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TECHNICAL FIELD

[0003] This disclosure is generally directed to ocular

devices. More specifically, this disclosure is directed to an

artificial intraocular lens, altered natural crystalline lens, or

refilled natural crystalline lens capsule (or other intraocular

lens implant) with one or more scleral prostheses for improved

performance .



BACKGROUND

[0004] The natural crystalline lens of the eye may need

alteration or replacement for any number of reasons. These

reasons include, but are not limited to, opacification of the

lens (causing cataract) or natural aging of the lens (causing

presbyopia). Often times, these or other problems may require

removal of the natural crystalline lens and replacement with an

artificial intraocular lens (IOL) during a surgical eye

procedure .

[0005] There are various types of intraocular lenses on the

market today, including "accommodating" and "non-accommodating"

lenses. "Accommodation" in this sense refers to the ability of

the eye to dynamically focus on near objects, providing a range

of multiple near focal points. The range of multiple focal

points in a young person is provided by the crystalline lens,

which changes shape in order to see various objects at near.

However, as a person ages, the range of near focal points

gradually diminishes, and the ability to see at near is typically

diminished significantly by the age of 45 (a condition known as

presbyopia) .

[0006] Accommodating intraocular lenses typically provide (or

claim to provide) a small amount of accommodation, allowing a

patient to focus on more than one near focal point in a manner

similar to that of a person 30 to 40 years old. However, in

many existing accommodating intraocular lenses, the range of near

focal points may be quite limited.

[0007] Non-accommodating intraocular lenses may be monofocal,

having one fixed focal point that can be at distance or at near

as determined by the prescription of the lens and provide no

dynamic accommodation abilities. Another type of non-

accommodating intraocular lens has multiple fixed focal points

(typically one at distance and one at near) , which are provided

using non-spheric or dif tractive optics. These are typically



classified as multi-focal intraocular lenses.

[0008] Other techniques to alter the natural crystalline lens

may also be used to treat lens disorders. These techniques

could include the application of pharmaceutical agents to the

lens. These techniques could also include the use of (i) laser,

other light, or other electro-magnetic radiation and/or (ii)

sound or ultrasound waves. These techniques could further

include the removal and replacement of part or all of the lens

material with a refilling type procedure.

[0009] It is also possible to treat presbyopia, glaucoma, and

other eye disorders by implanting scleral prostheses within the

sclera of a patient's eye. For each individual scleral

prosthesis, an incision is made in the sclera of the patient's

eye. The incision is then extended under the surface of the

sclera to form a scleral "tunnel," and a scleral prosthesis is

placed within the tunnel. One or multiple scleral prostheses may

be implanted in a patient's eye to (among other things) treat

presbyopia, glaucoma, ocular hypertension, elevated intraocular

pressure, or other eye disorders. This technique is described

more fully in the related U.S. patents documents incorporated by

reference above.



SUMMARY

[0010] This disclosure provides an artificial intraocular

lens, altered natural crystalline lens, or refilled natural

crystalline lens capsule (or other intraocular lens implant) with

one or more scleral prostheses for improved performance.

[0011] In a first embodiment, a system includes an intraocular

lens configured to replace a natural crystalline lens of an eye.

The system also includes one or more scleral prostheses

configured to be inserted into scleral tissue of the eye. The

one or more scleral prostheses are configured to modify a

structure of the eye to improve an accommodative ability of the

eye with the intraocular lens.

[0012] In a second embodiment, a method includes inserting an

intraocular lens into an eye to replace a natural crystalline

lens of the eye. The method also includes inserting one or more

scleral prostheses into scleral tissue of the eye. The one or

more scleral prostheses modify a structure of the eye and improve

an accommodative ability of the eye with the intraocular lens.

[0013] In a third embodiment, a method includes modifying a

natural lens of an eye and inserting one or more scleral

prostheses into scleral tissue of the eye. The one or more

scleral prostheses modify a structure of the eye to improve an

accommodative ability of the eye with the modified natural lens.

[0014] In a fourth embodiment, a method includes filling a

crystalline lens capsule of an eye with one or more materials.

The method also includes inserting one or more scleral prostheses

into scleral tissue of the eye. The one or more scleral

prostheses modify a structure of the eye to improve an

accommodative ability of the eye with the filled crystalline lens

capsule.

[0015] Other technical features may be readily apparent to one

skilled in the art from the following figures, descriptions, and

claims .



BRIEF DESCRIPTION OF THE DRAWINGS

[0016] For a more complete understanding of this disclosure

and its features, reference is now made to the following

description, taken in conjunction with the accompanying drawings,

in which:

[0017] FIGURES 1 and 2 illustrate an example eye in a

presbyopic person focusing at distance without accommodation and

attempting to focus at near without modification;

[0018] FIGURES 3 and 4 illustrate an example eye in a

presbyopic person focusing at distance and focusing at near with

modification;

[0019] FIGURES 5 and 6 illustrate an example eye having a non-

accommodating intraocular lens focusing at distance and focusing

at near with modification;

[0020] FIGURES 7 and 8 illustrate an example eye having an

accommodating intraocular lens focusing at distance and focusing

at near with modification;

[0021] FIGURES 9 and 10 illustrate an example eye having

another accommodating intraocular lens focusing at distance and

focusing at near with modification; and

[0022] FIGURE 11 illustrates an example method for providing

improved accommodation in an eye.



DETAILED DESCRIPTION

[0023] FIGURES 1 through 11, discussed below, and the various

embodiments used to describe the principles of the present

invention in this patent document are by way of illustration only

and should not be construed in any way to limit the scope of the

invention. Those skilled in the art will understand that the

principles of the present invention may be implemented in

any type of suitably arranged device or system.

[0024] In accordance with this disclosure, an artificial

intraocular lens, altered natural crystalline lens, or refilled

natural crystalline lens capsule and one or more scleral

prostheses can be used in a patient's eye. For example, an

artificial intraocular lens and one or more scleral prostheses

could be inserted into the patient's eye at the same time or at

different times. Also, the natural crystalline lens may or may

not be altered, or the natural crystalline lens capsule may or

may not be refilled, at the same time that the one or more

scleral prostheses are inserted into the patient's eye. The

artificial intraocular lens, altered natural crystalline lens, or

refilled natural crystalline lens capsule could be accommodating

or non-accommodating. The one or more scleral prostheses could

(i) improve the accommodative abilities of an accommodating

intraocular lens, (ϋ ) provide accommodation for a non-

accommodating intraocular lens, or (iii) improve or provide an

accommodating effect to an altered natural crystalline lens or to

a refilled natural crystalline lens capsule. Any suitable lens

alteration technique or lens capsule refilling technique could be

used here, or any suitable intraocular lens could be used here.

Similarly, any suitable scleral prosthesis could be used here,

such as any of the scleral prostheses disclosed in the U.S.

patent documents incorporated by reference above.

[0025] FIGURES 1 and 2 illustrate an example eye 100 in a

presbyopic person focusing at distance without accommodation and



attempting to focus at near without modification. In particular,

FIGURE 1 illustrates the eye 100 in the presbyopic person

focusing at distance without accommodation, and FIGURE 2

illustrates an example of the eye 100 in a presbyopic person

attempting to focus at near without modification.

[0026] A s shown in FIGURE 1 , the eye 100 includes a

crystalline lens capsule 102, a crystalline lens 103, an iris

104, a cornea 106, and a sclera 108. In general, the crystalline

lens 103 focuses light entering the eye 100 through the cornea

106 on the retina at the back of the eye. The sclera 108

represents the tough outer white portion of the eye 100. The eye

100 also includes the ciliary processes 110 and the ciliary

muscles 112 (collective called the "ciliary body"). The ciliary

processes 110 include soft glands connected to the outer surface

of the ciliary muscles 112. The ciliary processes 110 produce

aqueous, which is constantly flowing across the anterior surface

of the crystalline lens 103, up through the pupil of the eye, and

out through a series of pores at the outer edge of the iris 104

called the trabecular meshwork. The aqueous provides nourishment

for the crystalline lens 103 and the cornea 106 and provides

pressure for the eye 100. The ciliary muscles 112 are attached

to the inner surface of the sclera 108. The crystalline lens 103

is held within a thin flexible envelope made of tissue known as

the crystalline lens capsule 102.

[0027] The ciliary muscles 112 are attached to the crystalline

lens capsule 102 by various fibers known as zonules 114a-114c,

which pass through the ciliary processes 110 before reaching the

lens capsule 102. In response to changes in the position of the

ciliary muscles 112, the zonules 114a-114c can manipulate the

lens capsule 102, causing the crystalline lens 103 to change

shape and become more convex. When the lens 103 becomes more

convex, its refractive power increases, changing how rays of

light fall on the retina and allowing the eye 100 to focus at



near. However, as the eye ages, the working distance between the

outer diameter of the crystalline lens 103 and the ciliary

muscles 112 diminishes. This eventually causes relaxation in the

tension that the zonules 114a-114c can exert on the crystalline

lens 103. For most people (typically by the age of 45), the loss

of tension on the zonules becomes great enough that changes in

the position of the ciliary muscles 112 can no longer adequately

change the shape of the crystalline lens 103 for near vision

without additional optical correction. By age 65, most people

lose the ability to focus at near altogether. The eye 100 shown

in FIGURE 1 is the eye of a person who is suffering from

presbyopia, and the zonules 114a-114c no longer exert enough

tension to change the shape of the crystalline lens 103 to permit

dynamic accommodation. This lack of tension in the zonules is

portrayed graphically by "waves" in the path between the

attachment points for each zonule.

[0028] The zonules 114a-114c here include anterior zonules

114a, equatorial zonules 114b, and posterior zonules 114c (which

are based on where the zonules connect to the crystalline lens

capsule 102). In general, the anterior zonules 114a typically

connect to the lens capsule 102 approximately 1.5-2 .0mm anterior

to the equatorial plane of the crystalline lens 103. The

equatorial zonules 114b typically connect to the lens capsule 102

at approximately the lens equator itself. The posterior zonules

114c typically connect to the lens capsule 102 approximately 1.5-

2.0mm posterior to the lens equator.

[0029] As depicted in FIGURE 1 , the anterior, equatorial and

posterior zonules 114a-114c criss-cross before attaching to the

ciliary muscles 112 so that the posterior zonules 114c are

attached to a point anterior to both the equatorial and anterior

zonules 114a-114b. In FIGURE 1 , the crystalline lens 103 is in

its relaxed state, and the ciliary muscles 112 are similarly in

their relaxed non-accommodated state, meaning the lens 103 is



focused at distance (focused for distance viewing) .

[0030] As shown in FIGURE 2 , the eye 100 is attempting to

focus at near (such as on a near object), and the ciliary muscles

112 contract. Due to the ring-like shape of the ciliary muscles

112 as they encircle the inside of the sclera 108, this

contraction causes its mass to move inward and upward to a

position of a smaller minor circle on the interior of the globe.

This movement moves the attachment points for the zonules 114a-

114c on the ciliary muscles 112 upwards as well. In a young

person with a natural crystalline lens 103 and without

presbyopia, this movement affects the shape of the natural

crystalline lens 103, allowing the lens 103 to increase its

dioptric focusing power and become focused at near. However, the

upward and inward movement of the ciliary muscles 112 in a person

who has presbyopia (as depicted in FIGURE 2 ) does not result in a

change in the shape of the natural crystalline lens 103, so there

is little or no increase in the dioptric focusing power of the

lens. This is primarily because the tension on the zonules 114a-

114c decreases as a person ages, which may be due to the outward

growth of the crystalline lens 103 and/or the inward growth of

the ciliary body /muscles towards the lens 103. As a result, the

"circumlenticular" distance between the ciliary body/muscles and

the crystalline lens 103 is reduced on a linear basis with age,

reducing the tension on at least some of the zonules 114a-114c

(shown here by the "wavy" lines representing loose or slack

zonules) until there is no longer enough tension to change the

shape of the lens 103. Because of this, even though the ciliary

body/muscles are still contracting, a person (typically starting

at the age of 45) often loses the ability to focus on near

objects, and is thus said to have the condition known as

presbyopia .

[0031] FIGURES 3 and 4 illustrate an example eye in a

presbyopic person focusing at distance and focusing at near with



modification. As noted in the U.S. patent documents incorporated

by reference above, one or more scleral prostheses can be used to

help reduce or eliminate presbyopia (as well as other eye

disorders) . FIGURE 3 illustrates an example of the eye 100

focusing at distance with modification, and FIGURE 4 illustrates

an example of the eye 100 focusing at near with modification.

[0032] As shown in FIGURE 3 , a scleral prosthesis 116 has been

inserted into the patient's scleral tissue. The patient

illustrated here is presbyopic, which is depicted with loose or

"wavy" zonules 114a-114c due to the reduced distance between the

edge of the crystalline lens 103 and the ciliary body/muscles.

The scleral prosthesis 116 creates "vaulting" at its anterior

surface and/or its posterior surface. This may or may not

immediately cause tightening of at least some of the zonules

114a-114c, depending upon the exact attachment points of the

zonules on the ciliary muscles 112 at rest. In FIGURE 3 , the

scleral prosthesis 116 is shown as having no immediate effect on

tightening the zonules because (i) the attachment points for the

zonules are shown as being below the point of vaulting from the

scleral prosthesis 116 and (ii) the eye 100 is focused at

distance .

[0033] As shown in FIGURE 4 , the ciliary muscles 112 contract,

moving upward and inward. This moves the attachment points for

the zonules 114a-114c upwards as well. However, in this case the

vaulting created by the sclera prosthesis 116 exaggerates the

tension on at least some of the zonules 114a-114c, actually

restoring the tension experienced during a patient's younger

years (also known as restoring the "working distance" between the

lens 103 and the ciliary muscles 112). This increased tension

causes the shape of the lens 103 to "round-up" or become more

convex centrally, thereby changing the dioptric power of the lens

103 and allowing the patient to focus on near objects. This

helps to reduce or eliminate presbyopia in the patient.



[0034] The Helmholtz theory of presbyopia postulates that the

movement of the ciliary muscles (or the ciliary body) is mostly

inward directly towards the center of the crystalline lens 103,

releasing tension on all zonules evenly and allowing the

crystalline lens 103 to "round-up" during accommodation.

However, recent research indicates rhat the ciliary muscles 112

move both upward and inward during accommodation (during focusing

on near objects) to a smaller minor circle of the globe of the

eye, which is illustrated in FIGURES 1 through 4 . Regardless of

the movement of the ciliary muscles 112 during accommodation, it

has been established that the insertion of one or more scleral

prostheses 116 into a patient's eye can help to restore

accommodative power to the crystalline lens 103 of the eye.

[0035] Moreover, in FIGURES 1 through 4 , the anterior zonules

114a and the posterior zonules 114c are shown to "criss-cross."

Again, recent research indicates that the anterior and posterior

zonules may criss-cross either within the ciliary processes 110

or possibly even prior to entering the ciliary processes 110.

With this configuration of zonules, the accommodation experienced

in FIGURE 4 can be explained as follows. With the aid of

vaulting created by the scleral prosthesis 116, the upward

movement of the ciliary muscles 112 actually pulls on the

posterior zonules 114c and relaxes the anterior and eguatorial

zonules 114a-114b. This pulls upward on the posterior surface of

the lens 103 (thereby causing it to "round up" and increase its

effective dioptric power) and reduces or removes tension from the

anterior surface of the lens 103 (thereby reducing or removing

resistance to the lens "rounding-up") . This may change the

position of the natural crystalline lens and/or increase the

thickness of the lens 103. Increasing the thickness of the lens

103 increases the distance between the anterior surface and the

posterior surface of the lens 103 in the center of the "visual

axis," thereby increasing the overall effective refractive power



of the lens 103 and allowing the eye to focus on near objects

clearly.

[0036] In FIGURE 2 , however, there is no scleral prosthesis

116. The upward movement of the ciliary muscles 112 might move

the attachment point for the posterior zonules 114c up, but the

posterior zonules 114c do not experience enough increase in

tension to trigger the accommodative "rounding-up" of the lens

103. Thus, there may be little or no change in the shape or

position of the lens 103, even though the anterior and equatorial

zonules 114a-114b (which have relaxed) offer little or no

resistance to a change in the shape of the lens 103. Again,

however, regardless of the orientation of the zonules 114a-114c,

it has been established that the insertion of one or more scleral

prostheses 116 into a patient's eye can help to restore

accommodative power to the crystalline lens 103 of the eye.

[0037] In accordance with this disclosure, the insertion of

one or more scleral prostheses 116 into a patient's eye can also

help to provide accommodative power to an artificial lens

implanted into the patient's eye. FIGURES 5 and 6 illustrate an

example eye 100 having a non-accommodating intraocular lens 502

focusing at distance and focusing at near with modification.

[0038] As shown in FIGURE 5 , the substance of the natural

crystalline lens 103 has been entirely removed, leaving the

zonules 114a-114c attached to the lens capsule 102 and the lens

capsule 102. This could be done through a capsulorrhexis or

small incision in the center of the anterior surface of the lens

capsule. This could also involve the use of phacoemulsification,

which includes using ultra-sound energy to break the natural

crystalline lens 103 into very small pieces that can be vacuumed

out through the use of suction instruments. The instruments used

for capsulorrhexis and phacoemulsification could be inserted

through a small incision (such as 2.7 mm) in the cornea 106 just

above the limbus where the cornea 106 meets the sclera 108. This



is often done to remove cataracts or to perform a Refractive Lens

Exchange (RLE) to provide a solution for presbyopia. What

remains after the natural lens 103 has been removed is the

crystalline lens capsule 102 that formerly surrounded the lens

103, along with the zonular attachments (zonules 114a-114c) that

helped to hold the lens 103 in place and still hold the lens

capsule 102 in place.

[0039] A non-accommodating intraocular lens 502, such as one

made from some form of acrylic, silicone or other material, is

often (but not always) folded into an "injector" similar to a

hypodermic needle. The injector is inserted through the small

incision in the cornea 106 and through the incision made in the

center of the lens capsule 102. The plunger on the injector is

actuated, forcing the folded intraocular lens 502 out of the

injector into the lens capsule 102 where it slowly unfolds.

Eventually, the lens capsule 102 shrinks and forms itself to the

shape of the particular intraocular lens 502. Nonetheless, the

zonules 114a-114c remain attached to the lens capsule, such as

1.5-2. 0mm from the far edge of the intraocular lens 502. The

intraocular lens 502 also includes "haptics" or small arms that

are connected to the intraocular lens 502. The haptics help

center the intraocular lens 502 in the lens capsule 102 so that

the lens 502 remains directly in the optic axis.

[0040] In FIGURE 5 , the zonules 114a-114c are "wavy" (i) to

represent the fact that the person illustrated here is any

patient that has had this type of surgery regardless of age and

has therefore become presbyopic and (ii) because the eye is

focused at distance. In the case of natural lens removal and

replacement with a non-accommodating intraocular lens 502 as

shown in FIGURE 5 , the zonules 114a-114c may be even more relaxed

since the intraocular lens 502 does not have the same volume and

shape as the natural lens 103 and thus the whole capsule may be

looser. As in previous figures, the zonules 114a-114c may criss-



cross as they attach to the ciliary muscles 112. Also, a scleral

prosthesis 116 has been inserted into the patient's eye.

[0041] FIGURE 6 illustrates the example eye 100 in a patient

that has had this form of surgery regardless of age and has

therefore become presbyopic, with the intraocular lens 502

focusing at near with modification. The arrangement shown in

FIGURE 6 is the same as that shown in FIGURE 5 , except that the

eye is attempting to accommodate. Because of the presence of the

scleral prosthesis 116, the zonules can exert more tension, and

the intraocular lens 502 actually moves forward from its initial

position 504 to the current position shown in FIGURE 6 . In this

example, the ciliary muscle 112 moves up and in, which causes the

posterior zonules 114c to tighten and pull the whole intraocular

lens 502 up, vaulting the lens 502 forward. Because the distance

between the anterior surface of the intraocular lens 502 and the

cornea 104 has decreased, there is a vertex distance effect,

increasing the effective dioptric power of the non-accommodating

lens 502 and allowing the patient to see near objects more

clearly.

[0042] In some embodiments, the non-accommodating lens 502

represents a monocular intraocular lens, meaning it has one fixed

focal point. Without the scleral prosthesis 116, there has been

no indication (by manufacturers or researchers) that there is

even moderate improvement in near vision with normal non-

accommodating monocular intraocular lenses as the ciliary muscles

112 attempt to accommodate. Near vision could often be improved

with a normal monocular non-accommodating intraocular lens only

if dioptric power (or "add") is built into the prescription of

the intraocular lens itself. Whatever focal length or near

vision acuity is built into the prescription of the monocular

intraocular lens is fixed once implanted in the patient and does

not change. Conversely, even a normal monocular intraocular lens

502 can achieve some moderate to substantial accommodative effect



due to vertex distance change if combined with the use of one or

more scleral prostheses 116.

[0043] In other embodiments, multi-focal intraocular lenses

502 (such as refractive multi-focal intraocular lenses with

concentric optic circles, diffractive multifocal lenses with

concentric diffractive steps, or other aspheric designs allowing

for both distance and near focal points with the same lens) could

be used. A multi-focal intraocular lens 502 could be vaulted

forward in a fashion similar to a normal monocular intraocular

lens since their mechanical structures are very similar. This

likewise may provide an accommodative effect as the ciliary

muscles 112 contract in combination with one or more sclera

prostheses 116. Example manufacturers of multi-focal intraocular

lenses on the market today are ALCON (RESTORE) and AMO (REZOOM) .

[0044] FIGURES 7 and 8 illustrate an example eye 100 having an

accommodating intraocular lens 702 focusing at distance and

focusing at near with modification. FIGURE 7 is similar to

FIGURE 5 . However, in this example, the accommodating

intraocular lens 702 represents a single-optic accommodating

lens, such as a CRYSTALENS intraocular lens by EYEONICS. In

FIGURE 7 , the zonules 114a-114c are "wavy" because (i) the

patient illustrated has had his or her natural lens replaced and

is thus presbyopic regardless of age and (ii) the eye is focused

at distance. While the haptics shown here are relatively flat,

some versions of single-optic accommodating lens may have the

haptics angled slightly downwards or slightly upwards towards the

cornea. In other embodiments, the eye 100 in FIGURE 7 could

include an altered natural crystalline lens or a refilled natural

lens capsule, which could have a shape more similar to the

natural crystalline lens 103.

[0045] FIGURE 8 illustrates the example eye 100 with the

accommodating intraocular lens 702 focusing at near with

modification. The arrangement shown in FIGURE 8 is the same as



that shown in FIGURE 7 , except that the eye 100 is attempting to

accommodate and has vaulted the intraocular lens 702 (or the

posterior portion of the altered natural crystalline lens or

refilled natural lens capsule) forward. In this example, the

posterior zonules 114c have moved forward and are tightened due

to the presence of the scleral prosthesis 116. Also, in some

embodiments, the whole lens not only vaults forward, but the

CRYSTALENS haptics (which are designed to bend at "hinges" where

the haptics are attached to the lens optics) or other lens

haptics also bend forward from the hinges. This could cause some

form of arching in the anterior surface of the single lens optic,

increasing its refractive power (in addition to the whole lens

being closer to the cornea 104, which also provides a vertex

distance effect) . As such, by increasing the amount of bend in

the CRYSTALENS or other haptics and by providing more forward

vaulting movement, the scleral prosthesis 116 can substantially

improve the current performance of the CRYSTALENS accommodating

lens or any other accommodating lenses that have a similar

structure or mode of action.

[0046] FIGURES 9 and 10 illustrate an example eye 100 having

another accommodating intraocular lens 902 focusing at distance

and focusing at near with modification. In FIGURE 9 , the zonules

114a-114c are again "wavy" because (i) the patient illustrated

here has had his or her natural lens replaced and is thus

presbyopic regardless of age and (ii) the eye is focused at

distance. In other embodiments, the eye 100 in FIGURE 9 could

include an altered natural crystalline lens or a refilled natural

lens capsule, which could also have a shape more similar to the

natural crystalline lens 103.

[0047] In this example, the intraocular lens 902 represents a

dual-optic accommodating lens or any other lens that changes its

effective dioptric power through mechanical, hydraulic, laser,

electrical, refractive index manipulation, chemical, or other



means. A s a particular example, the intraocular lens 902 could

represent an intraocular lens by VISIOGEN. This type of lens

could have approximately the same volume and dimensions as the

natural crystalline lens 103. In particular embodiments, there

may be a "negative" lens on the posterior side of the intraocular

lens 902 and a very high-power "positive" lens on the anterior

side of the intraocular lens 902. When these get farther apart,

there is an increase in near vision magnification, allowing a

patient to focus on near objects more clearly.

[0048] The VISIOGEN lens design (or other similar designs)

creates manufactured tension at the rounded edges where the

zonules 114a-114c attach, acting somewhat like a spring to allow

the lens 902 to expand and increase its refractive power. The

inward pointing arrows in FIGURE 9 indicate that some force is

necessary to keep the anterior and posterior lenses relatively

close to each other to allow the eye to see properly at distance.

However, if the tension at the edges allows the lens 902 to

expand prematurely, the patient may actually lose distance

vision, constantly focusing at near even when the patient does

not want to. The same can be true for an altered natural

crystalline lens or a refilled natural crystalline lens capsule.

In a presbyopic eye where the tension on the zonules 114a-114c

has been lost with age, it is not completely clear what creates

the tension on the zonules to keep the VISIOGEN lens in its

flattened, non-accommodated position. However, as with the

natural crystalline lens in a presbyopic eye, there may be enough

residual tension with the zonules 114a-114c to maintain equal

tension on the zonules, keeping the lens focused at distance.

Correspondingly, for sake of illustration, the lens 902 has been

drawn in its flattened position in FIGURE 9 .

[0049] FIGURE 10 illustrates the eye 100 with the

accommodating intraocular lens 902 focusing at near with

modification. As shown here, the ciliary muscles 112 contract



and move upward and inward. This movement and the presence of

the scleral prosthesis 116 help to move the attachment point for

the posterior zonules 114c up, which increases the tension on the

posterior zonules 114c and triggers the accommodative response of

the lens 902 (allowing it to "round-up") . At the same time, the

upward motion of the ciliary muscle 112 relaxes the anterior and

equatorial zonules 114a-114b, reducing or removing tension from

the anterior surface of the lens 902 and thereby reducing or

removing resistance to the lens "rounding-up" .

[0050] As mentioned above, the increased distance between the

anterior surface and the posterior surface of the lens 902 in the

center of the "visual axis" increases the overall refractive

power of the lens 902, allowing the eye to focus on near objects

clearly. The presence of the scleral prosthesis 116 could help

to improve the performance of the lens 902 or any other dual-

optic or multi-optic accommodating intraocular lens or any lens

(artificial or natural) that changes its effective dioptric power

through mechanical, hydraulic, laser, electrical, refractive

index manipulation, chemical, or any other means. The presence

of the scleral prosthesis 116 could also help to improve the

performance of an altered natural crystalline lens or a refilled

natural crystalline lens capsule by restoring the natural tension

on the zonules 114a-114c at near.

[0051] To summarize, one or more scleral prostheses 116 can be

used beneficially with various types of intraocular lenses,

altered natural crystalline lenses, or refilled natural

crystalline lens capsules. For example, the scleral prostheses

116 could be used with any accommodating intraocular lens,

altered natural crystalline lens, or refilled natural crystalline

lens capsule to improve the natural triggering mechanism for

accommodation in the eye, thereby helping to improve the

performance of the accommodating lens, altered natural

crystalline lens, or refilled natural crystalline lens capsule.



The scleral prostheses 116 could also be used with any non-

accommodating lens to vault the lens forward and provide an

increase in dioptric power due to the vertex distance effect.

There are many accommodating and non-accommodating intraocular

lens designs currently on the market or in development (some with

very complex mechanics) that could be coupled with the scleral

prostheses 116.

[0052] While the use of scleral prostheses 116 in conjunction

with intraocular lenses, altered natural crystalline lenses, or

refilled natural crystalline lens capsules have been described

above, other techniques could also be used to increase the

effectiveness of intraocular lenses. For example, as noted in

various ones of the U.S. patent documents incorporated by

reference above, it is possible to perform laser ablations (or

other laser techniques) to remove portions of the scleral tissue

from an eye, which allows the sclera in those areas to have an

altered rigidity and to possibly expand and increase the diameter

of sclera over the ciliary muscles 112. It is also possible to

fill in the ablation or other area with a collagen block,

collagen shield, or other component to prevent healing and to

keep the increased scleral volume intact. This type of technique

could also be used in conjunction with intraocular lenses to

provide increased accommodation. In fact, any suitable technique

for increasing accommodation through scleral expansion, scleral

manipulation, scleral relaxation, or other mechanisms could be

used in conjunction with an artificial intraocular lens, altered

natural crystalline lens, or refilled natural crystalline lens

capsule .

[0053] Moreover, recent research indicates that the posterior

zonules 114c in the eye may attach to the Hyaloid membrane, which

separates the posterior chamber of the eye (filled with aqueous)

from the vitreous cavity of the eye (filled with vitreous). The

posterior zonules 114c may then continue along the surface of the



Hyaloid membrane and down the posterior surface of the lens

capsule 103 to their ultimate attachment points further down the

capsule. In some embodiments, the zonules' attachment to the

Hyaloid membrane can be used to enlist the strength and total

coverage of the Hyaloid membrane itself to pull-up the attachment

points for the posterior zonules 114c, triggering

accommodation .

[0054] In addition, the movement of the ciliary muscles 112

during accommodation and the arrangement/orientation of the

zonules 114a-114c shown in the figures above are based on recent

research. However, the actual movement of the ciliary muscles 112

during accommodation and the actual arrangement/orientation of

the zonules 114a-114c remain subject to further research (by both

the assignee referenced above and others in the field) and may

eventually be shown to be different than that shown above. Even

if it is unclear how the precise mechanics of the eye operate in

conjunction with one or more scleral prostheses 116 and an

artificial intraocular lens, altered natural crystalline lens, or

refilled natural crystalline lens capsule, it can be shown that

the presence of one or more scleral prostheses 116 in the eye can

help to improve the effectiveness of the artificial intraocular

lens, altered natural crystalline lens, or refilled natural

crystalline lens capsule. This improved effectiveness could take

the form of providing accommodation to a non-accommodating IOL or

by improving accommodation of an accommodating IOL, altered

natural crystalline lens, or refilled natural crystalline lens

capsule .

[0055] FIGURE 11 illustrates an example method 1100 for

providing improved accommodation in an eye. As shown in FIGURE

11, the natural lens in a patient's eye is replaced with an IOL,

the natural lens is modified, or the natural lens capsule is

refilled at step 1102. This could include, for example, removing

the natural lens 103 and inserting an accommodating or non-



accommodating intraocular lens in the patient's eye. This could

also include using any suitable technique to alter the natural

lens, including (but not limited to) pharmaceutical agents,

lasers, electromagnetic waves, magnetic waves, and/or sound or

ultrasound. As a particular example, this could include softening

the lens, such as by using laser irradiation. This could further

include using any suitable lens capsule refilling technique. At

this point, the patient may have little to no accommodative

ability in the eye.

[0056] A location for one or more scleral prostheses is

determined at step 1104, one or more scleral tunnels are formed

in the patient's eye at step 1106, and one or more scleral

prostheses are inserted into the one or more scleral tunnels at

step 1108. Various tools and techniques for identifying a

location for a scleral prosthesis are disclosed in the U.S.

patent documents incorporated by reference above. Also, various

tools and techniques for forming a scleral tunnel are disclosed

in the U.S. patent documents incorporated by reference above. In

addition, various scleral prostheses are disclosed in the U.S.

patent documents incorporated by reference above. The one or

more scleral prostheses can be used to provide accommodative

abilities to a non-accommodating IOL. The one or more scleral

prostheses can also be used to improve the accommodative

abilities of an accommodating IOL, a modified natural lens, or a

refilled lens capsule.

[0057] Although FIGURE 11 illustrates an example method 1100

for providing improved accommodation in an eye, various changes

may be made to FIGURE 11. For example, the insertion of the IOL,

the modification to the lens, or the refilling of the lens

capsule may or may not occur at the same time that the one or

more scleral prostheses are inserted into the eye.

[0058] It may be advantageous to set forth definitions of

certain words and phrases used throughout this patent document.



The terms "include" and "comprise," as well as derivatives

thereof, mean inclusion without limitation. The term "or" is

inclusive, meaning and/or. The phrases "associated with" and

"associated therewith, " as well as derivatives thereof, may mean

to include, be included within, interconnect with, contain, be

contained within, connect to or with, couple to or with, be

communicable with, cooperate with, interleave, juxtapose, be

proximate to, be bound to or with, have, have a property of, or

the like.

[0059] While this disclosure has described certain embodiments

and generally associated methods, alterations and permutations of

these embodiments and methods will be apparent to those skilled

in the art. Accordingly, the above description of example

embodiments does not define or constrain this disclosure. Other

changes, substitutions, and alterations are also possible without

departing from the spirit and scope of this disclosure, as

defined by the following claims.



WHAT IS CLAIMED IS:

1 . A system comprising:

an intraocular lens configured to replace a natural

crystalline lens of an eye; and

one or more scleral prostheses configured to be inserted

into scleral tissue of the eye, the one or more scleral

prostheses configured to modify a structure of the eye to improve

an accommodative ability of the eye with the intraocular lens.

2 . The system of Claim 1 , wherein:

the intraocular lens comprises an accommodating intraocular

lens; and

the one or more scleral prostheses are configured to

increase an amount of accommodation achievable using the

accommodating intraocular lens.

3 . The system of Claim 2 , wherein the accommodating

intraocular lens comprises a single-optic accommodating lens.

4 . The system of Claim 2 , wherein the accommodating

intraocular lens comprises a multi-optic accommodating lens.

5 . The system of Claim 4 , wherein the multi-optic

accommodating lens has a shape similar to a shape of the natural

crystalline lens of the eye.

6 . The system of Claim 1 , wherein:

the intraocular lens comprises a non-accommodating

intraocular lens; and

the one or more scleral prostheses are configured to provide

an amount of accommodation achievable using the non-accommodating

intraocular lens.



7 . The system of Claim 1 , wherein the system comprises

multiple scleral prostheses.

8 . A method comprising:

inserting an intraocular lens into an eye to replace a

natural crystalline lens of the eye; and

inserting one or more scleral prostheses into scleral tissue

of the eye, the one or more scleral prostheses modifying a

structure of the eye and improving an accommodative ability of

the eye with the intraocular lens.

9 . The method of Claim 8 , wherein:

the intraocular lens comprises an accommodating intraocular

lens; and

the one or more scleral prostheses improve an amount of

accommodation achievable using the accommodating intraocular

lens .

10. The method of Claim 9 , wherein the accommodating

intraocular lens comprises a single-optic accommodating lens.

11. The method of Claim 9 , wherein the accommodating

intraocular lens comprises a multi-optic accommodating lens.

12. The method of Claim 8 , wherein:

the intraocular lens comprises a non-accommodating

intraocular lens; and

the one or more scleral prostheses provide an amount of

accommodation achievable using the non-accommodating intraocular

lens .



13. A method comprising:

modifying a natural lens of an eye; and

inserting one or more scleral prostheses into scleral tissue

of the eye, the one or more scleral prostheses modifying a

structure of the eye to improve an accommodative ability of the

eye with the modified natural lens.

14. The method of Claim 13, wherein modifying the natural

lens comprises softening the natural lens using a laser.

15. The method of Claim 13, wherein modifying the natural

lens comprises modifying the natural lens using at least one of:

a pharmaceutical agent, a laser, electromagnetic waves, magnetic

waves, sound, and ultrasound.

16. The method of Claim 13, wherein inserting one or more

scleral prostheses into the scleral tissue of the eye increases

tension on zonules of the eye, thereby improving the

accommodative ability of the eye.

17. The method of Claim 13, wherein inserting one or more

scleral prostheses into the scleral tissue of the eye comprises

inserting multiple scleral prostheses into the scleral tissue of

the eye.

18. A method comprising:

filling a crystalline lens capsule of an eye with one or

more materials; and

inserting one or more scleral prostheses into scleral tissue

of the eye, the one or more scleral prostheses modifying a

structure of the eye to improve an accommodative ability of the

eye with the filled crystalline lens capsule.



19. The method of Claim 18, wherein inserting one or more

scleral prostheses into the scleral tissue of the eye increases

tension on zonules of the eye, thereby improving the

accommodative ability of the eye.

20. The method of Claim 18, wherein inserting one or more

scleral prostheses into the scleral tissue of the eye comprises

inserting multiple scleral prostheses into the scleral tissue of

the eye.
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