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(57) Abrege(suite)/Abstract(continued):
substantially similar to that of human corneal tissue (1.376). The aspheric surface Is comprised of a continuous aspheric surface

from the apex of the implant to beveled surface (20). The beveled surface, positioned near the outer diameter of the implant, Is
used to reduce the thickness of the aspheric surface on the periphery of the lens to the outer diameter edge. The body of the

iImplant has a diameter between about 2.0 mm and 7.0 mm and a thickness less than about .150 mm.
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(57) Abstract: A corneal implant (10) having an aspheric surface (12) for modifying the
cornea curvature and altering the corneal refractive power. The corneal implant has a lens
body formed of an optically clear bio-compatible material, preferably with an index of
refraction substantially similar to that of human corneal tissue (1.376). The aspheric sur-
face is comprised of a continuous aspheric surface from the apex of the implant to beveled
surface (20). The beveled surface, positioned near the outer diameter of the implant, is
used to reduce the thickness of the aspheric surface on the periphery of the lens to the
- outer diameter edge. The body of the implant has a diameter between about 2.0 mm and
7.0 mm and a thickness less than about .150 mm.
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ASPHERICAL CORNEAL IMPLANT
' TECHNICAL FIELD

[0001] The field of this invention relates to prosthetic implants designed to be implanted
in the cornea. More particularly, the invention relates to a corneal 1implant having an aspheric

surface for modifying the cornea curvature and altering the corneal refractive power.

BACKGROUND OF THE INVENTION

[0002] Normal vision occurs when light that passes through and is refracted by the
cornea, the lens, and other portions of the eye, and converges at or near the retina. Myopia or
near-sightedness occurs when the light converges at a point before it reaches the retina and,
conversely, hyperopia or far-sightedness occurs when the light converges a point beyond the
retina. Other abnormal conditions include astigmatism where the outer surface of the cornea is
irregular in shape and effects the ability of light to be refracted by the cornea. In addition, in
patients who are older, a condition called presbyopia occurs in which there is a diminished power
of accommodation of the natural lens resulting from the loss of elasticity of the lens, typically
becoming significant after the age of 45.

[0003] Corrections for these conditions through the use of implants within the human
cornea have been suggested. Various designs for such implants include solid, ring shaped, and
split-ring shaped, circular flexible body members and other types of ring-shaped devices that are
adjustable. These implants are inserted within the body of the cornea for changing the shape of
the cornea, thereby altering its refractive power.

[0004] Generally, the human comea flattens away from the center. The reasons are not
completely clear, though one known i:”actor 1S thét as thé cornea flattens it reduces the sphercal
aberration. Therefore, I consider it desirable to reshape the cornea and maintain an aspheric
surface that naturally occurs while correcting for refractive error. I believe there is a
demonstrated need for a more effective corneal implant that has an aspheric surface that will

correspond more naturally to the surface of the human eye to address the problems as previously

discussed.
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BRIEF SUMMARY OF THE INVENTION

[0005] An embodiment of the present invention is directed to prosthetic implants designed to be implanted

In the cornea. More particularly, an embodiment of the invention relates to a corneal implant having an aspheric
 surface for modifying the cornea curvature and altering the corneal refractive power. The
implant has a continuous aspheric surface extending from a center point or apex of the anterior
surface of the lens body. This continuous aspheric surface preferably extends for a radius of at
least 1 mm from the center or apex of the lens body. The continuous aspheric surface is
continually aspheric along the surface and does not contain any portion of the aspherical surface
that 1s spherical.

[0006] The lens body 1s preferably formed of an optically clear bio-compatible material.
The bio-compatible material has an index of refraction substantially similar to that of human
corneal tissue (1.376). Thus, 1n a preferred embodiment, the refractive index of the implant

material should be in the range of 1.36-1.39. Having such a refractive index prevents optical

aberrations due to edge effects at the cornea-implant interface.

[0007] The optically clear bio-compatible material i1s preferably made from a visually
clear, permeable, microporous hydrogel with a water content greater than 40% up to
approximately 90%. Other suitable bio-compatible materials, however, may be used.

[0008] The lens body has an anterior surface, a posterior surface, and an outer diameter
edge. The anterior surface is generally convex in shape with a continuous aspheric surface. In
one embodiment, the posterior surface is concave in shape with a posterior radii of curvature.
However, the posternior surface may shaped differently, such as being substantially planar, having
multiple radu of curvature, and other shapes as would be readily useful.

[0009] In a preferred embodiment, the lens Body has a thickness less than about .150
mm, an outer diameter edge thickness of about .015 mm, and a diameter between abouf 2.0 mm
and about 7.0 mm. ‘

[0010] The implant may be formed witt. . oeveled surface. The beveled surface assists in
maintaining the required edge thickness while increasing lens strength. Preferably, the beveled
surface has a convex shape that has a partially spherical or partially aspherical surface.

[0011] In one aspect of the invention, there is a method of implanting the various
embodiments of the inventive corneal implant as described herein. The method includes the

steps of (a) cutting away a portion of the outer surface of a comea; (b) implanting a lens on the
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exposed surface of the cornea, the lens having a lens body formed of an optically

clear, bio-compatible material, the lens body having an anterior surface and a
posterior surface, and an outer diameter edge; the bio-compatible material having a
refractive index ranging from 1.36-1.39, and the anterior surface being convex in
shape with a continuous aspheric surface; and (c) replacing the portion of the cornea

that was cut away.

Some embodiments disclosed herein relate to a corneal implant,
comprising: a lens body formed of an optically clear, bio-compatible material, the lens
body having an anterior surface and a posterior surface, and an outer diameter edge;
the bio-compatible material having a refractive index ranging from 1.36-1.39; and the
anterior surface being convex in shape and being formed with a continuous aspheric
surface, wherein the lens body is adapted to be disposed posterior to a first portion of
the cornea and anterior to a second portion of the cornea when implanted, wherein
the continuous aspheric surface is defined by the formula:

X% +Y? + (1+Q)Z% — 2ZR = 0, wherein the Z axis is the optical axis of the implant,
wherein the aspheric surface is a circularly symmetric surface about the Z axis with
the apex of the surface at the coordinates X =0, Y =0, Z=0, wherein Z is the
coordinate of the surface along the Z axis, wherein X and Y are the coordinates of the
surface in the plane perpendicular to the Z axis, wherein R is the radius of curvature

at the apex of the implant, and wherein Q is the surface asphericity of the aspheric

surface and Q < 0.

Some embodiments disclosed herein relate to a corneal implant,
comprising: a lens body formed of an optically clear, bio-compatible material, the lens
body having an anterior surface with an apex and a posterior surface, and an outer
diameter edge; the bio-compatible material having a refractive index ranging from
1.36-1.39; the anterior surface being convex in shape and being formed with a
continuous aspheric surface, wherein the lens body i1s adapted to be disposed
posterior to a first portion of the cornea and anterior to a second portion of the cornea

when implanted, wherein every arc of the anterior surface extending from the apex to
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an outer edge of the anterior surface has a radius of curvature that varies along the
entire length of the arc.

Some embodiments disclosed herein relate to a corneal implant,
comprising: a lens body formed of an optically clear microporous hydrogel, the lens
body having an anterior surface and a posterior surface, and an outer diameter edge,
the outer diameter edge having a thickness less than about 0.015 mm, the lens body
having a diameter between about 2.0 mm and 7.0 mm,; the bio-compatible material
having a refractive index ranging from 1.36-1.39; and the anterior surface being
convex in shape and being formed with a continuous aspheric surface, wherein the
lens body has a beveled surface connecting the outer diameter edge and the
aspheric surface, wherein the lens body is adapted to be disposed posterior to a first
portion of the cornea and anterior to a second portion of the cornea when implanted,
wherein the aspheric surface is defined by the formula:

X% + Y2 + (1+Q)Z° - 2ZR = 0, wherein the Z axis is the optical axis of the implant,
wherein the aspheric surface is a circularly symmetric surface about the Z axis with
the apex of the surface at the coordinates X =0, Y =0, Z= 0, wherein Zis the
coordinate of the surface along the Z axis, wherein X and Y are the coordinates of the
surface in the plane perpendicular to the Z axis, wherein R is the radius of curvature
at the apex of the implant, and wherein Q is the surface asphericity of the aspheric

surface and Q < 0.

[0012] The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description of the
invention that follows may be better understood. Additional features and advantages
of the invention will be described hereinafter which form the subject of the claims of
the invention. It should be appreciated that the conception and specific embodiment
disclosed may be readily utilized as a basis for modifying or designing other
structures for carrying out the same purposes of the present invention. It should also
be realized that such equivalent constructions do not depart from the invention as set
forth in the appended claims. The novel features which are believed to be

characteristic of the invention, both as to its organization and method of operation,
Ja
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together with further objects and advantages will be better understood from the

following description when considered in connection with the accompanying figures.
It is to be expressly understood, however, that each of the figures is provided for the
purpose of illustration and description only and is not intended as a definition of the

limits of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] For a more complete understanding of the present invention, reference
is now made to the following descriptions taken in conjunction with the accompanying

drawing, in which:
FIG. 1A is a top of an embodiment of the corneal implant;

FIG. 1B is a 3-dimensional, cross-sectional view A-A of the implant of

Figure 1A;

FIG. 1C is a 3-dimensional, cross-sectional view of the area B of

Figure 1B;

FIG. 2 is a cross-sectional view illustrating the nature of an aspherical

continuous surface;

FIG. 3 is a diagram showing the effect of asphericity on the shape of a

concoid:

3b
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FIGS. 4A and 4B are schematic representations of a lamellar dissectomy, with FIG.
4B showing in particular the portion of the dissected cornea being connected through a hinge to

the intact cornea; and

FIG. 4C is a schematic representations of a cornea in which the corneal implant have

been mmplanted.
DETAILED DESCRIPTION OF THE INVENTION

[0014] As used herein, the term “a” or “an” may mean one or more. As used herein in

€& _ 2

the claim(s), when used in conjunction with the word “comprising”, the words “a” or “an™ may
mean one or more than one. As used herein, “another” may mean at least a second or more.

[0015] As used herein, the term “mm” means the unit of measurement 1n millimeters.

[0016] Most current surgical procedures are just coming of age in regards to aspheric
surfacing. There is considerable published data on the anterior corneal surface asphericity. The
common corneal shape is either a conic in certain sections or conicoids using three-dimensional
data. The results are usually expressed in terms of asphericity Q, shape factor p or the
eccentricity e. The mean values of the corneal surface are in the approximate range Q = -0.2 to
-0.3. One thought is that the reason the human cornea flattens is to reduce spherical aberration.

[0017] When spherical aberration is present, non-paraxial rays do not intersect at the
paraxial focus. By producing a spherical surface on the eye, the amount of asphericity 1s reduced
that the cornea has and in turn, a spherical aberration is created. In most accounts the result will
be a better near visual acuity because the center rays are still basically unaffected, but the
intermediate and distance can loose some visual acuity.

[0018] To decrease the spherical aberration and also correct for visual disorders, one
must look at the following. Maintain the natural aspheric surface that the cornea has, and flatten
or steepen the cornea at the same time.

[0019] By doing the described, the central rays can be left as they are or increased (in the
case of presbyopia) and at the same time flatten or decrease the radius from apex to the edge,

bringing all rays within the paraxial focus. The actual radius is determined by what correction is

needed to correct the visual disorder. All radius of curvature are dependent on the individual

refraction of a patient.
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10020] Referring to Figure 1A-1B, an embodiment of the aspherical corneal 1mplant is
shown. Figure 1A is a top view of the implant. The implant 10 has a diameter (as shown by
arrows 11-11) in the range of about 2.00 mm to 7.00 mm. The anterior surface 14 of the implant
10 has an aspheric surface 12 that is generally convex in shape. The aspheric surface 12 is
comprised of a continuous aspheric surface from apex 18 to the transition zone 22. The transition
zone 22 is the junction that begins the beveled surface 20. The beveled surface 20 1s used to
reduce the thickness of the aspheric surface 12 on the periphery of the lens to the outer diameter
edge 24. Given that the implant 10 has a maximum useful diameter for implantation into the
human cornea the implant without the beveled surface, would be too thick at the edges to
properly seat the implant into the cornea. An edge thickness as specified prevents stacking and
recruitment of keratocytes in the lens material so that keratocyte stacking and recruitment does
not take place. This in turn eliminates unorganized collagen that forms undesirable scar tissue
and infiltrates the lens, which tends to compromise the efficacy of the lens.

[0021] Referring now to Figure 1B, a 3-dimensional, cross-sectional view of the implant
10 of Figure 1A is shown. The implant 10 has an aspheric surface 12 from the apex 18 of the
anterior surface of the lens to a transition zone 22. The radius of the aspheric surface 12 extends
from the apex 18 outward towards the outer diameter edge 24. This radius 1s not less than 1.0
mm and the radius is not greater than the total radius to the beginning of the transition zone 22.

[0022] The implant 10 has a posterior surface 16 that is generally concave in shape.
Where the implant is circular in shape, the apex 18 is also the center point of the lens. In one
embodiment, the lens body has a thickness (as indicated by arrows 19-19) of less than about .150
mm. The center of the lens in most cases is the thickest part of the lens.

[0023] In a preferred embodiment, the posterior' surface 16 1s concave in shape with a
posterior radii of curvature. However, the posterior surface 16 may shaped differently, such as
being substantially flat or planar, having multiple radii of curvature, or utilizing other shapes as
would be readily useful. In these other embodiments where a different shape posterior surface 1s
utilized, than the thickness of the implant at its center may be greater than .150 mm. However,
when using a concave shaped poster surface 16, preferably the thickness should be less than
about .150 mm.

10024] Figure 1C is a close-up view of the area designated by the letter B m Figure 1B.
Preferably, the implant 10 has an outer diameter edge 24 that has substantially planar surface.
The outer diameter edge 24 surface may also be spherical, or of other shap es that would be

5
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useful. Preferably, the outer diameter edge 24 has a thickness of about .015 mm. The thickness
of the outer diameter edge is 1llustrated by arrows 25-25.

[0025] A beveled surface 20 transitions the anterior portion of the outer diameter edge 24
with the aspheric surface 12. In one embodiment, the shape of the surface of the beveled surface :
is substantially spherical with a radii of curvature, but in other embodiments may be substantially
aspherical, substantially planar or other of useful shapes. Preferably, where the beveled surface
20 is spherical, the beveled has a single radii of curvature. The beveled surface 20 has a radius
between about radius 1.5 mm — 10.5 mm depending on the width of the implant. The beveled
surface 20 and the aspheric surface 12 intersect at a junction 22. This junction 22 is referred
herein, interchangeably, as the transition zone 22. The transition zone 22 provides a smooth
transttion from the beveled surface 20 to the aspheric surface 12. The transition zone 22 is
preferab ly aspheric.

[0026] In one embodiment, the aspheric surface 12 comprises a continuous aspheric
surface with a O-value of less than zero, wheremn Q i1s the surface asphericity and Q < 0
represents a surface that flattens away from its vertex. The aspheric surface 12 may have a
single Q-value or multiple Q-values for different zones on the surface of the iinplant, with each
QQ-value being less than zero. This can be expressed in terms of quantity p called the shape
factor, which 1s related to Q by the equation p = 1+0Q or as eccentricity which is related to O by
the equation O = -&”.

0 1s represented by the following equation —
B+ (1+0)Z* -2ZR =0
where the Z axis 1s the optical axis,
where #° = X + ¥*, and
where X, Y are distances perpendicular to optical axis,
where R is the vertex radius of curvature.
Q 1s the surface asphericity, where

0 < -1 specifies a hyperboloid,
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O = -1 specifies a paraboloid,

-1 < O < 0 specifies an ellipsoid, with the Z-axis being the major axis,
O = 0 specifies a sphere,

O > 0 specifies an ellipsoid with the major axis in the X-Y plane.

[0027] Referring to FIG. 3, the effect of asphericity on the shape of a concoid 1s shown.
All of the curves have the same apex radius of curvature. The figure shows an -X,-Y, -Z axis
with the particular axis labeled respectively. The general Q value equation discussed above 1s
diagramatically illustrated in the figure: Ellipsoids, Sphere, Hyperboloids, and Paraboloids.

[0028] By varying the Q value of the aspheric surface 12, the corneal implant 10 aids
the correction of presbyopia, hyperopia, myopia or the combination thereof, while maintaining
an the actual corneal surface of the eye in an aspheric manner. The following Table 1 illustrates
different Q values for different lens parameters. Table 1 is merely illustrative and should not be

construed to limit the size and ranges of the various parameters shown.

Anterior Anterior
Approximant Posterior Anterior Anterior End Semi- Asphericity
Diopter Change Radius Apex Radius Radius Diameter (Q)
1.25 7.500 7.147 7.508 3.820 -0.118
1.75 7.500 7.081 7.508 3.820 -0.138
2.25 7.500 7.014 7.508 3.820 -0.158
2.75 7.500 6.949 7.508 3.820 -0.176
3.25 7.500 6.884 7.508 3.820 -0.195
3.75 7.500 6.822 7.508 3.820 -0.212
4.25 7.500 6.760 7.508 3.820 -0.228
4.75 7.500 6.700 7.508 3.820 - -0.244
TABLE 1

[0029] As used in Table 1, the column labeled Approximant Diopter Change refers to the
projected diopter power change from the apex (center) of the lens to transition zone of the lens
when implanted into the cornea. Whereas the center value would be + 4.00 diopters the edge
would have a value of 2.25 diopters less positive power. The lens anterior surface progressively
changes from apex to edge. The table above is only a representative sample of diopter changes.

For example, the diopter change for the corneal implant 10 may range from .12 diopter to 10

7
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diopters for a given implant. The particular diopter for a corneal implant 10 will depend on a
given patient’s corrective needs.

[0030] The column labeled Posterior Radius refers to the back surface of the lens having
contact with the stromal bed. The value for the Posterior Radius as used in Table 1 is measured
in millimeters. Table 1 illustrates utilizing a posterior radius of 7.5 mm for each of the listed
implants. The posterior radius may be varied depending on the particular posterior radius
desired. In other embodiments, the posterior surface does not have a posterior radius of
curvature, but is instead flat or has some other shaped surface or 1s textured.

{0031] The column labeled Anterior Apex Radius refers to the radius at the optical axis,
or apex (center) in millimeters, needed to achieve desired corneal shape.

[0032] The column labeled Anterior End Radius refers to the target radius in millimeters
at the end of the aspheric zone or outside diameter of said zone needed to achieve desired corneal
shape.

[0033] The column labeled Anterior Semi-Diameter refers to the diameter of the desired
aspheric zone measured in millimeters.

[0034] The column labeled Anterior Asphericity is the resultant O value. In the
examples shown in Table 1, the resultant () value indicates that the anterior aspheric surface of
the lens has a an aspheric ellipsoidal shape.

[0035] Referring now to Figure 2, an example of an aspheric surface 1s shown. Line 23
is perpendicular to line 25. Point 26 is on line 23 which passes through the apex of the implant
10. Figure 2 is not drawn completely to. scale, but nevertheless illustrates the nature of the
aspheric surface. The radius from point 26 to the surface indicated by arrow 30 1s a radius of
6.6961 mm. The radius from point 26 to the surface indicated by arrow 31 1s a radius of 6.7196.

The follow Table 2 shows the remaining indicated r;adii from point 26.

Arrow Radii in mm
32 6.7432
33 6.7683
34 6.7918
35 6.8154
36 6.8389
37 6.8640
38 6.8876
39 6.9111
40 6.9410

TABLE 2

8
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[0036] The particular points of the aspheric surface 12 show in Figure 2 that the radii of
curvature from point 26 increases from the apex 18 as the surface moves towards the outer edge
of the implant. In a normal spherical surface, a lens would have a constant radii of curvature
along the surface of the lens. As shown in Figure 2, the inventive corneal implant 10 does not
have a spherical surface, but instead a continuous aspheric surface from the apex of the implant.

[0037] The corneal implant 10 with the aspheric when implant is designed to reshape or
re-contour the surface of the cornea by steepening or flattening the overall radius of curvature of
the human commea, while maintaining the correct natural aspheric surface.

[0038] In various embodiment, the corneal implant 10 with the aspheric surface can
simultaneously correct the refractive error for distance vision (farsighted) and correct for near
vision (reading). To achieve this, additional power is added to the central portion of the lens to
correct the (reading add). For example, a patient with a refractive error of +3.00 diopters for
distance, a positive 2 diopters is added to this needed distance correction for reading. This
calculates to a starting diopter power at the apex of the corneal implant of +5.00 diopters which
will progressively change to +3.00 diopters at the outer edge. |

[0039] Taking the +5.00 diopters at apex the Q value can be calculated that 1s required to
bring the lens surface (or cornea) from +5.00 diopters to +3.00 diopters within a designed lens
diameter. An example would be to set the apex start at +5.00 and reduce the amount of aspheric
change to within only 2.00 mm of the central portion of the lens. This result would then set this
area of the lens to change progressively from +5.00 diopter to +4.50 diopters. From this point of
2.00 mm to 5.00 mm (remainder of lens) the asphericity can be set at a value to bring the
remainder of the lens progressively from the +4.50 diopter to the required +3.00 diopter that the
patient needed for distance correction. With this aspheric re-contouring using the inventive
corneal implant 10, progressive change can be made which follow the natural shape of the
human cornea.

[0040] The comeal implant 10 has a lens body formed of an optically clear bio-
compatible material. In a preferred embodiment, the bio-compatible material has an index of
refraction substantially similar to that of human corneal tissue (1.376). Thus, in a preferred
embodiment, the refractive index of the implant material should be in the range of 1.36-1.39.
Having such a refractive index prevents optical aberrations due to edge effects at the cornea-

implant interface.
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[0041] The corneal implant 10 is preferably made from a visually clear, permeable,
microporous hydrogel with a water content greater than 40% up to approximately 90%. In other
embodiments, the refractive index may be different from the refractive index of the corneal
tissue. In such embodiments, in addition to the change in the shape of the cornea caused by the
implantation of the lens, the actual material would have a refractive effect. Other embodiments
from which the corneal implant may be made, include: polymethimethacrylate (PMMA), silicone
polymers, UV-absorbing acrylic, hydrogel, microporous hydrogel, collamer, collagel acrylic
polymers, and other composite materials. |

[0042] The present comneal implant 10 can be implanted in the cornea using a lamellar
dissectomy shown schematically in FIGS. 4A, 4B. In this procedure, a keratome (not shown) 1s
used in a known way to cut a portion of the outer surface of the cornea along line 42 as shown i
FIG. 4A. This type of cut is used to form a corneal flap 44 shown in FIG. 4B, which remains
attached to the cornea 40 through what is called a hinge 46. The hinge 46 1s useful for allowing
the flap 44 to be replaced with the same orientation as before the cut.

[0043] As is also known in the art, the flap is cut deeply enough to dissect the Bowman's
membrane portion of the cornea, such as in keratome surgery or for subsequent moving of the
tissue by laser or surgical removal. Other known techniques of cutting a flap in the cormea, such
a utilizing a laser to create a flap or a pocket in which to place the implant, may also be used. A
corneal flap of 100 to 200 microns, typically 160 to 200 microns, is made to eliminate the
Bowman’s membrane tension (which minimizes corneal nerve damage). This helps to conform
the flap to the lens surface, thereby transferring all of the change of the shape to the anterior
surface of the cornea. This makes refractive correction more reliable and predictable. Also, the
possibility of extrusion of the implants is reduced due to pressure generated within the cormea
caused by the addition of the iianant. The corneal implant 10 is shown implanted in the cornea
in FIG. 4C respectively, after the flap has been replaced in its normal position. These figures
show the corrected shape for the outer surface of the cornea as a result of implants of the shapes
described.

[0044] Although the present invention and its advantages have been described in detail, 1t
should be understood that various changes, substitutions and alterations can be made herein
without departing from the invention as defined by the appended claims. Moreover, the scope of
the present application is not intended to be limited to the particular embodiments of the process,

machine, manufacture, composition of matter, means, methods and steps described in the
10
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specification. As one will readily appreciate from the disclosure, processes, machines,
manufacture, compositions of matter, means, methods, or steps, presently existing or later to be
developed that perform substantially the same function or achieve substantially the same result
as the corresponding embodiments described herein may be utilized. Accordingly, the appended

claims are intended to include within their scope such processes, machines, manufacture,

compositions of matter, means, methods, or steps.

11
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CLAIMS:

1. A corneal implant, comprising:

a lens body formed of an optically clear, bio-compatible material, the
lens body having an anterior surface and a posterior surface, and an outer diameter

edge;

the bio-compatible material having a refractive index ranging from
1.36-1.39: and

the anterior surface being convex in shape and being formed with a

continuous aspheric surface,

wherein the lens body is adapted to be disposed posterior to a first

portion of the cornea and anterior to a second portion of the cornea when implanted,
wherein the continuous aspheric surface is defined by the formula:

X% + Y% + (1+Q)Z° — 2ZR = 0, wherein the Z axis is the optical axis of
the implant, wherein the aspheric surface is a circularly symmetric surface about the
Z axis with the apex of the surface at the coordinates X=0,Y =0, Z=0, wherein Zis
the coordinate of the surface along the Z axis, wherein X and Y are the coordinates of
the surface in the plane perpendicular to the Z axis, wherein R is the radius of
curvature at the apex of the implant, and wherein Q is the surface asphericity of the

aspheric surface and Q < 0.

2. The implant of claim 1, wherein the posterior surface Iis concave in
shape.
3. The implant of claim 2, wherein the posterior surface is curved in shape

with a posterior radi of curvature.

4. The implant of claim 1, wherein the lens body has a thickness less than
about 0.150 mm.

12
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5. The implant of claim 1, wherein the lens body has a diameter between
about 2.0 mm and about 7.0 mm.

0. The implant of claim 1, wherein the outer diameter edge has a
thickness less than about 0.015 mm.

1. The implant of claim 1, wherein the outer diameter edge has a
substantially planar surface.

8. The implant of claim 1, wherein the aspheric surface is adapted for the
correction of presbyopia.

9. The implant of claim 1, wherein the aspheric surface is adapted for the

correction of hyperopia.

10. The implant of claim 1, wherein the aspheric surface is adapted for the

correction of myopia.

11. The implant of claim 1, wherein the lens body has a beveled surface

connecting the outer diameter edge and the aspheric surface.

12. The implant of claim 11, wherein the beveled surface is substantially

planar in a cross sectional side view of the lens body.

13. The implant of claim 11, wherein the anterior surface has an apex, and

the continuous aspheric surface extends at least 1.0 mm radially outward from the

apex.

14. The implant of claim11, wherein the anterior surface has an apex, and

the continuous aspheric surface extends from the apex to the beveled surface.
15. The implant of claim 1, wherein the lens body is circular in shape.

16. The implant of claim 1, wherein the optically clear, bio-compatibie

material is a permeable, microporous hydrogel.

13
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17. The implant of claim 1, wherein then microporous hydrogel has a water
content greater than 40% and up to approximately 90%.

18. A corneal implant, comprising:

a lens body formed of an optically clear, bio-compatible material, the
lens body having an anterior surface with an apex and a posterior surface, and an

outer diameter edge;

the bio-compatible material having a refractive index ranging from
1.36-1.39;

the anterior surface being convex in shape and being formed with a

continuous aspheric surface,

wherein the lens body is adapted to be disposed posterior to a first

portion of the cornea and anterior to a second portion of the cornea when implanted,

wherein every arc of the anterior surface extending from the apex to an
outer edge of the anterior surface has a radius of curvature that varies along the

entire length of the arc.

19. The implant of claim 18, wherein the posterior surface is concave In
shape.
20. The implant of claim 19, wherein the posterior surface is curved In

shape with a posterior radii of curvature.

21. The implant of claim 18, wherein the aspheric surface is adapted for the

correction of presbyopia.

22. The implant of claim 18, wherein the aspheric surface is adapted for the

correction of hyperopia.

14



10

15

20

25

CA 02563340 2012-03-19

02723-23

23. The implant of claim 18, wherein the aspheric surface is adapted for the

correction of myopia.

24. The implant of claim 18, wherein the beveled surface is substantially

planar in a cross sectional side view of the lens body.

25. The implant of claim 18, wherein the continuous aspheric surface

extends from the apex to the beveled surface.
20. The implant of claim 18, wherein the lens body is circular in shape.

27, The implant of claim 18, wherein the continuous aspheric surface

extends at least 1.0 mm radially outward from the apex.

28. The implant of claim 18, wherein the optically, clear bio-compatible

material is a permeable, microporous hydrogel.

29. The implant of claim 28, wherein then microporous hydrogel has a

water content greater than 40% and up to approximately 90%.

30. The implant of claim 18, wherein the aspheric surface is defined by the
formula: X? + Y? + (1+Q)Z° — 2ZR = 0, wherein the Z axis is the optical axis of the
implant, wherein the aspheric surface is a circularly symmetric surface about the Z
axis with the apex of the surface at the coordinates X=0,Y =0,Z=0, wherein Z is
the coordinate of the surface along the Z axis, wherein X and Y are the coordinates of
the surface in the plane perpendicular to the Z axis, wherein R is the radius of
curvature at the apex of the implant, and wherein Q is the surface asphericity of the

aspheric surface and Q < 0.

31. A corneal implant, comprising:

a lens body formed of an optically clear microporous hydrogel, the lens
body having an anterior surface and a posterior surface, and an outer diameter edge,
the outer diameter edge having a thickness less than about 0.015 mm, the lens body

having a diameter between about 2.0 mm and 7.0 mm;
15
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the bio-compatible material having a refractive index ranging from
1.36-1.39; and

the anterior surface being convex in shape and being formed with a

continuous aspheric surface,

wherein the lens body has a beveled surface connecting the outer

diameter edge and the aspheric surface,

wherein the lens body is adapted to be disposed posterior to a first

portion of the cornea and anterior to a second portion of the cornea when implanted,

wherein the aspheric surface is defined by the formula:
X%+ Y2 + (1+Q)Z% - 2ZR = 0, wherein the Z axis is the optical axis of the implant,
wherein the aspheric surface is a circularly symmetric surface about the Z axis with
the apex of the surface at the coordinates X =0, Y =0, Z= 0, wherein Z is the
coordinate of the surface along the Z axis, wherein X and Y are the coordinates of the
surface in the plane perpendicular to the Z axis, wherein R is the radius of curvature
at the apex of the implant, and wherein Q Is the surface asphericity of the aspheric

surface and Q < 0.
32. The implant of claim 31, wherein the lens body is circular in shape.

33. The implant of claim 31, wherein the outer diameter edge has a

substantially planar surface.

34. The implant of claim 31, wherein the aspheric surface is adapted for the

correction of presbyopia.

395. The implant of claim 31, wherein the aspheric surface Is adapted for the

correction of hyperopia.

36. The implant of claim 31, wherein the aspheric surface is adapted for the

correction of myopia.

16
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37. The implant of claim 31, wherein the anterior surface has an apex, and

the continuous aspheric surface extends from the apex to the beveled surface.
38. The implant of claim 31, wherein the lens body is circular in shape.

39. The implant of claim 31, wherein the anterior surface has an apex, and
the continuous aspheric surface extends at least 1.0 mm radially outward from the

apex.

40. The implant of claim 31, wherein then microporous hydrogel has a

water content greater than 40% and up to approximately 90%.

41. The implant of claim 18, wherein the lens body has a beveled surface

connecting the outer diameter edge and the aspheric surface.

17
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