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TITLE
METHOD OF TREATING MYOPIA PROGRESSION

BACKGROUND OF THE INVENTION

[0001] Myopia or short sightedness is a condition in which the far-point of the
eye is less than infinite in distance from the eye. Thus a myopic eye can see
objects clearly only within a finite distance, the limit of that far distance moving closer
to the eye as the level of myopia increases. Advancing myopia is the result of the
scleral ball of the eye elongating (axial myopia) so that the retina that lies against the
posterior inner wall of the eye moves behind the eye's distance image focal point. In
correcting this condition, a light diverging or "minus" lens must be used to move the
focused light from in front of the retina backward to the retinal plane. The minus
lens, whether spectacle lens, contact lens or other light diverging ophthalmic
appliance, allows the myopic eye to regain the clarity of objects at an infinite
distance.

[0002] Emmetropization is a process by which the eye continues to develop
and grow from birth until full maturity when the process is discontinued. As the eye
grows in size, it makes adjustments to both its optical component sizes and its
refractive shapes. The adjustments are normally coordinated by chemical
processes within the eye so that the eye converges toward the balanced condition
known as emmetropia: does not need aids to see clearly at all distances. For
reasons not fully understood, emmetropization does not always proceed as it
should, leaving the eye myopic (and usually progressively so) or, less often,
hyperopic.

[0003] It has been hypothesized that the development of the eye refractive
state is driven by many interacting influences including the eye shape, retinal light
patterns, and the nature of visual stimuli experienced. Additionally, individual
differences in eye shape and its peripheral refractive condition that are integrated to
initiate a chemical growth signal, all determine the direction of emmetropization.
Therefore, we are able to assess certain clinically observable factors.

[0004] For close work and reading (in young healthy eyes), the mechanism of

the crystalline lens and ciliary muscles increase the crystalline lens power to focus
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objects that are closer than infinity. The term “accommodation” is used to indicate
this action of eye’s internal optics to create a more focused image on the retina.
Accommodation involves use of internal ciliary muscles and external muscles that
further increases stress to the eyeball itself. Therefore, aspects of accommodation
itself are believed to increase risk of myopic development. Accommodative lag is an
ocular anomaly found usually in myopic subjects wherein the eyes lag behind the
near focus of an object of regard such as reading print. Accommodative lag has
been shown to be a risk factor in inducing myopia.

[0005] Myopia typically begins with certain discernable but often nebulous
symptoms that are sometimes referred to as "prodromal symptoms of myopia" or
"school myopia". Frontal headache, transient blurred vision both near and far, and
difficulty reading are symptoms of accommodative stress and beginning myopia in
young school children. Nearwork-induced transient myopia (NITM) is found usually
in older students and adults, but presents similarly. An overall descriptor of these
two similar but separate conditions is the term pseudomyopia. Pseudomyopia is an
intermittent, temporary shift in refraction of the eye toward myopia, in which the
focusing of light in front of the retina is due to a transient spasm of the ciliary body or
muscle group. This in turn causes a temporary increase in refractive power of the
eye. A user perceived result is impaired distance vision. It is believed by most
eye-care practitioners that NITM is another major risk factor that connects
nearwork-related symptoms to the development of permanent myopia.

[0006] Inherently, myopia control involves relatively youthful eyes and, when
designing or prescribing optical appliances such as contact lenses or spectacles, the
particular issues and needs of the young must be addressed if myopia is to be
successfully thwarted. Young users of corrective lenses have been found to
demonstrate a high degree of sensitivity to any form of optical distraction. This has
been illustrated by their difficulty in maintaining use of progressive power spectacle
lenses with any great amount of power variation. Also, optical defects such as
diffraction from optical discontinuities such as those in traditional bifocal lenses are a
source of particular discomfort and prevent long-term use by many young users.
Further, due to the extended periods of close work experienced by many school age
youth, accommodation and accommodative stress is a source of discomfort that
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may sometimes limit use of corrective lenses by the young.

[0007] While many optical methods and devices have been proposed in the
prior art for remedying myopia or myopia progression, all suffer from some aspect
that prevents long-term use by the young. Unless the treatment method or device
can be comfortably and reliably used by young persons, myopia control is not
practicable. The result is that no real solution is available to address myopia. What
is needed is an optical lens and method of treatment that counteracts the risk factors
associated with myopia progression including accommodative stress, NITM and
related pseudomyopia and at the same time addresses the particular needs of the

young person so that a successful result can be obtained.
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SUMMARY OF THE INVENTION

[0008] The invention provides a method of addressing myopia progression
or inclination to myopia in which the influence of accommodation and
accommodative lag stress on myopia is reduced or eliminated to counter eye axial
length growth. These effects are critically provided in a form that is acceptable to
the user in a manner to enable continuous and long term treatment.

[0009] The invention provides a method of retarding or halting progression of
myopia in which an optical system is provided to enable clear distance vision in the
foveal area of the retina. Depth of focus is increased to relieve stress from
accommodation and accommodative lag to retard myopia progression and enable
continuous and long term treatment by the user.

[0010] Optical devices according to the invention include a small central zone
of clear vision where the refractive power rises slowly yet continuously from a central
power to a limit of clear vision. This central zone is surrounded by a more rapidly
increasing power distribution generating a perceivable blur to the user that causes
an attendant increase in effective depth of focus. By increasing the depth of focus,
the eye's accommodation is more relaxed and accommodative stress is reduced as
well as any influence on myopia progression. Simultaneously, there is an increase
in depth of field that allows objects to be positioned closer to the eye without
requiring muscular contraction within the eye’s focusing mechanism. The increased
depth of focus and depth of field afforded by the present invention not only allows for
clear comfortable vision, but relieves the forces that push the eye into myopia.

[0011] Although the present device is not a physical pinhole and nor does it
resemble a pinhole, it produces similar increased depth of focus effects to the user.
However, the present invention does not suffer from the loss of light and increased
diffraction inherent in physical pinholes. The present device increases the depth of
field and depth of focus by reducing the size of the entering “pencil” of light using a
favorable power distribution, and without blocking the light reaching the image plane
or retina. Additionally, the lag of accommodation seen in most prodromal myopic
cases is corrected by the present invention by virtue of its greater depth of focus and
depth of field. Accommodative lag in potential users is usually found to be between
0.25 and 2.00 diopters, which is well within the capabilities of the present invention.
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[0012] Itis important to the efficacy of the present invention that the
causation of the increased depth of focus, namely the smooth and continuous large
rise in focal power, be undiscovered by the visual cortex of the lens wearer. Abrupt
surface or power changes make adaptation to lenses difficult for the wearer.

[0013] The methods and designs provided here are applicable to all
conventional lenses used to treat vision in persons including contact lenses,
intraocular lenses, and spectacle lenses.

[0014] Additional novel aspects and benefits of the invention will be
discerned from the following description of particular embodiments and the
accompanying figures. The scope of the invention is not intended to be limited to the
above summary nor the below examples, but includes configurations and

embodiments including the same inventive aspects as claimed.
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DESCRIPTION OF THE DRAWINGS

[0015] Figure 1 is an illustration the concept of “accommodation lag” as used
respecting the invention.

Figure 2 is an illustration of the depth of focus and depth of field concepts as
used respecting the invention.

Figure 3 is an elongated caustic resulting from a lens according to the
invention.

Figure 4 is a series of spot diagrams taken from a caustic of a conventional
single power prior art lens.

Figure 5 is a series of spot diagrams taken from a caustic of a lens according
to the invention.

Figure 6 is a series of “E” chart images resulting from the analysis of light
passing through a lens according to the invention.

Figures 7 is series of “E” chart images resulting from the analysis of light
passing through a single power conventional lens of the prior art.

Figure 8 is a plot of the radial power distribution for embodiments of a lens

according to the invention.
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0016] An optical appliance such as a lens according to the present
invention includes a continuous axi-symmetric power distribution that provides
multiple coordinated functions. A central portion of the lens has a power distribution
selected preferably for correcting a user’s distance vision. Surrounding the distance
corrective power the power distribution increases in power quickly over a short radial
dimension to produce a blur effect on the user’s vision. This radial area of rapidly
rising power is termed here for convenience a “blur” zone. In the present invention,
the magnitude of blur in the blur zone that encircles the clear zone is chosen so that
the eye cannot resolve a selected level of detail in the distance. This simulation of a
small hole generates an increased depth of focus due in part to the user’s cortical
response to the blur of inhibition and, it is believed, some level of vision
enhancement due to the phenomenon known as “simultaneous blur contrast”.
There is an effective reduction in the aperture of the eye with an associated
increased depth of focus. By properly specifying the distance vision power to the
particular user, the associated increased depth of focus of the lens will compensate,
at least partially, for accommodative lag occurring when the user attempts near
vision. This compensatory or “pseudo” accommodation provides clearer vision and
reduced accommodation stress and accommodative lag stress that are believed to
be associated with myopia progression.

[0017] Figure 1 depicts the relation of an optical plane of regard P2 and an
object plane P1 (intended or desired plane of regard) respecting a viewer’'s eyes 10
attempting to focus on an object in the object plane P1 at a distance less than
infinite from the viewer. The viewer attempts to focus both eyes on the object. To do
S0, each eye must alter its optical (neuro-muscular) mechanism - accommodate -
to alter the eye's optics appropriately. However, the eye's failure to fully
accommodate results in the eyes focusing on the (actual) optical plane of regard P2.
The dimension LA that is the difference between the intended object plane P1 and
the farther optical plane of regard P2 is known as the lag of accommodation. This
difference may also be represented in terms of the difference in optical power
required to bring objects at the two planes into focus on the retina. While both of the

viewer's eyes are depicted in the illustration for clarity, the lag of accommodation
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exists independently in each eye.

[0018] So long as the lag of accommodation exists, the viewer will experience
stress in various forms produced by the ongoing effort to accommodate and from the
cortical signals resulting from the perceived out-of-focus image at the retina.

[0019] Figure 2 illustrates the concepts of “depth of field” and “depth of
focus” and are shown here to clarify the application of the concepts in the present
invention. The depth of focus D1 and depth of field D2 are shown respecting the
optical system of an eye 12 and its retina 14. The depth of focus D1 is the
dimension over which a focused image is perceived. That is, within the depth of
focus D1, the perceived clarity of the image is effectively the same. At distances
closer or farther from the optical system (outside the depth of focus), any image is
effectively unfocused. Depth of field D2 refers to a dimension, respecting the object
viewed, in which an object creates an image within the field of the depth of focus,
and is therefore focused. The depth of focus D1 and depth of field D2 for any
optical system is dependent on a variety of optical system characteristics.

[0020] From this it can be understood that for any particular condition of the
eye 12 wherein a distant object may be focused on the eye retina 14, there is a
range of other distances from the eye(defined by the depth of field D2) in which the
object will be equally in focus to the viewer.

[0021] In circumstances where an object 20 is in focus on the retina 14, and
is then moved in toward the eye 12, the accommodative mechanism of the eye
remains relaxed so long as the object 20 remains in the depth of field D2. Once the
object leaves the depth of field, and the image 22 on the retina 14 begins to be
perceived as blurred, the accommodative system responds and ciliary body in the
eye flexes its smooth muscle cluster to cause the lens to flex within the eye. Where
the depth of field D2 (and depth of focus D1) can be increased, the range of
distances in which the accommodation mechanism will remain relaxed is also
increased. This phenomenon can be considered free accommodation or
"pseudo-accommodation” as it represents an accommodation to the change in the
object distance that the eye does not have to provide to maintain a focused image.

[0022] Figures 3 and 5 illustrate the optical effect of the blur zone and power

distribution of the present invention. Figure 3 is the elongated caustic resulting from
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a lens according to the invention. Representative rays 30 are shown as passing
through a lens 40 and impinging on a retina 14. Due to the influence of the lens
power distribution, a dense central focus occurs at the center of the retina 14, in the
fovea. A consequence of the blur power and lens peripheral power distribution is a
sparse light ray fan 34 outside the dense center of the caustic. This impinges on
the retina 14 peripherally from the central retina. This unfocused light is inhibited
from perception or recognition by the user’s visual cortex; the result being increased
clarity of the image received by the fovea. This inhibitory aspect results in further
increased effective depth of focus.

[0023] Figure 5 is series of spot diagrams respecting the caustic of Figure 3.

Figure 4 is a spot diagram series respecting a caustic for a conventional spherical
single power lens that is provided for comparison. Each series, from left to right, are
at increasing distance from the lens towards the retina. The increased depth of
focus for the inventive lens in Figure 5 is illustrated by the relatively high density at
the center in all of the diagrams for the inventive lens. The outer area of thinly
spaced spots surrounding the center focus at the retina for the spherical lens in
Figure 4 are due to spherical aberration from an imperfect lens construction.

[0024] The consequences of the increased depth of focus and peripheral ray
fan are in part illustrated in the “E” charts found in Figures 6 and 7. The charts are
produced by analysis using the well known Zemax(TM) optical system computer
program. Figure 6 represents the analysis of a lens according to the invention on
an eye with various pupil sizes and at a range of object distances from the eye: from
25 centimeters (left) to infinity (right). Figure 7 is the result of similar analysis of a
spherical lens with the same apical power as in the lens producing the results of
Figure 6, and with the same pupil sizes and distances. Inspection indicates that the
inventive lens provides a discernable image through an increased range distance
(depth of field). In comparison, the spherical lens used to produce the results of
Figure 7 does not provide a discernable image except at infinity and relatively far
distances (the right most of the series). The result is insufficient image detail for
resolution by the user’s vision system at other distances for the spherical lens.
Resolvable images are available with the inventive lens at a greater range of

distances than with a spherical single power lens. For this reason, an inventive lens
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with appropriate distance corrective power will require less accommodation by the
user’s eye to bring a near object into effective focus. Relative performance or
effectiveness of a lens or lenses can be evaluated in this manner by empirical
comparison of associated “E” charts, or similar representations of images produced
by the optical devices. Alternatively, specific depth of focus data can be obtained for
a subject lens or lenses by other known analytical methods and devices for the
comparison and evaluation purposes here.

[0025] While the above effects are similar to that produced by optical
apertures, no physical aperture with an obscuring border is involved in the present
invention.

[0026] Figure 8 depicts a graph of the distribution 50 of the optical power rise
as a function of radial dimension (x) from the apex of a lens according to the
invention. The power rise is the power above the distance corrective power (apical
power). A centrally located distance vision region 60 has a power distribution that
varies within a power range that is effective with the apical power for distance vision
correction. The distance correction power is that power providing clear vision when
viewing objects infinitely distant from the user. The required distance correction
power may vary with the specific requirements of the user. The distribution power
rise initially increases continuously but slowly with increasing radius to provide an
effective area for distance power needed. This continues to a design point DP at a
radial dimension in the range of about 0.5 to 1.5 millimeters from the apex.
Maintaining a radial location at or outside the minimum is preferred to provide
sufficiently clear distance vision for most users in full and low light conditions.
Constraining the radial dimension to at or below the upper end of the range is
necessary to provide the needed increase in depth of focus. The power rise at the
design point is preferably in the range of +0.5 to +0.75 diopters, but may be as high
as +1 diopter for some designs. At powers above this, most users are likely to
perceive blur in distance vision; as well the distance vision may have insufficient
contrast in low light conditions.

[0027] Beyond the design point DP, the power increases more quickly and
continuously until a maximum power value 62 is reached. The portion of the lens
and power distribution 50 between the design point DP and peak power 62 defines

10
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and creates a blur zone 64. The rapidly rising power in the blur zone 64 produces in
the user the unfocused light impinging peripherally on the retina as discussed above.
It is critical that immediately outside the design point DP, the power distribution rises
sufficiently quickly to both ensure the result of blur vision induced in the user during
distance vision, and that the desired and necessary maximum be reached within the
constraint of the pupillary dimension. The maximum may be defined by the power
distribution relationship itself or may be a result of the power distribution being
terminated by construction of the lens. For example, beyond the radial dimension of
the peak power, a contact lens may be blended into a constant power in a
conventional lens carrier portion. In Figure 8, the power distribution 50 is shown to
continue beyond the peak power to illustrate that the power distribution 50 may be
defined as a portion of a continuous power relationship. In this figure and the below
equations, the optical power discussed is particularly the tangential power, which
may be somewhat different from the sagittal power or average power at any point on
alens. This relationship will be understood and particular lens designs may be
approached entirely using the tangential powers defined here. At the same time,
inspection of a lens may involve measurement of sagittal power or the average of
tangential and sagittal powers. Where an optical system includes other optically
effective elements, such as for example the posterior surface of a contact lens (on
the eye or in air or other medium) the optical power of those elements must be used
to adjust the desired powers to obtain a surface power distribution for the purposes
of defining an anterior surface according to the equations herein.

[0028] As discussed with respect to Figure 6, the produced blur is actually
inhibited or suppressed by the user’s optical cortical system and the blur is not
recognized by the user. This is, however, dependent on the lack of any distracting
diffractive aspects in the optical system as discussed before.

[0029] The power rise above the design point must be substantially greater
than the apical power to produce the desired increased depth of focus. Preferably
the peak power rise 62 is in the range of +1 to +10 diopters for contact lenses.
However, for some users, effective increase in depth of focus may be provided by
lower peak powers. The upper limit of the range is controlled in practice by the
subjective tolerance of users to the blur effect in long term use. The appropriate

11
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peak power value may be dependent on the particulars of the user, for example the
age of the user and their required distance correction as well as other factors. With
contact lenses using the above parameters, decreases of accommodative lag, from
increased depth of focus, in the range of +0.25 to +2 diopters are possible. The
appropriate peak power for other forms of refractive lenses may be greater or less
depending on their nature. In some applications, peak power may be as great as
100 or more.

[0030] The average human eye has a depth of focus of about +0.5 diopters or
less. Typically, +0.25 of increased depth of focus will be effective to counter
accommodative lag in typical users. An increase of +0.25 to +1.0 diopters in depth
of focus is suggested as effective to remedy expected accommodative lag and also
provide additional “pseudo” accommodation sufficient to treat ongoing myopia
progression or prevent or slow the onset of myopia.

[0031] An effective front surface power distribution can be generated by the
following power exemplary equation for power rise for a rotationally symmetric lens
system (a spherical, aspherical, or toric base curve must be added to the total

power):

Eg. 1 Power(x) =10’ (n - 1) ( ! - lj
R(x) r
Where: Power(x) is the power rise above the apical power,
x is the radial distance from the center,
n is the refractive index of the optical device material,
r is the radius of curvature at the apex (center),
R(x) is the radius of curvature as a function x as given below in Eq. 2

[1 - (z'(x))z]

7" (x)

1.5

Eqg. 2

R(x)=

Where: Z'(x) and z”(x) are the first and second derivative, respectively, of the
function z(x) given below in Equation 3 in the form of the power

function:

12
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) [(Z)x/r i (Z)—x/r] )

2(x)= 5
Eq. 3 Z—In(Z)*
r
Where: Z is a form factor with a value in the range of 1 to 100.

[0032] Equation 3 defines z(x) which is a sagittal depth dimension of an
optical surface such as the anterior surface of a contact lens. The shape defined by
z(x) is applied as a surface of revolution about the apex to provide the associated
desired power distribution. The apical radius of curvature (r) may be defined in the
conventional manner by the particular target user eye geometry, the lens material
properties, and the distance vision correction required.

[0033] The form factor Z provides a means to adjust the shape of the power
distribution and maximum power peak to satisfy particular requirements. Selection
of a most appropriate value of Z, to result in the desired power form and peak
power, may be accomplished by trial and error iteration, that experience indicates
will quickly convergence on the desired result. While value in the range of 1 to 100
will be preferred in many instances, Z may have a value of any positive number.

[0034] As shown above, the depth of focus of a particular optical system can
be represented by graphical representation such as the optical analysis output in “E”
chart image form. Improved depth of focus can be achieved by iterative and, or,
comparative analysis of different power distributions by examination of “E” charts or
like representation of depth of focus for each power distribution, followed by
appropriate selection. Such analysis is preferably performed on the basis of the light
paths through the entire optical system, including the user’s eye and any applied
lens.

[0035] In contact lenses, the power distribution (and surface shape) may be
applied to whatever radial extent necessary and then blended smoothly into a
peripheral corrective region or a surrounding carrier. The above equations may be
applied using numerical methods and may be reduced to digital forms or tabulated.
Other mathematical forms and relationships and equations exist and are
contemplated to provide similar power distributions with the required characteristics
herein specified. The above Equations 1 to 3 provide only one such alternative and

13
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are not limiting. For example, alterative forms of an effective optical surface may be
provided by variations of what is known as the universal optical equation.

[0036] The above Equations 1 to 3 provide only one such alternative and are
not limiting. For example, alterative forms of an effective optical surface may be
provided by variations of what is known as the universal optical equation. Another
form of the universal optical equation can be expressed as in Equation 4:

2
x/r

Ba 4 T TTRSSGIy

+ax® +bx* +cex’+...mx"

where S is the shape factor and r is the apical radius while the coefficients a, b, c,
etc. may be determined empirically as discussed above to provide a lens shape and
corresponding power distribution performing the desired inventive function.
Equation 4 may then be applied in above Equations 1 and 2 to obtain an
instantaneous power profile.

[0037] EXPERIMENTAL TESTING. The efficacy of the present methods and
devices in treating myopia and myopia progression was tested by experimentation
with young live chicken subjects. For a variety of known reasons, chick studies have
been used by others in the past to test and study optical appliances and methods
and the results accepted as relevant in predictions of human results.

[0038] Evidence has indicated that newly hatched chickens fitted with minus
power lenses demonstrate a myopic shift approximately equal to the lens power. A
chick study was completed to determine if lens-induced myopia in chickens can be
inhibited by a lens of the inventive design having a central minus power combined
with the increased depth of focus power distribution of the present invention.

[0039] Methods: Fifteen young chicks were used in the test. Each was fitted
unilaterally with a lens, made in PMMA, and attached by Velcro™ in close proximity
to the chick’s eye. Eight of the fifteen chicks were fitted with a test lens according to
the present invention and having with central power of -10.00D. A relatively high
power level was used as a consequence of scaling for the optical size of the chicks
eyes and are proportional in effect to lower powers used for humans. The remaining
seven chicks (control group) were fitted with a conventional spheric lens of the exact

14
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same physical parameters as the test lens and also having -10.00D central power.
For each chick, the eye fitted with a lens is considered the treated eye.

[0040] The chicks were given food and water ad libitum and raised on 14/10
hour light/dark cycles. The applied lenses were removed only for brief periods for
measurements and lens cleaning. Refractive error in both eyes of each chick was
measured by retinoscopy before lens application (day zero) and at days 3 and 7
(after application). The mean differences (Mdiff) in refractive error between the
treated and untreated eyes were calculated.

[0041] Results: The differences between the refractive error of the treated
and the non-treated eyes was insignificant (p=1.00) on day zero for both groups.
For the Test group MDiff was -0.06 D (£ 0.50), while the error absolute values
ranged from +1.00 to -0.50D. For the control group the MDiff was +0.29 D £ 0.76
with a value range of +1.00 to -1.00D.

[0042] By day 7 of the study, chicks treated with the test lenses had become
slightly hyperopic in the treated eye relative to the untreated eye with MDiff +2.17 D
+ 2.71 (p=0.32) and a range of +6.00 to -1.00 D. At this time-point those treated
with the conventional spheric control lenses had become significantly more myopic
(p<0.0007, Tukey) in the treated eye relative to the untreated eye (MDiff -8.10 D
3.07; range -5.00 to -12.00 D). The MDiff for the test and control groups were
significantly different at day 7 (p=0.0002, Tukey).

[0043] The results of this short-term study indicate that lens-induced myopia
in chickens can be affected by the inventive lens design and by the current methods
of treatment. Itis important to note that the center region of test lenses has the
same power as the control lens (single uniform power), differing only in the
distribution of the power peripherally to the central area. Consequently, it can be
said that the eyes of test chicks wearing the test lens experienced the same opitical
stimulation from the central portion of the lens worn as did the control chick. The
difference, resulting in the differences in eye growth response, can be said to be
from the lens form peripheral to the central power.

[0044] It is critical that any lens in continuous use by a youthful person in
particular subject the user with no diffractive optical effects and preferably include no
extreme power changes. This is due to the observed high sensitivity of young
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persons to these optical aspects. Continuous use of the treatment lens during vision
is important to efficacy in addressing myopia and myopia progression.
Consequently, the lenses here must provide optically smooth surfaces and power
distributions.

[0045] While the above exemplary embodiments regard contact lenses, the
same concepts and methods may be applied to other refractive optical devices such
as IOLs, and methods of altering a person’s optical tissues such as surgical
methods, as well as other like devices and methods for the same purposes. In other
lens forms, both the design point location and power and peak power magnitude will
differ from the examples given here. However, the same results can be provided
from the same form and characteristics of the power distribution. Spectacles and
diameters of lenses worn in front of the eye and designed using the present
invention must be scaled upward in size to an appropriate diametric dimension of
from about 20 to 100 mm and must be adjusted for the vertex power change
outward for 10 to 20 millimeters in front of the eye.

[0046] If an inventive lens is defined in equation form, the first and second
derivatives of the power distribution should be continuous to satisfy the requirement
of a smooth distribution. Lenses may be defined by other means, such as by
digitized surface contours, and satisfy the smooth requirement if the resulting lens
power may be described by one or more power distribution relationships with
continuous first and second derivatives or if the power distribution otherwise
provides the same functional result.

[0047] The preceding discussion is provided for example only. Other
variations of the claimed inventive concepts will be obvious to those skilled in the art.

Adaptation or incorporation of known alternative devices and materials, present
and future is also contemplated. The intended scope of the invention is defined by

the following claims.
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CLAIMS
1. A method of inhibiting or reversing myopia in a person comprising:
enabling clear distance vision; and
while maintaining clear distance vision and without introducing diffractive
effects, increasing depth of focus in the person’s eyes so as to enable

relief of accommodative stress during near vision.

2. A method, according to Claim 1, and wherein:
the step of increasing depth of focus comprises creating an unfocused optical

blur surrounding an image on the person’s fovea.

3. A method, according to claim 2, and further comprising:
providing an optical surface that enables an increase in depth of focus.

4. A method, according to claim 3, and wherein:
the depth of focus increase is at least +0.25 diopters.

5. A method, according to claim 1, and wherein:
the step of enabling clear vision comprises providing distance correction
power and a peak refractive power in the range of +1 to +100 diopters
greater than the distance correction power.

6. A method of designing a refractive lens for treatment of myopia progression,
comprising:

determining a person’s unaided eye depth of focus;

defining a treatment lens having a continuous power distribution configured to

increase the person’s depth of focus when in use.

7. An ophthalmic lens comprising:

an apex having distance vision correcting power;
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a power distribution increasing smoothly radially outward, from the apex to a
peak power rise more positive than the distance vision correcting
power;

the power distribution having a first power at design point between the vision-
correcting power and the peak power rise, the power of the distribution
between the apex and design point sufficiently like in power to the
distance vision correcting power to contribute to distance correction;

the first power sufficient to create blur outside the design point;

the power distribution power outside the design point sufficient to create a

blur surrounding images on the user’s fovea.

8. An ophthalmic lens according to claim 7 wherein the peak power rise is in the
range of +1 to +100 diopters.

9. An ophthalmic lens according to claim 7 and wherein the design point is at a
radial distance from the apex in the range of 0.5 millimeters and 1.5 millimeters.

10. An ophthalmic lens according to claim 7 and wherein:
the lens is configured to reduce a user’s lag of accommodation at least 0.25

diopters.

11. An ophthalmic lens according to claim 7 and wherein:

the lens is an intraocular lens.

12.  An ophthalmic lens according to claim 7 and wherein:

the lens is formed in a person’s optical tissue.

13. A method of inhibiting or reversing myopia in a person comprising:

providing the lens of Claim 6 to a person for use in the eye.

14. A method of inhibiting or reversing myopia in a person comprising:

forming an optical surface in a person’s eye;
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the optical surface configured to increase the person’s depth of focus during

use.

19



WO 2012/173891 PCT/US2012/041621
1/5

SUBSTITUTE SHEET (RULE 26)



WO 2012/173891 PCT/US2012/041621
2/5

Figure 3

SUBSTITUTE SHEET (RULE 26)



WO 2012/173891 PCT/US2012/041621
3/5

Figure §

SUBSTITUTE SHEET (RULE 26)



WO 2012/173891 PCT/US2012/041621
4/5

Figure 6

Figure 7 (Prior Art)

SUBSTITUTE SHEET (RULE 26)



WO 2012/173891 PCT/US2012/041621
5/5

Power Rise(x)

Figure §

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/041621
A. CLASSIFICATION OF SUBJECT MATTER
INV. GO2C7/04 A61F2/16
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched {classification system followed by classification symbols)

GO2C A61F

Documentation searshed other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 20097129528 Al (NOVARTIS AG [CH]; INST 1-14
EYE RES LTD [AU]; MARTINEZ ALDO ABRAHAM
[AU]; H) 22 October 2009 (2009-10-22)
figures 1,14

page 1, lines 6-7

page 6, lines 3-5

page 11, Tines 8-20

page 22, line 31 - page 23, line 2

X WO 2007/146673 A2 (VISION CRC LTD [AU]; 1-14
HOLDEN BRIEN ANTHONY [AU]; HO ARTHUR [AU];
SANKAR) 21 December 2007 (2007-12-21)
claim 1

figures 4,6

page 1, line 10

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . n -
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or sannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

°'ted.t°| establish the P“?.I'cj'tm" date of another citation or other "Y" document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed '&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
21 August 2012 31/08/2012
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswilk

Tel. (+31-70) 340-2040, . .
Fax: (+31-70) 340-3016 de Lajarte, Gilles

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/041621

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

WO 02721194 A2 (FLORIDA OPTICAL
ENGINEERING IN [US]; GRIFFIN RICHARD A
[US]) 14 March 2002 (2002-03-14)
figures 1,6

page 8, lines 14-29

page 19, Tines 8-12

EP 2 098 192 Al (HOYA CORP [JP])
9 September 2009 (2009-09-09)
figures 1,3

paragraph [0063]

page 12; table 1

1-14

1-14

Form PCT/ISA210 (continuation of second sheet) [Aptil 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/041621

Patent document

Publication

Patent family

Publication

cited in search report date member(s) date

W0 2009129528 Al 22-10-2009 AU 2009237561 Al 22-10-2009
CA 2719421 Al 22-10-2009
CN 102007444 A 06-04-2011
EP 2279445 Al 02-02-2011
JP 2011518355 A 23-06-2011
KR 20110011604 A 08-02-2011
US 2011051079 Al 03-03-2011
WO 2009129528 Al 22-10-2009

WO 2007146673 A2 21-12-2007 AU 2007258008 Al 21-12-2007
BR P10712422 A2 03-07-2012
CA 2653286 Al 21-12-2007
CN 101467092 A 24-06-2009
EP 2033043 A2 11-03-2009
JP 2009540373 A 19-11-2009
KR 20090015117 A 11-02-2009
NZ 573194 A 22-12-2011
US 2007296916 Al 27-12-2007
WO 2007146673 A2 21-12-2007

W0 0221194 A2 14-03-2002 AT 479126 T 15-09-2010
AU 8892901 A 22-03-2002
BR 0113756 A 19-09-2006
CA 2421740 Al 14-03-2002
CN 1582408 A 16-02-2005
EP 1381908 A2 21-01-2004
ES 2349797 13 11-01-2011
JP 2004526982 A 02-09-2004
MX  PAD3002012 A 13-12-2004
us 6474814 Bl 05-11-2002
US 2003081171 Al 01-05-2003
WO 0221194 A2 14-03-2002

EP 2098192 Al 09-09-2009  CN 101583325 A 18-11-2009
EP 2098192 Al 09-09-2009
US 2010321632 Al 23-12-2010
WO 2008078804 Al 03-07-2008

Form PCT/ISA210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report

