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FIG . 14B 
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US 10,901,237 B2 
1 2 

OPHTHALMIC LENS WITH AN OPTICALLY talline lens relaxed . In normal or emmetropic adult eyes , 
NON - COAXIAL ZONE FOR MYOPIA light from both distant and close objects and passing though 

CONTROL the central or paraxial region of the aperture or pupil is 
focused by the cornea and crystalline lens close to the retinal 

BACKGROUND OF THE DISCLOSURE 5 plane where the inverted image is sensed . It is observed , 
however , that most normal eyes exhibit positive longitudinal 

1. Field of the Disclosure spherical aberration , generally with a magnitude of about 
+0.50 D for a 5.00 mm aperture , meaning that rays passing 

The present disclosure relates to ophthalmic devices , such through the aperture or pupil at its periphery are focused 
as wearable lenses , including contact lenses , implantable 10 +0.50 D in front of the retinal plane when the eye is focused 
lenses , including inlays and onlays and any other type of to infinity . 
device comprising optical components , and more particu- The spherical aberration of the normal eye is not constant . 
larly , to ophthalmic devices designed to slow , retard , or For example , accommodation ( the change in optical power 
prevent myopia progression . The ophthalmic lenses of the of the eye derived primarily though change to the internal 
present disclosure comprise at least one treatment zone with 15 crystalline lens ) causes the spherical aberration to change 
non - coaxial focus with ADD power , thereby preventing from positive to negative . 
and / or slowing myopia progression . As noted , myopia typically occurs due to excessive axial 

growth or elongation of the eye . It is now generally 
2. Discussion of the Related Art accepted , primarily from animal research , that axial eye 

20 growth can be influenced by the quality and focus of the 
Ophthalmic devices , such as contact lenses , currently are retinal image . Experiments performed on a range of different 

utilized to correct vision defects such as myopia ( nearsight- animal species , utilizing a number of different experimental 
edness ) , hyperopia ( farsightedness ) , presbyopia and astig- paradigms , have illustrated that altering retinal image qual 
matism . However , properly designed lenses may be utilized ity can lead to consistent and predictable changes in eye 
to enhance vision as well as to correct vision defects . 25 growth . 
Common conditions which lead to reduced visual acuity Furthermore , defocusing the retinal image in both chick 

are myopia and hyperopia , for which corrective lenses in the and primate animal models , through positive lenses ( myopic 
form of spectacles , or rigid or soft contact lenses , are defocus ) or negative lenses ( hyperopic defocus ) , is known to 
prescribed . The conditions are generally described as the lead to predictable ( in terms of both direction and magni 
imbalance between the length of the eye and the focus of the 30 tude ) changes in eye growth , consistent with the eyes 
optical elements of the eye . Myopic eyes focus in front of the growing to compensate for the imposed defocus . The 
retinal plane and hyperopic eyes focus behind the retinal changes in eye length associated with optical blur have been 
plane . Myopia typically develops because the axial length of shown to be modulated by changes in both scleral growth 
the eye grows to be longer than the focal length of the optical and choroidal thickness . Blur with positive lenses , which 
components of the eye , that is , the eye grows too long . 35 leads to myopic blur , thickening of the choroid , and decrease 
Hyperopia typically develops because the axial length of the in scleral growth rate , results in hyperopic refractive errors . 
eye is too short compared with the focal length of the optical Blur with negative lenses , which leads to hyperopic blur , 
components of the eye , that is , the eye does not grow thinning of the choroid , and increase in scleral growth rate , 
enough . results in myopic refractive errors . These eye growth 

Myopia has a high prevalence rate in many regions of the 40 changes in response to retinal image defocus have been 
world . Of greatest concern with this condition is its possible demonstrated to be largely mediated through local retinal 
progression to high myopia , for example greater than five or mechanisms , as eye length changes still occur when the 
six diopters ( that is , according to sign convention , < -65.00 optic nerve is damaged , and imposing defocus on local 
or -6.00 D ) , which dramatically affects one's ability to retinal regions has been shown to result in altered eye 
function without optical aids . As used herein the measure , D 45 growth localized to that specific retinal region . 
is the dioptric power , defined as the reciprocal of the focal In humans , there is both indirect and direct evidence that 
distance of a lens or optical system , in meters . High myopia supports the notion that retinal image quality can influence 
is also associated with an increased risk of retinal disease , eye growth . A variety of different ocular conditions , all of 
cataracts , and glaucoma . which lead to a disruption in form vision , such as ptosis , 

Corrective lenses are used to alter the gross focus of the 50 congenital cataract , corneal opacity , vitreous hemorrhage 
eye to render a clearer image at the retinal plane , by shifting and other ocular diseases , have been found to be associated 
the focus from in front of the plane to correct myopia , or with abnormal eye growth in young humans , which suggests 
from behind the plane to correct hyperopia , respectively . that relatively large alterations in retinal image quality do 
However , the corrective approach to the conditions does not influence eye growth in human subjects . The influence of 
address the cause of the condition , but is merely prosthetic 55 more subtle retinal image changes on eye growth in humans 
or only addresses the symptoms . has also been hypothesized based on optical errors in the 

Most eyes do not have simple myopia or hyperopia , but human focusing system that may provide a stimulus for eye 
have myopic astigmatism or hyperopic astigmatism . Astig- growth and myopia development in humans . 
matic errors of focus cause the image of a point source of One of the risk factors for myopia development is near 
light to form as two mutually perpendicular lines at different 60 work . Due to accommodative lag or negative spherical 
focal distances . In the foregoing discussion , the terms myo- aberration associated with accommodation during such near 
pia and hyperopia are used to include simple myopia or work , the eye may experience hyperopic blur , which in turn 
myopic astigmatism and hyperopia and hyperopic astigma- stimulates myopia progression as discussed above . More 
tism respectively , or mixed astigmatism ( combinations over , the accommodation system is an active adaptive opti 
thereof ) . 65 cal system ; it constantly reacts to the vergence of the 

Emmetropia describes the state of clear vision where an incident optics , which is impacted by optical devices as well 
object at infinity is in relatively sharp focus with the crys- as the working distance . With conventional single - vision 
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optical designs for myopia correction , young eyes may show response in animals was proportional to the power of the 
accommodative lag or have negative spherical aberration optical stimulus as reported by Wildsoet , Vision Research 
and therefore hyperopic defocus may be present . With 1995 . 
traditional multifocal designs that incorporate coaxial ADD However , conventional wisdom in the field of bifocal or 
power in a treatment zone , as have been used for presbyopia 5 multifocal ophthalmic lenses assumes lenses with high plus 
correction and more recently repurposed for myopia control , or high ADD power may have deleterious effects on vision 
young eyes may utilize the ADD power for near objects , and contrast sensitivity as reported by Ardaya et al , Optom 
yielding hyperopic defocus through the distance portion for etry 2004. Further , Smith et al ( U.S. Pat . No. 7,025,460 ) 
the image of such objects . Myopia control is most effective teaches against going to powers outside the range normally 
when the user accommodates through the distance correc- found in bifocal or multifocal lenses for presbyopia . They 
tion zone to see at near , bringing the image plane to or state , “ It is important to note that , while the appropriate type 
forward of the retina ( see http://www.gslsymposium.com/ of refractive defocus can drive eye growth ( or nongrowth ) 
getattachment / Posters / Cheng , Xu - et - al - Impact - of - SCL - for- leading to myopia ( or its regression ) in the phenomenon of 
Myopia - Progression.pdf.aspx ) lens compensation , when the amount of refractive defocus is 

Both the single vision and multifocal cases mentioned there may be such a large degradation in image quality 
above lead to continued myopia progression . One way to due to the severe defocus that the optical state may change 
design optics to slow the rate of myopia progression is to into the phenomenon of form deprivation and may induce 
utilize a high plus signal to the retina through use of high myopia in that way . ” Further , they teach “ that the maximum 
ADD powers . An ADD power is the difference in power 20 amount of relative curvature of field before substantial 
between a zone of an optical device that has a special vision degradation occurs , which leads to form deprivation 
purpose , such as for correcting presbyopia or myopia con- myopia , to be around the spherical equivalent of +3.50 D to 
trol , and the myopia correction zone . For myopia control , the +4.00 D , which represents the upper limit for negative 
ADD power in the treatment zone of the optical device is curvature of field for effective treatment of myopia . ” This 
more positive ( more plus ) or less negative compared to the 25 belief has discouraged researchers from pursuing high plus 
power of the myopia correction zone . treatment zones for myopia control . 

U.S. Pat . No. 6,045,578 discloses that the addition of To the contrary , applicant's research shows that using a 
positive spherical aberration on the contact lens will reduce design with a central distance zone and a high ADD treat 
or control the progression of myopia . The method includes ment zone having an ADD power greater than about 3.00 D 
changing the spherical aberration of an ocular system by a reduces visual acuity loss relative to conventional low ADD 
direction and degree related to alter the growth in eye length , type designs with no significant additional impact on con 
in other words emmetropization may be regulated by spheri- trast sensitivity . This is also supported in work by De Gracia 
cal aberration . In this process , the cornea of a myopic eye is et el . , OVS 2013 , although they only investigated up to 4.00 
fitted with a lens having increasing dioptric power away D of ADD power and did not relate the work to a potential 
from the lens center . Paraxial light rays entering the central benefit in myopia progression control . This breakthrough 
portion of the lens are focused on the retina of the eye , enables ophthalmic designs to achieve a meaningful greater 
producing a clear image of an object . Marginal light rays than 50 percent slowdown in myopia progression without 
entering the peripheral portion of the pupil are focused in a further negatively impacting visual acuity . 
plane between the cornea and the retina , and produce 40 Further , significantly higher plus power relative to the 
positive spherical aberration of the image on the latter . This power for providing clear distance vision is not expected to 
positive spherical aberration produces a physiological effect lead to reduced accommodation as may occur with a lower 
on the eye which tends to inhibit growth of the eye , thus ADD power design where a subject might rely to some 
mitigating the tendency for the myopic eye to grow longer . extent on that ADD power for clear vision during near work 

Although the level of positive spherical aberration and / or 45 activities , as has been observed during the course of our 
plus power required to achieve an optimum slowdown in the research . This reduced accommodation may lead to hyper 
myopia progression rate is unclear , researchers in the field opic defocus as a result of rays passing through the optical 
have attempted to use multi - zone devices with regions of zones of the device that is for providing clear distance vision 
positive power of about +1.50 to a maximum of about +4.00 ( distance portion of the device or myopia correction zone ) . 
D ADD power in an attempt to slow the progression of 50 In the current disclosure , the subject must accommodate 
myopia . For the purpose of differentiating these multi - zone over the distance portion of the lens for near vision correc 
designs from the current disclosure , the ADD zone in these tion as objects imaged through the treatment zones of high 
devices produces a focus of light that coincides with the axis ADD powers are sufficiently out of focus that they cannot be 
( principal , common , optical or geometric ) of the myopia cleared with the accommodation - convergence system . 
correction zone and therefore can be considered to be 55 Other attempts to slow myopia progression may involve 
‘ coaxial ’ by design . ( for example , U.S. Pat . Nos . 5,929,969 , power profiles that show a gradient in some zones of the 
7,506,983 , 7,832,859 , 8,240,847 ) lenses . Various methodologies have been applied . Some 

This approach generally resulted in treatment results of treatment zones are progressive zones where a systemati 
less than about 50 percent . Treatment efficacy is defined as cally changing coaxial focus is configured , for example , see 
the relative change of axial length and / or spherical equiva- 60 U.S. Pat . Nos . 8,240,847 , 8,662,664 . Yet other designs are 
lent refraction from baseline for a test group compared to the configured to generate a more peripheral retinal myopic 
change of axial length and / or spherical equivalent refraction defocus ( for example , see U.S. Pat . Nos . 7,665,842 , 8,684 , 
of a control group over a year or a predetermined time 520 ) . Further , zones of some designs may be referred to as 
period . There remains a need for a myopia control treatment blend zones or transition zones , because they are , in effect , 
with efficacy greater than 50 percent and closer to 100 65 zones with no functional optical purpose designed to join 
percent . Intuitively adding treatment zones of high plus treatment zones with correction zones . ( for example , see 
power would provide greater treatment as the ocular growth U.S. Pat . Nos . 8,240,847 , 8,684,520 ) None of these designs 
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features a treatment zone comprising a portion of a generally and white , thereby resulting in images in which the black 
toroidal surface to generate a ring focus as in accordance background is not completely black , and the white back 
with the present disclosure . ground is not completely white . 
US20170184875 contemplates “ an optic feature of the Accordingly , improvements are needed . 

lens body that directs peripheral light into the eye away from 5 
the central region of the retina when worn on the eye , SUMMARY OF THE DISCLOSURE 
wherein the optic feature further causes the peripheral light 
directed away from the central region of the retina to have The present disclosure relates to ophthalmic devices for at 
a focal point not on the retina ” . It specifies that “ the optic least one of slowing , retarding or preventing myopia pro 
features may have the characteristic of directing the light 10 gression that may address one or more shortcomings of the 
into a peripheral region of the retina , focusing light exactly prior art . 
onto a peripheral region of the retina , focusing light in front In accordance with one aspect , the present invention is 
of a peripheral region of the retina , focusing light behind a directed to an ophthalmic lens for at least one of slowing , 
peripheral region of the retina , or combinations thereof . ” retarding or preventing myopia progression . The ophthalmic 
This patent does not conceive of a treatment zone compris- 15 lens comprising a center zone with a negative power for 
ing a portion of a generally toroidal surface to generate a myopic vision correction , and at least one treatment zone 
ring focus as in accordance with the present disclosure . surrounding the center zone , the at least one treatment zone 
As another example in the field , R. Griffin WO2012 / having a power profile comprising a positive power relative 

173891 , claims to relieve accommodative lag and accom- to the center zone , the at least one treatment zone having a 
modative stresses that lead to myopia progression through 20 surface shape comprising a portion of a generally toroidal 
the creation of an artificial pinhole that results in increased shape , wherein the at least one treatment zone is arranged as 
depth of focus and depth of field . In Griffin , “ the eye's to form a continuous surface with the center zone . 
accommodation is more relaxed . ” In accordance with another aspect , the present invention 

With reference now to FIG . 1 , the graph illustrates a is directed to an ophthalmic lens for at least one of slowing , 
device with a design that incorporates a center distance zone 25 retarding or preventing myopia progression . The ophthalmic 
to correct for distance vision and a peripheral zone of lens comprising a center zone with a negative power for 
variable plus power . Visual acuity was measured using a myopic vision correction ; and at least one treatment zone 
four - alternative forced choice method with progressively surrounding the center zone , the at least one treatment zone 
smaller Snellen optotypes . Increasing peripheral plus power having a power profile comprising a positive power relative 
to about +2.00 D to +3.00 D causes an increasing loss of 30 to the center zone , wherein the at least one treatment zone 
high contrast visual acuity , as typical of multifocal type has an annular configuration having a shared radial center 
designs for presbyopes . As the peripheral power continues to point with the center zone , and wherein the at least one 
increase , however , the relative effect on visual acuity sur- tred nent zone generates a focal ring , with the locus of each 
prisingly improves and plateaus , so that by above about of the infinite focal points on the ring being displaced 
+4.00 D to +5.00 D peripheral plus , the visual acuity loss 35 * non - coaxial ) from the geometric axis of the center zone , 
becomes relatively constant . This is of significance for the and wherein the at least one treatment zone is arranged as to 
design of myopia control lenses , since higher plus power is form a continuous surface with the center zone . 
found ( with animal models ) to have a greater impact on eye In accordance with still another aspect , the present inven 
growth , as reported in Wildsoet , Vision Research 1995 . tion is directed to an ophthalmic lens for at least one of 

However , further optimization of ADD power designs is 40 slowing , retarding or preventing myopia progression . The 
required to optimize image quality . With reference now to ophthalmic lens comprising a center treatment zone , a 
FIG . 2 , power profiles are illustrated having +5.00 D or myopia correction zone surrounding the center zone , 
+10.00 D power beyond a 2.25 mm radial location from a wherein the myopia correction zone exhibits a negative 
center of a lens . Rays passing through these high ADD optical power for myopic vision correction , and wherein the 
power regions form sharp foci in front of the retina . How- 45 center zone exhibits an ADD power relative to the myopia 
ever , due to continued propagation to the retina , these rays correction zone , and at least one treatment zone surrounding 
form a ring - like defocus blur on the retina . the center zone and disposed radially outwardly from the 
As shown in the point spread function ( PSF ) cross section myopia correction zone , the at least one treatment zone 

of FIG . 3 , rays coming from the +5.00 D and +10.00 D having a power profile comprising a positive power relative 
regions form separate spikes on the retina . Thus , if one looks 50 to the myopia correction zone , wherein the at least one 
at a point light source through one of these +5.00 D or treatment zone has an annular configuration having a shared 
+10.00 D high plus lenses , his / her retina would receive a radial axis with the center zone , and wherein the at least one 
peak signal surrounded by a ring - like halo . Usually , this is treatment zone generates a focal ring , with the locus of each 
not a problem when one reads letters or resolves fine details of the infinite focal points on the ring being displaced 
of objects because the halo is so dim that the human doesn't 55 ( “ non - coaxial ' ) from the geometric axis of the center zone , 
perceive it . Nevertheless , this is a problem if a person looks and wherein the at least one treatment zone is arranged as to 
at a black / white edge , as energy from the white background form a continuous surface with the center zone . 
can leak into the black due to the presence of the spike in In accordance with still yet another aspect , the present 
PSF . invention is directed to an ophthalmic lens for at least one of 

With reference now to FIG . 4 , the image cross section for 60 slowing , retarding or preventing myopia progression . The 
the +5.00 D and +10.00 D power profiles of FIG . 2 at an ophthalmic lens comprising a center treatment zone , a 
entrance pupil size of 6.00 mm are shown by convolving the myopia correction zone surrounding the center zone , 
PSF with the black / white edge in object space . A lens having wherein the myopia correction zone exhibits a negative 
0.00 D power forms a sharp edge between the black and power for myopic vision correction , and wherein the center 
white ( at 0.00 mm location ) and thus doesn't have a ring - like 65 zone exhibits an ADD power relative to the myopia correc 
structure . On the other hand , the lenses with +5.00 D and tion zone , and at least one treatment zone surrounding the 
+10.00 D regions do not have a sharp edge between black center zone and disposed radially outwardly from the myo 
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pia correction zone , the at least one treatment zone having FIG . 5G illustrates a treatment zone of the present dis 
a power profile comprising a positive power , the at least one closure resulting in a ring focus . 
treatment zone having a surface shape comprising a portion FIG . 6 illustrates an example of an ophthalmic device 
of a generally toroidal shape , wherein the at least one having a center myopia correction zone and at least one 
treatment zone is arranged as to form a continuous surface 5 treatment zone in accordance with the present disclosure . 
with the center zone . FIG . 7 illustrates an example of an ophthalmic device 

In accordance with yet another aspect , the present inven- having a center treatment zone , a myopia correction zone , 
tion is directed to an ophthalmic lens for at least one of and at least one treatment zone in accordance with the 
slowing , retarding or preventing myopia progression . The present disclosure . 
ophthalmic lens comprising a center zone with a negative FIG . 8A illustrates a power profile of an ophthalmic 
power for myopic vision correction , the center zone having device . 
a principal axis orthogonal to a surface thereof and passing FIG . 8B illustrates an annotated version of the power 
through center of the ophthalmic lens , and at least one profile of FIG . 8A . 
treatment zone surrounding the center zone , the at least one FIG . 8C illustrates a ray diagram showing coaxial and 
treatment zone having a power profile comprising a positive non - coaxial focal points associated with an ophthalmic 
power relative to the center zone , the at least one treatment device of the present disclosure . 
zone having a surface shape comprising a portion of a FIG . 9A is a diagrammatic representation of rays associ 
generally toroidal shape , wherein the at least one treatment ated with a plane wavefront passing through an emmetropic 
zone is arranged as to form a continuous surface with the 20 ( or fully corrected ) eye towards the retina . 
center zone , and wherein the at least one treatment zone has FIG . 9B is a diagrammatic representation of rays associ 
a tilt angle configured to direct an innermost ray relative to ated with a wavefront with +10.00 D of spherical wavefront 
a cross section of the treatment zone to cross the principal error ( relative to that in FIG . 9A ) travelling through the eye 
axis at a point that is at or anterior to a retinal plane of a towards the retina . 
wearer of the ophthalmic lens . FIG . 9C is a diagrammatic representation of rays passing 

In accordance with another aspect , the present invention through an optical system ( emmetropic eye plus optical 
is directed to an ophthalmic lens for at least one of slowing , device ) where the optical device has plano ( that is , 0.00 D ) 
retarding or preventing myopia progression . The ophthalmic power in the center and +10.00 D coaxial power in the 
lens comprising a center zone with a negative power and periphery . 
exhibiting an on - axis focal point , and at least one treatment 30 FIG . 9D is a diagrammatic representation of rays passing 
zone surrounding the center zone , the at least one treatment through an optical system ( emmetropic eye plus optical 
zone having a power profile comprising an ADD power device ) where the optical device has plano ( that is , 0.00 D ) 
relative to the center zone , the at least one treatment zone power in the center and +10.00 D non - coaxial power in the 
exhibiting a ring focus , wherein the power profile of the periphery . 
treatment zone comprises a curvilinear ramp configuration . 35 FIG . 9E is a diagrammatic representation of rays passing 

through an optical system ( emmetropic eye plus optical 
BRIEF DESCRIPTION OF THE DRAWINGS device ) where the optical device has plano ( that is , 0.00 D ) 

power in the center and +10.00 D non - coaxial power in the 
The foregoing and other features and advantages of the periphery with a center of the ray bundle from this peripheral 

disclosure will be apparent from the following , more par- 40 zone tilted inward and directed away from the fovea . 
ticular description of preferred embodiments of the disclo- FIG . 10A illustrates a ray diagram showing a focal ring of 
sure , as illustrated in the accompanying drawings . an ophthalmic device in accordance with the present disclo 
FIG . 1 illustrates a graph showing changes in visual acuity 

as ADD power is increased in a peripheral zone . FIG . 10B illustrates a ray diagram showing a focal ring of 
FIG . 2 illustrates power profiles of two lenses , one having 45 an ophthalmic device and a center zone with ADD power in 

a +5.00 D treatment zone and the other having a +10.00 D accordance with the present disclosure . 
treatment zone . FIG . 11A is a diagrammatic representation of rays passing 
FIG . 3 illustrates a cross section of the point spread through an optical system ( emmetropic eye plus optical 

function for the power profiles of FIG . 2 at an entrance pupil device ) where the optical device has plano ( that is , 0.00 D ) 
size of 6.00 mm . 50 power in the center and +10.00 D non - coaxial power in the 
FIG . 4 illustrates a cross section of the image intensity periphery with a center of the ray bundle of the peripheral 

created by the power profiles of FIG . 2 for a black and white zone tilted inward and directed away from the fovea in an 
edge . asymmetric manner . 
FIG . 5A illustrates a schematic representation of an FIG . 11B is a diagrammatic representation of rays passing 

example of an ophthalmic device having at least one treat- 55 through an optical system ( emmetropic eye plus optical 
ment zone in accordance with the present disclosure . device ) where the optical device has plano ( that is , 0.00 D ) 

FIG . 5B illustrates a perspective view of the ophthalmic power in the center and +10.00 D non - coaxial power in the 
device of FIG . 5A . periphery with a center of the ray bundle of the peripheral 
FIG . 5C illustrates a portion of a toroidal shape after the zone tilted outward and directed away from the fovea in a 

toroidal shape is cut by a conical surface . 60 symmetric manner . 
FIG . 5D illustrates the portion of the toroidal shape FIG . 11C is a diagrammatic representation of rays passing 

disposed on an ellipsoid shape . through an optical system ( emmetropic eye plus optical 
FIG . 5E illustrates the portion of the toroidal shape device ) where the optical device has plano ( that is , 0.00 D ) 

disposed on a cap , which may be a portion of the ellipsoid power in the center and +10.00 D non - coaxial power in the 
shape of FIG . 5D , for example . 65 periphery with a center of the ray bundle of the peripheral 
FIG . 5F illustrates a concentric treatment zone resulting in zone tilted outward and directed away from the fovea in an 

a point focus . asymmetric manner . 

sure . 
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FIG . 12A illustrates a ray diagram showing a focal ring of As part of a typical eye examination the Eye Care 
an ophthalmic device exhibiting rays passing through the Professional may determine the contact lens prescription 
peripheral zone that converge to a point behind the retinal required to correct the patients ' refractive error . This pre 
plane in accordance with the present disclosure . scription may specify the refractive power , cylindrical 
FIG . 12B illustrates a ray diagram showing a focal ring of 5 power , and / or cylinder axis of the contact lens , which may 

an ophthalmic device exhibiting rays passing through the be used in determining the design or selection of a design of 
peripheral zone that do not converge at any point behind the a contact lens . 

retinal plane in accordance with the present disclosure . Optical function of a radially concentric multizone oph 
FIG . 13 illustrates a comparison of two power profiles of thalmic lens that serves at least a spherical correction 

respective ophthalmic devices in accordance with the pres 10 purpose is most generally derived from a front and back 
surface . One of these surfaces may be spheroidal or ellip ent disclosure . soidal in nature . The other surface typically has a spheroidal FIG . 14A illustrates a plot of change of axial length of or ellipsoidal cap and then one or more curved portions , each human eyes exposed to various sample optical configura of which is the surface of a spheroidal or ellipsoidal frustum tions . 15 ( “ zone ” ) that is symmetrically arranged so as to form a FIG . 14B illustrates a plot of change of axial length of continuous surface . The zones may be radially concentric human eyes exposed to various sample optical configura and optically coaxial about a common axis . 

tions . In an aspect , each frustum may be created by sectioning 
FIG . 14C illustrates a plot of change of axial length of a spheroid or ellipsoid of appropriate size and shape to 

human eyes exposed to various sample optical configura- 20 achieve the desired optical power , perpendicular to the 
tions . principal axis of such spheroid or ellipsoid . In some cases , 
FIG . 14D illustrates a plot of change of axial length of a transitional region ( e.g. , an optically dysfunctional ) may 

human eyes exposed to various sample optical configura- be required to allow the individual zones to form a continu 
tions . ous surface . For myopia treatment , some of the zones will 

FIG . 15A illustrates a power profile of an ophthalmic 25 generally produce a more positive wavefront derivative than 
device having two peripheral treatment zones in accordance the zone or zones devoted to correct distance vision , where 
with the present disclosure . the wavefront derivative is taken with respect to the radial 
FIG . 15B illustrates a power profile of an ophthalmic distance from the principal axis ( dW / dr ) . Rays of light 

device having two peripheral treatment zones and a center parallel to the common axis and passing through the zones 
treatment zone with ADD power in accordance with the 30 will come to a principal focus for each zone , and these foci 
present disclosure . will be located on the common axis for rotationally sym 

FIGS . 16A - 16B illustrate comparison plots of subjective metric zones . When the ophthalmic lens is used to correct 
responses ( as measured in Contact Lens User Experience , vision and where one or more of the zones have principal 
CLUETM scores ) after 1-3 days of lens dispensing among foci of different focal length , the image formed at the retina 
three multizone test lenses and one control lens ( marketed , 35 of the eye may be blurred , or have ghosting or haloes , 
single - vision soft contact lens ) regarding comfort , vision leading to degradation of vision . 
and handling , respectively , where FIG . 16A shows LSM and In certain embodiments , satisfactory visual results can be 
95 % CI of CLUETM scores by lens type and FIG . 16B shows achieved by preparing a zone ( or replacing a designed zone 
LSM Difference and 95 % CI of CLUETM Vision score of the lens ) with a surface shape derived from a toroidal 
between each of the three test lenses and the control lens . 40 shape ( e.g. , spheroidal torus ) or , in the case of replacing 

FIGS . 17A - 17B illustrate comparison plots of monocular multiple zones , from one or more tori . As an example , the 
( A ) and binocular ( B ) logMAR visual acuity among three portion of the toroidal shape to be utilized may be derived 
multizone test lenses and one control lens ( marketed , single- from a torus ( e.g. , a spheroidal torus ) , after making a slice 
vision soft contact lens ) under three different contrast / in the shape of the surface of a right circular cone through 
lighting conditions ( LSM and 95 % CI ) . 45 the surface of the spheroidal torus wherein the principal axis 
FIGS . 18A - 18B illustrate comparison plots of a difference of the cone is coincident with the axis of rotation about 

in monocular ( A ) and binocular ( B ) logMAR visual acuity which the torus is generated . The portion of the torus 
between each of the three test lenses and the control lens forming part of the lens surface is so arranged as to form a 
under High Contrast Bright conditions ( LSM Difference and continuous surface with other zones of the lens or being 
95 % CI ) . 50 joined by an optically dysfunctional , transition region to 
FIGS . 19A - 19B illustrate comparison plots of a difference allow the individual zones to form a continuous surface . 

in monocular ( A ) and binocular ( B ) logMAR visual acuity Other slices ( conical or otherwise ) than outlined here may 
between each of the three test lenses and the control lens also be used . 
under High Contrast Dim conditions ( LSM Difference and One advantage of using a torus or tori as the basis for the 
95 % CI ) . 55 design of one or more zones is that the rays passing through 
FIGS . 20A - 20B illustrate comparison plots of a difference this region of the lens would form a ring focus rather than 

in monocular ( A ) and binocular ( B ) logMAR visual acuity a point focus . This dispersal of the rays can be arranged such 
between each of the three test lenses and the control lens that it results in decreased impact on vision achieved from 
under Low Contrast Bright conditions ( LSM Difference and rays passing through the corrective zone or zones of the lens . 
95 % CI ) . 60 The significant benefit of such design is that visual acuity is 

less affected , interference with normal accommodation is 
DETAILED DESCRIPTION minimized , and the halo effect is reduced . A larger treatment 

zone area and higher ADD power may be utilized as a result . 
Ophthalmic devices may include implantable devices The reduction of the contrast of the image is proportional to 

and / or wearable devices , such as contact lenses . Conven- 65 the size of the treatment zone within the pupil of the eye . The 
tional contact lenses comprise polymeric structures with focal position of the dispersed rays is in front of the retina , 
specific shapes to correct various vision problems . and this nonetheless provides a strong myopia control effect . 
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The ADD power , as referred to for the ‘ non - coaxial ' foci of an optimal balance between foveal vision correction and 
the present invention , refers to the positive power along the minimization of halo effect resulting from a high ADD 
axis of the rays passing through the treatment zone , as treatment zone . 
opposed to the conventional definition of power , which is With reference to FIGS . 5C - 5E , a treatment zone 508 may 
derived from the position where rays intersect a coaxial axis . 5 have a shape comprising a portion of a generally toroidal 

In accordance with the present disclosure , an ophthalmic shape , wherein the at least one treatment zone 508 is 
lens has at least one high ADD treatment zone surrounding arranged as to form a continuous surface with the center 
a center zone for treating , preventing , or slowing myopia zone . As an example , the portion of the toroidal shape may 
progression , while also minimizing any halo effect . be derived from a torus ( e.g. , spheroidal torus ) , wherein a 

With reference now to FIGS . 5A - 5B , there is illustrated a 10 slice through the surface of the spheroidal torus to generate 
contact lens 500 in accordance with an embodiment of the the portion of the toroidal shape comprises a right circular 

conical surface with the principal axis of the cone 510 present disclosure . The contact lens 500 comprises an optic coincident with the axis of rotation about which the torus is 
zone 502 and an outer zone 504. The optic zone 502 generated . 
comprises a first zone or center zone 506 and at least one With reference to FIG . 5F , the treatment zone 508 in peripheral zone or treatment zone 508. Although two treat accordance with the present disclosure may be configured to 
ment zones 508 are shown , a number of treatment zones may result in a point focus 512. With reference to FIG . 5G , the be used and positioned concentrically at various radii from treatment zone 508 in accordance with the present disclosure 
a center axis . In specific embodiments , the diameter of the may be configured to result in a ring focus 514. A position 
optic zone 502 may be selected to be 8.00 mm , the diameter 20 of the focal ring may be dependent upon the optical power 
of the substantially circular center zone 506 may be selected of the treatment zone 508. As will be described in further 
to be 4.00 mm , and the boundary diameters of an annular detail , the focal point ( s ) of an annular treatment zone 508 
outer treatment zone 508 may be 5 mm and 6.5 mm as may be a result of various surface characteristics of the 
measured from the geometric center of the lens 500. As an treatment zone 508 , including , but not limited to , a tilt of the 
example , the center zone 506 may be configured with a 25 surface of the treatment zone 508 and an optical power of the 
power profile to correct myopia and to provide satisfactory treatment zone 508 . 
visual acuity . Such a power profile may comprise a negative With reference now to FIG . 6 , there is illustrated a 
optical power . As a further example , the at least one treat- perspective view of a contact lens 600 in accordance with an 
ment zone 508 may be configured for treating , preventing , or embodiment of the present disclosure . The contact lens 600 
slowing myopia progression . The at least one treatment zone 30 comprises an optic zone 602 and an outer zone 604. The 

optic zone 602 comprises a first zone or center zone 606 and 508 be configured to have a surface shape that generates may 
a focal ring , with the locus of each of the infinite focal points at least one treatment zone 608 or peripheral zone . In 

specific embodi nts , the diameter of the optic zone 602 on the ring being displaced ( “ non - coaxial " ) from the geo may be selected to be 8.00 mm , the diameter of the sub metric axis of the center zone 506. The optics of the 35 stantially circular center zone 606 may be selected to be 4.00 treatment zone 508 may include aberrations such that rays mm , and the boundary diameters of an annular outer treat passing through the treatment zones are not necessarily ment zone 608 may be 5 mm and 6.5 mm with reference to focused to a sharp ring of focus . Instead , a blurry focal ring the geometric center of the lens 600. As an example , the 
may result . In certain aspects , the center zone 506 may center zone 606 may be configured with a power profile to 
include a region of ADD power , as described in FIG . 7 ( zone 40 correct myopia and to provide satisfactory visual acuity . 
706 ) . Such a power profile may comprise a negative optical power . 

It is important to note that FIGS . 5A - 5B only illustrate an As a further example , the treatment zone 608 may be 
exemplary embodiment of the present disclosure . For configured as a treatment zone for treating , preventing , or 
example , in this exemplary embodiment , the outer boundary slowing myopia progression . The treatment zone 608 may 
of the at least one treatment zone 508 does not necessarily 45 be configured to have a surface shape that exhibits a ring 
coincide with the outer margin of the optic zone 502 , focus , with the locus of each of the infinite focal points on 
whereas in other exemplary embodiments , they may coin- the ring being displaced ( “ non - coaxial ' ) from the geometric 
cide . The outer zone 504 surrounds the optic zone 502 and axis of the center zone 606. Additional treatment zones 608 
provides standard contact lens features , including lens posi 
tioning and centration . In accordance with one exemplary 50 As an example , the ophthalmic lens 600 may be config 
embodiment , the outer zone 504 may include one or more ured for at least one of slowing , retarding or preventing 
stabilization mechanisms to reduce lens rotation when on myopia progression . The ophthalmic lens may comprise the 
eye . center zone 606 with a negative power for myopic vision 

The various zones in FIGS . 5A - 5B are illustrated as correction and at least one peripheral zone 608 ( e.g. , treat 
concentric annuli . The zones may comprise any suitable 55 ment zone ) surrounding the center zone 606. The at least one 
round or non - round shapes such as an elliptical shape . It is treatment zone 608 may have a power profile comprising an 
important to note that as the entrance pupil size of the eye ADD power region or zone . The at least one treatment zone 
varies among subpopulations , in certain exemplary embodi- 608 may comprise an absolute optical power from about 
ments , the lens design may be customized to achieve both -10.00 D to about +15.00 D. The at least one treatment zone 
good foveal vision correction ( e.g. , myopia correction ) and 60 608 may comprise a relative ADD power such that the 
myopia treatment efficacy based on the patient's average optical power of the treatment zone 608 is more positive 
pupil size . Moreover , as pupil size correlates with refraction than an adjacent zone or reference zone such as the center 
and age for pediatric patients , in certain exemplary embodi- zone 606 ( e.g. , a vision correction zone , a myopia correction 
ments , the lens may be further optimized towards subgroups zone , etc. ) . As an example , the myopia correction zone may 
of the pediatric subpopulation with specific age and / or 65 have an optical power of -5.00 D and the treatment zone 
refraction based upon their pupil sizes . Essentially , the lens may have an optical power of -3.00 D , thus having a +2.00 
design may be adjusted or tailored to pupil size to achieve D ADD power . As a further example , the myopia correction 

may be used . 
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zone may have an optical power of -3.00 D and the D. The at least one treatment zone 708 may comprise a 
treatment zone may have an optical power of +5.00 D , thus relative ADD power such that the optical power of the 
having a +8.00 D ADD power . treatment zone 708 is more positive than an adjacent zone or 

The at least one treatment zone 608 may have an annular reference zone such as the center zone 707 ( e.g. , a vision 
configuration sharing a common geometric axis with the 5 correction zone , a myopia correction zone , etc. ) . As an 
center zone 606 , and wherein the at least one treatment zone example , the myopia correction zone may have an optical 
608 exhibits ( that is , results in ) a focal ring , with the locus power of -5.00 D and the treatment zone may have an 
of each of the infinite focal points on the ring being optical power of -3.00 D , thus having a +2.00 D ADD 
displaced ( “ non - coaxial ' ) from the geometric axis of the power . As a further example , the myopia correction zone 
center zone 606 . 10 may have an optical power of -3.00 D and the treatment 

The at least one treatment zone 608 may have a surface zone may have an optical power of +5.00 D , thus having a 
shape comprising a portion of a generally toroidal shape , +8.00 D ADD power . 
wherein the at least one treatment zone 608 is arranged as to The at least one treatment zone 708 may have an annular 
form a continuous surface with the center zone . As an configuration sharing a common geometric axis with the 
example , the portion of the toroidal shape to be utilized may 15 center zone 706 , and wherein the at least one treatment zone 
be derived from a torus ( e.g. , a spheroidal torus ) , after 708 exhibits a focal ring , with the locus of each of the 
making a slice in the shape of the surface of a right circular infinite focal points on the ring being displaced ( “ non 
cone through the surface of the spheroidal torus wherein the coaxial ' ) from the geometric axis of the center zone 706 . 
principal axis of the cone is coincident with the axis of The at least one treatment zone 708 may have a surface 
rotation about which the torus is generated . 20 shape comprising a portion of a generally toroidal shape , 

It is important to note that FIG . 6 only illustrates an wherein the at least one treatment zone 708 is arranged as to 
exemplary embodiment of the present disclosure . For form a continuous surface with the center zone . As an 
example , in this exemplary embodiment , the outer boundary example , the portion of the toroidal shape to be utilized may 
of the at least one treatment zone 608 does not necessarily be derived from a torus ( e.g. , a spheroidal torus ) , after 
coincide with the outer margin of the optic zone 602 , 25 making a slice in the shape of the surface of a right circular 
whereas in other exemplary embodiments , they may coin- cone through the surface of the spheroidal torus wherein the 
cide . The outer zone 604 surrounds the optic zone 602 and principal axis of the cone is coincident with the axis of 
provides standard contact lens features , including lens posi- rotation about which the torus is generated . 
tioning and centration . In accordance with one exemplary It is important to note that FIG . 7 only illustrates an 
embodiment , the outer zone 604 may include one or more 30 exemplary embodiment of the present disclosure . For 
stabilization mechanisms to reduce lens rotation when on example , in this exemplary embodiment , the outer boundary 
eye . of the at least one treatment zone 708 does not necessarily 

With reference now to FIG . 7 , there is illustrated a coincide with the outer margin of the optic zone 702 , 
perspective view of a contact lens 700 in accordance with an whereas in other exemplary embodiments , they may coin 
embodiment of the present disclosure . The contact lens 700 35 cide . The outer zone 704 surrounds the optic zone 702 and 
comprises an optic zone 702 and an outer zone 704. The provides standard contact lens features , including lens posi 
optic zone 702 comprises a first zone or center zone 706 and tioning and centration . In accordance with one exemplary 
at least one peripheral treatment zone 708 , and a myopia embodiment , the outer zone 704 may include one or more 
correction zone 707 disposed between the center zone 706 stabilization mechanisms to reduce lens rotation when on 
and the at least one peripheral treatment zone 708. In 40 eye . 
specific embodiments , the diameter of the optic zone 702 FIG . 8A illustrates a power profile of an example oph 
may be selected to be 8.0 mm , the diameter of the substan- thalmic device , the power profile showing optical power vs. 
tially circular center zone 706 may be selected to be 4.0 mm , radial distance from the center of ophthalmic device . As 
and the boundary diameters of an annular outer treatment shown , a center zone 802 or region disposed at and / or 
zone 708 may be 5 mm and 6.5 mm with reference to the 45 adjacent a center of the ophthalmic lens has a positive 
geometric center of the lens 700. As an example , the center optical power . The surface of the ophthalmic lens then 
zone 706 may be configured with a power profile having an exhibits a negative optical power at a radius outside of the 
ADD power . This center zone 706 may be configured to center zone 802. However , a treatment zone 804 is illus 
exhibit ( that is , result in ) a focal point between the lens 700 trated at about 1.50 mm to 2.00 mm , where the optical power 
and a retinal plane of a wearer to treat myopia and to provide 50 rises from the surrounding regions and exhibits a less 
satisfactory visual acuity . Amyopia correction zone 707 may negative optical power . As a further example , the treatment 
be configured to surround the center zone 706 and may be zone 804 may be configured as a treatment zone for treating , 
configured with a power profile to correct distance vision for preventing , or slowing myopia progression . The treatment 
myopia . Such a power profile may comprise a negative zone 804 may be configured to have a surface shape that 
optical power . As a further example , the treatment zone 708 55 exhibits a focal ring , with the locus of each of the infinite 
may be configured as a treatment zone for treating , prevent- focal points on the ring being displaced ‘ non - coaxial ) from 
ing , or slowing myopia progression . The treatment zone 708 the geometric axis of the center zone 802. Additional treat 
may be configured to have a surface shape the exhibits ( that ment zones 804 may be used . The at least one treatment zone 
is , results in ) a focal ring , with the locus of each of the 804 may have an annular configuration sharing a common 
infinite focal points on the ring being displaced ( “ non- 60 geometric axis with the center zone 802. The at least one 
coaxial ' ) from the geometric axis of the center zone 706 . treatment zone 804 may have a surface shape comprising a 
Additional treatment zones 708 may be used . The at least portion of a generally toroidal shape , wherein the at least one 
one treatment zone 708 may have a power profile compris- treatment zone 804 is arranged as to form a continuous 
ing an ADD power region or zone such as the center zone surface with the center zone . As an example , the portion of 
706 . 65 the toroidal shape to be utilized may be derived from a torus 

The at least one treatment zone 708 may comprise an ( e.g. , a spheroidal torus ) , after making a slice in the shape of 
absolute optical power from about -10.00 D to about +15.00 the surface of a right circular cone through the surface of the 
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spheroidal torus wherein the principal axis of the cone is FIG . 9C illustrates rays derived from a plane wavefront 
coincident with the axis of rotation about which the torus is external to an emmetropic eye passing through an optical 
generated . system ( eye plus optical device ) where the optical device has 

FIG . 8B illustrates an annotated version of the power plano ( that is , 0.00 D ) power in the center 931 and +10.00 
profile of FIG . 8A . As shown , the radial width and optical 5 D coaxial power in the periphery ( that is , a “ coaxial 
power of the center zone 802 may be configured to provide treatment zone ) 933 , as they would travel through the eye 

930 towards the retina 932. Those skilled in the art will slowing , retarding or preventing of myopia progression , 
while providing satisfactory visual acuity . As a further understand that the illustration and those following could 
example , the position of the treatment zone 804 relative to also be adapted to apply to an ametropic eye where the 
the center zone 802 may be customized . 10 central power of the device is corrective for the refractive 
FIG . 8C illustrates an annotated power profile 810 in error and the peripheral power remains at +10.00 D relative 

to the central power ( +10.00 D ADD ) . As illustrated , rays reference to a respective ray diagram 812. The ray diagram 
812 relates to a lens design in accordance with an aspect of passing through the central portion of the device focus at a 

single point 934 along the primary optical axis 936. Given 
the present disclosure . As shown , the lens design exhibits a 15 that this is a representation of an emmetropic eye , the focal particular ray pattern ( e.g. , refraction ) based on the incident point 934 is on the fovea of the retina 932. Rays 933 passing light on the lens . As an example , a central coaxial treatment through the treatment zone may focus at a single point 938 
zone 814 may be generated by configuring a central ADD in front of the retina 932 as would be expected with a +10.00 
power region exhibiting convergence of incident rays to an D defocus . Concentric or aspheric multifocal lens designs 
on - axis focal point that is disposed between the lens and the 20 typically have both primary distance power and ADD power 
retinal plane of a wearer . One or more vision correction having a common axis . Also , in these applications to main 
zones 816 may be generated by configuring the lens to tain optimum image quality , the ADD power is usually 
exhibit convergence of incident rays to an on - axis focal limited to a range of about +1.00 to +3.00 D. Accordingly , 
point at or near the retinal plane . A non - coaxial treatment high ADD power may not work with this arrangement of 
zone may be generated by configuring an ADD power region 25 coaxial treatment zones , but rather a non - coaxial arrange 
exhibiting convergence of incident rays to a ring of off - axis ment , as set forth in detail subsequently , may be used . 
foci that is disposed between the lens and the retinal plane FIG . 9D illustrates rays derived from a plane wavefront 
of a wearer . It is understood that the ADD power may external to the eye passing through an optical system ( eye 
reference a positive optical power relative to an adjacent plus optical device ) where the optical device has plano ( that 
region and / or the vision correction zone 816 . 30 is , 0.00 D ) power in the center 941 and +10.00 D non 

Referring to FIG . 9A , there is illustrated rays associated coaxial power in the periphery ( that is , a ' non - coaxial ’ 
with a wavefront passing through an emmetropic ( or fully treatment zone ) 943 , as they would travel through the eye 
corr ted ) eye 910. The rays derive from a plane wavefront 940 towards the retina 942. As illustrated , rays passing 
( that is , with 0.00 D spherical power ) outside the eye and through the central portion of the device focus at a single 
travel through the optics of the eye and any corrective device 35 point 944 along the primary optical axis 946. Given that this 
towards the retina 912. As illustrated , assuming the system is a representation of an emmetropic eye , the focal point 944 
has zero wavefront aberrations , rays 911 of this wavefront is on the fovea of the retina 942. Rays 943 passing through 
focus at a single focal point 914 along the optical axis 916 . the treatment zone focus at single points 948 and 949 , in this 
Given that this is a wavefront error representation for a fully cross - sectional illustration , in front of the retina 942 as 
corrected eye , the focal point 914 is on the fovea which is 40 would be expected with a +10.00 D lens . However , these 
located at the center of the macula lutea of the retina 912 . cones of rays are now directed towards the fovea unlike as 
The fovea is the area of the retina responsible for sharp illustrated in FIG.9C where the rays strike the retina at some 
central vision . distance from the fovea . The treatment zone now has focal 

In contrast , in FIG . 9B , there is illustrated rays 921 from points 948 and 949 that do not coincide with the original 
a wavefront with +10.00 D of spherical wavefront error 45 common optical axis 946 ( that is , the principal axis of the 
( relative to an emmetropic or fully corrected eye ) , as they optical system ) and are therefore non - coaxial . It is important 
would travel through the eye and any optical device towards to note that the rays passing through the non - coaxial treat 
the retina 922 of the eye 920. As illustrated , the wavefront ment zones come to a focal point +10.00 D in front of the 
focuses at a single point 924 along the optical axis 926 in retina 942 along their own axes ; however , the center rays of 
front of the retina 922 as would be expected with a +10.00 50 each of the non - coaxial treatment zones cross the principal 
D defocus . Consistent with conventional spherical optics , axis at the fovea and , therefore , individually have no power 
the optics of the lenses are designed with a primary optical 
axis . The light rays converge towards a single point , namely , FIG . 9E illustrates rays derived from a plane wavefront 
the focal point which lies on this axis . The amount of external to the eye passing through an optical system ( eye 
spherical wavefront error dictates the location of the focal 55 plus optical device ) where the optical device has plano ( that 
point , on or in front of the fovea of the retina , as the is , 0.00 D ) power in the center 951 and +10.00 D non 
examples illustrate in FIGS . 9A and 9B respectively . These coaxial power in the periphery ( that is , a ‘ non - coaxial 
two figures may be utilized to set the basic parameters / treatment zone ) 953 , as they would travel through the eye 
principles upon which the description of the present inven- 950 towards the retina 952. As illustrated , rays passing 
tion is based ; however , it should be understood that while 60 through the central portion of the device focus at a single 
only spherical refractive errors are illustrated and described point 954 along the primary optical axis 956. Given that this 
for ease of explanation , the present invention is equally is a representation of an emmetropic eye , the focal point 954 
applicable to toric lenses which include cylindrical powers is on the fovea of the retina 952. Rays 953 passing through 
at a specific axis . In addition , as set forth in greater detail the treatment zone focus at single points 958 and 959 , in this 
subsequently , the treatment zones may include a cylinder 65 cross - sectional illustration , in front of the retina 952 as 
power and axis , and they may also comprise more complex would be expected with a +10.00 D lens . However , these 
optical designs such as higher order aberrations . cones of rays are now directed symmetrically away from the 

error . 
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fovea . Once again , the treatment zone has focal points 958 focal point that is coaxial with principal axis of the lens 
and 959 that do not coincide with the original common including with focal point generated by the center zone 
optical axis 956 ( that is , the principal axis of the optical 1012. As shown , the treatment zone 1014 has an annular 
system ) and are therefore non - coaxial . It is important to note configuration and an innermost ray 1017 along with a 
that the rays passing through the non - coaxial treatment zone 5 corresponding ( opposite position about the annulus ) inner 
come to a focal point +10.00 D in front of the retina 952 most ray 1018 are configured to converge to a point 1019 
along their own axis but have different direction or slope that is at an intersection of the retinal plane and the principal 
( that is , ' tilt ' ) than the treatment zone of FIG . 9D to direct axis . 
the center rays symmetrically away from the fovea . In FIG . 11A illustrates rays derived from a plane wavefront 
addition , the treatment zone axes converge symmetrically 10 external to the eye passing through an optical system ( eye 
towards the principal axis 956. In other words , the treatment plus optical device ) where the optical device has plano ( that 
zone directs light rays across the original common optical is , 0.00 D ) power in the center 1101 and +10.00 D non 
axis 956 towards peripheral sections of the retina 952 coaxial power in the periphery ( that is , a ‘ non - coaxial ’ 
equidistant from the fovea , a symmetrical arrangement in treatment zone ) 1103 , as they would travel through the eye 
this two - dimensional representation and which forms a blur 15 1100 towards the retina 1102. As illustrated , rays passing 
ring on the retina in three - dimensional space . through the central portion of the device focus at a single 

It is important to note that combinations of the above point 1104 along the primary optical axis 1106. Given that 
described configurations are also possible , for example , an this is a representation of an emmetropic eye , the focal point 
optical design which includes a base sphere as myopia 1104 is on the fovea of the retina 1102. Rays 1103 passing 
correction zone , a treatment zone that directs central rays of 20 through the treatment zone come to local point foci at 1108 
the zone to cross the optical axis in front of the retina , and and 1109 in this cross - sectional illustration , in front of the 
a treatment zone that directs central rays of the zone to cross retina 1102 , as would be expected with a +10.00 D lens , but 
the optical axis behind the retina . The principles embodied asymmetrically away from the fovea . The treatment zone 
in these descriptions may also apply to devices with multiple may create a focal ring ( or ellipse ) including a focal point 
treatment zones . 25 1108 that does not coincide with the original common axis 

Incorporated herein also are designs that have negative ( e.g. , primary optical axis 1106 ) and is therefore non 
ADD power for reduction of hypermetropia in young chil- coaxial , and another focal point 1109 that coincides with the 
dren . Now the distance correction zone may have positive original common axis , a coaxial focus . It is important to note 
power , e.g. , from +0.25 to +20.00 D. The same principle that that rays from any small bundle passing through the treat 
applies to myopia control applies here , in that the wearer of 30 ment zone will focus along their own axis and these may 
the device should not use the ADD section of the device for have different slopes ( tilt ) within the treatment zone . 
near or distance vision but rather use the hypermetropic FIG . 11B illustrates rays derived from a plane wavefront 
distance correction for all viewing . The non - coaxial nature external to the eye passing through an optical system ( eye 
of the ring focus prevents the user from accommodating to plus optical device ) where the optical device has plano ( that 
look through the treatment region for vision . The negative 35 is , 0.00 D ) power in the center 1111 and +10.00 D non 
ADD power ( e.g. , from -0.25 to -20.00 D ) then serves to coaxial power in the periphery ( that is , a “ non - coaxial 
stimulate eye growth to reduce the degree of hypermetropia . treatment zone ) 1113 , as they would travel through the eye 
FIG . 10A illustrates a ray diagram of an ophthalmic lens 1110 towards the retina 1112. As illustrated , rays passing 

in accordance with the present disclosure . As shown , a through the central portion of the device focus at a single 
peripheral zone or treatment zone 1004 is shown surround- 40 point 1114 along the primary optical axis 1116. Given that 
ing a center myopia correction zone 1002. The annular this is a representation of an emmetropic eye , the focal point 
treatment zone 1004 comprises a generally toroidal shape 1114 is on the fovea of the retina 1112. Rays 1113 passing 
( e.g. , a portion of a torus ) , a cross - section of which is through the treatment zone come to local point foci at 1118 
illustrated in FIG . 10A . The treatment zone 1004 is config- and 1119 in this cross - sectional illustration , in front of the 
ured to result in a focal ring , which is generated in front of 45 retina 1112 , as would be expected with a +10.00 D lens . The 
a retinal plane of a wearer of the ophthalmic device , such as treatment zone may create a focal ring including focal points 
between the ophthalmic lens and the retinal plane . As 1118 and 1119 that do not coincide with the original common 
shown , an innermost ray 1006 of treatment zone 1004 along axis ( e.g. , primary optical axis 1116 ) and are therefore 
with a corresponding ( opposite position about the annulus ) non - coaxial . It is important to note that rays passing through 
innermost ray 1008 are configured to converge to a point 50 the treatment zone focus along their own axis and have 
1009 that is behind the retinal plane . different slopes ( tilt ) than the treatment zone of FIG . 9D to 
FIG . 10B illustrates a ray diagram of an ophthalmic lens direct the central rays of the treatment zone symmetrically 

in accordance with the present disclosure . The lens incor- away from the fovea but still have a local point focus of 
porates correction for myopia 1016. The lens also incorpo- +10.00 D in front of the retina 1112. In addition , the central 
rates a central treatment zone 1012 and a peripheral treat- 55 rays from the treatment zone converge symmetrically behind 
ment zone 1014 radially displaced from the central treatment the focus of the myopia correction zone 1114. In other 
zone 1012. The treatment zone 1014 comprises a portion of words , the treatment zone directs light rays such that they 
a generally toroidal shape , a cross - section of which is cross the original primary optical axis 1116 outside the eye 
illustrated in FIG . 10B . The center zone 1012 is shown in a symmetric manner . 
comprising a surface structure that is configured to produce 60 FIG . 11C illustrates rays derived from a plane wavefront 
a coaxial point focus , at a position consistent with the ADD external to the eye passing through an optical system ( eye 
power of that zone . The treatment zone 1014 is configured plus optical device ) where the optical device has plano ( that 
to exhibit ( that is , result in ) a focal ring , which is generated is , 0.00 D ) power in the center 1121 and +10.00 D non 
in front of a retinal plane of a wearer of the ophthalmic coaxial power in the periphery ( that is , a ‘ non - coaxial ’ 
device , such as between the ophthalmic lens and the retinal 65 treatment zone ) 1123 , as they would travel through the eye 
plane . One or more myopia correction zones 1016 may be 1120 towards the retina 1122. As illustrated , rays passing 
configured with a negative optical power and may exhibit through the central portion of the device focus at a single a 
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point 1124 along the primary optical axis 1126. Given that degrees relative to a zero - angle comparator . The angle of tilt 
this is a representation of an emmetropic eye , the focal point is designated as zero where a central ( mid annulus ) ray of the 
1124 is on the fovea of the retina 1122. Rays 1123 passing treatment zone passes through the intersection of the retinal 
through the treatment zone come to local point foci at 1128 plane and the central or principal axis ( as in FIG . 12A ) . A 
and 1129 in this cross - sectional illustration , in front of the 5 positive direction for tilt results in a central ( mid annular ) 
retina 1122 , as would be expected with a +10.00 D lens , but ray of the treatment zone intersecting with the principal axis 
asymmetrically away from the fovea . The treatment zone in front of the retina , whereas a negative direction for tilt 
may create a focal ring ( or ellipse ) including focal points results in a central ( mid annular ) ray of the treatment zone 
1128 and 1129 that do not coincide with the original com- intersecting with the principal axis behind the retina . It is 
mon axis ( e.g. , primary optical axis 1126 ) and are therefore 10 understood that other positive angles and / or negative angles 
non - coaxial . It is important to note that rays from any small of tilt may be used . 
bundle passing through the treatment zone will focus along As a further example , particular lens designs were tested 
their own axis and these may have different slopes ( tilt ) using a choroidal thickness model for predicting their poten 
within the treatment zone . In other words , the treatment zone tial myopia control effect . In this model , human eyes are 
directs light rays such that they cross the original common 15 exposed to optical configurations for a period of time and the 
optical axis e.g. , primary optical axis 1126 outside the eye in axial length of the eye is monitored . Choroidal thickness will 
an asymmetric manner . remain relatively constant in the absence of any change in 

Combinations of the above described configurations are optical stimulus over the short time periods studied . Optical 
also possible , for example , an optical design which includes configurations that are likely to have a myopia control effect 
a base sphere as myopia correction zone , treatment zones 20 are accompanied by an increase in choroidal thickness and 
that direct rays across the primary optical axis , and treatment corresponding reduction in apparent axial length of the eye 
zones that direct rays to the same side of the primary optical as measured by partial coherence interferometry . Con 
axis . versely , optical configurations that are likely to exacerbate 

FIG . 12A illustrates a ray diagram of an ophthalmic lens myopia progression are accompanied by a decrease in 
in accordance with the present disclosure . As shown , a 25 choroidal thickness and corresponding increase in apparent 
peripheral zone or treatment zone 1204 is shown surround- axial length of the eye . For example , Read et al . have shown 
ing a center zone 1202. The annular treatment zone 1204 that exposure to a +3 D single vision lens resulted in an 
comprises a portion of a generally toroidal shape , a cross- apparent reduction in axial length , whereas a -3 D lens 
section of which is illustrated in FIG . 12A . The treatment resulted in apparent axial elongation ( Read S A , Collins M 
zone 1204 is configured to exhibit ( result in ) a focal ring , 30 J , Sander B P. Human optical axial length and defocus . 
which is generated in front of a retinal plane of a wearer of Invest Ophthalmol Vis Sci . 2010 December ; 51 ( 12 ) : 6262-9 . ) 
the ophthalmic device , such as between the ophthalmic lens In animal models , manipulation of the visual environment 
and the retinal plane . As an innermost ray 1206 of with positive lenses results in reduced eye growth and with 
the treatment zone 1204 along with a corresponding ( oppo- negative lenses results in increased eye growth and myopia . 
site position about the annulus ) innermost ray 1208 are 35 It is important to note various design configurations are 
configured to intersect at a point 1209 that is behind the envisioned by varying the power , size , location and tilt of 
retinal plane . As such , part of the biconic shape that repre- treatment zones as set forth below , and as shown in FIGS . 
sents the volume in which there is intersection of rays 14 , and 16 to 20 : 
passing through the treatment zone falls behind the retina . Non - coaxial +5 D Design ( 2 Rings ) 

However , the surface of the treatment zone 1204 may be 40 Ring 1 = + 5 D non - coaxial power ; 1.87 to 3.43 mm diameter 
configured ( e.g. , tilted such that the rays are directed by the zone : +0.109 degree tilt 
lens toward or away from the central or principal axis ) to Ring 2 = + 5 D non - coaxial power ; 4.45 to 9.00 mm diameter 
minimize the convergence of the rays behind the retinal zone : +0.321 degree tilt 
plane of a wearer , as illustrated in FIG . 12B . As shown in Non - coaxial +5 D Design ( 1 Ring with 1.00 mm Center 
FIG . 12B , an innermost ray 1207 passing through the 45 + 10D Region ) 
annular treatment zone 1204 along with the corresponding Ring = + 5 D non - coaxial power ; 3.00 to 4.00 mm diameter 
( opposite position about the annulus ) innermost ray 1208 are zone : +0.066 degree tilt 
configured to converge at a point 1209 at an intersection of Non - coaxial +2.5 D Design ( 1 Ring with 1.00 mm Center 
the retinal plane and the principal axis of the lens . Such tilt + 5D Region ) 
control may be used to configure an innermost ray to cross 50 Ring = + 2.5 D non - coaxial power ; 3.00 to 4.00 mm diameter 
the principal axis between the retinal plane or in front of the zone : +0.035 degree tilt 
retinal plane . Now , no part of the biconic shape that repre- Non - coaxial +5 D to +10 D Design ( 4 Rings with 1.00 mm 
sents the volume in which there is intersection of rays Center +10 D Region ) 
passing through the treatment zone falls behind the retina . Ring 1 = + 5 D non - coaxial power ; 3.00 to 4.00 mm diameter 
The location of the convergence of these rays should be 55 zone : +0.066 degree tilt 
configured to minimize visual disturbance , such as would Ring 2 = + 10 D non - coaxial power ; 6.00 to 7.00 mm diameter 
happen if the treatment zone 1204 were configured to zone : +0.131 degree tilt 
generate a coaxial point focus . Ring 3 = + 10 D non - coaxial power ; 7.00 to 8.00 mm diameter 

To further illustrate the “ tilting " configuration of the zone : +0.129 degree tilt 
treatment zone 1204 , FIG . 13 shows a comparison between 60 Ring 4 = + 10 D non - coaxial power ; 8.00 to 9.00 mm diameter 
two power profiles of respective ophthalmic devices , zone : +0.129 degree tilt 
wherein the " tilted ” treatment zone minimizes a negative Non - coaxial +5 D Design ( 1 Ring ) 
power dip in the power profile . Further , the power profile of Ring = + 5 D non - coaxial power ; 3.00 to 4.00 mm diameter 
the treatment zone may have a curvilinear ( e.g. , convex ) zone : +0.066 degree tilt 
shape to bring about the ring focus . 65 Non - coaxial +7 D Design ( 2 Rings ) 
As an illustrative example , favorable results were Ring 1 = + 7 D non - coaxial power ; 3.40 to 4.80 mm diameter 

achieved using tilt angles between +0.035 and +0.3215 zone : +0.132 degree tilt 
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Ring 2 = + 7 D non - coaxial power ; 6.80 to 8.30 mm diameter locus of each of the infinite focal points on the ring being 
zone : +0.140 degree tilt displaced ( non - coaxial ) from the geometric axis of the 

Non - coaxial +7 D Design ( 2 Rings with 1.20 mm Center center zone 1502. The at least one treatment zone 1504 may 
+10 D Region ) have a surface shape comprising a portion of a toroidal 

Ring 1 = + 7 D non - coaxial power ; 2.80 to 4.00 mm diameter 5 shape , wherein the at least one of the treatment zones 1504 , 
zone : +0.111 degree tilt 1506 is arranged as to form a continuous surface with the 

Ring 2 = + 7 D non - coaxial power ; 6.50 to 8.00 mm diameter center zone . As an example , the portion of the toroidal shape 
zone : +0.142 degree tilt may be derived from a torus ( e.g. , spheroidal torus ) , wherein 
Results for a series of lens designs are illustrated in FIGS . a slice through the surface of the spheroidal torus to generate 

14A - 14D . In each of these experiments , +3 D defocus is 10 the portion of the toroidal shape comprises a right circular 
used as a comparator . As can be observed , optical configu- conical surface with the principal axis of the cone coincident 
rations as described in the current disclosure can exhibit with the axis of rotation about which the torus is generated . 
similar to or larger than the projected myopia control effect FIG . 15B illustrates a conventional power profile of an 
in response to +3 D defocus . The results of these experi- example ophthalmic device , the power profile showing 
ments demonstrate that positive powered treatment zones 15 optical power vs. radial distance from the center of ophthal 
can result in an apparent decrease in axial length of the eye , mic device . As shown , a center zone 1512 or region disposed 
that the effect increases with increasing ADD power , that at and / or adjacent to the center of the ophthalmic lens has an 
non - coaxial designs are effective in myopia control and that ADD power that has a focal point along the principal axis of 
refining tilt can enhance myopia control . the lens ( coaxial ) and is the first treatment zone in this 

Additionally , as shown below , the tilt angle may be 20 example ophthalmic device . The surface of the ophthalmic 
applied to the central ray of the treatment zone in order to lens then exhibits a generally flat optical power profile at a 
have all rays passing through that zone crossing the axis at radius outside of the center zone 1512 , which would again 
or in front of the fovea ( zero or positive power ) . This means represent an example for an emmetropic eye , but it is readily 
the angle will change with zone power , zone displacement appreciable that the entire power profile here may be 
from the principal axis , and also zone width ( e.g. , a larger tilt 25 adjusted to correct myopic refractive error . A second treat 
is needed if the zone width and / or local individual axis ment zone 1514 is illustrated at about 1.40 mm to 2.00 mm , 
power are increased ) . As described , the degree of tilt is where the optical power rises from the surrounding regions 
measured relative to a zero angle comparator where a central and exhibits a more positive optical power . A third treatment 
( mid annulus ) ray of the treatment zone pass through the zone 1516 is illustrated at about 3.30 mm to 4.00 mm , where 
intersection of the retinal plane and the central or principal 30 the optical power rises from the surrounding regions and 
axis : exhibits a more positive optical power . The conventional 

FIG . 15A illustrates a conventional power profile of an power profile derives the power for a given radial distance 
example ophthalmic device , the power profile showing from the center of the lens from the inverse of the distance 
optical power vs. radial distance from the center of the at which a ray passing through that position on the lens will 
ophthalmic device . As shown , a center zone 1502 or region 35 intersect the principal axis . This value will be different from 
disposed at and / or adjacent to the center of the ophthalmic the power derived from the local curvature of the treatment 
lens has a generally flat optical power profile 1502. In this zone , wherein such power is also a function of the distance 
example , this zone has zero power and thus would represent of convergence of the rays passing through the zone along 
an example for an emmetropic eye , but it is readily appre- its own individual axis . 
ciable that the entire power profile of this zone may be 40 As a further example , the treatment zones 1514 , 1516 may 
adjusted to correct myopic refractive error . A first treatment be configured as a treatment zone for treating , preventing , or 
zone 1504 is illustrated at about 1.80 mm to 2.40 mm , where slowing myopia progression . The treatment zones 1514 , 
the optical power rises from the surrounding regions and 1516 may be configured to have a surface shape that 
exhibits a more positive optical power . A second treatment produces a focal ring , with the locus of each of the infinite 
zone 1506 is illustrated at about 3.40 mm to 4.20 mm , where 45 focal points on the ring being displaced ( “ non - coaxial ' ) from 
the optical power rises from the surrounding regions and the geometric axis of the center zone 1512. Additional 
exhibits a more positive optical power . The conventional treatment zones 1514 may be used . The at least one of the 
power profile derives the power for a given radial distance treatment zones 1514 , 1516 may have an annular configu 
from the center of the lens from the inverse of the distance ration sharing a common geometric axis with the center zone 
at which a ray passing through that position on the lens will 50 1512 , and wherein the at least one of the treatment zones 
intersect the principal axis . This value will be different from 1514 , 1516 exhibits a focal ring , with the locus of each of the 
the power derived from the local curvature of the treatment infinite focal points on the ring being displaced ( “ non 
zone , wherein such power is also a function of the distance coaxial ' ) from the geometric axis of the center zone 1512 . 
of convergence of the rays passing through the zone along The at least one treatment zone 1514 may have a surface 
its own individual axis . 55 shape comprising portion of a toroidal shape , wherein the at 
As a further example , the treatment zones 1504 , 1506 may least one of the treatment zones 1514 , 1516 is arranged as to 

be configured as a treatment zone for treating , preventing , or form a continuous surface with the center zone . As an 
slowing myopia progression . The treatment zones 1504 , example , the portion of the toroidal shape may be derived 
1506 may be configured to have a surface shape that from a torus ( e.g. , spheroidal torus ) , wherein a slice through 
produces a focal ring , with the locus of each of the infinite 60 the surface of the spheroidal torus to generate the portion of 
focal points on the ring being displaced ( * non - coaxial ' ) from the toroidal shape comprises a right circular conical surface 
the geometric axis of the center zone 1502. Additional with the principal axis of the cone coincident with the axis 
treatment zones 1504 may be used . The at least one of the of rotation about which the torus is generated . 
treatment zones 1504 , 1506 may have an annular configu- FIGS . 16A - 16B illustrate comparisons of subjective 
ration sharing a common geometric axis with the center zone 65 responses after 1-3 days of lens dispensing among three 
1502 , and wherein the at least one of the treatment zones multizone test lenses and one marketed , single - vision soft 
1504 , 1506 exhibits ( that is , results in ) a focal ring , with the control lens . The test lenses included two novel designs as 
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described in this disclosure and a competitor design with acuity was , on average , 0.08 , 0.06 and 0.08 logMAR worse 
conventional optics incorporating concentric treatment than the control lens for non - coaxial +5 D , non - coaxial +7 
rings , coaxial focus and an optical ADD power of between D and competitor coaxial designs , respectively , which were 
+2.00 and +2.50 D. CLUETM scores were obtained for about half to one line worse than the control lens . 
comfort , vision and handling . CLUETM is a validated patient 5 The non - coaxial +7 D design exhibited the least degra 
reported outcomes ( PRO ) questionnaire to assess patient- dation in CLUETM score and logMAR visual acuity ( both 
experience attributes of soft contact lenses in a contact - lens monocular and binocular under all three contrast / lighting 
wearing population in the US , ages 18-65 ( Wirth R J et al . conditions ) among the three test lenses compared to the 
Development of the Contact Lens User Experience : CLUE control lens . Visual acuity was similar between the non 
Scales . Optom Vis Sci . 2016 ; 93 ( 8 ) : 801-808 ) . As illustrated , 10 coaxial +5 D and the competitor coaxial designs but the 
a higher CLUE score is desirable . FIG . 16A shows the least CLUETM score for the competitor lens was worse . Note that 
squares means ( LSM ) and 95 % confidence intervals ( CI ) of the competitor design with conventional coaxial optics had 
CLUE scores by lens type and FIG . 16B shows LSM an optical ADD power of only between +2.00 and +2.50 D. 
differences and 95 % CI of CLUE Vision score between each These results demonstrate the advantage of the current 
of the three test lenses and the control lens . CLUE Vision 15 invention . Previous myopia control designs with conven 
scores were significantly lower in all three multifocal test tional optics are limited in myopia control efficacy by the 
lenses than the single - vision control lens . extent to which they degrade vision . Exemplary embodi 
However , the competitor lens with coaxial design had the ments of the current invention can be more effective at 

worst vision degradation ( CLUE score decreased by 45.5 ) slowing myopia progression but with less impact on vision . 
compared to the two non - coaxial lens designs ( by 24.1 and 20 Currently available contact lenses remain a cost - effective 
13.2 , respectively ) . means for vision correction . The thin plastic lenses fit over 
FIGS . 17A - 17B illustrate comparison plots of monocular the cornea of the eye to correct vision defects , including 

( A ) and binocular ( B ) logMAR visual acuity among three myopia or nearsightedness , hyperopia or farsightedness , 
multizone test lenses and one control lens ( marketed , single- astigmatism , and presbyopia , i.e. , the loss of the ability of 
vision soft contact lens ) under three different contrast / 25 the crystalline lens to accommodate . Contact lenses are 
lighting conditions ( LSM and 95 % CI ) . It is important to available in a variety of forms and are made of a variety of 
note that the competitor coaxial design had an optical ADD materials to provide different functionality . 
power of between +2.00 and +2.50 D. Daily wear soft contact lenses are typically made from 

FIGS . 18A - 18B illustrate comparison plots of a difference soft polymer materials combined with water for oxygen 
in monocular ( A ) and binocular ( B ) logMAR visual acuity 30 permeability . Daily wear soft contact lenses may be daily 
between each of the three test lenses and the control lens disposable or extended wear disposable . Daily disposable 
under High Contrast Bright conditions ( LSM Difference and contact lenses are usually worn for a single day and then 
95 % CI ) . All three test lenses had better than 20/20 ( 0.00 thrown away , while extended wear or frequent replacement 
logMAR ) visual acuity ( both monocular and binocular ) . disposable contact lenses are usually worn for a period of up 
Monocular logMAR visual acuity was , on average , 0.07 , 35 to thirty days . Colored soft contact lenses use different 
0.04 and 0.05 logMAR worse than the control lens for materials to provide different functionality . For example , a 
non - coaxial +5 D , non - coaxial +7 D and competitor coaxial visibility tint contact lens uses a light tint to aid the wearer 
designs , respectively , which were about half to one line in locating a dropped contact lens , enhancement tint contact 
worse . Binocular logMAR visual acuity was , on average , lenses have a translucent tint that is meant to enhance one's 
0.08 , 0.05 and 0.07 logMAR worse than the control lens for 40 natural eye color , the color tint contact lens comprises a 
non - coaxial +5 D , non - coaxial +7 D and competitor coaxial darker , opaque tint meant to change one's eye color , and the 
designs , respectively , which were about half to one line light filtering tint contact lens functions to enhance certain 
worse than the control lens . colors while muting others . Rigid gas permeable hard con 

FIGS . 19A - 19B illustrate comparison plots of a difference tact lenses are made from siloxane - containing polymers but 
in monocular ( A ) and binocular ( B ) logMAR visual acuity 45 are more rigid than soft contact lenses and thus hold their 
between each of the three test lenses and the control lens shape and are more durable . Bifocal contact lenses are 
under High Contrast Dim conditions ( LSM Difference and designed specifically for patients with presbyopia and are 
95 % CI ) . Monocular logMAR visual acuity was , on average , available in both soft and rigid varieties . Toric contact lenses 
0.10 , 0.05 and 0.12 logMAR worse than the control lens for are designed specifically for patients with astigmatism and 
non - coaxial +5 D , non - coaxial +7 D and competitor coaxial 50 are also available in both soft and rigid varieties . Combina 
designs , respectively , which were about half to one line tion lenses combining different aspects of the above are also 
worse than the control lens . Binocular logMAR visual acuity available , for example , hybrid contact lenses . 
was , on average , 0.05 , 0.03 and 0.06 logMAR worse than the It is important to note that the lens designs of the present 
control lens for non - coaxial +5 D , non - coaxial +7 D and disclosure may be incorporated into any number of different 
competitor coaxial designs , respectively , which were about 55 contact lenses formed from any number of materials . Spe 
half a line worse than the control lens . cifically , the lens design of the present disclosure may be 

FIGS . 20A - 20B illustrate comparison plots of a difference utilized in any of the contact lenses described herein , includ 
in monocular ( A ) and binocular ( B ) logMAR visual acuity ing , daily wear soft contact lenses , rigid gas permeable 
between each of the three test lenses and the control lens contact lenses , bifocal contact lenses , toric contact lenses 
under Low Contrast Bright conditions ( LSM Difference and 60 and hybrid contact lenses . In addition , although the disclo 
95 % CI ) . It is important to note that the competitor coaxial sure is described with respect to contact lenses , it is impor 
design had an optical ADD power of between +2.00 and tant to note that the concept of the present disclosure may be 
+2.50 D. Monocular logMAR visual acuity was , on average , utilized in spectacle lenses , intraocular lenses , corneal inlays 
0.13 , 0.08 and 0.13 logMAR worse than the control lens for and onlays . 
non - coaxial +5 D , non - coaxial +7 D and competitor coaxial 65 Although shown and described in what is believed to be 
designs , respectively , which were about one to one and a half the most practical and preferred embodiments , it is apparent 
lines worse than the control . Binocular logMAR visual that departures from specific designs and methods described 
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and shown will suggest themselves to those skilled in the art 12. The ophthalmic lens according to claim 1 , wherein the 
and may be used without departing from the spirit and scope ophthalmic lens comprises an intraocular lens , a corneal 
of the disclosure . The present disclosure is not restricted to inlay , or a corneal onlay . 
the particular constructions described and illustrated , but 13. The ophthalmic according to claim 1 , further com 
should be constructed to cohere with all modifications that 5 prising one or more stabilization mechanisms . 
may fall within the scope of the appended claims . Moreover , 14. An ophthalmic lens for at least one of slowing , 
the recitation of the term comprising may include consisting retarding or preventing myopia progression , the ophthalmic 
essentially of and / or consisting of such that support is found lens comprising : 
herein for such terms by the use of the term comprising . a center zone with a negative power for myopic vision 

correction , the center zone having a principal axis 
What is claimed is : orthogonal to a surface thereof and passing through a 
1. An ophthalmic lens for at least one of slowing , retard- center of the ophthalmic lens ; and 

ing or preventing myopia progression , the ophthalmic lens at least one treatment zone surrounding the center zone , 
comprising : the at least one treatment zone having a power profile 

a center zone with a negative power for myopic vision comprising a positive power relative to the center zone , 
correction ; and the at least one treatment zone having a surface shape 

at least one treatment zone surrounding the center zone , projecting outwardly from a front surface of said oph 
the at least one treatment zone having a power profile thalmic lens and comprising a portion of a generally 
comprising a positive power relative to the center zone , 20 toroidal shape , wherein the at least one treatment zone 
the at least one treatment zone having a surface shape is arranged as to form a continuous surface with the 
projecting outwardly from a front surface of said oph center zone , and wherein the at least one treatment zone 
thalmic lens and comprising a portion of a generally has a tilt angle configured to direct an innermost ray 
toroidal shape , wherein the at least one treatment zone relative to a cross section of the treatment zone to cross 
is arranged as to form a continuous surface with the 25 the principal axis at point that is at or anterior to a 
center zone , wherein the at least one treatment zone has retinal plane of a wearer of the ophthalmic lens , 
an annular configuration sharing a common geometric wherein the at least one treatment zone has an annular 
axis with the center zone , and wherein the surface configuration sharing a common geometric axis with 
shape of the at least one treatment zone causes light the center zone , and wherein the surface shape of the at 
passing therethough to form a focal ring in front of the 30 least one treatment zone causes light passing there 
retina with infinite focal points , with the locus of each though to form a focal ring in front of the retina with 
of the infinite focal points on the ring being non - coaxial infinite focal points , with the locus of each of the 
from the geometric axis of the center zone . infinite focal points on the ring being non - coaxial from 

2. The ophthalmic lens of claim 1 , wherein the portion of the geometric axis of the center zone . 
the generally toroidal shape may be derived from a torus 35 15. The ophthalmic lens according to claim 14 , wherein 
( e.g. , a spheroidal torus ) , after making a slice in the shape of the tilt angle is configured to direct the innermost ray to 
the surface of a right circular cone through the surface of the cross the principal axis at a point between the retinal plane 
spheroidal torus wherein the principal axis of the cone is and a point on the principal axis that represents a coincident 
coincident with the axis of rotation about which the torus is point focus of the treatment zone . 
generated . 16. The ophthalmic lens of claim 14 , wherein the portion 

3. The ophthalmic lens according to claim 1 , wherein the of the generally toroidal shape may be derived from a torus 
at least one treatment zone is configured to minimize gen- ( e.g. , a spheroidal torus ) , after making a slice in the shape of 
eration of a focal point behind a retinal plane of the eye of the surface of a right circular cone through the surface of the 

spheroidal torus wherein the principal axis of the cone is 
4. The ophthalmic lens according to claim 1 , further 45 coincident with the axis of rotation about which the torus is 

comprising a transition zone disposed between then center generated . 
zone and the at least one treatment zone such that the at least 17. The ophthalmic lens according to claim 14 , further 
one treatment zone , the transition zone , and the center zone comprising a transition zone disposed between then center 
form a continuous surface . zone and the at least one treatment zone such that the at least 

5. The ophthalmic lens according to claim 1 , wherein the 50 one treatment zone , the transition zone , and the center zone 
at least one treatment zone comprises an ADD power form a continuous surface . 
relative to the myopia correction power of greater than +0.50 18. The ophthalmic lens according to claim 14 , wherein 
D. the at least one treatment zone comprises an ADD power 

6. The ophthalmic lens according to claim 1 , wherein the relative to myopia correction power of greater than +5.00 D. 
at least one treatment zone comprises an optical power from 55 19. The ophthalmic lens according to claim 14 , wherein 
about -10.00 D to about +15.00 D. the at least one treatment zone comprises an optical power 

7. The ophthalmic lens according to claim 1 , wherein a from about -10.00 D to about +15.00 D. 
diameter of the center zone is about 2 mm to about 7 mm . 20. The ophthalmic lens according to claim 19 , wherein 

8. The ophthalmic lens according to claim 1 , wherein the the tilt angle is dependent upon the optical power of the 
at least one treatment zone has an outer margin at about 4.5 60 treatment zone . 
mm from a center of the lens . 21. The ophthalmic lens according to claim 14 , wherein a 

9. The ophthalmic lens according to claim 1 , wherein a diameter of the center zone is about 3 mm to about 7 mm . 
halo effect is minimized . 22. The ophthalmic lens according to claim 14 , wherein 

10. The ophthalmic lens according to claim 1 , wherein the the at least one treatment zone has an outer margin at about 
ophthalmic lens comprises a contact lens . 65 4.5 mm from a center of the lens . 

11. The ophthalmic lens according to claim 1 , wherein the 23. The ophthalmic lens according to claim 14 , wherein a 
ophthalmic lens comprises a spectacle lens . halo effect is minimized . 

40 

a wearer . 
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24. The ophthalmic lens according to claim 14 , wherein 

the ophthalmic lenses comprises a contact lens . 
25. The ophthalmic lens according to claim 14 , wherein 

the ophthalmic lenses comprises a spectacle lens . 
26. The ophthalmic lens according to claim 14 , wherein 5 

the ophthalmic lens comprises an intraocular lens , a corneal 
inlay , or a corneal onlay . 

27. The ophthalmic according to claim 14 , further com 
prising one or more stabilization mechanisms . 
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