
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date
24 April 2014 (24.04.2014)

WO 2014/062883 Al
P O P C T

(51) International Patent Classification: Forest, California 92630 (US). SCHERER, Andrew J.;
A61F 2/16 (2006.01) 2 1103 Wood Hollow Lane, Trabuco Canyon, California

92679 (US). PAYNE, Timothy J.; 2605 North Baker
(21) International Application Number: Street, Santa Ana, California 92706 (US).

PCT/US2013/065370
(74) Agents: MUNCK, William A. et al; Munck Wilson Man

(22) International Filing Date: date, LLP, 600 Banner Place Tower, 12770 Coit Road,
17 October 2013 (17.10.201 3) Dallas, Texas 7525 1 (US).

(25) Filing Language: English (81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(30) Priority Data: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

13/654,249 17 October 2012 (17. 10.2012) US DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(71) Applicant: REFOCUS GROUP, INC. [US/US]; 10300 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

North Central Expressway, Dallas, Texas 7523 1 (US). KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(72) Inventors: JACOBSON, Harry R., A.; 3401 West End OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
Avenue, Suite 310, Nashville, Tennessee 37203 (US). SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
GRIFFIS,Jack C , III; 1133 Druid Lake, Decatur, Geor TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
gia 30033 (US). COX, Mark A.; 94 18 Rocky Branch ZW.
Drive, Dallas, Texas 75243 (US). WILLIAMSON,
Douglas C ; 1291 Bradford Drive, Coppell, Texas 75019 (84) Designated States (unless otherwise indicated, for every

(US). ZDENEK, Gene W.; 8449 Melvin Avenue, North- kind of regional protection available): ARIPO (BW, GH,

ridge, California 91324 (US). RICHARDSON, Peter J.; GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,Pear Tree House, Steeple Claydon, Buckinghamshire
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,MK18 2ER (GB). SMOLEK, Michael K.; 819 Pine Alley
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,Drive, Pearl River, Louisiana 70452 (US). SOLOWAY,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,Barrie D.; 891 West Park Avenue, Long Beach, New York
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

1156 1 (US). BARE, Rex O.; 22467 Overtake Drive, Lake
KM, ML, MR, NE, SN, TD, TG).

[Continued on nextpage]

(54) Title: SCLERAL PROSTHESIS FOR TREATING PRESBYOPIA AND OTHER EYE DISORDERS AND RELATED
DEVICES AND METHODS

00
00

1352

o
(57) Abstract: A system includes a scleral prosthesis (100, 200, 300, 300a-300d, 400, 500, 600, 700, 800, 914, 1200, 1300, 1400)

o and an insert (408, 1202, 1302, 1402). The scleral prosthesis includes 5 an elongated body having a first free end and a second free
end (102-104, 202-204, 302-304, 402-404, 502-504, 602-604, 702-704) opposite the first end. A maximum width of the body at
each end is wider than a maximum width of the body between the ends. The body includes multiple first portions ( 112a-l 12b, 208a-

o 208b, 10 312a-3 12b, 406a-406b, 506a-506b, 606a-606b, 706a-706b) that form the first end of the body and a part of the body
between the ends.



w o 2014/062883 Al II 11 II I 1 I 1 I I ll ll I II I I III III II I II

Published:



SCLERAL PROSTHESIS FOR TREATING PRESBYOPIA AND

OTHER EYE DISORDERS AND RELATED DEVICES AND METHODS

TECHNICAL FIELD

[0001] This disclosure is generally directed to eye implants

and associated devices, and more specifically to a scleral

prosthesis for treating presbyopia and other eye disorders and

related devices and methods.

BACKGROUND

[0002] In order for the human eye to have clear vision of an

object at different distances (especially near objects), the

effective focal length of the eye's crystalline lens is adjusted

to keep an image of the object focused as sharply as possible on

the retina. This change in effective focal length is known as

"accommodation" and is accomplished by varying the shape of

the crystalline lens in the eye. Generally, in the

unaccommodated emmetropic eye, the curvature of the lens is such

that distant objects are sharply imaged on the retina. In the

unaccommodated eye, near objects are not focused sharply on the

retina because their images lie behind the retinal surface. In

order to visualize a near object clearly, the curvature of the

crystalline lens is increased, thereby increasing its refractive

power and causing the image of the near object to fall on the

retina .

[0003] The change in the shape of the crystalline lens is

accomplished by the action of certain muscles and structures

within the eyeball or the "globe" of the eye. The lens is

located in the forward part of the eye immediately behind the

pupil. It has the shape of a classical biconvex optical lens,

meaning it has a generally circular cross section with two convex

refracting surfaces. The lens is located generally on the

optical axis of the eye, which is typically the straight line

from the center of the cornea to the macula in the retina at the



posterior portion of the globe. In the unaccommodated eye, the

curvature of the posterior surface of the lens (the surface

adjacent to the vitreous body) is somewhat greater than the

curvature of the anterior surface.

[0004] The lens is closely surrounded by a membranous capsule

that serves as an intermediate structure in the support and

actuation of the lens . The lens and its capsule are suspended on

the optical axis behind the pupil by a circular assembly of

radially directed elastic fibers called "zonules." The zonules

are attached at their inner ends to the lens capsule and at their

outer ends to the ciliary body and indirectly to the ciliary

muscle. The ciliary muscle is a muscular ring of tissue located

just within the sclera, the outer supporting structure of the

eye .

[0005] According to the classical theory of accommodation

originating with Helmholtz, the ciliary muscle is relaxed in the

unaccommodated eye and therefore assumes its largest diameter.

The relatively large diameter of the ciliary muscle in this

condition causes a tension on the zonules, which pull radially

outward on the lens capsule. This causes the equatorial diameter

of the lens to increase slightly and decreases the anterior-

posterior dimension of the lens at the optical axis. In other

words, the tension on the lens capsule causes the lens to assume

a flattened state where the curvature of the anterior surface,

and to some extent the posterior surface, is less than it would

be in the absence of the tension. In this state, the refractive

power of the lens is relatively low, and the eye is focused for

clear vision on distant objects.

[0006] According to the classical theory, when the eye is

intended to be focused on a near object, the ciliary muscle

contracts. This contraction causes the ciliary muscle to move

forward and inward, thereby relaxing the outward pull of the

zonules on the equator of the lens capsule. This reduced zonular



tension allows the elastic capsule of the lens to contract,

causing an increase in the anterior-posterior dimension of the

lens at the optical axis (meaning the lens becomes more

spherical) . This results in an increase in the optical power of

the lens. Because of topographical differences in the thickness

of the lens capsule, the central anterior radius of curvature may

change more than the central posterior radius of curvature. This

is the accommodated condition of the eye, where images of near

objects fall sharply on the retina.

[0007] Presbyopia is the universal decrease in the amplitude

of accommodation, which is typically observed in individuals over

forty years of age. In a person having normal vision or

"emmetropic" eyes, the ability to focus on near objects is

gradually lost. As a result, the individual comes to need

glasses for tasks requiring near vision, such as reading.

[0008] According to the conventional view, the amplitude of

accommodation of the aging eye is decreased because of the loss

of elasticity of the lens capsule and/or sclerosis of the lens

with age. Consequently, even though the radial tension on the

zonules is relaxed by contraction of the ciliary muscle, the lens

does not assume a greater curvature. According to this

conventional view, it is not possible to restore the

accommodative power to the presbyopic eye by any treatment. The

loss of elasticity of the lens and its capsule is seen as

irreversible. One solution to the problems presented by

presbyopia is to use corrective lenses for close work or possibly

bifocal lenses if corrective lenses are required for distant

vision. Other solutions may include surgically reshaping the

cornea of the eye or implanting a presbyopic intra-ocular lens in

the eye

[0009] Contrary to the conventional view, it is possible to

restore the accommodative power to a presbyopic eye by implanting

scleral prostheses within the sclera of the eye. For each



individual scleral prosthesis, an incision is made in the sclera

of the eye, such as near the plane of the equator of the

crystalline lens. 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. A typical scleral

prosthesis could be formed from a generally rectangular-shaped

bar approximately five millimeters long, one and a half

millimeters wide, and one millimeter tall. One or multiple

scleral prostheses may be implanted in a patient' s eye to

partially or completely restore the accommodative power to a

presbyopic eye. The same or similar technique can also be used

to treat glaucoma, ocular hypertension, elevated intraocular

pressure, or other eye disorders. This technique is described

more fully in the U.S. patents and patent applications

incorporated by reference above.



SUMMARY

[0010] This disclosure provides a scleral prosthesis for

treating presbyopia and other eye disorders and related devices

and methods .

[0011] In a first embodiment, a scleral prosthesis includes an

elongated body having a first free end and a second free end

opposite the first end. A maximum width of the body at each end

is wider than a maximum width of the body between the ends. The

body includes multiple first portions that form the first end of

the body and a part of the body between the ends. The first

portions are separated lengthwise along a substantial portion of

a total length of the body. The first portions of the body are

biased so that they maintain separation from one another without

external interference but are configured to be pushed towards

each other. The body is configured to receive and retain, between

the first portions of the body, an insert that is configured to

maintain the separation of the first portions.

[0012] In a second embodiment, a system includes a scleral

prosthesis configured to be implanted into scleral tissue of an

eye. The scleral prosthesis includes an elongated body having a

first free end and a second free end opposite the first end. A

maximum width of the body at each end is wider than a maximum

width of the body between the ends. The body includes multiple

first portions that form the first end of the body and a part of

the body between the ends. The first portions are separated

lengthwise along a substantial portion of a total length of the

body. The first portions of the body are biased so that they

maintain separation from one another without external

interference but are configured to be pushed towards each other.

The system also includes an insert configured to be placed

between the first portions of the body to maintain a separation

of the first portions.

[0013] In a third embodiment, a method includes forming an



elongated body of a scleral prosthesis and forming an insert for

the body. The body has a first free end and a second free end

opposite the first end. A maximum width of the body at each end

is wider than a maximum width of the body between the ends. The

body includes multiple first portions that form the first end of

the body and a part of the body between the ends. The first

portions are separated lengthwise along a substantial portion of

a total length of the body. The first portions of the body are

biased so that they maintain separation from one another without

external interference but are configured to be pushed towards

each other. The body is configured to receive and retain, between

the first portions of the body, the insert to maintain the

separation of the first portions.

[0014] 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

[0015] For a more complete understanding of this disclosure,

reference is now made to the following description, taken in

conjunction with the accompanying drawing, in which:

[0016] FIGURES 1A and IB illustrate a first example scleral

prosthesis in accordance with this disclosure;

[0017] FIGURES 2A and 2B illustrate a second example scleral

prosthesis in accordance with this disclosure;

[0018] FIGURES 3A through 3F illustrate a third example

scleral prosthesis in accordance with this disclosure;

[0019] FIGURE 4 illustrates a fourth example scleral

prosthesis in accordance with this disclosure;

[0020] FIGURES 5A through 5G illustrate a fifth example

scleral prosthesis in accordance with this disclosure;

[0021] FIGURES A through 6G illustrate a sixth example

scleral prosthesis in accordance with this disclosure;

[0022] FIGURES 7A through 7G illustrate a seventh example

scleral prosthesis in accordance with this disclosure;

[0023] FIGURES 8A through 8F illustrate an example insertion

of a scleral prosthesis into a patient' s eye in accordance with

this disclosure;

[0024] FIGURES 9A through 9C illustrate an example threader

tube used to insert a scleral prosthesis into a patient's eye in

accordance with this disclosure;

[0025] FIGURES 10A and 10B illustrate an example surgical

blade used to create a scleral tunnel for receiving a scleral

prosthesis in accordance with this disclosure;

[0026] FIGURES 11A through 11D illustrate an eighth example

scleral prosthesis in accordance with this disclosure; and

[0027] FIGURES 12A and 12B illustrate a ninth example scleral

prosthesis in accordance with this disclosure;

[0028] FIGURES 13A through 13D illustrate a tenth example

scleral prosthesis in accordance with this disclosure;



[0029] FIGURES 14A and 14B illustrate an eleventh example

scleral prosthesis in accordance with this disclosure;

[0030] FIGURE 15 illustrates an example method for inserting a

scleral prosthesis into a patient's eye in accordance with this

disclosure.



DETAILED DESCRIPTION

[0031] FIGURES 1A and IB illustrate a first example scleral

prosthesis 100 in accordance with this disclosure. The

embodiment of the scleral prosthesis 100 shown in FIGURES 1A and

IB is for illustration only. Other embodiments of the scleral

prosthesis 100 could be used without departing from the scope of

this disclosure.

[0032] As shown in FIGURES 1A and IB, the scleral prosthesis

100 has two opposing ends 102-104, a top surface 106, and a

bottom surface 108. One end 102 of the prosthesis 100 includes a

generally cylindrical area 110 with a flat bottom forming a base

on which the prosthesis 100 sits. The other end 104 of the

prosthesis 100 is divided or split into multiple portions 112a-

112b. Each of these portions 112a-112b includes a generally

cylindrical area 114 with a flat bottom, which collectively form

another base on which the prosthesis 100 sits.

[0033] In this example, the portions 112a-112b of the

prosthesis 100 span a majority of the length of the prosthesis

100, meaning the prosthesis 100 is split along at least half of

its length (or some other substantial portion of its length) .

The portions 112a-112b are generally biased so that they remain

separated from one another without external interference. The

portions 112a-112b may be biased such that they can be pushed

towards each other or together but then separate after release.

Also, the portions 112a-112b may not be excessively biased to the

point where they tear through an incision in the patient' s eye or

pull the prosthesis 100 out of a scleral tunnel. Also, the

cylindrical areas 110 and 114 project out from the sides of the

prosthesis 100, meaning the cylindrical areas 110 and 114 form

bases that are wider than the middle portion of the prosthesis

100. In addition, in this example, the top surface 106 of the

prosthesis 100 is generally curved, and the bottom surface 108

could be generally flat or curved.



[0034] In this example embodiment, the scleral prosthesis 100

can be implanted within a scleral tunnel in a patient's eye. For

example, the scleral prosthesis 100 can be implanted such that

the cylindrical areas 110 and 114 remain outside of the scleral

tunnel. Also, the flat bottoms of the cylindrical areas 110 and

114 can lie on the surface of the patient's eye outside of the

scleral tunnel. To implant the scleral prosthesis 100 in the

scleral tunnel, the portions 112a-112b of the scleral prosthesis

100 could be pushed together and pulled through the scleral

tunnel. This may help to reduce the width or cross-sectional

area of the end 104 of the scleral prosthesis 100 as the

prosthesis 100 is pulled through the scleral tunnel during

implantation. However, any other suitable technique could be

used to implant the scleral prosthesis 100 in a scleral tunnel.

[0035] The scleral tunnel in which the scleral prosthesis 100

is implanted can be formed near the ciliary body of a patient's

eye. Once implanted in a scleral tunnel, the scleral prosthesis

100 helps to, for example, increase the amplitude of

accommodation of the patient's eye. The scleral prosthesis 100

could also help to treat other eye conditions, such as glaucoma,

ocular hypertension, elevated intraocular pressure, or other eye

disorders. In some embodiments, multiple prostheses (such as

four) are implanted in a patient's eye, and the ends of the

prostheses are "free" (not attached to the ends of other

prostheses) .

[0036] By making the ends of the scleral prosthesis 100 wider

than its middle portion, various benefits could be obtained, such

as stabilization of the prosthesis 100. For example, with wider

ends, it is less likely that the scleral prosthesis 100 would

turn or rotate within a scleral tunnel after implantation. Also,

the wider ends help to lock the scleral prosthesis 100 into place

and impede movement of the scleral prosthesis 100. In addition,

the wider ends make it less likely that the scleral prosthesis



100 can be inadvertently ejected out of the scleral tunnel after

implantation .

[0037] In particular embodiments, the prosthesis 100 in

FIGURES 1A and IB may be formed from a single integrated piece of

material, such as polymethyl methacrylate ("PMMA") , polyether-

ether ketone ("PEEK"), or other suitable material (s). Also, the

scleral prosthesis 100 could have any suitable size and

dimensions, and scleral prostheses 100 of different sizes could

be provided. For example, different-sized scleral prostheses 100

could have different lengths, such as lengths of 3.6, 3.8, 4.0,

and 4.2 millimeters from the inner edges of the cylindrical areas

110 and 114 of the prostheses 100.

[0038] FIGURES 2A and 2B illustrate a second example scleral

prosthesis 200 in accordance with this disclosure. The

embodiment of the scleral prosthesis 200 shown in FIGURES 2A and

2B is for illustration only. Other embodiments of the scleral

prosthesis 200 could be used without departing from the scope of

this disclosure.

[0039] The scleral prosthesis 200 in FIGURES 2A and 2B is

similar to the scleral prosthesis 100 of FIGURES 1A and IB. In

this example embodiment, the scleral prosthesis 200 includes

opposing ends 202-204. In this example, both ends 202-204 are

split or divided into multiple portions 206a-206b and 208a-208b,

respectively. Each of these end portions 206a-206b and 208a-208b

includes a generally cylindrical area 210 or 212, which could

have flat bottoms collectively define two bases for the scleral

prosthesis 200.

[0040] In this example embodiment, the scleral prosthesis 200

can be implanted within a scleral tunnel in a patient's eye, such

as by implanting the scleral prosthesis 200 so that the

cylindrical areas 210 and 212 remain outside of the scleral

tunnel. Also, the flat bottom portions of the cylindrical areas

210 and 212 can lie on the surface of the patient's eye outside



of the scleral tunnel. Further, the cylindrical areas 210 and 212

project out from the sides of the prosthesis 200, forming bases

that are wider than the middle portion of the prosthesis 200. As

noted above, this may help to stabilize the scleral prosthesis

200, such as by reducing or preventing rotation, locking the

prosthesis 200 into place, impeding movement of the prosthesis

200, and reducing the likelihood that the prosthesis 200 can exit

the scleral tunnel. In addition, in this example, the top

surface of the prosthesis 200 is generally curved, and the bottom

surface could be generally flat or curved.

[0041] To implant the scleral prosthesis 200 in the scleral

tunnel, the portions 206a-206b or 208a-208b of the scleral

prosthesis 200 can be pushed together and pulled through the

scleral tunnel. An example of this is shown in FIGURE 2B. Here,

a tool 290 has two hooked ends 292 that can hook around or onto

the cylindrical areas 212 of the scleral prosthesis 200. The

tool 290 is then used to push the split portions 208a-208b of the

scleral prosthesis 200 together, and the prosthesis 200 can be

pulled into the scleral tunnel. However, any other suitable

technique could be used to implant the scleral prosthesis 200 in

a scleral tunnel.

[0042] In particular embodiments, the prosthesis 200 in

FIGURES 2A and 2B may be formed from a single integrated piece of

material, such as PMMA, PEEK, or other suitable material (s). The

scleral prosthesis 200 could also have any suitable size and

dimensions, and scleral prostheses 200 of different sizes could

be provided.

[0043] FIGURES 3A through 3F illustrate a third example

scleral prosthesis 300 in accordance with this disclosure. The

embodiment of the scleral prosthesis 300 shown in FIGURES 3A

through 3F is for illustration only. Other embodiments of the

scleral prosthesis 300 could be used without departing from the

scope of this disclosure.



[0044] As shown in FIGURES 3A through 3C, the scleral

prosthesis 300 has two opposing ends 302-304, a top surface 306,

and a bottom surface 308. One end 302 of the prosthesis 300 is

split or divided into multiple portions 310a-310b, and the other

end 304 of the prosthesis 300 is split or divided into multiple

portions 312a-312b.

[0045] In this example, the portions 310a-310b of the

prosthesis 300 span less than a quarter of the length of the

prosthesis 300 (or some other less substantial portion of its

length) , and the portions 312a-312b of the prosthesis 300 span

more than half of the length of the prosthesis 300 (or some other

more substantial portion of its length) . Also, in this example,

the ends 302-304 of the prosthesis 300 have areas 314-316,

respectively, that are more triangular in shape. As shown in

FIGURE 3B, the areas 314 at the end 302 of the scleral prosthesis

300 have surfaces that generally face the opposing end 304.

Also, as shown in FIGURE 3B, the areas 316 at the end 304 of the

scleral prosthesis 300 have surfaces that are more hook-shaped

(the areas 316 hook back towards the opposing end 302 of the

scleral prosthesis 300) . These areas 314 and 316 may also

include generally flat bottom surfaces that form bases for the

prosthesis 300.

[0046] In this example embodiment, the scleral prosthesis 300

can be implanted within a scleral tunnel in a patient's eye, such

as by implanting the scleral prosthesis 300 so that the areas 314

and 316 remain outside of the scleral tunnel. Also, the flat

bottom portions of the areas 314 and 316 can lie on the surface

of the patient's eye outside of the scleral tunnel. Further, the

areas 314 and 316 project out from the sides of the prosthesis

300 to form bases wider than the middle portion of the prosthesis

300. Again, the wider ends may provide certain benefits for the

scleral prosthesis 300, such as stabilization of the prosthesis

300. In addition, in this example, the top surface 306 and the



bottom surface 308 of the prosthesis 300 are generally curved.

[0047] In particular embodiments, the prosthesis 300 in

FIGURES 3A through 3C may be formed from a single integrated

piece of material, such as PMMA, PEEK, or other suitable

material (s). Also, the scleral prosthesis 300 could have any

suitable size and dimensions, and scleral prostheses 300 of

different sizes could be provided.

[0048] Examples of differently sized and dimensioned

prostheses are shown in FIGURES 3D through 3F, which illustrate

four different prostheses 300a-300d. The prostheses 300a-300d

are similar to one another with slight changes in their

structure. For example, the prosthesis 300a has a larger arch

and flat bottom surfaces at its ends, while the prosthesis 300c

has a smaller arch and flat bottom surfaces at its ends. The

prosthesis 300b has a larger arch and slanted bottom surfaces at

its ends, while the prosthesis 300d has a smaller arch and

slanted bottom surfaces at its ends.

[0049] The prostheses 300a-300d in FIGURES 3D through 3F could

have any suitable sizes and dimensions. For example, the

prostheses 300a-300d could be 5,366 microns in length. A

thickness (measured top-to-bottom) at the middle (measured end-

to-end) of the prostheses 300a-300d could have various values,

such as 831, 833, and 839 microns. The arch (measured from the

tips of the prostheses to the top of the arch) of the prostheses

300a-300d could also have various values, such as 212, 311, and

386 microns.

[0050] FIGURE 4 illustrates a fourth example scleral

prosthesis 400 in accordance with this disclosure. The

embodiment of the scleral prosthesis 400 shown in FIGURE 4 is for

illustration only. Other embodiments of the scleral prosthesis

400 could be used without departing from the scope of this

disclosure .

[0051] In this example, the scleral prosthesis 400 in FIGURE 4



is similar to the prosthesis 300 shown in FIGURES 3A through 3C.

Here, the scleral prosthesis 400 includes two opposing ends 402-

404, where the end 404 is split or divided into multiple portions

406a-406b.

[0052] The prosthesis 400 also includes an insert 408 placed

between or around the multiple portions 406a-40 6b of the end 404

of the prosthesis 400. The insert 408 can be permanently or

removably placed between or around the portions 406a-406b of the

end 404 of the prosthesis 400. For example, the insert 408 could

be placed between or around the portions 406a-406b of the end 404

after the prosthesis 400 has been implanted in a scleral tunnel

in a patient's eye. The insert 408 could later be removed, such

as to facilitate removal of the prosthesis 400 from the scleral

tunnel .

[0053] The insert 408 may generally help to stabilize the

prosthesis 400 (in addition to the stabilization already provided

by the wider ends) . For example, the insert 408 could help to

prevent the portions 406a-406b of the prosthesis 400 from

separating excessively, which could pull the opposite end 402

through the scleral tunnel and force the prosthesis 400 out of

the tunnel completely. The insert 408 could also function to

reduce or prevent rotation of the prosthesis 400 within the

scleral tunnel. For instance, the insert 408 may help to ensure

that the end 404 of the prosthesis 400 maintains a desired width

and therefore remains wide enough to prevent the prosthesis 400

from rolling over once implanted in the scleral tunnel.

Moreover, the insert 408 can be inserted into or around the

prosthesis 400 only after the prosthesis 400 has been implanted,

which enables the portions 406a-406b of the prosthesis 400 to be

pushed together during implantation while preventing portions

406a-406b from coming together after implantation (reducing the

likelihood that the prosthesis 400 can exit the scleral tunnel) .

[0054] The insert 408 could be attached or coupled to the



prosthesis 400 in any suitable manner. For example, the insert

408 could have one or more structures that engage one or more

corresponding structures of the portions 406a-406b of the

prosthesis 400, such as male structures on the insert 408 that

engage female structures on the prosthesis body. The insert 408

could also be attached to the prosthesis 400 using sutures or

looped around the prosthesis 400. The insert 408 could be

attached or coupled to the prosthesis 400 in any other suitable

manner .

[0055] FIGURES 5A through 5G illustrate a fifth example

scleral prosthesis 500 in accordance with this disclosure. The

embodiment of the scleral prosthesis 500 shown in FIGURES 5A

through 5G is for illustration only. Other embodiments of the

scleral prosthesis 500 could be used without departing from the

scope of this disclosure.

[0056] As shown in FIGURE 5A, the scleral prosthesis 500 has

two opposing ends 502-504. In this example, only one end 504 of

the prosthesis 500 is split or divided into multiple portions

506a-506b (although both could be) . As shown in FIGURE 5B, the

ends of the prosthesis 500 generally have an oval cross-section.

Except for the more oval cross-section and the undivided end

502, the overall shape of the prosthesis 500 is similar to the

shape of the prosthesis 300.

[0057] As shown here, portions 508-510 of the ends 502-504 of

the prosthesis 500 are hook-shaped, where the portions 508 of the

end 502 are hooked back towards the end 504 and the portions 510

of the end 504 are hooked back towards the end 502. These

portions 508-510 of the prosthesis 500 could also lie outside of

a scleral tunnel and rest on the surface of a patient's eye.

Again, the ends 502-504 of the prosthesis 500 are wider than the

middle, helping to stabilize the prosthesis 500.

[0058] In this example, the prosthesis 500 also includes

ridges 512 along the inner sides of the portions 506a-506b. The



ridges 512 generally travel lengthwise along the portions 506a-

506b of the prosthesis 500. The ridges 512 may or may not link

up to each other along the curved intersection of the portions

506a-506b. The ridges 512 may have any suitable height, width,

or shape .

[0059] The prosthesis 500 could have the dimensions shown in

FIGURES 5B through 5G. These dimensions are for illustration

only. In these figures, the dimensions are expressed as numbers

in brackets (representing dimensions in inches) over numbers

without brackets (representing dimensions in millimeters) .

Dimensions associated with a radius of curvature are preceded by

the letter "R" (such as in "R6.168"). In addition, the diagram

shown in FIGURE 5E represents the cross-section of the prosthesis

500 along line A-A in FIGURE 5D, and the diagram shown in FIGURE

5G represents the cross-section of the prosthesis 500 along line

B-B in FIGURE 5F. As shown in FIGURE 5G, the prosthesis 500

could (but need not) be hollow within the undivided portion of

the prosthesis 500 near the end 502 and may or may not be filled

with a liquid, gel, or other material.

[0060] As explained in more detail below, an insert can be

placed between or around the multiple portions 506a-506b of the

end 504 of the prosthesis 500. The insert can be permanently or

removably placed between or around the portions 506a-506b of the

end 504 of the prosthesis 500. For example, the insert could be

placed between or around the portions 506a-506b of the end 504

after the prosthesis 500 has been implanted in a scleral tunnel

in a patient's eye. The insert could later be removed, such as

to facilitate removal of the prosthesis 500 from the scleral

tunnel .

[0061] The insert may generally help to stabilize the

prosthesis 500 (in addition to the stabilization already provided

by the wider ends) . For example, the insert could help to

prevent the portions 506a-506b of the prosthesis 500 from



separating excessively, which could pull the opposite end 502

through the scleral tunnel and force the prosthesis 500 out of

the tunnel completely. The insert could also function to reduce

or prevent rotation of the prosthesis 500 within the scleral

tunnel. For instance, the insert may help to ensure that the end

504 of the prosthesis 500 maintains a desired width and therefore

remains wide enough to prevent the prosthesis 500 from rolling

over once implanted in the scleral tunnel. Moreover, the insert

can be inserted into or around the prosthesis 500 only after the

prosthesis 500 has been implanted, which enables the portions

506a-506b of the prosthesis 500 to be pushed together during

implantation but prevents portions 506a- 506b from coming

together after implantation (reducing the likelihood that the

prosthesis 500 can exit the scleral tunnel) .

[00 62] FIGURES 6A through 6G illustrate a sixth example

scleral prosthesis 600 in accordance with this disclosure. The

embodiment of the scleral prosthesis 600 shown in FIGURES 6A

through 6G is for illustration only. Other embodiments of the

scleral prosthesis 600 could be used without departing from the

scope of this disclosure.

[0063] As shown in FIGURE 6A, the scleral prosthesis 600 has

two opposing ends 602-604. In this example, again only one end

604 of the prosthesis 600 is split or divided into multiple

portions 606a-606b (although both ends could be divided) . As

shown in FIGURE 6B, the prosthesis 600 generally has a more

rectangular cross-section, where the bottom surfaces of the ends

602-604 are flatter than in the prosthesis 500.

[0064] As shown here, portions 608-610 of the ends 602-604 of

the prosthesis 600 are hook-shaped, and the prosthesis 600

includes ridges 612 along the inner sides of the portions 606a-

606b. The ridges 612 generally travel lengthwise along the

portions 606a-606b of the prosthesis 600 and may or may not be

linked along the curved intersection of the portions 606a-606b.



Again, the ends 602-604 of the prosthesis 600 are wider than the

middle, helping to stabilize the prosthesis 600.

[0065] The prosthesis 600 could have the dimensions shown in

FIGURES 6B through 6G. These dimensions are for illustration

only. In these figures, the dimensions are again expressed as

numbers in brackets (representing inches) over numbers without

brackets (representing millimeters), and dimensions associated

with a radius of curvature are preceded by the letter "R." In

addition, the diagram shown in FIGURE 6E represents the cross-

section of the prosthesis 600 along line A-A in FIGURE 6D, and

the diagram shown in FIGURE 6G represents the cross-section of

the prosthesis 600 along line B-B in FIGURE 6F. Again, the

prosthesis 600 may or may not be hollow within the undivided

portion of the prosthesis 600 near the end 602 and may or may not

be filled with a liquid, gel, or other material.

[0066] As shown below, the prosthesis 600 can include an

insert permanently or removably placed between or around the

multiple portions 606a-606b of the end 604 of the prosthesis 600.

The insert may generally help to stabilize the prosthesis 600

(in addition to the stabilization already provided by the wider

ends) .

[0067] FIGURES 7A through 7G illustrate a seventh example

scleral prosthesis 700 in accordance with this disclosure. The

embodiment of the scleral prosthesis 700 shown in FIGURES 7A

through 7G is for illustration only. Other embodiments of the

scleral prosthesis 700 could be used without departing from the

scope of this disclosure.

[0068] As shown in FIGURE 7A, the scleral prosthesis 700 has

two opposing ends 702-704. Once again, in this example, only one

end 704 of the prosthesis 700 is split or divided into multiple

portions 706a-706b (although both could be) . As opposed to prior

prostheses, as shown in FIGURE 7B, the prosthesis 700 does not

have a symmetrical cross-section. Instead, the prosthesis 700



has one side 711 that is relatively flat along the entire length

of the prosthesis 700. Here, the ends 702-704 have sides that

are aligned with each other along the side 711 of the prosthesis

700. Also, each of the ends 702-704 includes a single portion

708-710, respectively, that is hook-shaped. As a result, both

ends 702-704 are still wider than the middle portion of the

prosthesis 700 and help stabilize the prosthesis 700, but the

ends 702-704 may not be as wide as prior prostheses.

[0069] As with the prostheses 500 and 600, the prosthesis 700

includes ridges 712 along the inner sides of the portions 706a-

706b. The ridges 712 generally travel lengthwise along the

portions 706a-706b of the prosthesis 700 and may or may not be

linked together.

[0070] The prosthesis 700 could have the dimensions shown in

FIGURES 7B through 7G. These dimensions are for illustration

only. The diagram shown in FIGURE 7E represents the cross-section

of the prosthesis 700 along line A-A in FIGURE 7D, and the

diagram shown in FIGURE 7G represents the cross-section of the

prosthesis 700 along line B-B in FIGURE 7F. Also, the prosthesis

700 may or may not be hollow within the undivided portion of the

prosthesis 700 near the end 702 and may or may not be filled with

a liquid, gel, or other material. As explained below, the

prosthesis 700 may include an insert permanently or removably

placed between or around the multiple portions 706a-7 06b of the

end 704 of the prosthesis 700. The insert may generally help to

stabilize the prosthesis 700 (in addition to the stabilization

already provided by the wider ends) .

[0071] Although FIGURES 1A through 7G illustrate various

examples of scleral prostheses, various changes may be made to

FIGURES 1A through 7G. For example, the sizes, shapes, and

dimensions of the features of the scleral prostheses are for

illustration only and can be altered in any suitable manner.

Also, various features shown and described with respect to one of



the scleral prostheses could be used with other scleral

prostheses. As a particular example, the insert 408 of the

prosthesis 400 could be used with any other suitable scleral

prosthesis. As another particular example, a difference between

the prostheses shown in FIGURES 3A-3F and the prostheses shown in

FIGURES 5A-7G is that (when looking from an end viewpoint) the

top edges of the ends have been shaved in FIGURES 5A-7G so that

they slope downwards from top to bottom at about a 45° angle.

This same feature could be used with any other prosthesis.

[0072] FIGURES 8A through 8F illustrate an example insertion

of a scleral prosthesis into a patient's eye in accordance with

this disclosure. The example insertion of the scleral prosthesis

shown in FIGURES 8A through 8F is for illustration only. Other

techniques could be used to insert a scleral prosthesis into a

patient' s eye without departing from the scope of this

disclosure .

[0073] As shown in FIGURE 8A, a prosthesis 800 is being

implanted into a scleral tunnel 802 in a patient's eye. The

prosthesis 800 could represent any suitable prosthesis, such as

one of the prostheses discussed above or any other suitable

prosthesis. In this example, the prosthesis 800 is inserted into

a threader tube 804, which is used to compress or push together

the split or divided portions of the prosthesis 800 for insertion

into the scleral tunnel 802. The prosthesis 800 is pulled into

the scleral tunnel 802 by the threader tube 804 and, optionally,

a suture 806 that has been threaded through the scleral tunnel

802. The end of the suture 806 in this example includes two

loops that are placed through the threader tube 804 and connected

to one end of the prosthesis 800. In this example, the loops of

the suture 806 loop around the cylindrical or triangular areas at

one end of the prosthesis 800.

[0074] As shown in FIGURES 8A and 8B, one end of the

prosthesis 800 is connected to the suture 806 and can be inserted



into the threader tube 804. As shown in FIGURES 8C and 8D, the

threader tube 804 and the suture 806 can then be pulled so that

the prosthesis 800 is pulled into the scleral tunnel 802. In

some embodiments, the prosthesis 800 is both pulled into the

scleral tunnel 802 (such as by using the threader tube 804 and/or

the suture 806) and pushed into the scleral tunnel 802 (such as

by using an instrument held by a surgeon) . As shown in FIGURE

8E, once the prosthesis 800 is implanted within the scleral

tunnel 802, the threader tube 804 can be pulled off the

prosthesis 800, and the suture 806 can be removed from the

prosthesis 800. This leaves the prosthesis 800 in the scleral

tunnel 802 as shown in FIGURE 8F.

[0075] Although FIGURES 8A through 8F illustrate one example

of an insertion of a scleral prosthesis into a patient's eye,

various changes may be made to FIGURES 8A through 8F. For

example, the threader tube 804 could have any suitable size or

shape. Also, the suture 806 could be attached or coupled to the

prosthesis 800 in any suitable manner. In addition, the suture

806 need not be used with the threader tube 804 to implant the

prosthesis 800. In particular embodiments, the prosthesis 800

could be pulled into the scleral tunnel 802 using only the

threader tube 804.

[007 6 ] FIGURES 9A through 9C illustrate an example threader

tube 900 used to insert a scleral prosthesis into a patient's eye

in accordance with this disclosure. The embodiment of the

threader tube 900 shown in FIGURES 9A through 9C is for

illustration only. Other embodiments of the threader tube 900

could be used without departing from the scope of this

disclosure .

[0077] In this example, the threader tube 900 includes a wider

upper portion 902, a tapered portion 904, and a narrower lower

portion 906. The lower portion 906 in this example includes an

angled end 908. The threader tube 900 could be formed from any



suitable material (s), such as heat-shrink tubing formed from

TEFLON PTFE (polytetraf luoroethylene ). Also, the threader tube

900 could have any suitable shape that allows the threader tube

900 to be pulled through a scleral tunnel. For example, the

threader tube 900 could have an overall length of 3.0cm (±0.5cm).

The upper portion 902 could have a length of 1.0cm (±0.2cm), an

internal diameter of 1.0mm, and a minimum wall thickness of

0.08mm. The lower portion 906 could have an internal diameter of

0.5mm and a recovered minimum wall thickness of 0.12mm. In

addition, the end 908 of the lower portion 906 could have an

angle of 30°.

[0078] Optionally, a suture 910 can be placed through the

threader tube 900, and a rod 912 can be inserted into the lower

portion 906 of the threader tube 900. The illustration in FIGURE

9C represents the cross-section of the threader tube 900 along

the lower portion 906 of the threader tube 900. The suture 910

travels through the threader tube 900, loops around a scleral

prosthesis 914, and returns through the threader tube 900. The

suture 910 in this example loops around the central body of the

prosthesis 914 (as opposed to looping over portions of the closer

end of the prosthesis as shown in FIGURES 8A through 8F) . The

suture 910 represents any suitable suture made of any suitable

material (s), such as 6-0 NYLON or PROLENE sutures having a 0.1mm

diameter .

[0079] The rod 912 in this example includes a tapered and

rounded end that can be inserted through a scleral tunnel ahead

of the lower portion 906 of the threader tube 900. The rod 912

can be used to facilitate insertion of the threader tube 900 into

a scleral tunnel of a patient's eye. For example, the rod 912

may help the scleral tunnel to open and obtain a larger size

before the lower portion 906 of the threader tube 900 is inserted

into the scleral tunnel. The rod 912 could be formed from any

suitable material (s) and can have any suitable size or shape,



such as a cigar-shaped rod having a maximum diameter of 0.3mm.

Also, both ends of the rod 912 could, but need not, have the

shape shown in FIGURE 9B.

[0080] Although FIGURES 9A through 9C illustrate one example

of a threader tube 900 used to insert a scleral prosthesis into a

patient's eye, various changes may be made to FIGURES 9A through

9C. For example, the threader tube 900 and rod 912 could have

any suitable size or shape. Also, the suture 910 need not loop

around the central body of the prosthesis 914 and could loop

around or be attached to or associated with the prosthesis 914 in

any suitable manner, such as by being looped around the closer

end of the prosthesis 914. Further, the suture 910 and/or the

rod 912 need not be used along with the threader tube 900 to

insert a scleral prosthesis into a scleral tunnel.

[0081] FIGURES 10A and 10B illustrate an example surgical

blade 1000 used to create a scleral tunnel for receiving a

scleral prosthesis in accordance with this disclosure. The

embodiment of the surgical blade 100 0 shown in FIGURES 10A and

10B is for illustration only. Other embodiments of the surgical

blade 1000 could be used without departing from the scope of this

disclosure .

[0082] In this example, the surgical blade 1000 is used to

automatically feed a suture through a scleral tunnel. The suture

could then be used to pull a prosthesis into the scleral tunnel,

such as is shown in FIGURES 8A through 8F and 9A through 9C.

However, as noted above, the use of a suture to pull a prosthesis

into a scleral tunnel is not required, and the surgical blade

1000 could be modified to simply form a scleral tunnel without

pulling a suture through the tunnel.

[0083] As shown in FIGURES 10A and 10B, the surgical blade

1000 includes a central portion 1002, a curved cutting blade

1004, and a connecting segment 100 6 . The central portion 1002 is

connected to a surgical tool and can be rotated in multiple



directions to move the cutting blade 1004 into and out of the

scleral tissue of a patient's eye. The connecting segment 1006

couples the central portion 1002 to the cutting blade 1004,

helping to translate rotation of the central portion 1002 into

movement of the cutting blade 1004.

[0084] In this example, the cutting blade 1004 includes a

notch 1008. After the cutting blade 1004 is rotated into the

scleral tissue of a patient's eye (and before it is rotated out

of the scleral tissue) , a suture 1010 can be placed in the notch

1008. In some embodiments, the suture 1010 could have multiple

loops at its end, and the loops may be placed in the notch 1008.

In other embodiments, the suture 1010 itself is placed within

the notch 1008. The suture 1010 could be loaded into the notch

1008 in any suitable manner, such as automatically or manually.

The cutting blade 1004 is then rotated out of the patient's

scleral tissue, pulling the suture 1010 with it. This allows the

suture 1010 to be pulled through the scleral tunnel in a

patient's eye at the time that the scleral tunnel is formed. The

suture 1010 also helps to mark the location of the scleral

tunnel, allowing a surgeon or other personnel to quickly locate

the scleral tunnel in the patient's eye after the surgical blade

1000 is removed.

[00 85] Although FIGURES 10A and 10B illustrate one example of

a surgical blade 1000 used to create a scleral tunnel for

receiving a scleral prosthesis, various changes may be made to

FIGURES 10A and 10B. For example, the surgical blade 1000 need

not include a notch 1008, and the suture 1010 could be inserted

through a scleral tunnel after the tunnel is formed. Also, as

noted above, the suture 1010 could be omitted from the surgical

procedure.

[0086] FIGURES 11A through 11D illustrate an eighth example

scleral prosthesis 1100 in accordance with this disclosure. The

embodiment of the scleral prosthesis 1100 shown in FIGURES 11A



through 11D is for illustration only. Other embodiments of the

scleral prosthesis 1100 could be used without departing from the

scope of this disclosure.

[0087] In this example, the scleral prosthesis 1100 changes

shape after being implanted into a scleral tunnel. For example,

the prosthesis 1100 could be formed from a shape-memory metal or

other material that changes shape when exposed to certain

temperatures or temperature ranges, such as a nickel titanium

alloy or Nitinol. In this example, the prosthesis 1100 before

implantation may have the shape shown in FIGURE 11A. Here, the

prosthesis 1100 includes a generally flat central portion 1102

and two generally flat end portions 1104-1106. Each of the end

portions 1104-1106 includes two separated sections 1108, which in

this example are angled towards one another.

[008 8 ] Once inserted into a scleral tunnel, the temperature of

the patient's scleral tissue may cause the prosthesis 1100 to

assume the shape shown in FIGURE 11B. The central portion 1102

of the prosthesis 1100 is now arched or curved, and the sections

1108 of each end portion 1104-1106 angle away from one other.

Also, the end portions 1104-1106 may be generally curved, while

the tips of the end portions 1104-1106 are flatter to form

splayed feet that provide support for the prosthesis 1100.

[0089] The prosthesis 1100 could be implanted into a patient's

eye in any suitable manner. For example, the scleral prosthesis

1100 could be inserted into a scleral tunnel after a surgical

blade has been used to form the scleral tunnel.

[00 90] In other embodiments, as shown in FIGURE 11C, the

prosthesis 1100 could be placed within a sheath 1152 having an

integrated blade 1154. The integrated blade 1154 can be used to

form a scleral tunnel in a patient' s eye while the prosthesis

1100 is being inserted into the scleral tissue. For example, as

shown in FIGURE 11D, a vacuum pot 1170 can be inserted onto a

patient's eye, and vacuum forces could be used to pull up on the



patient's scleral 1172 and conjunctiva 1174. At this point, an

incision could be formed in the patient's eye, such as an

incision at location 117 6 . This could include inserting the

prosthesis 1100 into the patient's eye at the location 1176,

using the blade 1154 to cut into and form an incision through the

patient's eye at that location. By pulling up. on the patient's

sclera 1172 before the incision is formed, a straight incision

rather than a curved incision could be used to form a scleral

tunnel. Although the incision is shown as occurring outside of

the vacuum pot 1170, the vacuum pot 1170 could include a

mechanism for forming an incision inside the vacuum pot 1170.

Once implanted, the sheath 1152 could be opened and pulled

through the scleral tunnel while the prosthesis 1100 is

maintained in place (such as by a surgeon using a gripping tool

to hold the prosthesis 1100 in place) . However, the prosthesis

1100 could be inserted in any other suitable manner, with or

without using a sheathe, integrated blade, or vacuum pot.

[0091] In particular embodiments, the prosthesis 1100 may be

malleable and caused to assume the shape shown in FIGURE 11A at

lower temperatures (in a "martensite" phase) , such as

temperatures below 60°F. At temperatures above 60°F (in an

"austenite" phase), the prosthesis 1100 may assume the arched

shape shown in FIGURE 11B. The flatter shape of the prosthesis

1100 shown in FIGURE 11A may help to reduce the profile of the

prosthesis 1100 during implantation, which may reduce the size of

an incision needed in the scleral tissue of a patient's eye. As

a particular example, the prosthesis 1100 in FIGURE 11A could

have an arched height of 250 microns, and the prosthesis 1100 in

FIGURE 11B could have an arched height of 900 microns. Also,

because the prosthesis 1100 in FIGURE 11A is generally flat, a

straight incision could be used to form a scleral tunnel instead

of a curved incision, reducing the complexity of forming the

incision .



[0092] Although FIGURES 11A through 11D illustrate an eighth

example scleral prosthesis 1100, various changes may be made to

FIGURES 11A through 11D. For example, the prosthesis 1100 could

have any suitable size or shape before and after implantation.

As a particular example, while shown as including separated

sections 1108 at its ends 1104-1106 in FIGURE 11A, each end 1104-

1106 of the prosthesis 1100 could be fully integrated, and each

end 1104-1106 may branch into multiple sections 1108 only after

implantation .

[0093] FIGURES 12A through 14B illustrate additional example

prostheses having inserts placed between portions or "legs" of

one end of each of these prostheses. FIGURES 12A and 12B

illustrate a ninth example scleral prosthesis 1200 in accordance

with this disclosure. The embodiment of the scleral prosthesis

1200 shown in FIGURES 12A and 12B is for illustration only.

Other erabodiments of the scleral prosthesis 1200 could be used

without departing from the scope of this disclosure.

[0094] In this example, the scleral prosthesis 1200 is

configured to receive an insert 1202. The prosthesis 1200

includes a textured bottom surface 1204, and the insert 1202

includes a textured bottom surface 1206 (although this feature

could be omitted) . Also, the interior sides of the legs of the

prosthesis 1200 have "male" ridges 1208, and the insert 1202 has

"female" slots 1210 that guide the insert 1202 smoothly between

the legs of the prosthesis 1200 (after the prosthesis 1200 itself

has been inserted in a scleral tunnel) .

[0095] In addition, the insert 1202 includes a slightly wider

circular "male" area 1212 at the interior end of the insert 1202,

which can be inserted into a corresponding circular "female"

expansion 1214 on the prosthesis 1200 itself. As the insert 1202

approaches the end of its travel into the prosthesis 1200, the

area 1212 can be snapped into the expansion 1214, which helps to

ensure that the insert 1202 does not fall out of the prosthesis



12 00 after implantation.

[0096] The insert 1212 can be permanently or removably placed

between the legs of the prosthesis 1200. For example, the insert

1212 could be placed between the legs of the prosthesis 1200

after the prosthesis 1200 has been implanted in a scleral tunnel

in a patient's eye. The insert 1212 could later be removed, such

as to facilitate removal of the prosthesis 1200 from the scleral

tunnel .

[0097] The insert 1212 may generally help to stabilize the

prosthesis 1200 (in addition to the stabilization already

provided by its wider ends) . For example, the insert 1212 could

help to prevent the legs of the prosthesis 1200 from separating

excessively, which could pull the opposite end through the

scleral tunnel and force the prosthesis 1200 out of the tunnel

completely. The insert 1212 could also function to reduce or

prevent rotation of the prosthesis 1200 within the scleral

tunnel. For instance, the insert 1212 may help to ensure that

the legs of the prosthesis 1200 form an end having a desired

width, so the end remains wide enough to prevent the prosthesis

1200 from rolling over once implanted in the scleral tunnel.

Moreover, the insert 1212 can be inserted into or around the

prosthesis 1200 only after the prosthesis 1200 has been

implanted, which enables the legs of the prosthesis 1200 to be

pushed together during implantation but prevents the legs from

coming together after implantation.

[0098] FIGURES 13A through 13D illustrate a tenth example

scleral prosthesis 1300, 1350 in accordance with this disclosure.

The embodiments of the scleral prostheses 1300, 1350 shown in

FIGURES 13A through 13D are for illustration only. Other

embodiments of the scleral prostheses 1300, 1350 could be used

without departing from the scope of this disclosure.

[0099] As shown in FIGURES 13A and 13B, an insert 1302 can be

placed between the legs of the prosthesis 1300. Similarly, as



shown in FIGURES 13C and 13D, an insert 1352 can be placed

between the legs of the prosthesis 1350. The inserts 1302 and

1352 can function in the same or similar manner as the insert

1202 described above. Moreover, the same mechanisms (male

ridges, female slots, male areas, and female expansions) could be

used with the prostheses 1300, 1350 and inserts 1302, 1352.

[00100] FIGURES 14A and 14B illustrate an eleventh example

scleral prosthesis in accordance with this disclosure. The

embodiment of the scleral prosthesis 1400 shown in FIGURES 14A

and 14B is for illustration only. Other embodiments of the

scleral prosthesis 1400 could be used without departing from the

scope of this disclosure.

[00101] s shown in FIGURES 14A and 14B, an insert 1402 can be

placed between the legs of the prosthesis 1400. The insert 1402

can function in the same or similar manner as the insert 1202

described above. Moreover, the same mechanisms (male ridges,

female slots, male areas, and female expansions) could be used

with the prosthesis 1400 and insert 1402.

[00102] n particular embodiments, the prostheses 1200-1400

shown in FIGURES 12A through 14B represents the same or similar

prostheses described above in FIGURES 5A through 7G. However,

the inserts could be used with any other suitable prosthesis.

[00103] Although FIGURES 12A through 14B illustrate various

examples of scleral prostheses having inserts, various changes

may be made to FIGURES 12A through 14B. For example, the sizes,

shapes, and dimensions of the features of the scleral prostheses

are for illustration only and can be altered in any suitable

manner. Also, various features shown and described with respect

to one of the scleral prostheses could be used with other scleral

prostheses (including the prostheses shown in FIGURES 1 through

7G) .

[00104] n addition, in some embodiments, any of the scleral

prostheses described above could be fabricated using at least one



magnetic material. For example, the entire body of a scleral

prosthesis could be formed from at least one biocompatible

magnetic material, or the scleral prosthesis could be formed from

at least one non-biocompatible magnetic material and then encased

in a biocompatible cover or shell. Also, a portion of a scleral

prosthesis could be formed from at least one magnetic material.

For instance, when a scleral prosthesis includes an insert (such

as is shown in FIGURES 4A and 12A through 14B) , the body or the

insert could be formed from at least one magnetic material, or

both the body and the insert could be formed from the same

magnetic material (s) or from different magnetic materials. In

some cases, the body and the insert could be magnetically

attracted to each other in order to help secure the insert to the

body. This could be accomplished using at least one magnetic

material in the body and at least one metal in the insert (or

vice versa) . This could also be done using magnetic materials

that are attracted to one another in the body and the insert.

[00105] FIGURE 15 illustrates an example method 1500 for

inserting a scleral prosthesis into a patient's eye in accordance

with this disclosure. The method 1500 shown in FIGURE 15 is for

illustration only. Other techniques could be used to insert a

scleral prosthesis into a patient' s eye without departing from

the scope of this disclosure.

[00106] A scleral tunnel is formed in a patient's eye and a

suture is placed through the scleral tunnel at step 1502. This

could include, for example, using a tool with a curved cutting

blade to form the scleral tunnel. This may also include pulling

a suture through the scleral tunnel using the curved cutting

blade. This may further include pulling a suture through the

scleral tunnel after the curved cutting blade has completed the

formation of the tunnel.

[00107] The suture is looped around a scleral prosthesis at

step 1504. This could include, for example, placing loops at the



end of a suture around one end of the scleral prosthesis (such as

is done in FIGURES 8A through 8F) . This could also include

looping a suture around the central body portion of the scleral

prosthesis (such as is done in FIGURES 9A through 9C) . This step

may also involve placing the suture through a threader tube.

[00108] The scleral prosthesis is inserted into the threader

tube at step 1506. This could include, for example, inserting

one end of the scleral prosthesis into the threader tube. Any

suitable portion of the scleral prosthesis can be inserted into

the threader tube, such as a portion that prevents premature

ejection of the scleral prosthesis within the scleral tunnel.

[00109] The threader tube is inserted into the scleral tunnel

at step 1508. This could include, for example, pushing the lower

portion 906 of the threader tube into the scleral tunnel. This

could also include pulling the threader tube into the scleral

tunnel using the suture. This could further include using the

rod 915 to open the scleral tunnel before the body of the

threader tube is pulled into the scleral tunnel. The scleral

prosthesis is pulled into the scleral tunnel at step 1510. This

could include, for example, pulling the scleral prosthesis into

its proper position within the scleral tunnel using the threader

tube and the suture.

[00110] The scleral prosthesis is removed from the threader

tube at step 1512, and the threader tube and the suture are

removed at step 1514. This could include, for example, pulling

the threader tube off the scleral prosthesis. This could also

include pulling on one end of the suture to remove the suture

from the scleral tunnel.

[00111] If necessary or desired, an insert can be placed

between or around portions of the implanted scleral prosthesis at

step 1516. This could include, for example, placing the insert

between or around separated or divided portions of the scleral

prosthesis to prevent rotation, flexing, ejection, or other



movement by the scleral prosthesis.

[00112] Although FIGURE 15 illustrates one example of a method

1500 for inserting a scleral prosthesis into a patient's eye,

various changes may be made to FIGURE 15. For example, any other

suitable technique could be used to place a suture through the

scleral tunnel. Also, any other suitable technique could be used

to pull or push the scleral prosthesis into the scleral tunnel,

including techniques omitting the use of a suture or rod.

[00113] 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.

[00114] 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 scleral prosthesis comprising:

an elongated body having a first free end and a second free

end opposite the first end, a maximum width of the body at each

end wider than a maximum width of the body between the ends;

wherein the body comprises multiple first portions that form

the first end of the body and a part of the body between the

ends, the first portions separated lengthwise along a substantial

portion of a total length of the body;

wherein the first portions of the body are biased so that

they maintain separation from one another without external

interference but are configured to be pushed towards each other;

and

wherein the body is configured to receive and retain,

between the first portions of the body, an insert that is

configured to maintain the separation of the first portions.

2 . The scleral prosthesis of Claim 1 , wherein the body

comprises at least one magnetic material.

3 . The scleral prosthesis of Claim 1 , wherein the first

portions are separated along at least half of the total length of

the body.

4 . The scleral prosthesis of Claim 1 , wherein the body

further comprises multiple second portions that form the second

end of the body and another part of the body between the ends,

the second portions separated lengthwise along the body.

5 . The scleral prosthesis of Claim 4 , wherein:

the first portions run substantially parallel to one another

along the body; and

the second portions run substantially parallel to one



another along the body.

6 . The scleral prosthesis of Claim 4 , wherein the second

portions are separated along less than a quarter of the total

length of the body.

7 . The scleral prosthesis of Claim 1 , wherein each of the

first portions includes a ridge extending inwardly from that

first portion towards the other first portion of the body, the

ridges configured to engage with slots of the insert.

8 . The scleral prosthesis of Claim 1 , wherein the first

portions meet at a point between the ends of the body and are not

connected to each other between that point and the first end of

the body.

9 . A system comprising:

a scleral prosthesis configured to be implanted into scleral

tissue of an eye, the scleral prosthesis comprising:

an elongated body having a first free end and a second

free end opposite the first end, a maximum width of the body at

each end wider than a maximum width of the body between the ends;

wherein the body comprises multiple first portions that

form the first end of the body and a part of the body between the

ends, the first portions separated lengthwise along a substantial

portion of a total length of the body; and

wherein the first portions of the body are biased so

that they maintain separation from one another without external

interference but are configured to be pushed towards each other;

and

an insert configured to be placed between the first portions

of the body to maintain a separation of the first portions.



10. The system of Claim 9 , wherein at least one of the body

and the insert comprises one or more magnetic materials.

11. The system of Claim 9 , wherein each of the body and the

insert comprises one or more magnetic materials.

12. The system of Claim 9 , wherein the body and the insert

are magnetically attracted.

13. The system of Claim 9 , wherein the insert comprises a

wider end portion that fits within a space proximate to a

location where the first portions of the body meet.

14. The system of Claim 9 , wherein the first portions are

separated along at least half of the total length of the body.

15. The system of Claim 9 , wherein the body further

comprises multiple second portions that form the second end of

the body and another part of the body between the ends, the

second portions separated lengthwise along the body.

16. The system of Claim 15, wherein:

the first portions run substantially parallel to one another

along the body; and

the second portions run substantially parallel to one

another along the body.

17. The system of Claim 15, wherein the second portions are

separated along less than a quarter of the total length of the

body.



18. The system of Claim 9 , wherein each of the first

portions includes a ridge extending inwardly from that first

portion towards the other first portion of the body, the ridges

configured to engage with slots of the insert.

19. The system of Claim 9 , wherein the first portions meet

at a point between the ends of the body and are not connected to

each other between that point and the first end of the body.

20 . A method comprising:

forming an elongated body of a scleral prosthesis, the body

having a first free end and a second free end opposite the first

end, a maximum width of the body at each end wider than a maximum

width of the body between the ends; and

forming an insert for the body;

wherein the body comprises multiple first portions that form

the first end of the body and a part of the body between the

ends, the first portions separated lengthwise along a substantial

portion of a total length of the body;

wherein the first portions of the body are biased so that

they maintain separation from one another without external

interference but are configured to be pushed towards each other;

and

wherein the body is configured to receive and retain,

between the first portions of the body, the insert to maintain

the separation of the first portions.
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