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1. Field of the invention

15
The present invention relates to devices and
methods of enhancing the vision of an individual. In
particular, the invention relates to enhancing vision
of an individual by measuring one or more wavefront
20 aberrations of the individual, and shaping an ocular
implant element into a corneal onlay that is

configured to correct for the wavefront aberration or

aberrations.

25 SUMMARY OF THE INVENTION

The present invention relates to the use of
corneal onlays and wavefront technology to enhance an
individual's (e.g., a person or animal) vision, and to

30 processes for making such onlays. Some methods
involve measuring one or more wavefront aberrations of

an individual, and altering an ocular implant element



a wavefront aberration of an eye of an individual; and
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In another embodiment, a method for enhancing
vigion of an individual comprises molding a corneal
20 onlay having an ocular power effective in correcting
the vision of an eye of an individual; measuring a
wavefront aberration of the eye of the individual; and
ablating a portion of the onlay to correct the
measured wavefront aberration.
25
In another embodiment, a method for enhancing
vision of an individual comprises molding a corneal
onlay having an ocular power effective in correcting
the vigion of an eye of an individual; measuring a
30 wavefront aberration of the eye of the individual; and
ablating a portion of the eye of the individual to

correct the measured wavefront aberration.
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15 aberration of an eye of an individual; and altering an
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ocular blank without a corrective ocular power or a
lens having an ocular power to provide a correction
for the wavefront aberration of the eye of the
individual when the altered ocular blank or altered
20 lens is located between the epithelial cell layer and

the Bowman's membrane.

In another embodiment, a method of producing a

corneal onlay, comprises altering an ocular blank

25 without a corrective ocular power or a lens having a
fixed optical power to provide a correction for a
wavefront aberration of an eye of an individual when

the altered ocular blank or lens is located between an
epithelial cell layer and Bowman's membrane of the

30 individual.

The methods may also comprise molding the ocular

blank or 1lens from an ophthalmically acceptable



| at he may be used directly on the blank or lens, or
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be apparent from the context, this specification, and
15 the knowledge of one of ordinary skill in the art. In

addition, any feature or combination of features may

be specifically excluded from any embodiment of the

present invention.
20 Additional advantages and aspects of the present
invention are apparent in the following detailed

description.

DETAILED DESCRIPTION

25
A typical human eye has a lens and an iris. The
posterior chamber is located posterior to iris and the
anterior chamber is located anterior to iris. The eye
has a cornea that consists of five layers, as
30 discussed herein. One of the layers, the corneal
epithelium, lines the anterior exterior surface of

cornea. The corneal epithelium is a stratified



epitheliumusually is about 5-6 cell layers thick
(approximately 50 m croneters thick) , and generally
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and keratocytes, dispersed therein. The stroma
constitutes about 90% of the corneal thickness. The

corneal endothelium typically is a monolayer of low
cuboidal or squamous cells that dehydrates the cornea

20 by removing water from the cornea. An adult human
cornea is typically about 500 pm (0.5 mm) thick and is
typically devoid of blood vessels.

The present invention relates to the use of

25 corneal onlays to enhance or improve vision in an
individual, such as a person or an animal. A corneal
onlay is a lens with a vision-correcting or vision-
enhancing optical power and that is configured, such

as sized and shaped, to be placed between the

30 epithelium and the Bowman's membrane of an eye of an
individual. Corneal onlays include a major portion
that is located between the epithelium and Bowman's

membrane. In some situations, a minor portion of the



stroma of the cornea. In other words, corneal inlays
include a major portion that is placed in the cornea
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One embodiment of the present methods of
enhancing vision comprises the steps of providing an
ocular implant element, measuring one or more
wavefront aberrations of an eye of an individual, and

20 altering the ocular implant element based on the
measured wavefront aberration or aberrations to
provide correction for the wavefront aberration or
aberrations when the altered ocular implant element is
located between the epithelial cell layer or

25 epithelium and the Bowman's membrane. The altered
ocular implant element may be understood to be a
corneal onlay effective in correcting or enhancing an
individual's vision when the element is placed between
the epithelium and the Bowman's membrane.

30

The ocular implant element may be a blank, such
as an element without a substantial optical power, or

an element with an optical power of about 0 diopters.



determ ned optical power, such as a vision correcting

optical power. The optical power of the | ens may be
walewsnni7eed for a specific individual, or for BCUS0P5/016745

of individuals . The ocular inplant el ement nmay be

provided in a package of a plurafity of elenents, or

it may be provided in a package by itself. The ocul ar
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and desires. In other words, the ocular implant
elements may be generically produced, such as for
ocular implant elements that do not have an optical
power, or for ocular implant elements that have a pre-
20 determined or fixed optical power. Or, the ocular
implant elements may be customized in their production

to suit one or more individuals.

The ocular implant element comprises an

25 ophthalmically acceptable material. For example, the
ocular implant element may be produced from a material
that is optically «clear or otherwise does not
negatively affect or reduce an individual's wvision
when the implant element is located on an eye of the

30 individual. In addition, the material from which the
implant element is produced provides for sufficient

gas and nutrient exchange between the Bowman's



epithelium The material from which the ocular inplant
el ement is produced may conprise a polyneric conponent
weomwpniEeng one or nore polymers. The pol yner sPOf/US1065/016745
pol ymeri c conponent nmay be synthetic or naturally
occurring, or both. Elenents thaB conprise a plurality
of polyners may be formed by cross -1inked polyners or
non- ceossdnakeddbepiphygdival Ity imtigropdvers polighees fully
In certain di Si.Lhe ocular inplant elenment may
be ngagc }%ﬁgggfﬁgggﬁ,lghéh as purified collagen. The
col l agen may be collagen Type | , which is the type of
col | agen that defines t ul fth or Lostr ;
or the co#?%geﬁaﬁggL%é E%h- yggﬂfhboﬁﬁggeﬁgééﬁ§thgﬁglant
i apl abtmehenmkat predudsel mage cbmprigendi Pt ymer cofcomponent
different . types of collagen, -such _as e V, =V
., and°WF® 8T 1 Age a (%%mE%Féingﬁgfigg&gﬁrgnPﬁa he
sour gelyheriexamplpenehhe cay | dgen syayhbeidunen naturally
col I agen, bovi ne col | agen, porcine collagen, avian.
col | & SHFrhﬁ$1ne°Eolkgggh, eq%ﬁﬁgegg?laggﬁ? aﬁgﬁérlse =
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col | agepmery. be reconbi nantly synthesized, such as by
usi ng reconbi nant DNA technol ogy. One source of
publicly avail abl e reconmbi nant collagen is FibroGen,
Sout h Sanifir areirsedn CAmbAhieemad) vektye Obcubar implant
addi ti_on,
element may be made from collagen, such as purified
15 collagen. The collagen may be collagen Type I, which
is the type of collagen that defines the bulk of the
corneal stroma, or the collagen may be non-Type I
collagen. Or the implant element may be made from
combinations of different types of collagen, such as
20 types III, IV, V, and VII. The collagen may be
obtained from an animal source, for example, the
collagen may be human collagen, bovine collagen,
porcine collagen, avian collagen, murine collagen,
equine collagen, among others. Many different types

25 of collagen useful in the lenses of the present

invention are publicly available from companies, such

as Becton Dickenson. Or, the collagen may be
recombinantly synthesized, such as by using
recombinant DNA technology. One source of publicly

30 available recombinant collagen is FibroGen, South San
Francisco, CA. Alternatively, or 1in addition,
recombinant collagen may be prepared and obtained

using the methods disclosed in PCT Publication No. WO



reconbi nant col | agen may be prepared and obtai ned
usi ng the nethods disclosed in PCT Publication No.
woOae3n 07889 or WD 94/ 16570. In addition, the orCI/ES2005/016745
i mpl ant el enment may be made from materials descri bed
in one or nore of the follow ng:2W 2004/ 015090, WO
2004/ 014969, and WD 99/ 37752. |In addition, or
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water, and have refractive indices between about 1.3
and about 1.5, for example about 1.4, which is gimilar

to the refractive indices of water and a human cornea.

20 Examples of suitable hydrogel-forming polymer
materials or components of the disclosed ocular
implant elements include, without limitation, poly(2-
hydroxyethyl methacrylate) PHEMA, poly (glycerol
methacrylate) PGMA, polyelectrolyte materials,

25 polyethylene oxide, polyvinyl alcohol, polydioxaline,

poly(acrylic acid), poly (acrylamide) , poly (N-vinyl
pyrilidone) and the like and mixtures thereof. Many
of such materials are publicly available. In

addition, one or more monomers which do not themselves
30 produce homopolymers which are not hydrogel-forming
polymers, such as methylmethacrylate (MMA) , other
methacrylates, acrylates and the like and mixtures

thereof, can also be included in such hydrogel-forming
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Thus, the ocular implant elements may comprise a
synthetic material, a non-synthetic material, or a

20 combination thereof. In one embodiment, the ocular
implant element is made entirely from a synthetic
material. In certain embodiments, the ocular implant
element is made from a combination of collagen and a
synthetic material, including, combinations of bovine

25 collagen and a synthetic material, and combinations of
recombinant collagen and synthetic materials. In
additional embodiments, the lens may include a poly (N-

isopropylacrylamide) (polynipaam) component.

30 In reference to the disclosure herein, a corneal
onlay refers to a vision correcting 1lens that is
suitable for placement on an individual's eye to

provide enhancements to the individual's vision. The
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herein, a corneal onlay refers to a vision correcting
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's eye to provide enhancenents to the individual's

vi sion. Thepresent corneal onlays may be produced by
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o?di nary skill in the art . For exanple, a description

of wavefrgnt technal agy yr e :
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an ideal spherical shape, as.shown in-El G f S.
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at an% EOi nt. in the pupil of an eye. Methods of
measufth§*Wabve- front aberration are wel |

15
A wavefront aberration is the three dimensional
profile of the distance between a real 1light wave
front of a central spot of 1light and a reference
surface, e.g., an ideal spherical shape, as shown in
20 FIG. 1 of U.S. Patent No. 6,585,375, and as described
in Mierdel et al., "Der Ophthalmologe", No. 6, 1997.
A wavefront aberration may be understood to be an
optical path difference between an actual image
wavefront and an ideal reference wavefront centered at
25 an image point, at any point in the pupil of an eye.
Methods of measuring wave-front aberration are well

known to persons of ordinary skill in the art.

Briefly, and as described by Nader, N., Ocular

30 Surgery News, "Learning a new language: understanding
the terminology of wavefront-guided ablation™
(February 1, 2003), an aberrometer (e.g., an

instrument that measures the aberrations of an eye)



known to persons of ordinary skill in the art.

Briefly, and as described by Nader, N., OCcular Surgery
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detects the light rays' deviation The wavefront gets
deviated or distorted by inhomogeneities in the
refractive properties in the refractive media of the
eye, such as the lens, the cornea, the aqueous humor,
20 and the vitreous humor. The resulting image is then
typically recorded by a charge coupled device (CCD)

camera, for example.

The wavefront is then typically reconstructed and

25 the deviations are described mathematically in three
dimensions. The wavefront deviations may Dbe
calculated, at 1least in part, by analyzing the
direction of the 1light rays. Generally, parallel
light beams indicate a wavefront with little, if any,

30 aberrations, and nonparallel light beams indicate a
wavefront with aberrations that do not give

equidistant focal points.



the devi ations are described mathematically in three

di mensi ons. The wavefront devi ations nmay be
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15 to, coma, spherical aberrations, trefoil (wavefronts
with threefold symmetry), and gquadrefoil (wavefront
shapes with fourfold symmetry). Many higher-order
aberrations are not symmetrical, but some higher-order
aberrations, such as spherical aberrations, may be

20 symmetrical.

The refractive error measurements may be
transmitted to a lens-shaping machine or device, such
as a computerized lathe, where the shape of the ocular

25 implant element is determined using the information
from the wavefront device. Other lathes may also be
used, such as non-computerized lathes. Other devices
may include one or more lasers that can be used to
shape the ocular implant element or a tool used to

30 manufacture an ocular implant element. A lathe may be
used to alter. the shape of the ocular implant element
by ablating one or more portions of the lens (e.g.,

the lathe actes or is used directly on the ocular



transmtted to a | ens -shapi ng machi ne or device, such
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the wavefront aberrations nay be understood to be a
corneal aonlay. In.accordance with_the esen .
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eye waye e nteasbkechainc aotl yreditdifiabidli'tsateye may be
appropriate corneal onla onstruction. The ocular _.
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any neasured wavefront b]1errations Tﬁjs a corneal
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wavefront aberration corrective surface may be
provW%%ﬁF%ﬁg wavefront aberrations. us, a corneal onlay
is obtained with a lens body configured to correct a
wavefront aberration of a person's eye. The wavefront
aberration corrective surface may be provided on
20 either the anterior surface, the posterior surface, or
both the anterior and posterior surfaces. Thus, in

certain embodiments, the present onlays correct or

feduce higher-order wavefront aberrations. In
situations where the higher-order wavefront
25 aberrations are agymmetrical, the lenses are

configured to substantially maintain a desired

orientation to correct the wavefront aberrations.

After measuring the wavefront aberration or

30 aberrations of a person's eye, a method of enhancing
vision of an individual comprises altering the ocular
implant element based on the measured wavefront

aberration. The altering is effective in providing a



either the anterior surface, the posterior surface, or

both the anterior and posterior surfaces. Thus, in
we@egosaldr2enbodi ments, the present onlays corr eRCT/082005/016745

reduce hi gher-order wavefront aberrations. In
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has no corrective ocular power (e.g., a blank), or has
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aber pati@nspodde ablatj on Daysbe, ebbestioe ¢ proveds: a
portion of the element is effective to provide a
correction for the wavefront aberration or
aberrations. The ablation may be effective to provide
a spherical power.
20
The method of enhancing vision described above
may also comprise a step of placing the altered ocular
implant element (or corneal onlay) in the eye of the
individual between the epithelial cell layer, such as
25 the epithelium,' and the Bowman's wmembrane. The
corneal onlay may be placed in the eye by first
forming an epithelial flap on the individual's eye,
and then placing '‘the corneal onlay on the exposed
Bowman's membrane. This method may also comprise an
30 additional step of placing the epithelial flap over
the corneal onlay when the onlay is positioned on the
Bowman's membrane. Or, the onlay may be placed in a

pocket formed between the epithelium or epithelial



a spherical power. The nethod of enhancing vision
descri bed above nmay al so conprise a step of placing
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in the eye of the individual between the epithelial
cell layer, such as the epithel f@m and the Bowran's
menbr ane. The corneal onl ay may be placed in the eye
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corrpepstehealmaddmil ammalstseme@ﬂorpmaei ng the epithelial
flap over the corneal onlay when the onlay is
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part aobikhbe, SeﬁaﬁﬁaﬂﬁgCanmEBEBkéEﬁuHMEitwhidﬂ may or may
not be a part of the separator can then be used to cut
the portion of the epithelium that is being lifted
from the cornea to create a flap, or to completely
remove that portion of the epithelium that is being

20 manipulated.

Or the cutting device may use electromagnetic
energy to cut the epithelium. When electromagnetic
energy is used as the epithelial cutting device, it

25 may be desirable to use an electromagnetic energy
source, such as a laser, with reduced, and preferably
no, thermal energy to help reduce cellular injury
during the procedure. For example, a £fluid, such as
water or saline, may be used in conjunction with the

30 electromagnetic energy to reduce thermal damage caused
by the electromagnetic energy. When removing the
corneal epithelium, it may be desirable to remove one

or more small portions of Bowman's membrane, as



the portion of the epitheliumthat is being lifted
fromthe cornea to create a flap, or to conpletely
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therethrough without c¢reating an epithelial flap.

Typically, the incision will be formed away from the

pupil.

20 The incision can be made by cutting or slicing
the epithelium using a sharp instrument, such as a
microkeratome and the like, including the
microkeratome digclosed hereinabove. Alternatively,
or in addition, the incision can be made by using

25 blunt dissection to separate epithelial «cells to
create an opening in the epithelium without cutting or
slicing the epithelium. Blunt dissection provides an
advantage of reduced injury to the epithelial cells
and/or epithelial tissue.

30

The onlay may then be inserted through the
incision. The onlay may be inserted by using forceps,

or other similar device. Or, the onlay may be
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The epithelium may be raised prior to cutting the
epithelium. The epithelium may be raised using any
suitable technique that permits the epithelium to be
separated from Bowman's wmembrane preferably without
20 substantially damaging Bowman's membrane or the
corneal stroma. In certain embodiments, a portion of
the epithelium is raised using a vacuum. The vacuum
may be provided with a microkeratome, such as with the
separator disclosed in U.S. Patent Publication Nos.
25 2003/0018347 and 2003/0018348, or it may be provided

ags a separate instrument.

Alternatively, or in addition, the epithelium may

be lifted by delivering a fluid beneath a portion of

30 the epithelium. The delivery of £fluid causes the
epithelium to swell to create a bulge of epithelial
tissue that is spaced apart from Bowman's membrane, as

indicated above. One suitable fluid may include



simlar, or at |east somewhat simlar, to well known

and publicly avail able intraocular lens inserters. The
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separated from Bowran's nenbrane preferably w thout
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9 ui B ﬁ%‘ude a gel. The gel may be a gel that

i ncludes at | east one water soluble or water swellable

polynmeric _material, for exzirrpl ,.at least. on . ted
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GENTEM 1981 1 Dy SddraYi snan,inBdkuihg €#e onlay at the same

time. For example, the onlay may be located on an

epithelial delaminator blade during a cutting
procedure. After the pocket has been formed, the
onlay can be removed from the delaminator blade and
20 retained in the epithelial pocket as the delaminator

blade is removed from the pocket.

In another embodiment of the present invention, a

method for enhancing vision of an individual comprises

25 molding an ocular implant element to have an ocular
power effective in correcting the vision of an eye of

a person, measuring the wavefront aberration of the

eye of the individual, and ablating a portion of the
individual's eye on which the molded ocular implant

30 element 1is to be placed to correct the measured

wavefront aberration or aberrations.



The present corneal onlays nmay al so be inserted

bet ween an epitheliumand Bowran's nenbrane in a
woredohoth7eonpri sing a single step of form ng anPCT/US2005/016745

epithelial pocket and inserting the onlay at the sane

time. For exanple, the onlay may0be | ocated on an

epithelial delam nator blade during a cutting
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15 aberrations of the eye when the altered blank (e.g.,

corneal onlay) is located between the epithelial cell

layer and the Bowman's membrane.

Or, a method may comprise altering a blank or a

20 lens based on a wavefront aberration of an eye or eyes
of an individual to provide a correction for the
wavefront aberration. Such a method does not
necessarily require a step of measuring a wavefront
aberration or aberrations of the eye. BuF, the method

25 may comprise a step of receiving information regarding
the wavefront aberration or aberrations of an eye or
eyes of an individual. The information could include
results from a wavefront aberration measurement
procedure performed by a physician. The information

30 could be provided as printed results, or may be
transmitted electronically to an onlay manufacturer,
which can then alter the blank or lens to correct for

the wavefront aberrations. For example, a physician



eye of an individual, and altering a blank (e.g., an

ocul ar inplant elenment w thout an optical power) to
wEe@siide2e correction for the wavefront aberr ap@DOSO5/016745

aberrations of the eye when the altered blank (e.g.,

corneal onlay) is |ocated betweeh the epithelial cell

| ayer and the Bowran's nenbrane. O, a nethod may

conprawlad ah¢asiney et favtorakenragdopgsef o acye of an
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i ndividual to'provide a correction for the wavefront
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aberrations, in_accordan W [ '
As d?.SC'LlSSGd %ereldr?, C%he taqttel?:?.ngr es%:ee%t t{la%}/egct)rlngrnise
ablating at least a portion of the blank, which may be
effective to provide a spherical power. For example,
the ablating can be accomplished utilizing a lathe, a

20 laser, or any lens altering machine or device, or

combination of devices.

When lasers are used, the laser can be delivered

towards an ablation zone or area of the blank or lens

25 as a uniform number of pulses, or in a pattern where
the pulse density varies over the ablation zone. One
example of a suitable laser is the Star S4 excimer

laser available from VISX.

30 The ablation of the blank or lens by a laser,
lathe, or other similar device, is effective in
providing a desired curvature, as discussed herein.

The amount of the blank or lens material removed can



The foregoing nethod nmay al so conprise a step of

mol di ng the bl ank froman ophthal mically acceptable
woraiosniek9 as descri bed herein. The nol di ng caPChES2005/016745

performed using any conventional nolding process

simlar or identical to the noldéng of contact I|enses,

as understood by persons of ordinary skill in the art.
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{8l €éthe Bowman's membrane.

The foregoing method may also comprise a step of
molding an ophthalmically acceptable material into the
lens. Similar to the methods above, the altering step

20 may comprise ablating at least a portion of the lens,
for example, ablating at least a portion of the lens

to have a spherical power.

In view of the above, corneal onlays are
25 disclosed that are produced by any of the methods
above. The present corneal onlays and methods thus

provide permanent yet reversible, if necessary, vision

enhancement.
30 The present corneal onlay has an anterior
surface, a posterior surface, a peripheral edge

disposed at the juncture of the anterior surface and

the posterior surface. The anterior surface is



wavefront aberrations of an individual's eye or eyes,

and altering at |east a portion of a lens (e.g., an
we@ewbare7eapl ant el enent having an optical powePQT/U82005/016745

provide a correction for the wavefront aberration or

aberrations when the altered | eA3 (e.g., corneal

onlay) is placed between the epithelial cell l|ayer and
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15 depending on the particular visual deficiency

experienced by the patient.

In addition, the present corneal onlays may have
junctionless =zones, such as two or more zones that do

20 not have a visually or optically detectable junction.
The zones of the onlays may be smooth and continuous,

and the onlays may be optically optimized to correct

not only refractive errors, but also other optic
aberrations of the eye and/or the optical device

25 independently or in combination with correcting
refractive errors. As understood by persons skilled

in the art, corneal onlays may be structured to
correct visual deficiencies including, and not limited

to, myopia, hyperopia, astigmatism, and presbyopia.

30 The onlay may enhance or improve visual deficiencies
by either optical means or physical means imposed on

the stroma of the eye, or a combination thereof.

Thus, the corneal onlay may be a monofocal lens or a



optic zone is generally centrally |ocated about an
optical axis, such as a central optical axis, of the
wo enws/1a1eb t he peri pheral zone is di sposed bet we@€mnuUs2w05/016745
edge of the optic zone and the peripheral edge of the
corneal onlay. Additional zones2and onl ay
configurations may be provided with the onl ay
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receiving the onlay. The axis is typically used to

o as

align a cylinder of the lens to the patient based on
the inherent toricity of the individual's eye.
Advantageously, toric onlays without an axis, as
20 described above, may provide a reduced number of stock
keeping units (SKUs) in manufacturing the onlays. A
toric onlay may comprise one or more markings, such as
provided on or in the onlay, or on a removable
material attached to the onlay, which are effective in
25 showing where the <cylinder is on the onlay.
Advantageously, toric onlays may be used without
requiring a ballast to maintain proper orientation of
the onlay on the eye since the onlay may be held in a
relatively fixed position by the epithelium of the
30 appliance. However, a ballast may be provided if
desired. In certain embodiments, the onlay may
include a ballast, such as a prism, or it may include

one or more thinned regions, such as one or more



pl aced on an eye with an astigmatismto correct or
reduce the effects of the astigmatism The onlay may

W0 p@bade2e toric region | ocated on the posteriPCT/US2005/016745
surface of the onlay, or the onlay may include a toric
region |located on the anterior 88rface. A corneal
onlay conprising a toric region may be referred to as
a to:mﬁErorq:Iray an?liﬁert oF iRy tdd@s AONSRecessHfi |§rlays
requi r sheci fic axis.since Lhs, S feongan i
t he ont lfut o%t he co?)réercte gm * % ¥he i ndi vi dual ! may
r ecelndInglet henenl ay. ke adiesipsst ypiwd! | psuseangentric,
al i gn | i nd Ly he at i se
t he |r§1her%nt tor cff:{/ o?”kgﬁe m&%@?&%a aﬁ?/g)%a .gei%]tlve
gsdvammeml yabemomitdconl ays fficehbiive anaagier @ylti-zone
escribed above, Jmay nher 1 0fn BLecks
keepT‘%g TS - ( SROS) e%rg%anu?]gc{%%%g‘%t Eg o%[iaysn Joie
tori @1M@edmync@n]srl Feodreasiono e mat ki /s, ‘“Jsf)uchfﬂalsed
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correct respyo
nd pbou yop aﬂlthe 89&?@&5%?@, the diameter of the
onlay will be between about 7 mm and about 10 mm. The
optic zone of the onlay typically ranges from about 5
to about 11 mm, and preferably ranges from about 6 mm
20 to about 8 mm, in diameter. The optic zone may be

provided on either the anterior or posterior surface

of the onlay.

The posterior surface of the corneal onlay is

25 specifically configured to substantially align with
the anterior surface of a de-epithelialized eye.
Thus, the posterior surface of the onlay may include

one or more spherical or aspherical dimensions with a
base curve that ranges from about 5.0 mm to about 12.0

30 mm in diameter, preferably from about 6.0 mm to about
9.0 mm, and more preferably about 7.0 mm to about 8.5

mm. The thickness of the lens 40 at or near the

center of the lens (i.e., the center thickness) is



i nclude one or nore designs, such as concentric,

aspheric (either with positive and/or negative
waphenical aberration) , diffractive, and/or neXCT/US2051€16745

refractive. One exanple of suitable corneal onlays is

disclosed in U S. Application N8&¢ 10/661, 400, filed

Septenber 12, 2003. The corneal onlays disclosed
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15 stroma of an eye, and may be thin enough to promote
additional epithelial cell migration over the edge of

the onlay. Typically, the edge thickness of the onlay

is less than about 120 micrometers. In certain
embodiments, the onlay has an edge thickness less than

20 about 60 micrometers, and preferably less than about
30 micrometers. In a preferred embodiment, the lens

40 has an edge thickness of about 0 micrometers (for
example, the thickness of a sharp knife edge). The
onlay edge may be rounded on both the anterior and

25 posterior surfaces. Alternatively, the onlay edge may
include a rounded anterior surface and an apex on or

" near the posterior surface. Or, the onlay edge may be

shaped as a knife edge.

30 In certain embodiments, the corneal onlay may
also include a cellular attachment element. The
cellular attachment element facilitates the stable

positioning of an epithelial layer over the onlay.



center of the lens (i.e., the center thickness)
istypically greater than about 10 mcroneters and is

wo e®s/11d12n about 300 microneters. Preferably, PEEUS2005/016745
center thickness is between about 30 microneters and
about 200 microneters. The exact’or specific thickness
of the central region nay be determ ned on a
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that facilitate cellular attachment of the epithelial

layer to the onlay.

20 The cellular attachment element may also comprise
a polymer that supports adhesion of the epithelial
cells to the onlay. As discussed above, the onlay may
be made essentially from such polymers as disclosed in
U.S. Patent No. 5,994,133. In addition, these cell

25 growth substrate polymers may be chemically bonded or
otherwise coated on the surface of a hydrogel or
collagen based onlay to facilitate cellular attachment

to the onlay.

30 The cellular attachment element may also comprise
a corneal enhancer wmolecule, such as a corneal
enhancer molecule that specifically binds to a

molecule present on the extracellular surface of an



al so include a cellular attachnent el enent. The

cellular attachnment elenent facilitates the stable
w@omsticor ng of an epithelial |ayer over the PCT/US2005/016745

onl ay. Al t hough cel lul ar attachnment el enments may be

desirabl e when utilizing onl ays2fabricated from

col l agen, nost cellular attachment conponents may find
i ncrembEeligd i realie hydr BERTPRS noft hy 8rbEePl¢ enseneal

described herglnahave. QRLLULapogtlaehEAlcIR] STeAkS -
may include physical perturbations of the onlay, such
as i pelentde i ORED pr bRederitAreREidnt eXIGFRsuekaEaCEhAELAT

faclhLiaLe g%wir?g, AL ACTE L, Gth 0P SOL- Al L 8ka  REqand-

optical properties of e onlay. Indentations included
por espehiafiiextendeahr suhhnede SEASIEFomMSUTE At et PBERIN,

surface to the posterior, surfage ofetilie, Qulay. Thenesion

i ndentations nmay be provided over the entire onlay or
over paothotiotd openf idheseatence ThEAP ndénsul ionsimygrowth

al so_be_pravi Fﬁsq,_i specLfic. pat ; : Lensi ;
t hat f?%%ﬁ |OJt ate cépl’u%aghg%lggghn%ﬁﬂ%f altr}%ee%gpi t'hg?iﬁ]g?ln'
| ayeeibookbtestonl ayowihe Eettod ar (E6Fachmemd el Eerity  as

may al so, conpri a polyner su ghesi of
the gﬁlsﬂ% efn(}a)ll f:ie Ist%' t hepao%?ltaty. E\Rg{%?%%gjggedﬁg' us
abovepotr heoorliay Ay Bhemgadecessehtémtidncey owlsguhes may

pol yner s discl.osed in U,S. t +994 aed N
addi tlln‘égl,lg? hgsztect%ﬁr’gr%v&%h slﬂ%\gt r%g%lghg%l ?r%%r sf—:\ﬂn-gl)?/i tgle of
chenkepathyl trdnded ler tot Aetavlsamsbatiedaba oher silrdf awday -
of a hydrogel or collagen based onlay to facilitate
cellular attachment to the onl ay.

15 In one example, an ocular implant element may be

manufactured by molding a synthetic material, such as
collagen, in a lens mold having a desired structure to
correct a visual deficiency, thereby forming a lens.
The collagen lens may be modified on its surface to
20 promote cellular attachment of the epithelial cells.
The collagen lens may then be altered to correct one
or more wavefront aberrations measured from an

individual's eye or eyes.

25 While this invention has been described with
respect to various specific examples and embodiments,
it is to be wunderstood that the invention is mnot
limited thereto and other embodiments are within the
gscope of the invention.

30

A number of cited publications, patents, and
patent applications have been cited hereinabove. Each

of the cited publications, patents, and patent



The cel lular attachnent el enment nmay al so conprise a
corneal enhancer nol ecul e, such as a corneal enhancer
woriosad7ed t hat specifically binds to a nol ecul BCPUEREFI016745
on the extracellular surface of anepithelial cell
Exanpl es of suitable corneal enR&ncer nolecul es
i ncl ude peptides, such as the tripeptide, RGE, the _
pent apelpitdade onyl @G3R, saarac elnafmorghedi Pypristigace 1in
corng&%ﬂg&gﬁﬁgeggggprs, and |igandspecific cornea
enhanceér speci es, such as lamnin, fibronectin,
substance P, fibronectin adhesion pronoting peptide
sequence, FAP, insulin- like growh factor-1 (I1G--1),
k-lTaminin, talin, integrin, kalinin, fibroblast growth
factor (FGF) , and TGF- b, as disclosed in U S. Patent
Publ i cati on No. US 2002/0007217 Al. These cornea
enhancer nol ecul es may include a tether, which nay
enhance the ability of epithelial cells to attach and
m grate over the onlay. In one exanple, an ocul ar
i npl ant el ement may be manufactured by nolding a
synthetic material, such as collagen, in a lens nold
having a desired structure to correct a visua
deficiency, thereby formng a I ens. The coll agen |ens
may be nodified on its surface to pronote cellular
attachnment of the epithelial cells. The collagen | ens
may then be altered to correct one or nore wavefront
aberrations neasured froman individual 's eye or eyes
While this invention has been described with respect
to various specific exanples and enbodi nents, it is to
be understood that the invention is not



limted thereto and ot her enbodinents are within the
scope of the invention. A nunber of cited
w@ambiloaed ons, patents, and patent applicati onBCTIHS®05/016745

been cited herei nabove. Each of the cited

publications, patents, and patefAfapplications are
hereby incorporated by reference in their

ent i Wiett eiss Wiatimed ¢bainmed is : 1 . A nethod for
enhanci ng vi sion of an individual conprising:

measuring a wavefront aberration of an eye of an
:ndividugL, t Be eyetloohprfsr ngeahaepithel vapiee| | of an
ayer_and. 0 n' brane; and a step sel ected

from?® %YE§%£%%%%F§?§?$ g of: altering aﬁ ocul ar

i npl ant el enemtealbasédgon tweerefwanar edemapefponet an eye

aberration to.proyide a correcti r,.the velr ;
aber Pat oh VSR TR e e e e
| ocatedl i eyt eyel beBueesn tshencgpireheli i @ahdcel | | ayer

and the Bowman's ggnbggggctegngfgglq5ﬂg ﬁréﬁgn%ghsisting

onlay having dn 9 ar power effective i recting
the yfsion of an eye of an individual, and ablating a

Toasur od waverIoE berfartonet, (Borehh SERREE, Riea on

cl ai ghd , meheueed thevetubrar |aptardtieener igrevide a

et REEBCOITT cAPponer. 3% ST ot T o S, e, the

wher gipetd® 66ULla&r implant element is located in an eye

between the epithelial cell layer and the Bowman's
membrane, and

molding a corneal onlay having an ocular

power effective in correcting the vision of an eye of

an individual, and ablating a portion of the eye of

the individual to correct the measured wavefront

aberration. .

2. The method of claim 1, wherein the ocular
implant element is a blank without a corrective ocular

power or a lens having an optical power.

3. The method of claim 1, wherein the ocular
implant element is a blank without a corrective ocular
power or a lens having an optical powér, and the step
of altering the ocular implant element comprises
ablating at least a portion of the blank or lens to

provide a correction for the wavefront aberration.



i mpl ant el enent is a blank without a corrective ocul ar

power or a |lens having an optical power, and the step
w@booaliterd ng the ocul ar i nplant el ement conpri BEBUS2005/016745

ablating at least a portion of the blank or lens to

provide a correction for the wavéfront aberration.4 .

The method of claim3 , wherein the step of altering

the ocul & i nBhanmeshedent €dapRi Ses ASFELRNGREt StERstof

a pord e Vi PRefkbe ke PONSTatin
5. a(flhéeeqflr}é1 hgtcljjlgofj g%?%miﬁpgrﬁur%%g% n%o%%fnlt?si %g a step 7
of placdiawptt ke palrtépedobctitarbliany &t PEPEABAL 2 ofPherical
corgée&&eronl ay in the eye between the epithelial cell

| ay and the Bowran 's nenbrane . 6 . The nethod of
claim5 , further conprising a step of form ng an

epi thelial T1aReOkoeRLENEL! 81 PRCKE! chefaf! Lbdlfing a
pl acenent” ‘'of the altered ocular inplant elenment or

cor neadp oni ayldgqinchehey el teredAcpet hvdioplyproderkstrita or
corneal onl a conprising. rd {
SberTarIOn oY cb St e i din ey el cent
conprawimeran tepi Bhehamls cenlbreager and a Bownan' s
menbrane; and a step selected fromthe group

consisting of: altering an ocular blank w thout a
correctiwe ocuhar mpohed vbd pilevindé, afcothect fonpfigring a

t he vefrant _aberrati on of .the,e o) e indiyi .
when®t e &%t eF8E™ 5891 & bleé)r%&ﬁ?%l¥gca{1eag1bé) \/\eééi%@lal
epi thetiiad €€l EatayeratandpldrenBommef stivendl beresd apcilar

implant element or corneal onlay in the eye.

7. A method of producing a corneal onlay,

comprising:

measuring a wavefront aberration of an eye
of an individual, the eye comprising an epithelial
cell layer and a Bowman's membrane; and

a step selected from the group consisting
of:

altering an ocular blank without a
corrective ocular power to provide a correction for
the wavefront aberration of the eye of the individual
when the altered ocular blank is located between the
epithelial cell layer and the Bowman's membrane, and

altering at least a portion of é lens having
a fixed optical power to provide a correction for the
wavefront aberration of the eye of the individual when
the altered lens is located between the epithelial

cell layer and the Bowman's membrane.



altering at |least a portion of a lens having a fixed
optical power to provide a correction for the

wowrefiteoed aberration of the eye of the indiviPCEUS2WO&0N6745
the altered lens is | ocated between the epithelial
cell layer and the Bowran's nment32ane.8 . The net hod of
claim?7 , further conprising a step of nolding the
ocul ar blank dﬂmtm@tMQdSOﬁr@ﬁaam 6ph¢h§thﬁ€abpyprisin9 a

accept abl e nat e
vvherglénpai){‘erl ng It?%etlg%u ar m%qg‘ ”12113 from an

conpbphesarmﬂqamhwgaateb&@bﬁezmqﬂﬁﬂya@n of the ocul ar

bl ank or the lens, respectively. 10. The nethod of
claim7 , wherein altering the ocular blank or the

| ens conpg i sesrhablnattihog aﬁ keasm a . potereanofltheing the

bl ank or t ns toq ha e herl I

respSE?iﬁ rﬁiaé%L A corneaF on? y %%%éﬁggﬁiﬁﬁ fheteast @
Wethpdrﬁiom|dﬁrﬁﬁé octh2ar AoTetiheet ¢ahepledaci ngspectively.
corneal onlay, conprising: altering an ocul ar bl ank

W t hout a corrective ocular power or at |east a

portion ofoa |®mnrs deHodg of fdleed Opt iwd@irepowedtetring the

prOV|de a ctlo for a wavefront aherration, of _a
Cye BPELR: | RN (RFalFH R P hE Rt o AR A oh FanRoare 2

|enspbsti@ﬁabedtbetmmeﬂkaarephéhebnaltoehhvbayempaadlcal
Bowman' s nenbr ane .of the i ndi vidual . 13. The net hod

of cPAFRT 125 IRFTHEF ¥onprising a step of: receiving
information regardi ng a wavefront

11. A corneal onlay produced by the method of

claim 7.

12. A method of producing a corneal onlay,
comprising:
altering an ocular blank without a
corrective ocular power or at least a portion of a
lens having a fixed optical power, to provide a
correction for a wavefront aberration of an eye of an
individual when the altered ocular blank or lens is
located between an epithelial cell layer and Bowman's

membrane of the individual.

13. The method of claim 12, further comprising a
step of:
receiving information regarding a wavefront

aberration measured for the eye of the individual.



aberration neasured for the eye of the individual.14

The nmethod of claim 12, further conprising a step of
woredoditngg24 he ocul ar bl ank or | ens from an PCT/US2005/016745

ophthal m cally acceptable material. 15. The net hod of

claim 12, wherein altering the 88ular blank or |ens

conprises ablating at |east a portion of the ocular

bl ank or l4ens Theespebedvef yclain Ithe fvethed 6PTRTHFHRI 2

12, erein la[lm%f&i%g EP@ Qeilal. bhank. oyl esSns  from an

[ (o]
con'pr i Ses ab ng -at l'east a portion of t he bl ank or
| ensophigspacidaldly acteptrvie asggénical power. 17. A
corneal onlay produced by the method of claim12 . 18.
The method of claim 12, wherein altering the | ens
conpri sesiasi rigleamleahhé 6D alaim lhe whareinlgltghgng the

nmet hod im18 rei h d_di negtly
on t R&" f L’?%Irlkor?’ra\é\fe%sse?fﬁ%réeggn% f'Lg%on |agr e%%tSt @
f or mparcsmesl thel ayulO. bl wet Aedsof respeehiv®ly.
wherein the lathe is used on a netal insert for a
t her nopl asti ¢ nol d.

16. The method of claim 12, wherein altering the

ocular blank or lens comprises ablating at least a
portion of the blank or lens, respectively, to have a

spherical power.

17. A corneal onlay produced by the method of

claim 12.

18. The method of claim 12, wherein altering the

lens comprises using a lathe to alter the lens.

19. The method of claim 18, wherein the lathe is
used directly on the lens, or on an insert for a mold

configured to form a corneal onlay.

20. The method of claim 19, wherein the lathe is

used on a metal insert for a thermoplastic mold.



