axis optical
correction for correcting myopia associated with the foveal region of the
wearer's eye; and
(i) a required value of off-axis optical correction, the off-axis optical
correction for correcting myopia or hyperopia associated with a
peripheral region of the retina of the wearer’s eye; and
(b) a processor for processing the wearer's optical correction values to
select or design an ophthalmic lens element according to the values of on-axis
and off-axis correction, the ophthalmic lens element including:
(H a central zone providing an optical correction corresponding with
the on-axis correction; and
(i) a peripheral zone surrounding the central zone, the peripheral
zone providing an optical correction corresponding with the off-axis

correction.

32. A system according to claim 31, further including:



i ncluding providing, to a myope, spectacles bearing a pair of ophthal mc

|l ens elenents, each lens elenent for a respective eye and including: (a) a
central zone providing an optical correction corresponding with on-axis
correction for correcting nyopia associated with the foveal region of a
respective eye; and (b) a peripheral zone surrounding the central zone, the
peri pheral zone providing an optical cofrection for correcting myopia or
hyper opi a associated wth the peripheral region of a respective eye. 34.
An opht hal ni{a@) | einputldavizet féromcceptingc br noptaipmg dead moweaest 'andew¥e t he

| ens el ement including: (a).a.central zo providing a first optical
correction mvemﬁf:%%ﬁgt&p%@fs ngtlh?é'%%r%rggﬁ%opi a associated with the foveal

region of thg wemeeptotedt®, for aodifyirel theogtzecahd ahrpeotfi the sl fiond as a

first refracting power; and, (b) a ripheral zone surro I t he, central

zone, the p@PF‘Hﬁ@BaTO %Eea?Jr'B%/Y%ﬁri‘%g ar{%&%rfﬁo%%‘??rba haé%ﬁgrésg% ocﬁ ﬁhgr

subst ant i al \sae& @bt B&htFal 2Bh@ prividdtydre sl of sabsiatialtyashiforthheragiegi pher al
region of the retina of the wearer's eye t he second %ti cal ggrrecti on

L ye,
speci fi ed aPowesdebrwppartingc CeMER! pyiien, tiReNaUL ThAGEEnPeET Ph&Png power
provides a phidgomower correction relative to the first refracting power
and wherein the central zone is sized and shaped to provide the first
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34.  An ophthalmic lens element for correcting myopia in a wearer's eye, the
lens element including:
(@) a central zone providing a first optical correction for substantially
correcting myopia associated with the foveal region of the wearer’s eye, the first
optical correction specified as a first refracting power; and
(b) a peripheral zone surrounding the central zone, the peripheral zone
providing a second optical correction for substantially correcting myopia or
hyperopia associated with a peripheral region of the retina of the wearer’s eye,
the second optical correction specified as a second refracting power,

wherein the second refracting power provides a plus power correction
relative to the first refracting power and wherein the central zone is sized and
shaped to provide the first optical correction over a range of eye-rotations to

support central vision throughout an angular range of eye rotations.



wherein the second refracting power provides a plus power correction
relative to the first refracting power and wherein the central zone is
sized and shaped to provide the first optical correction over a range of
eye-rotations to support central vision throughout that range. 36. An
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the second optical correction specified as a second refracting power,

wherein the second refracting power provides a plus power correction
relative to the first refracting power and wherein the central zone is sized and
shaped to provide the first optical correction over a range of eye-rotations to

support central vision throughout that range.

36. An ophthalmic lens element for correcting or retarding myopia
progression in a wearer’s eye, the lens element including:

(@) a central zone providing clear foveal viewing throughout an angular
range of eye rotations; and

(b) a peripheral zone surrounding the central zone, the peripheral zone
providing, relative to the central zone, a plus power optical correction for
substantially correcting myopia or hyperopia associated with a peripheral region

of the retina of the wearer’s eye.

37. The use of an ophthalmic lens element to correct or retard myopia
progression, the lens element including:

(@) a central zone providing clear foveal viewing throughout an angular
range of eye rotations; and

(b) a peripheral zone surrounding the central zone, the peripheral zone
providing, relative to the central zone, a plus power optical correction for
substantially correcting myopia or hyperopia associated with a peripheral region

of the retina of the wearer’s eye.



