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Description
CROSS-REFERENCE

[6001] This application claims benefit of priority from
co-pending and commonly assigned U8 Provisional
Patent Application Nos, 80/758,316 filed January 12,
2006 and 60/782,658 filed March 15, 2006,

FIELD OF THE INVENTION

[0802] The present application is directed gensrslly to
mathods and systems for the trealment of progression
of refractive sror, it represents 8 novel and unobvious
advance over commonly assigned U8, Patent No.
7025480,

[06003] In particular, the preserd inverdion is direpted
to methods, systems and apparatuses for retarding or
eliminating the progression of myopia in an individual by
controlling oif-axis aberrations, thereby manipudating the
relative curvature of fisld of a visual image while simul-
taneously providing clear imaging at select non-ceniral
directions and points of vision.

[0004] Myopia, adso knownt as shorisighiedness or
nearsightedness, is a type of refractive srror of the eve.
Refractive error, an opfical siate of the eve in which the
focus of the eye is incorrect causing blurred vision, in-
pludes nyapia, hyperopia (farsightedness or longsight
edness) and refractive astigmatism. In myopis, the visual
focus defect is auch that distant abiects {items in the
scenery being viewed by the aye) appear blurred be-
cause their imagas are focused in front of the reting in-
stesd of on the retina. Myopla is a common visual disor-
der, affecting arcund a quarter of the adull population of
the USA, and its prevalence is increasing. In some courn-
ries, most notably in the Aslan region, the prevalence of
myopia is now higher than 80% in school-age children in
some countries. Thus, a largs percentage of the world's
population has myopia at @ level that requires soma form
of optical correclioninorderto see clearly. His alsoknown
that nwopia progresses - regardless of age of onsel, my-
opia fends o increase in amourd reguiring stronger and
stronger correction. High amounis of myopia canlead o
some forms of ratinal pathology; with increased risk of
ratinal delachment, posterior calaract and glaucoma, In
addition, accompanying this visual disorder are personal,
soacial and financial burdens to the individual and to the
commusnity. These include the direct costs of vision cor-
rection and management (which amounts to severat hil-
lion dollars a year), as well as indirect costs such as pro-
dustivity and guality of life. The visual and potential path-
ological effects of myopia and its consegquent incornen-
jence and cost to the individual and community makes it
desirable to have effective strategies to prevent or delay
the onsad of myopia, 1o stop or slow the progress, or limit
the amount of myopia ocourring in both children and
young aduits,

[0005] Currently, the blurred vision of individuals with
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refractive errors including those with myopia is commornly
improved by the prescribving of optical comections. These
optical correclions are defiveres using a wide range of
vision correction devices including spectacies, contact
lenses and refractive surgery. These corrections optically
change the position of the focus of the visusl image so
it is lying on the reling, thereby restoring clear vigion.
However, these do little i anything to slow or stop the
progression of myapia and, according o at lrast some
research findings, may actually promaete the grogression
of myopia.

{0006] Stirategies o preventorsiow myopia have been
suggasted thal involve pharmacological interventions
such as atroping or pirenziping, However, the polential
disadvantiages assoniated with the long-term use of such
pharmacological substances may render such modalities
unatiractive. Other siralegies inchude the use of vision
training. Such modalties, which In practice, oan ondy be
delivered sporadically and requires rigorous attentive-
ness on the part of the patient, may have queslionable
valse tdue to potential incorrect usage or poor compliance
by the patient.

{0007} Since the individual with refractive error would
typically already be weanng a vision correclion device
and typically for long durations, 8 method for reducing or
aliminating the progression of myopia that is optically-
based and thal may be incarparated in a vision correction
device would be extremely atiractive doe 1o the snsured
compliance by the individual as well as the fong duration
of freatrent that can be achisved.

BACKGROUND TO THE INVENTION

[0008] A rnumber of aptical methods have bean devel-
aped over the years to alterap! o reduce or gliminale the
progression of myopia. These methods altemptio extend
their assoniated vision corraction device o one which is
a vision {{a. refractive sror} treatment device. In this
document, "vision correction devices” that employ optical
methods for eliminating or reducing the progression of
refractive errors will be called "vigion treatment davices”.
{0009] One much-attempted optical mathod is "under-
correction” in which the wearer is prescribed an optical
power legs than necessary o ully correct his refractive
errar. Sinne the position of the visual image is not refo-
cated to the relina, constant burred vision is an implicit
and undesirable consequence of the under-correction
method. Due to the constant blurred vision, compliance
of the wearer fo maintain this method of treatmentis kely
o be poor,

{0010} Other optical methods employ bifoead or pro-
gressive asphericlens speciacles or bifosal contact lens-
es as polential strajegies for retarding the progression
of myopia. For example, US §,343,861 to Kris discloses
the use of a progressive ophthalnds lens designed o
reduce the rate of juvenile myopia progression. US
8,752,409 o Aller discloses a mathod for treating myopla
progression in patients who also exhibil pear point eso-
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phoria by selectively prascribing hifocal contact lenses.
WO 2006/004440 to Phillips discloses the use of bifocal
contact lanses with various arsngemeants of vision cor-
reclion area amd myopic defocus ares 1o counter pro-
gresgion of myopia. US 2006/0082728 1o To describes
the use of Fresnel-type lenses to produce fwo refractive
powers {Le. a hifccal effect) io treat the progression of
myopia,

[6811] However, studies on the efficacy of methods
that employ bifocal devices generally show anly limited
efficacy. inthe case of bifocal or progressive spectasles,
cormpliancs of the wearer fo always look through the near
addition portion of the spectacles for near wark cannol
be guarantead. And this is paricuiarly so when dealing
with children. The bifonal condact lenses that have been
used to date have heen simullaneous vision hifocals -
i.2. both the distance and the pear images are produced
in he eye simultaneously, Such bifocals degrade the
overall retinal imags qualily and are known 1o producs
undasirable visual problerns such as haloes, glare ang
ghosting.

[0042] Yel olher optical methods seek fo reduce the
progression of myopla by manipulating the aberrations
in the visual image introduced 1o the eye. "Abarrations”
refers fo the optical performance characieristic of an op-
fical lens or system thal relates o how poorly a visual
image is produced by that lens or systern. When a visual
itage is formed perfectly sharply or distinctly {relative to
the limits of diffraction which is an ulimate physical imit
of how sharmply a focus can be produced) and in the re-
quired fncation in space, the image is said 1o be fres of
aberrations. With departure from this parfect state, the
visual image is said fo suffer from aberrations. R is
thought by some that certain aberrations can influsnce
the progression of myopia.

[0013] Adfsw optical methods relating to the manipula-
tion of on-axis (or axial) optical performancs of the vision
device, or its on-axis aberratinns, have been develaped
for the treatment of myopia progression. "On-axis™ or “ax-
ial" is a description of the direction of light relative o the
direction of vision. The most visually acute point on the
retina {the light-sensing layer of the eye} is the fovea.
This is & small area on the reting at which the light-sen-
sitive photo-receplors are at their highest concentration.
When an individuat needs o eritically view a visual object,
he does s by changing the direction of gaze (by rotation
of the head or rolling of the eyeball upidown, leftfrdght)
s0 that the point of interest in the image is placed over
the foves of the aye. This process of aligning the eye's
most sensiiive point to the visual object of interest is
called "fixation”, "Oreaxis” or "axdal” reders to when light
arfving o the eye originates fram the poind in the visual
object which is Imaged on {0 the foves, Le. the point of
fixation, or in the straighi-ahead direction, In this situa-
fion, the light rays ardving o the eys are approximately
paraiiel to the axis of the eye.

[0044] Forexample, US 6,045,578 1o Collins distloses
a method of treatment and prevention of myapia by -
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ducing positive spherical aberration {an on-axis abera-
fion} in the myopic eye. US 2003/0058404 to Thom de-
scribes a roethod of measuring and correcting the wave-
front aberrations of paralled light rays entering the eye in
order to prevent or retard the progression of myopia, US
2004237671 to Radhakrishnan descrbes the manipu-
lation of aberrations o control the relalive posilion of
modulation ransfer function peaks in order (o retard or
abate the progression of myopa.

{0015} The general efficacy of the maniputation of on-
axis optical methnds is yet to be definitively proven. Inat
lsast some of the on-axis optical methods deseribed (for
exanple, the induction of posilive spherical aberration},
e method necassarily implicltly degrades the visual
acuity and could lead 1o poor compliance on the parnt of
the patient and would therefore suffer the same disad-
vantages as under-correction methods.

{0016} in contrastic these optical methads which deal
with the manipulation and control of optical focus and
abercations in the straight-abead, on-axie direction, the
disniosure of US 7 075 460 demonshrated that myopia
prograssion is controlled by the off-axis optical charac-
feristics. Converse o on-axig, "off-axis” refers to when
tight s arfving i the aye from a direction other than
straight-shead; i.e. the image poinls corresponding in
the offaxis abject points fie away from the fovea. Off
axis visual direction is also referred o as "petipheral vie
sion” and the objest points {points in the visual scanery)
belonging to the off-axis direclinn the "peripharal visual
fizld" or simply "peripheral field". When light arrives 1o
the eye from an off-axis direcion, # creates an angle with
the straight-aheaad diraction of visw ofthe eve. This angle
is sometimes called the "fisld angle”.

[0017] LIS 7.025.480 describes 8 set of axperiments
and chservations that demonstaatas that retarding or alim-
inating eve-growth that leads 1o progression of myopla
may hest he effected by cordrolling the peripheral visual
image. From those observations, US 7,025,480 teaches
an oplical method for treating the prograssion of myopla
by manipulating the positions of peripheral {i.e. off-axis}
visual inage points, or the relative curvature of field of
thie visual image.

{0018} i should be mentioned that curvature of field is
ihe type of off-axis opiical abarration that relates to the
aritarg-posierior position {i.e. whethker further in front of,
or further behind} of the peripheral image points {of the
visisal image) relative o the preferred image-receiving
surface (which in the eve, is the retina), Curvature of figld
differs fundamantally from spherical sherration {for ex-
ample as faught by US 6045578 and US
2003/0058404 ). Spherical aberration is the optical aber-
raticn that describes whether ight rays, altfrom the sama
straight-ahead {along the visual axis) divection, bot pass-
es through different points on the pupll of the eve, are
fonused o the same image point. Thus spherical aber-
ration relates to how well {or sharply} an image point Fom
its corresponding objeat point from the straight-ahead
diraection is focused whereas cunvature of fleld relates to
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whiara in space {antero-posteriorly or forward-backward
position-wise} image points from many different dires-
tions {i.a. rom different field angles) in the visual scenery
is posttionad regardiess of how sharply they are focused.
The set of all such image poirds can be described a8 an
image surface. So curvature of field relates to the shape
and position of the image surface.

[0049] In comparison, | should also be noted that the
bifocal oplical misthods {for example, as taught by US
6,752,498} seeks {0 create two image points for each
visual object point (this is 8 feature of simultansouos vi-
stor bifocal contact lenses). Thus, "double image’ is im-
plicitly created - one from the near focus zone and one
from the distance focus zone of the bifonal, In compart-
san, the control of curvaturs of feld creates only a single
image point for each visual object point but govems the
antero~posterior position of the image point relative to
the image-racalving surface.

[0020] One aspect of US 7,025,480 is a method of de-
signing a vision reatment devics {Tor example, contact
lens, spectacle lens, corneal inlay or onlay, eic) to be
worn by a wearer that will manipulate the positions of the
peripheral image poinis {that iz, manipulate the relative
curvature of field) in sunh a way so as fo produce siirmuddi
to reduce or sliminale the progression of myopia in the
wearer while simulianeously mainiaining the position of
the on-axis visual image point on the ratinafoves so as
o maintain good visual aculty for the wearer,

[0021] Designing a vision treatment device aceording
o the teachings of US 7,025,460, depending onthe exact
shape of the image surface {i.e. relative curvature of field)
1o be presented o the eve, may require some irade-off
between the manipulation of relative curvature of field
and the amount of other oplical aberrations that resuilts,
Since most conventional optical vision correction devices
have typically only two {one antgrior, one posterior} op-
tical surfaces, when the lens is designed to manipulate
rdative curvature of fisld, due io the limited number of
daesign parameters {g8.g. lens surface shape, refractive
index of material, lsns thickness, distance from the pupil,
gfo} fimiting the degrees of freedom in oplical design,
same other oplical aberrations may be concomitantly in-
troduced or altered. Such other optical aberrations (i.e.
aberrations other than cureature of field}, may be de-
soribed according o the von Seidel classification of ab-
errations as is well-known (o those skilled in oplics and
lens design. These include spherical sberration {which
has already been desoribed above) as well as coma, ob-
lique astigmatism and distorfion. Throughout this doou-
mard, we will refer to these as the “cther optical aberra-
finns”,

[0022] One other category of aberration is the chro-
matic aberration. This aberration is related to how hight
of diffsrent colors {wavelengths} creates different focal
positions and does nol impact on the concept and appli-
pability of the present invendion.

[0823] In terms of other optical aherrations, vision op-
tical devices can be divided roughly into two groups ac-
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cording 1o whether they remain substantially approxi-
piately ahgred with the direction of view of the eye with
differant diractions of gaze of the eye.

{0024] Vision correction devices of the first groug can
be called "centered” vision correction devices and in-
clude condact lenses, intra-ocular lenses, on-lays, in-lays
and arderor chamber lenses. The oplical axis of these
viston correction devices remains substantially approxi-
mately aligned with the divection of view of the sye re-
gardiess of iis directiun of gaze. For the centered vision
correction devices, light from the on-axis visual object
abvays passes approximatiely through the central region
of the device on its way 1o the foves after passing through
the pupil of the ays.

[0025] Vision norrection devicas of the second group
can be called "decenterable” vision curection devices
ang include speclacies ang transkating-lvpe {e.q. rans-
iating bifooal} contact lenses. Devices in this group do
not remain aligned with the direction of view of the eye
depending on the direction of gaze of the sys.

{0026] For centered vision gorrection deavices, unda-
sirable other optical abemations may arse through the
portion of the optical devics that corresponds to the off
axis directions or peripheral fislds in the manner de-
scribed above. This also applies to the decanterabie vi-
ston corraction devices when the eye i in the siraight-
abead gaze position with the diraction of vision passing
through or near the optical center of the davice.

{00271 Fordecenierable vigion corraction devices, the
cther optical aberrations praduced by the periphery of
the optical device may also impact foveal vision. Thig
cocurs when the eve is not in straight-ahead gaze. When
the eye s in the straight-ahead gaze, the #ne of sight of
thie aye passes through the devios at what is called the
"distance visual puint”. Typically, except for certain spe-
cial applications, for best visug! performance, the dis~
fance visual poird is placed near or 4t the opticatl center
of the davice. Whan the eye is rotaled away Fom straight-
ahead gaze, twillno longer be looking through the center
of the device. Inthose "ecoentric” directions {L.e. a direc-
tion of gaze not in the straight-ahead direction) of gaze,
theimage producadon the fovealregion will be constront-
ed from fight rays that pass through a peripheral portion
of the device. Such an image will incur and suffer from
the oiher opticat abarrations produced by the peripheral
partion of the device.

[D028] In addition o the undesirable other optical ab-
grrations produced by the peripheral portion of the de-
vice, decenterable vision corraction davices that employ
the myopia treatment method as taught by US 7,025 460
can also suffer from blurring due to defocus during ec-
ceniric gaze. The repositioning of penpheral focal points
for retarding the progression of myopia as taught by US
7,025,480 implicitly intfroduces defocus to the peripheral
irmage. While this is g desirable characteristic interms of
retardation of myopia progression whan the eyn is in the
straight-ahead gaze, whan the eye Is in eceeniric gaze,
the image produced on the foveal region is produced by



DK/EP 1976455 T3

7 EP 1976 455 B1 8

rays passing through a peripheral portion of the device
and thereforgwill incur an anount of defocus. Thus, when
the ey is directed o fixale on a peripheral visual object
through a decenterable visusl correction device, the im-
age is blurred due {0 both defocus and other oplical ab-
grrations.

[8028] Such other pptical aberrations {and also delo-
ciuls in the pase of decenterable vislor coraction devices
during accentric gaze) may be sufficiently, relatively,
small in amount that vision remains acceptable o the
wearer {who would be enjoving the benefit of producing
a stimudus {o retard or sliminate the progression of my-
opia and therefore may, in praference, be prepared to
pompromise on certain aspects of visual performance).
However, other waarers may require cerlain select zone
or rinlfiple zones for which vision is orilically important,
and therefore a priority. Such zones, which will be called
vigton priority zones” in this document, represent zones
on a lens that correspond to panticutar visual directions
{i.e. visual Beld dirsction or angles} for which the wearer
requires good vision.

[0030] Afewexamples follow to illusirate whan a wear-
er may choose to have a vision priority zone on their
vision corrention devices and where these associated
vision priority zones may be located on the device,
[8031] in one example, & wearer may be engaged in
driving a vehicle and reguires not only good viston in the
straight-ahead {on-axis) diraction {as is providad by the
method of US 7,095,480} but siso useful vision along 8
horzontat line representing a visual "sweep” of many vis-
uai objects (st many direclions of gaze} lying 0B of 2Cross
a roadway. Since the task of diving requires the wearer
to primarily be visually aware along a horizontal line {8.g.
to check for traffic in the cross sirset at a junction), the
select vision priorily zone for which useful vision is re-
guired would be represented by & band hing in & horl
zontal fing. t should be noted that usehil vision int the
context of peripheral vision is 3 relative tom since the
density of photo-recapiors on the retins decreases away
from the fovea; hence there exists a physiological limit
to visual acuity at the peripheral refina which decrsases
away from central, foveal vising,

[0632] In another example, the wearer may he en-
gaged in & visusal task which requires acule recognition
and identification of fine visual objecls In an extended
cantral field {ie. the region immediately surrounding the
straight-ahead direction}. Examples of such tasks may
include radar operation for which the operator is required
to view a radar screen or computer monitor and quickly
detect and identify small points. For such wearers, the
expanse {i.e. area or field of vision} of good on-axis and
‘naarly’ on-axis {a region peripheral iohid near the centrat
point also called the "para-central” reglon) visual aoulty
offerad by the method according fo US 7,025,480 may
be insufficient and a vision priarity zone providing s wider
para-central zone of good vision may be beneficial. The
select zone of vision for this example may be a region
approximately centered on the visual axis which sub-
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fends a field of view approximately squal {o the size of
the visual task {&.g. a computer monitor, a radar display
urit, a muosician's score, an arlist's easel, an arohilect’s
drafting board, eic).

[0033] invet another example, when s wearer of & de-
cerderable vision correction devics (such as a pair of
speclaches) is reading, bath eves tend 16 poind downward
and converge {L.e. point slightly closer towards the direc-
fion of the nose}l. In this direclion of gaze, each eye i
{ooking through & peint of the device that is positioned
refatively lower and more "nasally” {a lerm used by eye-
cars practitioners o indicate a direction towards the nose
- L.a. leftward for the right eye and rightward for the lef
sy} than the distanoe visual poinl. This point is called
the “near visual point”. Thus for the case of a decenter-
able vision correction device, a weasrer who is engaged
for long periods in raading tasks {for example clerical
work, book proafreading, fing-arts such as engraving,
embroidery) may require, in addition to good on- axis
vigion ihrough the cenire of the device, a select vision
prigrity zone al the near visual point that provides good
visual asuity. The useful size of the vision priority zone
at the near visual poinhwill depend on the size of the near
work materiad {e.g. book page, arbwork, ale). Given the
foragaing, it would be desirable to provide further im-
pravements in methods and visual treatment davices for
the retardation or cessation of progression of myopia.

SUMMARY OF THE INVENTION

{0034} Thers is provided a method of producing a de-
canterable optical device as claimed in claim 1 and its
dependent claims.

[0035] Embodiments of the presant generally relate fo
rethods of praducing devices for the retardation ar ces-
sation of refractive sror progression. The over-arching
approach involves 1) the repositioning of the peripheral
image o provide stimulus o retard or eliminate the pro-
gression of myopia or hyperopia and 2} maintaining good
ceaniral vision by posifioning the central image on or near
the fovealreling, while 3) substantially simultanecusly
praviding pos or mors vision priority zones, for selsct
visual directions, with controlied or reduced defosus
andjor other oplical aberrations to provide good, useful
vision at those select directions. The devices for the de-
fivery of this method may include, bot ara not limited {o,
spectacles, contact lenses {including those used for o
thokeratology. comeal on-lays, corneal indays, anterior
chamber lensas, intra-ooular lenses), ato.

[0036] One preferred configuration for an optical vision
freaimeant device {e.4q. spectacle lens, contact lens, cor-
aeal in-lay or orday, intra-ocular lens, ardesar chamber
fens, eto) that may be usad in the delivery of the above
methods comprises a vision treatment zone over a sub-
stantial area of the device whereby the aptical design
within the vision treatmenrd zone is manipulated so that
peripharal visual images formad by the vision treatment
device in combination with the optics of the eye is repo-
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sitionad iIn g way that, al ieast the more anferior of the
two image surdfaces associated with astigmatism is posh-
tioned on or ardador 1o the reling, while the central visuad
image formed by the vision treatment device in combi-
riation with the optics of the eye is pusitionsd near to or
on the fovea of the eye when in siraight- ahead gaze.
Accompanying the vision realment zone of the oplical
vision treatment device is added at least one vision pri-
arity zone, whereby the optical design within the vision
priorily zone(s) is manipulaled so thad, in combination
with the oplics of the sye, the visual images belonging
to the dirgction(s) of gaze associated with the vision pri-
ority zone{s) are formed with controlied or reduced
amounts of olher optical aberrations and/or defocus.
[0037] Inanother embodiment of the invention, atleast
one vision prionty zone of the vision freatment device Is
directed {o provide good, useful para-central vision
whereby the vision priorily zone has an extent af least
substantially equivalent {0 approximately the size of the
pupil of the eve projected onto the position of the device,
hut is preferably chosen to match the size of the visual
object of the wearer. Such a visual object may include,
but not be imited 1o, computer monilors, televisions, book
pages, iotler-size paper, music scoreg, elc.

[0038]  in yet ancther embodiment of the invention, st
leasi one vision priority zone of the vision freatment de-
vice is directed to provide good, useful vislon along a
linefband {representing a"sweep” of a range of directions
of gaze) of choice, whereby the vision priority zone de-
seribes & band that exiends partially or antively across
the device along -the linefband, and the height of the
vision prionty zone hand is at least substantially equiva-
lent to approximaiely the size of the pupil of the sye pro-
jscted ondo the position of the devics, and the oplicat
desigr within the vision priorily zone band is manipulated
50 that, in combination with the oplics of the aye. the
visual images belonging fo the direction(s) of gaze along
the ling/hand are formed with conbrolled or reduced
amounts of other oplical aberrations andfor defocus.
[0039]  In sl yel another embodiment of the invention,
at least poe vision poanty zone of the vision treatment
device is direcled to provide good, usafid vision at a near
visual point wherehy the position of at least one of the
vision priority zones on the vision treatment device ig
chosen to coincide with the near visual point of the device
that es on a line joining the aye to the near visual object,
with the vision priority zone having an extent at lsast
equivalent to approximately the size of the pupli of the
aye projectad onto the posttion of the device, but may
preferably be chosen 1o subsiantially match the size of
the near visual object of the wearer. Such a near visual
ohiect may include, bul is not limited to wrist watches,
parsonal digital assistants, mobile phones, book pages,
letter-size paper, music soore, alc., with the oplical de-
sign within the vision priority 2zone manipulated so thal,
in combination with the oplics of the eye, the visual im-
ages through the vision priority zone are formad with con-
trofled or reduced amounts of other optical aberrations
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andfor defocus,

{00407 1o still vel another embodiment of the invention,
8t least one vision priorily zone of the vision frestment
device is directed to provide good, useful vision at visual
points between the shraight-ahesad direction of view,
through intermediate viewing distances, 1o a near point
whareby the vision priority zone on the vision trealment
device describes a band exiending from the distanoce vis-
ual point of the device o the near visual point of the de-
vice, and the vision priority zone has a widih & least
substantially equivalent to approximately the size of the
pupil of the eye projected onto the position of the device,
bust roay preferably be chosen o matoh the size of the
ntermadiate or near visual objects of the weaarer. Such
intarmediate and near visual objects may include but are
aat limited to wrisl walches, personat digital assistants,
mchile phones, ook pages, istler-size paper, computer
monitors, display units, music score, sic.

[0041] Given the foregoing, &t will be clear that multi-
funclional devices may be constructed involving cornbi-
nations of vision prionily zones of different configurations
that are incorporated in the one vision treatment device
fo accompany the underlying vision treatment zone, in
order to reduce or cease the progression of miraclive
errar, provide good central vision and provide good, use-
ful vision through aelect vision priority zones.

[0042] i will also be dlear from the foregoing that the
mathod may be applied {o relarding the progression of
hyperopia by providing to the eve a stimulas to refard ar
cease the progression of hyperopia by repositioning the
peripheral visual image {from off-axis visual object points
when the eve is in the siraight-ghead viewing direction
of gaze) so that at least the more posterior of the two
image surfaces associsted with astigmatism is posi-
fioned on or pusierior lo the meling, while simultanecusly
providing good central vision o the eye by positioning
the central visual image {from on-axis visual ohjedt points
when the eve is in the straight-ghead viewing direction
of gaze} so that the image les near o or on the fovea of
the aye, and also simulianeously providing one or more
vision priority zones corresponding o select directions
of fixation for the eye for which clher opticat aberrations
andior defocus is controlled or reduced to provide to the
eve good or useful vislon along those select dirsclions
of fixation.

[0043] These and other objects and advaniages of the
invention will be further apparent in consideration of the
drawings and the delailed description of the preferred
ambadiments, and inview of the appended claims defin-
ing the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

{0044] The accompanying figures Hustrate aspects of
the invention and embaodimends of the present invention.
These, togather with the description, sxplain the abjects,
advantages and principles of the Invention. In the figures:
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Figure 115 adiagramof an eye with a vision treatment
davice of the prior art designed o reduce myopia
progression by the conlrol of curvalure of field, Hlus-
trating the role a finfte pupil size plays on the impact
of other optical aberrations on the visual image qualb-
ity

Figure 2 is g relative curvature of field plol of the
image surfaces of the prior art combination of the
eve and vision reatment device shown in Figure 1
Figure 3 i5 a relative curvalure of field plot of the
image surfaces of the eve and a vision treatment
device method of one embodiment of the present
invention; Figure 4 is a profile of an one embodiment
of an optical vision treatment device of the present
invantion showing the location of the central optical
Fegion providing & vision priority zong and the locs-
tion from where curvaturs of field control for reduc-
tior: of myopia progression COMmMances;

Figure & is a relative curvature of field plot of an ax-
ample contact lens for reducing progression of my-
opia by confroiling the position of peripheral focal
points that incorporates a para~central vision priority
zone with effectively no sphericad aberration;
Figure 8 is 8 longiudinal spherinal aberration plot of
the example contact lens of Figure 5;

Figure 7 is the design diagrams of the example con-
tact lens of Figure 5 showing the thickness profile
and surface forms of the example contact lans as
well as the surface form of the typical cornea ang
tear laver thickness;

Figures Ba-¢ axplain the origin of peripheral defocus
for a decenterable vision correction davice;

Figure 8a is g vision correction device placed on an
aye in iis slraight-ahend gaze divection:

Figure 8L shows the vislon correction device of 8A
placed on the same eye but with the eys in a down-
ward gaze direction;

Figure 8¢ is a curvatur of Bald plot showing the im-
age surface of the eye and vision correction device
of 8A and 88 in combination in relation 1o the foveal
spheare;

Figures BA-C are design examples of ane embaodi-
ment of the present invention;

Figure 9A is the front-on design layout of a vision
treatment devica showing the placernent of & vision
priovity zone band thal includes the optical center of
the vision freatment device;

Figure 9B is a relative curvature of field plot of the
example device in Figure SA along a meridian con-
taining the vision treatment zang;

Figure 30 is a relative curvalure of field plot of the
example device in Figure 9A along a meridian con-
taining the vision priority zone.

Figure 10 is another design example of an embodi-
ment of the present invention showing the front-ob
design layout of the vision treatment device having
a vislon priority zone band that includes the distance
and near visual points of the vision treatment device.
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Figures 11A-C show another design axampls of one
embodiment of the present invention;

Figura 114 s the front-on design layoul of the vision
tregiment device showing the placement of a vision
priotity zone reglonthatincludes the near visual point
of the vision treatmient devicg;

Figure 118 i5 8 relative nurvature of field plot of the
example device in Figure 11A along a meridian con-
taining the vision reatment zone;

Figure 11C is a relative curvature of field piot of the
aexample devics in Figurs 11a alang a meridian con-
taining the vision priority zone

Figures 12A-C show another design sxanmple of one
embodimant of the prasant inveniion;

Figure 124 is the front-on design layout of the vision
treatment device showing the placement of a vision
priovity zore reginn possessing redalive positive
power & the near visuad point of the vision treatment
davine;

Figure 128 iz a relative curvature of Beld plot of the
example device in Figure 12A along 8 meridian con-
taining the vision reatment zone: and

Figure 12C is a ralative survature of fisld plot of the
example device in Figure 124 along a meridian con-
taining the vision priority zone.

DETAILED DESCRIPTION OF THE INVENTION

{00458] Forthe wearers, such as those describad inthe
previous sections, wha require good central vision as well
as certain sslect olher directions of gaze, § would be
beneficial and advaniagaous o provide a vision keab
ment device that can impan the refractive srrorreducing
stimulus through the appropriate manipulation of the po-
sition of he peripberal image points a8 taught by US
7.025.460, but for which other oplical aberrations are re-
dused for those selact directions of gaze ~ Le. for the
visian prinsty zanes. In addition, should the vision reat-
men devices be of the decenterable type, ® would be
benedficial and advantageous tonotonly control orreduce
the other oplical abernations through the select directions
of gaze but also to control or reduce defoous.

{0046] Figure 1 explaing the rationale pertaining to the
controd of other oplical aberrations bahind the current in-
vention. In Figure 1, an eye 10, with myopic tendencies
{i.e. is aither myopic of would develop myopia) is treated
with & lens 20, using the method as taught by US
7,025,480, s0 as o retard or gliminate the progression
of myopia in this eye. In this particidar example, the lens
20, has been designed {o deliver a negative relative cur-
vature of field {per US 7 025480 effective from imnie-
diately culside or perpheral lo the region of the fovea
25, of the eye 10 {the “fovea" is the region of the retina
50 with the highest visual aculty and is used for ¢ritical
vision). This results in a0 image surface 30, for which the
cendral, axial image paint 40, is focused an o the foves
25 enabling good central fooused vision while simulia-
nenusly placing the peripheral image points 80, 70, 80
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in front of the peripheral reting 80 thus reducing or efim-
inating the stimulus for eye growth and effectively retard-
ing nr efiminating myopia development or prograssion.
[0047] The relative curvature of field graph for the ex-
ample of Figure 1 is shown in Figure 2. in 3 relative cur-
vature of field graph, the anatomnically curved retinal sur-
face is remapped’ as a8 vertinal straight ine 200, The
remapping retains the axial distance {i.e. distance meas-
wred antaro-postador or in the {forward-backward direc-
fion approximately parallel 1o the direction of light in the
eye} of the image surface from the relina. Thus, a neg-
ative field curvature will be seert as a line thatl is approx-
imately ‘concave’ to the left averaged aver its jengih. |
pan be seen that for the design in the sxampls of Figure
2. all peripheral image points 210, 220, 230 ~ including
those immediately perigheral to the foves (e, the para-
central poirds) - es o the lefi {iL.e. in frond) of the retina
2080 thus offerng a8 negative relative curvature of field.
[0048] itis known to lens designers that given the faw
degrees of fraedom inoptical design of a vision comrection
lens {i.e. having typically only two optically refractive sur-
faces - one front surface, one back surface), whan alens
Is designed to controf curvature of fleld, # cannot simul-
tansously also control, of in particudar oplimize, other op-
tical aberrations {such as coma, distortion and astigma-
fism), For example, the effect of obligus astigmatism {a
type of off-axis abewation also called "radial astigma-
Hsm™} is to produce two separate sharmp ine foct instead
of a single sharp paint focus. {Note that the aberration
oblique astigmatism differs from that of refractive astig-
matism. The former relates fo an aberration that creates
two fine fool caused by fight ravaling In an off-axis dirsc-
tiort through an optical system. The latter refers to the
creation of two line foal in foveal refraction that affects
the vision of the eye. Throughout this decument, unless
otherwine indicated, "astigmatism™ shall refer to the “ob-
lique astigmafism” aberration). The presence of astigma-
fism as a consequence of controlling curvabuwre of field
can be seen in the relative cureature of field graphs dis-
closed in US 7,025,460, which is incororated by refer-
ance herin as if made a part of the present specification.
In the relative curvature of field graphs of US 7,025,480,
two ling foct are shown, one labsled "8 for the sagittal
line focus and the other "T" for the tangential line focus.
The further apart these two line fodl are, the grester is
the amount of astigmatism. The result of astigmatism and
the other optical aberations is poorer vision for the pe-
ripheral visuat directions. The manipulation of survaturs
of field therefore implicity also potentially degrades vis-
ual image in the periphery - progressively increasing in
magnitude fram the para-central fo the far paripheral re-
gions,

[0048] The impact of cther oplicat aberrations is asso-
ciated with the pupil size of the eye. Resuming on Figurs
1. bacause the pupit 100 of the eve {and therefore the
profected enfrance pupil 80 of the eye) has 2 finite size,
it can be seen that each location on the lens 20 may he
invoived in the refraction {i.e. focusing) of light for more
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than one image poird. {In visual oplics terminociogy, the
‘dark cirele’ of the eye which is cormmonty called the “pu-
pif” by the lay-persan is in sctualily the “enbrance pupht”
of the eye as it is the image of the physical pupl created
by the opening in the iris, magnified by the front of the
gye - Le. the cornea, and any other optical devices be-
iween the s and the observer - that is seen by the ob-
servery. For example, light rays tfraveling to the central-
finld inage poind 40, would pass through a central-field
optical region un the lens 20 that corresponds 1o the pro-
jected entrance pupil 90 {the "projected entrance puph”
is the size and sdge outline of the pupll projected forward
ante thelens) of the eve. Thus, any changes in the optical
design of the lens within this region 90 would affect how
fight is focused 1o the foveat region.

{0050] However, it can be seen that light rays traveling
o the peeipheral image point labaded 80 would pass
through an optical region 110 on the lens 20 somewhat
peripheral to, but overlapping with, the central-field opti-
cal region 890, The ovarlapping of these twa optioal re-
gions 80 and 110 means that any atlempt to modify the
optical design of the lens 20 o effect a change in relative
curvature of fisld to place the peripheral inage point 60
more ardedorly than the retina 50 could intraduce some
form of ather optical abemrations to the central image point
at 40, Similarly, the ovedapping of peripheral optical re-
gions 110 and 120 means that any altempts {o conirol
relative cusvature of field 1o place the peripheral image
roint 74 mare antariorly than the retina 50 would integ-
duce some amount of other oplical aberrations (o the
peripheral imaga point ai 80,

{00511 Theamountofoverap of opticalregionsonlens
20 betwesn poripheral image points and the central im-
age point 40 decreases as tha fieid angle of the periphersl
iraage point increases {L.e. progressively for perpheral
imags points 80, 70, 80}, There will be 8 peripherat image
paint 74, for which the field angle is sufficiently farge thad
there is no effective optical pvarap of ils associated pe-
ripheral-field oplical regiors 120 on the lens 20 with the
ceniral-field optical region 80. This occurs when the pro-
jected entrance puptl at the two fisld angles {for ceniral
and peripheral field} do not overdap significanty.

{0052] For image quality pot to be degraded at selsct
visual direchion{s} from the para-ceniral to the Tar periph-
eral region of 8 lens, the controt of curvatures of field for
those select visual direction{s} will need {o be moderated
or removed, This may be done at select optical regions
on the visual fresiment device. This approach forms a
hasis of the current invention,

{0083} Thereforg, one embodiment of the present in-
vantion refates to a method o begin intreducing aptical
design for providing the appropriate relative curvature of
field or peripheral foousing, sullable for retarding or elim-
inating myopia progression {le. the vision treatment
zone). at the Jowest peripheral field-angle for which there
s no significant overlap of the projectad enbrance pupl
with the central {(axial) fisld. This lowest penpharal field-
angle will be called the "starling design field-angie”™. The
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resultant affect o relative curvature of fleld is lustrated
in Figure 3. itcan be sean in the relative curvature of field
graph of Figure 3 that thers i3 no alterapt to control rel-
ative curvalure of field {(which therefore will remain in iis
‘corventional’ state; and may be negative, positive or
rieutral according to other design requirermeants for the
lens - in Figure 3, i is illusirated by way of example only
as neufral - L2, the image surface within this region lies
cloge 1o or on the refina) in the pam-central felds {for
example near-peripheral image point 310 lies on the rel-
ina 300). Relative curvaturs of field control {provided by
the vision treatment zone) s infroduced at the “starling
design perpharal image poin” 320 which correspands
fo the starling design fisid-angle for which the projeciad
antrance pupll size along the direction of the atarting de-
sign fisid-angle no longer overlaps significantly with the
centrat-feld optical region. Allimage points more periph-
eral to the stanting design peripheral image point 320 are
focused substantally on or in front of the refinag 300 to
revaove stimutus for sye-growth for those geripheral-fisdd
regions of the ratina.

[0054] In terms of the design with respact to the lens
400 as #Hiusirated in Figure 4, this ransiates to the infro-
duction of appropnale relgtive corvalure of field in the
design beginning at a distance 410 just outside the cen-
rat-field optical region 420 theing at least approximately
the size of the projected entrance pupil). Within the cen-
fral-field optical region 420, relative curvature of field or
peripherat focusing design s not substantially applied,
thereby avoiding the introduction of other optical aberra-
tions. This centraldield optical region 420 therelore rep-
resents a zone of improved visual parformance useful
for wesrers who reguire good vision within this zone. This
centrabfield optical region 420 therefore represents one
form of a wision prindty zone. While oulside the ceniral
optical region 420, beyond the starting design peripherat
point 410, contral of relative curvature of fisld or periph-
eral focusing is incorporated {by the vision treatment
zone 430 of the device 400} In so doing, we will be re-
ducing or eliminating the stimulus for eye-growth while
also not irdroducing additional other oplical aberrations
o the central-fisld oplicat region usad most frequently
for critical distance viewing.

[0055] The exact size and position of this centrabfield
optical region is determined by a number of paramelers
that includes the refraclive state of the eye, the refractive
power of the lens, the verfex distance {i.e. distance from
the lens o the eye} and the size and edge or gutline of
the enfrance pupil of the eye. Thus, for optimal design,
the atiove paramaters should be established for individ-
ual wearers. However, when designing for volume pro-
duction of lenses, an acceplable ‘popudation’ average
may be usad for those parameters o avive at 8 workable
typical’ distance ceniral-field optical region size.

[B056] 1 shouid be noted that i is nol required for the
central-finld optical region and the projection of the en-
trance pupil at the starting design fisld angle to have no
{i.e. zero amountof} overlap, Ris ondy necessary forthere
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o be no significant overlap. Due fo the existance of the
Stiles-Urawdord effect well-known to experts in visual op-
tics, Hght rays passing nearer the adge of the pupil con-
tribute effectively far less to the visual image than light
rays passing nearer the cerder of the pupll. Physiologi-
cally, light rays which pass through the pupii near s edge
avoke 8 lesser visual signal io the visual cortex than tight
rays that pass through the pupil near its center. Thus blur
caused by light rays passing through the pupil naar its
exdge is much less noticeable 1o the eye than blur caused
by Hght rays passing through the sentre of the pupil.
Theraefors, a small amount of overiap of the central-fisld
aptical region at the central and the projections of the
antrance pupil at the stading design fiald angle, which
would allow anly light rays close 1o the edge of the pupil
to pass through and, which coniribute insignificantly to
the visual image canbe accaptalde visually to the wearer
and also permit the control of peripheral focusing (by the
vision treatment zone} fo begin nearer the center of the
fans, thereby providing a grester ares of the wision treat-
mant zone contribuling o the stimulus for reducing my-
apia progression.

{00571 U may be preferable in some instances to pro-
vitde for a larger central-fiekd optical region than that cor-
responding to approximately the projected entrance pupil
of the eve as described above. The wearer may require
good viston for a larger field of view over which the pres-
ance of other oplicad aberrations dees not degrade the
visual image unacceplably - Le. a vision priarity zone.
Examples of when larger vision prionty zones may he
required include wearers working on monitors {e.g. com-
puter screans, radar display units), musiclans reading
scores, arlists painting on sasels, architects on drafting
boards, ete. For each of these applications, the required
size of the vision priorily zone {corresponding o the de-
sired para-central field oplical region on the fens) may
he caloulated by considering the trigonometry of the ver-
inx distance of the gptical devige, the entrance pupil size,
the working distance and the size of the work surface
{e.g. US Letler page size, computer screen size, canvas
size, efc} as undersinod by those skilled in the art.
[0058] Thus, the starting design optival region, that de-
fires a parg-central vision priority zone, beyond which
curvalture of field control commences, may be approxi-
mately squalioor larger than the projected entrance pupl
of the eye according to the visual needs of the wearer,
{00591 While the lens provided In the example illustrat-
ed by Figures 1 fo 415 in a form analogous to a spectacie
lans, it should now be immediately clear to those skilled
in the artthat the foregoing is similarly applicable to other
optical devices including bulnotlimited to cortact lenses,
corneal in-lays and on-lays, anterior charaber lenses and
intra~-ocular lenses. itis also applicable {o the design and
profiling of comeal surfaces in trestments such as pho-
jorefractive keratectomy {PRK), laser in-silu keratomi-
lousis (LASIK) and other refraciive surgicatl reatments,
atn.

[0060] U also will be immediately clear to those skilled
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in tha arl, given the above description of the current in-
vention, that the centrat oplical region may be 'left along’
{i.e. unmaodifiad or without ralative curvahure of fiek! con-
trol} or that addiional optical design feplures may be in-
corporgted o this region such as the inclusion of correc-
tian for the aberrations of the eye in the central, siraight-
ahead viewing direction. Other addilional feahwes relat-
ing to the central optical region are possible and will be-
come obvicus to the optical designer given this disclo-
SUre.

[0061]  Given the above design methods, it shoudd now
be clear 1o lens designers how specific designs may be
achieved using lens design techniguas khown to those
skifted in the art. However, by way of ifustralion, Figure
5 shows the relative curvature of field plot of a contact
ters designed to real a ~3.000 myope. In this contact
tens design, astigmatism has been significantly reduced
within the vision priovity zone 510 as can be seen by the
proximity of the two ling focl 520 and 530 associated with
astigmatism within this zone. Bevond the vision pricrity
zane 510, the vision treatment zone 540 begins and em-
ploys the control of curvature of field (o reduce the pro-
gression of myopia as can be seen by the positioning of
the maore anterior 320 of the two line foct 320 and 530 of
astigmatism {o be more anteror {o the retina. This control
of curvaturs introduces the secondary effect of astigma-
tism as can be seen by the separation of the two line fool
520 and 830 in the vision treatment zone 540. # can also
be sean that spharical aberation has been practically
eliminated in the central-field optical region {i.e. within
the vision priority zone 510} while beyond the central-
field optical region, relative curvature of field {(i.e. focus
of peripheral focal points) bas been manipulated o pro-
duce a stimulus 1o retard the progression of myopia.
[00B62] Figure 6 shows the longiuding! spherical aber-
rationof this contactiens within the pupiflary region, being
much less than 100 nanometers - La, spherical aberration
has been practically sliminated fram this lens. This con-
tactions, thergfore, will not introduce significant addition-
al spherical aberration to the sye and would sfford the
ey excallent central on-axis visinn while also providing
a treatmant effect for reducing progression of mvopia.
[0063] One possible specific design of this example
contact lens is shown in Figure 7 and may be described
using an 8Morder polynomial equation with coefficients
Of gy =820 gg = -1 8 X WP gy = 14 x10% oy =
04.0 x 10, 63 = 3.9 x 105, in addition to a basic conic
section with central radius (1} of 8,782 mm and 3 conic
constant of -0.7 74 for the front surface and g conic section
with central radius {r,} of 8.28 mm and a conic conatant
of €.18 Tor the back surface with a central thickness of
.12 mm. However, i would be understond by those
skilled in fons design that the above and eguivalam op-
tical oulcomes may be achisved by using other lens de-
sign definiions and paramatars including but not limited
fo spharical surfaces, conic seclions, splines, Beziers,
Fourier synthesis, Zernike polynomials, sagittal height
descriptors, radius by angle {(R-theta) descriptors and di-
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rect lopk-up tables of surface points, sither individually
of in various combinations.

{6064} The principle as defined by the foregping meth-
od for the design of a vision treatment device for reducing
the progression of myopia, but which alse incorporates
& para-centaal vision paonty zone, is extended inthe fob
lowing seclions to demonsirale how this method of de-
sign may be used to provide vision priority zones of var-
icus configurations on vision Ireabrpent devices that em-
ploy contrad of curvature of field to raduce or gliminale
the progression of myopia. I later seclions, successively
morg sophisticated approaches to designs of vision freat
raent devices which, while slightly reducing the axpanse
of conirol of curvature of field {Le. the vision treatment
zane) in some regions on the devices, retains a majority
of curvature of fleld conirol suitable for the reduction or
efiminagtion of myopis-inducing  stimult  {per US
7.025 460} bud in addition, reduces the goor visual par
formange, espacially in the para-central to far periphery,
associaled with the coniral of curvature of field, thereby
providing the benefit of good vision al certain desirad
vision priorily zonas for the wearer. In particular, the
niethods and devices of this current invention are not
only effentive in reducing or eliminating the visual impact
of ather opiical aberrations, but alsc effective in reducing
ar eliminating the visual impact of periphenal defocus
present in decenterable devices as a resull of condrolling
curvature of field.

{0065] The influence of perigheral dafocus will now be
exphained. As described above, by controlling curvature
of field, or manipulating the position of the pergherat im-
age points to traat myopia, vision freatment devices can
inour undesirable other optical aberrations in off-axls di-
rections that can adversely affent vision in those off-axis
visual directions. This effect influences both centared vi-
sion correctionfireatment devicas and methods {Le.
those that remain relatively aligned and co-axial with the
eye dunng use such as conventional condact fenses, in-
tra-goular lenses, comeal inays and orlays, anterior
chamber lenses and cormneal refractive surgical methods)
as well a8 decenterable vision correctionfrsatment de-
vices and methods {L.e. those whose position and orien-
tation change acoording o the direction of gaze of the
eve, such as iransiating contac lenges and speclacie
{enses).

[0066] In addition, ancother effect by which confrolfing
curvature of field, or peripheral fooad point positions, can
influence vision adversely in off-axis visual directions is
thatof peripheral defocus. This effect influences primarily
decenterable vision corrsctionfireatiment devices and
methods. This effect is ustraled as follows; drawing on
the sxample of a spectacle lens, which is one type of
decanterable vision correstion device.

[B067] The spectacle lens is suited to the control of
curvature of fisld, as it is looated some sdistance fram the
puapit of the ays. This distante makes the design and
control of curvature of fisld of a spectacle lens simpler
and more effective. However, one property of the spec-
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tacies lens (a property which is intrinsic {o all decenter-
abie vision comechion devices) is that il does not remain
aligned {i.e. co-axial} with the ine-of-sight of the aye dur
ing use. As the direction of gaze of the wearer changes
{hy rotating his evesio fixate to different parts of his visual
waorld}, each eye would be looking through different
points {other than tha central on-axis point) on the spec-
tacie lens. In other words, the eye looks through different
optical points on a spectacle lvns depending on s dires-
fion of gaza.

[68638] When a spectacle wearer is boking straight-
ahsad and into the distance (the most frequently adopted
visial direction), sach eye is locking through what may
sometimes be called the “distance visuad point™. Typical-
ly. the distancs visual point is positioned at the optical
oenter {central, on-axis point) of the spectacis lens. How-
ever, whan the waarer is reading, both eyes tand to point
downwards and converge (e, point slightly closer to-
wards the direction of the nose). In this visual diraction,
pach ave s looking thwough & poird positioned relatively
lower and more nasally {i.e. towards the nose) than the
distance visual point. This point is sometimes called the
“near visual point”. The amount by which the near visual
paint is lower or more nasally placed than the distance
visual point depends on the anatomical features of the
wearer {£.q. the inter-pupiifary distance; which is the dis-
tance betwean the centers of the pupll of the two eyes),
the reading distance {i.e. the distance from the reading
material surface o the sye) and the vertex dislance {i.e.
the disfance from the spectacis lens {0 the eve) and &
number of other pararosters that are well known to those
skillad in the design and dispensing of spaciacls lenses.
[0069] Al other Umes, for example when driving, the
weaarsr may need 1o scan along a horizontal ling {e.g. to
check for traffic in the cruss street at a junclion). In this
cass, sach eye may be looking at any of 8 number of
points lying in & horzontal line, which may pass through
the distance visual point of the spectacte fens,

[8070] The commuonality of the above scenarios is that
when the visual object of interest to the wearer is in a
dirgction gther than straighi-ahead, the wearer's gys is
directed to view through a point or regionof the spectacle
tens which is not the central on-axis point of the spectacle
lens. f a parficular direction of gaze is frequantly reguired
by the waarer and the vision in that direction of gaze
needs tobe good (e.9. inthe case of the near visual point,
the wearer may be a clerical worker frequendly needing
to read), the regionis} on the lens associated with the
oritical direction{s) of gaze may be considered to be 3
vision pricrity zone of the wearer.

[o071] When alensis designed o control the curvature
of field {i.e. control the posilions of the peripheral image
points} for reducing myopia progression, that teng is relk
atively more positive in refractive power at points {i.e.
corrasponding fo differerd visual directions of gaze) away
from its optical canter. While this effect aoours in a threg-
dimensional manner - Le. provaeding away from the op-
tical center along any chosen meridian on the lens, the
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soncapt may be adequately illusirated by consideration
in two-dimensions as shown in Figures 8A through 8C.
{00721 inFigurs 8A, aneye 808 lpoking in the steaight-
ahead gaze is fitted with a spectacle lens 810, In this
diraction of gaze, the eye 805 is looking through the op-
tical center 315 and its surrounding region 818, which is
atso the distance visual poind of the spectasie lens 810,
In Figure 88, the same ave 805 fitted with the same spec-
facts {ens 810 is now in & downward gaze {e.g. for read-
ng}. In this direction of gaze, the aye BUS is now lnoking
through a more peripheral optical point 820 and #s sur
rournding regilon 821 on the spectacle lens 810,

[0073] Since, in this case, the speciacie lens 810 has
been designad to incorporate contral of curvature of fleld,
its power in the siraight-ahsad direction {through the op-
tical center 815} is manipulated 1o place the focal poind
850 on fo the fovea 825 on the retina 826 of the eye B0S
thereby providing good central, on-axis vision while si-
multaneously, its power in the periphery (e.q. through
peripharal oplical point 820) would, prograssing away
from the oplical center 815, become increasingly pasitive
refative 1o the power at the oplical center. This is shown
as a ourvaturs of field plet in Figure 8C. InFigure 8C, a
curve representing the relative carvature of fisld 830 of
spectacle tens 810 is shown. Figure 8C also shows the
“foveal sphere” 835 of the fovea 825 of the eye 806 as
it rotades from siraight-ahead gaze to a downward gaze.
This sphere describas the loous of all locations that the
fovea {in Figures BA through 8C, 825 for straight-ahead,
and 837 for peripheralidownward gaze) may adopt as
the eye 808 rotates downwards. This foveal sphere 835
is centered about the center of rotation 848 of the aya,
which although is pot a fixed point physiologically and
varies from aye to eve, Is usually considerad o lle ap-
proximaiely onthe axis of the eye and is approximately
16 mim behind the cornea 828 of the sye. Since the spec-
tacis lena 810 has been designed o control curvature of
finld for the reduction of myopia progression, s powey
becomes more poaftive away from the axial position as
Hustrated by the curvature of field plot B30 of Figure 80,
The focus 850 is placed on the fovea in siraight-ahead
gaze so thal clear central vision is provided. Howaver,
on peripheral gaze, the peripheral fonal point 855 Is po-
sitioned relatively in front of {L.e. cloger towards the cor-
nes from the relina) the fovea B2Y dus o the more pas-
ive refractive power. This difference in position of the
fovea 827 dusing peripheral gaze and its cutresponding
focal point position 858 introduces an amount of defocus
860 nausing bhared foveal vision on peripheral gaze.
{0074] 1t should be noted that, depending on the axact
dasign and position of the speciacle lens relative fo the
eye, the amount of curvature of fisld control employved
for reduction of myopia progression, as well as the ana-
tomical dimensions of the eye {some of which has been
described ahove), the peripheral defocus may sither be
in front of {as in this example) or behind the fovea.
[0075] in practice, for decenterable vision devices,
hoth peripheral defocus and other oplical aberations {as
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axplainad in sarlier sections) are present substantially
simultaneously for peripheral directions of gaze. These
twa effects combine and summale {o degrade the visuad
image quality for peripheral directions of gaze. Both of
these effecis increase from the central optical center,
through the para-central region to the far periphery.
[B076] In the generad usage of decenterable vision de-
vices, peripheral defocus combinad with other optical ab-
grrations may not be a conceny as the most frequsnt di-
rachion of gaze of wearers is typically sither straight-
ahead {oentral} or nearly strzight-ahead {para-central}
for which the defocus is nil fo very low, However, for cer-
tain wearers, those engaging in visual fasks that require
profonged periods of viewing through peripheral oplical
pointa, espacially points that may be considered to be
vision priority regions, this defocus would be undesirable.
[OO077] i may be nepessary in some nstances to pro-
vide for useful, relatively good vision beyond the parg-
central region. For axample, a wearer may need (o have
redatively good useful peripherat vision along a horizontal
line {a.g. during driving, making use of his peripheral vi-
sion fo detect vehicles entering from a cross-strest at a
trafficjunction}. Insucha situation, the vision priority 2zone
raquired by the wearer may be an oplical region de-
soribed by a band lying in a horizontat line.

[0078] i should be noted that good vision as relating
to peripheral vision is g relative measure sinece s known
that the density of photoreceptars Is in the highest con-
centration at the central {fovesl) region, providing the
beal visual acuily, and decreasss lowards the periphery
of the retina. Thus, visual acuily in the peripbery is not
as good as acuity for foveal vision. However, if the mag-
ritude of other optical aberralions and defocus is suffi-
ciendly great, viston and in particular, sontrast sensitivity
{8 measure of how wall the sye can discem behvesn
subtle grades of black through gray to white as known to
axpers in vision sctence), may suffer. Hence, improve-
ments in pedpheral vision can be made by reducing the
saverity of other optical aberrations present.

[8079]  Inanother example already mentioned, a wear-
gr may need to engage in long durations of reading at a
fixed distange during which bath eyes are converged and
may also be in a downward gaze. In such a situation, the
vision priority zone required by the wearer may be de-
seribed by an optical region of the vision reatment device
which includes and encloses the near visual point of the
devics.

[0080] in yel ancther example, & wearer {e.g. an as-
sembly line inspector) may need to frequently visually
scan from distance visual objects to near visual objects.
in such a situation, the vision prionly zone required by
the wearer may be a region described by a band joining
and including and snsloaing the distance visual point and
the near visual point on the device,

[0081] Wa will now illuslrate by sxample, successively
more sophisticated approsches to designs of vision treat-
ment devices which addresses the needs of the wearers
as described above by the incorporation of appropriate
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vision priority zones 16 a vision treatment device that em-
ploys a vision treatment zone used to contral curvature
of field In order o reduce the progeession of myopia. The
common theme is the condrol, reduction or minimization
of other opiical aberrations andior peripheral defocus
within the vision priorty zone so hat vision through the
vision pricrity zone is improved and becomes usadul for
the wearer. The reduction or slimination of ather optical
ahenations andior peripheral defocus is achieved by the
{ocatized moderation of rernoval of curvature of field con-
fral in the selact vision priotity zones.

[0082] As will be Hlusirated b the sxamples to follow,
anty & minorsity of reduchion to the estpanse of curvature
of field control will be Incurred as 8 conseguance of corn-
frolling of reducing other optical aberrations andfor de~
focuis atcertain vision priority zones. Thus, while the over-
alt total curvature of fleld contrad may be slightly reduced,
and hence the overall myopia-reduning stimull may be
slightly reduced {but not eliminated), the banefit of dlear
vision at the desired visual points {2.g. for reading) would
provide a comparatively better and more advantageous
autcome {in tarma of both myopia-redustion and useful
ness and olarity of vision} for the wearer,

{0083] For the wearer who needs {0 have reiatively
good, useful peripheral vision along a horizontal line of
directions of gaze (&g, during driving}, a method of de-
sign of the current invention is shown in Figures BA
through BC. Figure 8A s a front-on view of the optical
configuration of the vision treadment daevice of this meth-
od. Figure 88 and 9C are relative curvature of fleld plots.
Un fo a vision reatment devicae 805 that consists chiefly
of a vision ireatment zona 810 that provides the appro-
priate relative curvature of fisld for the purpose of redus-
ing of eliminating myopia progression as taught by U8
7.025 480, the method of the currentinvention introduces
and incorporates a band of vision priority zons 815, The
viston priority zone 915 of this design method is described
by 8 band that inchudes the optical center 920 of the de-
vice and continues in either/both direclions partially or
totally to the boundary 928 of the optics of the vision
reatment device. The width 930 of the band of this vision
priarily zong 815 will be &l least approximately the size
of the projection of the entrance pupll of the wearer on
o the dewice along the same rationale as explained ina
pravious saction.

[D0B4] According o a method of this invention, within
the vision priority zone 815, the impact of other optical
aberrations is confrolled, reduced or minimized by mwod-
arating or removing the control for curvature of field. In
stead of controlling for curvature of field (or manipulating
the positions of the peripheral image points), the aptical
design degrees of freadom for the device within the vision
priorily zone is amployed o optimize on one or other of
the other optical aberrations andfor defocus according
o their sevarity and the visual needs of the wearers. Fig-
ure BB shows the mlative curvadure of feld as measurnd
atong a meridian "A” within the vision treatment zone 810
of the vision treatment device 805 of Figure SA Ris clear
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from the plot of Figure 98 that the vision treatment zone
918 is providing the curvaiure of fisld control usehd for
the rafandation or alimination of myopia progression as
taught by US 7,025 460, It can also be seen from Figure
9B that the vision treatment zone 810 suffers from
amounts of other oplical aberrations including astigma-
fem. The tangential 840 and sagittal 945 line ool of Fig-
ure B8 are separaied indicating the presence of substan-
fial amounts of astigmatism. Henes, peripheral vision
within the vigion treatment zone 810 will be powr. Incon-
trast, Figure 80 shows the relative curvature of fisld as
measured along a meridian "B" slong the band of the
vigion priority zone 8915 for the same vision freaiment
device 908 of Figure 8A, In this particular example de-
sign, one of the other optical aberrations, namely astig-
matism, has been minimized in order o provide improved
vision along the vision priority zone for the wearer, This
canbe seenclearly in Figure 8C in that bath the langentia
950 and sagittal 955 line foci of astigmatism are in close
proximity to each other indicating the lack of astigmatlism
along the vision prionty zone,

[0085] it can be saen that both line foci 950 and 455
of astigmatism lie behind the reting along this meridian
B indicating a reletive hyparapic tLe. relalive negative
power} defocus. This small amount of negative defocus
pan be readily compensated for by a small amount of
accommiodation (e, near focusing) on the part of the
WEATSE,

[0086] The method of design would now yield a vision
treatment device which provides the dual bensfit of re-
duction of myapia progression as wall as gows, usehd
vision along directions of gaze important to the wearer,
Since the area of the vision priorfly zons 215 is small
compared 1o the vast area of the vision trealment zone
810, there is only a slight, insignificant reduction in the
delivery of stimulus fo reduce myopia progression in the
design approach of this invention,

[OO87] Asone skilled in lens design would appraciale,
irt Hght of the teachings of the present invention per fore-
going, the optical junclion’ zone 860 bordering between
the vision treatmend zone 310 and the vision priority zone
315 would need fo be maodified slightly in curvalure of
fisld control in order to provide a smooth oplical transition
{a.g. free of visual jump’) from the controlled curvature
of field vision tragiment zone 910 o the vision priomly
zone 915.

[0088] The length 935 of the vision priority zone 815
may be chosen agcording to the visual needs of the wear-
ars. For example, a tength that provides for 3 band that
axiends the oplics of the vision reaiment device from
boundary ¢ boundary may be of benefit to a wearer
whaose primary visual need is T driving. Such a band
has the added benslil of being simpler to manufacture
as it exhibits mirror {lateral} symmetry. For wearers who
prafer o maximize the expanse of the vision treatmsnt
zane to maxirmize the stimulus for reduction of myopia
progression, shorter vision priodty zone band lengths
{providing only for the critical directions of gaze) may be
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chosen. The band may be asymmetrically disposed such
that one end of the band is further from the optical center
820 than the other and. This may be useful for wearers
whose most frequent visual task requires convergence
of the two eyes {i.e. sach eve tuning inwards towards
the nose} as, for example, when the reading material is
#t eye-level {&.g. shelf-mountad Isboratoryimedical mon-
toring equipment),

{0089} # would alse be omediately clear given the
foregoing that the band of the vision priority zone of the
example in Figure 9A need not be horizontally disposed.
Figure 10 provides an exampile of when the band of the
vision pricrity zone 1015 is configured fo fie on an oblique
maerdian of the vision treatment davice 1005 in this ex-
ample, the vislon prionity zone 1015 band includes the
optical penter 1020 {which is also the distance visual poind
of the vision treatmant device 1008} as well a3 the near
visual poird 1025, Such 8 design would be of baneflt o
a wearer {a.g. and assembly line inspector} who may
read o frequently visually scan from distance visuat ob-
jects to near visual objects. This design wouldd maintain
the visual points of the eve, as lis direction of gaze
fraverses from distance {o near via the intermediate view-
ing distance {involving convergance and downward gaze
of the ayas), within the vision priority zone 1018, Hwould
be appreciated that, for this example wearer, the layowt
of the vision priority zone({s) of this vision treatment device
wondd be approximately mirror symmetrical for the right
and left eye. Figure 10 shows the front-on view {as sean
fooking towarda the wearer's face) of a vision treatment
device for the right eye of the wearer.

{00901 Those skilled in the design and dispensing of
ophthalmic vision correction devices would appreciate,
and the presant invention therefore contempistes, that
such a device would require correat positioning and ori
sntation on the eyes. For vision trealment device in the
form of spectacie lenses, correst mownting is provided
by the spactacle frame which sals the correct oientgtion
of the lens device. For coniact lenses and other similar
devices, design features suitable for correct orientation
of the device grewellknown to practtionses of ophthalmic
vision carraclion dovices and include prism baflasting,
dynamic thin zones, and "slab-off designs. Fabrication of
such agymmstical design devices is also well known o
those skillad in the art and includes the use of compuiar-
confrofied mulli-axis lathes and mills. in the case of im-
plantable devices such as comeat indays and on-lays,
anterior chamber lenses and intta-ocular lenses, and re-
fractive surgical methads, alignment davices 1o assist in
thelr correct arientation duwring implantation {e.g. visihle
alignment marks, fenastrations for facilifating alighment
with special implaments, ate.) or surgsry (e.g. lager-as-
sisted eve-tracking syslems) and design fixtures for
maintaining orientation in the devices {e.g. spring-loaded
haplics in intra-ooular lenses) are all well-kaown 1o de-
signers and practifioners using such devices.

[0091] The relative curvature of field for this design ex-
ample slong meridians "A” within the vision treatment
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zone 1010 and along meridian "B within the vision pri-
arity zone 1015 may be similar lo those shown o Figures
b and Yo respentively. As for previous design examples
given above, the widih of the vision priority zone 1015
would be at lsast approximately the size of the entrance
pupit of the eye projected onto the optical surface of the
vigion treatment devine bud may be larger and selecled
according to the visual needs of the wearer,

[0082] One potential drawback of the above examples
for which the vision printy zone is configured as a band
across the optical surface of the vision treatment device
is It may reduce the overall area of the vision treaiment
zane more thar is abschitely necessary. In addition, as
understond by those skilled in lens design, the oplical
design of a band may infroduce undesirable optical ab-
grrations at the oplicat junclion Zone. For the wearer who
raquires g vision priarity zons for principally & singte di-
rection of gaze in addition o the siraight-ahead gaze,
this polential drawhack can be minimizad by lmiting the
vision pripdly zone to provide ondy for that select direction
of gaze. For axample, for the waarer whoss main visual
needs i for reading, with the direction of gaze through
the near visual point of the vigion treatment device, s
method of the invention is 1o configure the vision prindty
zone 1o be located only on and around the near visual
point. in doing 50, greater amount of overall curvature of
field control s retained than for the previous design ex-
amplas wiilizing band configurations for the vision priority
zane {albelt with greater involvemnent in lens design and
marnufacturing complexity),

[O093] Figures 11A through 110 dlusirate s wision
treatment devica 1105 applicable for this example. In Fig-
ure 114, the front-on view of the opticad swrface of a vision
tregiment davice 1105 intended for the right eve of the
wearar is shown. The vision traatment device 1105 con-
sists chintly of a vision treatment zone 1110 that provides
the appropriate relative curvature of field for the purpose
of regducing or aliminating myopia prograssion as taught
by US 7,025,460, The method of the current invention
infroduces and incorporates a region of vision priority
zane 1115 that includes the near visual point 1125, Whils
the viskon priovity zons 1115 region may be of any shape
{e.9. oiroular, eliiptical, rectangular, eic), the minimum
dimension 1130 of this vision prionty zone 1115 will be
at least approximately the size of the projection of the
entrance pupil of the wearer on {o the device along the
same rationale as explained in a pravious section.
[0084] According to & method of this invention, within
the vision printily zone 1115, the impact of other optical
abemations is controlied, reduced or minimized by mod-
arating or removing the contral for curvature of field. In-
staad of countralling for curvature of feld {or manipulating
the positions of the peripheral image points), the optical
design degrees of fresdom for the device within the vision
priceity zone is utilized to oplimize on peripherat defocus
pr ane or ather of the other aptical abarrations acnarding
tn their severity and the visugl needs of the wearers. Fig-
ure 118 shows the relative curvature of field as measured
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atong a maridian "A" within the vision treatmend zone
1110 of the vision treatmient devics 1105 of Figure 11A
f is clear from the plol of Figure 118 that the vision real
ment zong 1110 is providing the curvature of field control
useful for the retardation or elimination of myopla pro-
gression as taught by US 7. 025480, i canbe seenfom
Figure 118 that the vision treatment zone 1110 soflers
not only from amounts of other optical aberrations includ-
ing astigmatism but algo peripheral defocus. The langen-
fial 1140 and sagitlal 1145 line foci of Figure 98 are sep-
arated indicating the presence of substantial amounts of
astigmatism. But in addifion, both the tangential 1140
and sagittal 1145 line fool are positioned more anteriorly
o the reting 1147 indicating an amount of peripheral de-
foous is present. Unlike negative (hypevopic) defocus,
pasitive {myaple) defocus cannotbe compensated for by
accommodation. Henpe, peripheral vision within the vi-
sion treaiment zone 1110 will be poor. In contrast, Figure
11C shows the relative curvature of field as measured
zdory 8 meridian "8" along the vision priority zoas 1115
region Yor the same vision freatment device 1105 of Fig-
wra 1AL In this particular example design, peripharal de-
focus through the near visual point 1126 has been min-
imizad in order ko provide improved vision within the vi-
sion priority zone for the wearer, This can be seen clearly
in Figure 110 int that while thers remiains some distance
between the tangerdial 1150 and sagittal 1155 line focl
at the near visual point 1125 indinating the prasence of
a small amound of asligmatism, both of these line foci are
approximately equally disposed about {lLe. one in frond
of and the other behind} the retina 1147 indicaling that
peripheral defocus at the near visual point 1125 has been
significantly reduce and effectively neutralized.

[009B5]  Nuotice also from Figure 11C that on either side
of the near visual poird 1125, bothlinefosl 11580 and 1155
of astigmatism are again positioned o be more anterior
than the relina 1147 producing stimulis o reducs the
progression of myopia.

{00968] The method of design would now vield a vision
treatment device which provides the dual benefit of re-
duction of myopia progression as well as good, useful
vision glong directions of gaze important o the waarer,
Further, this deslgn example offers less compromise and
intrusion o the vigion reatment zong 1110, thereby max-
imizing the delivery of stimulus {o reduce myopia pro-
gression.

{00871  Inforegoing axamples, the design of the vision
prionity zone has been oplimized to minimize one of the
ather optical aberrations {8.g. astigmatism) or peripheral
defoous. | is also possible, within the method of the cur-
rent invention, to ulilize the degree of freedom in design
made available through the kocalized moderation or re-
moval or control for curvature of ield to manipulate other
optical design parameters. For example, instead of min-
irnizing or remioving peripheral defoous, defocus through
the vision priority zone may be designedt and cantrofiad
o be of a particular value.

{0098] U has been noted in the scientific Hterature that
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myopia progression may be reduced by amploying the
ungdercorrection method. i 18 also stated in sclendific
publications thal miyopia progression may ke associated
with accommodation during near vigwing. Accommoda-
tiort is the process by which the sve changes {increase)
its oplical power during reading in order (o provide clear
focus for near visual ohijects. While the disadvaniages
associated with under-correction has already been dis-
cussed in earlier geclions, { may be of benefit to reduce
the demand on accommodation during near work as an
added stimulus to reducing the progression of myopia.
Therelore, it may be advantageous for applications in
which the vision priority zone inchides the near visual
poird to incorporate an amount of positive power 1o the
vision priority zone. In this way, the benefit of reducing
or eliminating the stimulus to myvopia progression may
be urther enbanced by the reduction in accommnodative
denand during hear viswing.

[B0%8] An example for such an application ia shown in
Figures 124 through 12C in which additions! positive
power {{o introduce myopic defocus) is infroduced inln a
vision priority zone which includes the near visual point.
[01068] In Figure 123, the front-on view of the optical
surface of a vision frealment devine 1208 imtended for
the left eye of the wearer is shown. The vision trealment
device 1205 consists chielly of a vision trealment zone
1210 that provides the appropriale relative curvature of
feld for the purpose of reducing or sliminating mvopla
progression as taught by US 7,025 480, The method of
the currend invention infroduces and incorporales a re-
gion of vision phority zone 1215 that includes the near
visuai point 1225, While the vision priority zone 1215 re-
gion may be of any shape, the minimum dimension 1230
of this vigion priority Fone 1215 will be at laast approxi-
mately the size of the projeciion of the enfrance pupil of
the wearer on {o the device.

[0101]  Acoording to & method of this invendion, within
the vision prionily zone 1215, peripheral defocus is con-
trolled to defiver a relatively positive power (defocus) up
o about +4.500. Figure 128 shows the relative curvature
pffield as measured along & meridian "A" within the vision
reatment zone 1218 of the vision fresdment device 1205
of Figure 12A. s clear from the plot of Figure 128 that
the vision freatment zone 1210 is providing the curvature
of field control useful for the miardation or elimination of
myopia progression as taught by US 7028480, Figure
12C shows the relative curvature of field as measured
along a meridian "B" along the vision priority zong 1215
region for the same vision treatmaent device 1208 of Fig-
ure 124 in this particular example design, peripheral de-
focus through the near visual point 1225 has been con-
trolled to be relatively positive of up to +4.50D. This can
be sesn in Figure 12C in that in the region of the neer
visugl point 1225 within the vision priority zone 1215, the
equivatent “best foocus™ 12583 {also called the “circle of
least confusion” which is defined by the dioptrin average
between the tangantial 1250 and sagittal 1255 line fool
of astigmatism) Bes more anteriody than the retina 1247
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providing greater amounts of positive power at near. This
adationad near power reduges the demand on accom-
modation an the part of the wearer during near work,
{01021 The method of design would now vield a vision
treatment device which providas the dual benefit of re-
duction of myopia progression as well as good, useful
vision along directions of gaze important to the wearer,
Further, this design exanmple offers the additionsal benefit
of reducing the acconunodative demand during near
work which may reduce the stimulus on progression of
myopia.

{0103} Inthe foregoing examples, specific surface def
inifion techninues {e.g. conics sactions and polynamials)
have heen used to demonsirate how the designmethods
of the current invention may be achieved. However, it
would be undersiood by those skilled in lens design that
eqguivalend optical outcomes may be achieved by using
other lens design definifions and parameters including
bt not limited o spherical surfaces, conic sections,
splines, Beziers, Fourder synthesis, Zernike polynomials,
sagittal height desoriptors, radius by angle {R-8) descrip-
fors and direct look-up tables of surface points, either
individually or in various combinastions.

{01041 With the polendial infroduction of active optical
devices with the potential to comredt refractive error and
aouiar abarrations inrealtime {8.g. wave-front correction
systems and adaplive optics’ systems). it is cantemplat
ad that the design approaches of this Invention may also
be incorporated in those devices. In addition, the control
for cartain other optical aberrations and the contrad of
peripheral fncus have besn used.

{0105] Many modificationa, variations, and other em-
bodiments of the invention will coms 1o the mind of one
skilled in the art fo which this invention periains having
ihe benefit of the teachings presented in the foregoing
descriptions. Therefore, it is {o be understood that the
inverntian is not 1o be Iimited 1o the spedific embodiments
disclosad and that modifications and other embodimants
arg intended to be included within the scope of the ap-
pended claims. Although spedific ferms are employed
herein, they are used o a generic and descriptive sense
oty and not for purpnses of imitation.
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Patentkrav

1. Fremgangsmade til fremstilling af en decentrerbar optisk indretning, hvilken
fremgangsmade omfatter tilvejebringelse af en decentrerbar optisk indretning med:
en synsbehandlingszone og mindst én synsprioritetszone;
hvor synsbehandlingszonen er konfigureret med et forudbestemt farste optisk
design;
det fgrste optiske design er valgt med henblik pa at udfere styring af fremad-
bagud-positioner for perifere fokalpunkter uden for aksen til foran en retina af et
gje, samtidig med i det vaesentlige samtidig styring af fremad-bagud-positionen
for et centralt fokalpunkt pa aksen neer ved retinaen, hvorved der tilvejebringes
perifert myopisk defokus og godt centralt og
hvor synsprioritetszonen er konfigureret med et forudbestemt andet optisk
design, idet det andet optiske design er valgt med henblik pa at reducere eller
minimere perifert myopisk defokus i synsprioritetszonen,
kendetegnet ved, at mindst én af synsprioritetszonerne har en ikke-radialt
symmetrisk form i forhold til linsens optiske centrum.

2. Fremgangsmade ifglge krav 1, hvor styringen af fremad-bagud-positionerne for
perifere fokalpunkter uden for aksen med synsbehandlingszonen endvidere omfatter
styring af fremad-bagud-positionerne for perifere linjebreendpunkter, som frembringes
ved astigmatisme i forhold til retinaen, til en synsbehandlingsindretning, som i
kombination med gjet udviser astigmatisme.

3. Fremgangsmade ifglge krav 2, hvor styringen af fremad-bagud-positionerne for

perifere linjebreendpunkter med synsbehandlingszonen endvidere omfatter:
positionering af et farste perifert linjebreendpunkt, som er neermere ved gjets
cornea end et andet perifert linjebreendpunkt, til en afstand fra gjets cornea mod
den perifere retina, idet afstanden er omtrent mindre end eller lig med afstanden
fra cornea til den perifere retina.

4. Fremgangsmade ifglge krav 3, hvor mindst én af synsprioritetszonerne er
konfigureret til at indbefatte et omrade i den optiske indretning, hvor omradet er valgt fra
gruppen bestaende af: det optiske centrum; det optiske fijernpunkt; det optiske neerpunkt
og kombinationer deraf.

5. Fremgangsmade ifalge krav 3, hvor mindst én af synsprioritetszonerne er
konfigureret til at indbefatte det optiske fijernpunkt; det optiske naerpunkt pa den optiske
indretning.

6. Fremgangsmade ifalge krav 2, hvor styringen af fremad-bagud-positionerne for
perifere linjebreendpunkter med synsbehandlingszonen endvidere omfatter positionering
af et farste perifert linjebraendpunkt, som er leengere veek fra gjets cornea end et andet
perifert linjebraendpunkt, til en afstand fra gjets cornea mod den perifere retina, idet
afstanden er omtrent stgrre end eller lig med afstanden fra cornea til den perifere retina.
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7. Fremgangsmade ifglge krav 6, hvor mindst én af synsprioritetszonerne er
konfigureret til at indbefatte et omrade i den optiske indretning, hvor omradet er valgt fra
gruppen bestaende af: det optiske centrum; det optiske fijernpunkt; det optiske neerpunkt
og kombinationer deraf.

8. Fremgangsmade ifglge krav 6 hvor mindst én af synsprioritetszonerne er konfigureret
til at indbefatte det optiske fijernpunkt; det optiske naerpunkt pa den optiske indretning.

9. Fremgangsmade ifglge krav 4, hvor synsprioritetszonens minimumsbredde er
omtrent lig med eller starre end starrelsen pa et gjes indgangspupil.

10. Fremgangsmade ifglge krav 7, hvor synsprioritetszonens minimumsbredde er
omtrent lig med eller starre end starrelsen pa et gjes indgangspupil.

11. Fremgangsmade ifglge krav 7, hvor det optiske design af synsprioritetszonen, som
indbefatter det optiske centrum af den optiske indretning, omfatter et optisk design til
styring af sfeerisk aberration.
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