Title: I NTRASTROVAL CORNEAL MODI FI CATION  Abstract This invention is a
nmet hod for nodifying the curvature of a live cornea (12) to correct a

patient's vision. First, at |least one relatively snall ope Qg%%l? We in
the cornea for inserting a fiber optic cable or rrirco-cuttl:h‘; t erein

to creatwoaogonket or cavity with first, -and second oppos %gldsi?ﬁf{zg?
surfaces. The | aser beam (22) or mrco-cutting tool can be directed onto

one of the first, the second internal surfaces, or both, if needed or
desired to increnentally, and sequentially ablate or renove

t hree-di nensi onal portions of the cornea If a |aser beamis used, then a
flexible tenplate can be i nser tRaentdpplicétmnopeni ng in the cornea for
accurately controlling the pattern tf be ablated wthin the conea.
Preferably, the live cornea is then [%®ft alone to coIIapse, and obtain its

.~ new refractive powerINJRABTRI OMAR CORNRAT e ? After waiting the
dto

set period of tine, the cornea IS then exam ne erm ned the new
refractive power of the cornea. ~ 2 BEC 2V WD 00/51526 PCT/ US00/ 05285
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CROSS-REFERENCE TO RELATED APPLICATIONS

Related subject matter is disclosed in a 6opending application entitled “A
Universal Implant Blank for Modifying Corneal Curvature and Methods of Modifying
Comeal Curvature Therewith”, Attorney Docket No. 37652, filed even date herewith;
in copending application Serial No. 08/845,448 filed April 25, 1997; in application
Serial No. 08/552,624, filed November 3, 1995, now U.S. Patent No. 5,722,971,
which is a continuation-in-part of application Serial No. 08/546,148, filed October 20,
1995; in copending application Serial No. 08/569,007, filed December 7, 1995, which
is a continuation-in-part of application Serial No. 08/552,624, filed November 3,
1995, now U.S. Patent No. 5,722,971, which is a continuation-in-part of application
Serial No. 08/546,148, filed October 20, 1995; in copending application Serial No.
08/546.148, filed October 20, 1995; in application Serial No. 07/844,879, filed March
3, 1992, which is a continuation of application Serial No. 07/425,928, filed October
24, 1989, now abandoned, which is a continuation-in-part of application Serial No.
07/370,095, filed June 22, 1989, now abandoned, which is a continuation of
application Serial No. 07/221,011, filed July 18, 1988, now abandoned, which is a
continuation of application Serial No. 06/866,302, filed May 23, 1986, now
abandoned, which is a division of application Serial No. 06/760,080, filed July 29,
1985, now abandoned. The entire contents of each of the above-referenced patent

applications are incorporated herein by reference.
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etween the infernal surfaces.

Description of the Related Art: -

In an ametropic human eye, the far point, i.e., infinity, is focused on the retina.
Amefropia results when the far point is projected either in front of the retina, ie., .
myopia, or in the back of this structure, i.e., hypermetropic or hyperopic state.

In a myopic eye, either the amal length of the eye is longer than in a normal
eye, or the refractive power of the cornea and the lens is stronger than in ametropic
eyes. In contrast, in hypermetropic eyes the axial length may be shorter than normal
or the refractive power of the comea and lens is less than in a normal eye. Myopié,
be'gins generally at ihe age of 5-10 and progresses up to the age of 20-25. High
myopia greater than 6 diopter is seen in 1-2% of the general population. The
incidence of low myopia of 1-3 diopter can be up to 10% 0f the population.

‘ The incidence of hypermetropic eye is not known. Generally, all eyes are
hypermetropic at birth and then gredually the refractive power of the eye increases to
normal levels by the age of I'S. However, a hypermetropic condition is produced
when the crystalline natural lens is removed because of a cataract.



The invention relates to nmethods for nodifying a live cornea to change a
patient's vision. In particular, the live cornea is nodified % tﬁ@éﬁgﬁgs
of separating an internal area of the live cornea into first %
opposedwpoioRifdgl surfaces, and then renoving |ntrastrom%) tlssue and/ or

Tntroduci ng transparent optlcal material - between the in 083%F aces.
Description of the Related Art: In an rretroplc human eye, the far point,

i.e., infinity, is focused on the retina. Ametropia results when the far
point is projected either in front of the retina, i.e., nyopia, or in the
back of this structure, i.e., hypermetropic or hyperopic state. In a nyopic

eye, either the axial length of the eye is longer than in a nornal eye, or
the refractive pomer of the cornea and the lens is stronger than in

anetropic eye rast. .in_.h g mets a e es the axi al th may be
shorter than ngzrgﬁﬁ F’LFHQ fads P%%‘F‘% p%\ﬁfe'g %&PH%%@ gﬂ%nl s less
than in aofigidye, Rle faﬁﬁpafgtaeegbftéo&w%&tzmaécr&hetﬁ&ﬁsﬁ%u g&opter o

progresses up to the age of "20-25. Hi gh myopia greater than
seen in 14Rgyss Mwemtedplqoamﬂaatbemrretﬂhé withna pliesrareconted sewvofiglysses of 1-3

di opter can be up to 10%, of the ul ation e incide ce of hyper.netropi c
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00/ 51526 3 PCT/ US00/ 05285 Correction of myopia is achieved by placing a

m nus or EBMEAANRE BRSs in front of the eye, in the formof gl asses or

contact |enses o the ctive power .of Jhs

hyper met r opi ¢ ggjgglgcjagnﬁ%%p%o Olt“ﬁ agle%ioaga 8‘(?)[3%8 @? 0 en asses or
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extraction, 1i.e., renoval of the natural crystalline | ens, one can place a

plastic | enmealrrftrcam (Batos hen. by@phthalowh. 3@8&31 195aotatear Fyasigsov (Ann.
| mplantati %tha&mof eH TI"?S QS’?S{) mcud‘:agec{| athe procedure to prevent postoperative

complications due to such radial keratotomy. This procedure is now accepted for

cormrection of low myopia for up to 4 diopter (See Schachar [eds] Radial Keratotomy
LAL, Pub. Denison, Texas, 1980 and Sanders D [ed] Radial Keratotomy, Thorofare,
NJ, Slack publication, 1984).

Another method of correcting myopic ametropia is by lathe cutting of a frozen
lamellar comeal graft, known as myopic keratomileusis. This technique may be
employed when myopia is greater than 6 diopter and not greater than 18 diopter. The
technique involves cutting a partial thickness of the comea, about 0.26-0.32 mm, with
a microkeratome (Barraquer, Ophthalmology Rochester 88:701, 1981). This cut
pot‘tion of the cornea is then placed in a cryolathe and its surface modified. This is
achieved by cutting into the comeal parenchyma using a computerized system. Prior
to the cutting, the comeal specimen is frozen to -18°F. The difficulty in this
procedure exists in regard to the exact centering of the head.and tool bit to accomplish
the lathing cut. It must be repeatedly checked and the temperature of the head and
tool bit must be exactly the same during lathing. For this purpose, carbon dioxide gas
plus fluid is used. However, the adiabatic release of gas over the carbon dioxide



crystalline lens. Surgical attenpts to correct nyopic anmetro 'Q ngﬁ?} ack
to 1953 when Sato tried to flatten the corneal curvature bymper r’\) :

radi al wawesimet he peri phery of a corneal stroma (Sato, péffiussegéht hal nol .
36: 823, 1953). Later, Fyoderov (Ann. Ophthalnol. 11:1185, 1979) nodified
the procedure to prevent postoperative, conplications due to such radial
keratotomy. This procedure is now accepted for correction of |ow nyopia
for up to 4 diopter (See Schachar [eds] Radial Keratotony LAL, Pub.

Deni son, Texas, 1980 and Sanders D [ed] Radi al Keratotony, Thorofare, NJ,
Sl ack publication, 1984). Another nethod of correcting nyopic anetropia is
by lathe cutting of a frozen |I|anellar corneal graft, known as myopic ’
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a partial iiddeglatessolig.t he cornea, about 0.26-0.32 nm with a
m croker at ome (Barraquer, Ophthal nol ogy Rochester 88:701, 1981). This cut
portion of the therewrsatuse phthe gernged dameilaganst i inpreraent e tosfrepgmgamast

nodi fied. _Thi.s | l.eved tLl I,n th [ neal [,enc .using a
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exactly the sane during | athing. For this purpose, carbon dioxide gas plus
fluid is GROYrQFRENM the adiabatic rel ease of gas over the carbon
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due to freezing nmust also be calculated using _a conputer and a cal cul ator.
I'f the cord§asg oF epasue dntesfapespetwesn the cpngal lagiplia and the, hasty | Thegiiomaet zone

and a subsgauent YBSALh DU pecSRE b5 IBindet AX8fOphthatmol 100:101, 1982
and Jacobiec, Ophthalmology [Rochester] 88:1251, 1981; and Krumeich JH, Arch,
AQO, 1981). There are also wide variations in postoperative uncorrected visual

acuity. Because of these difficulties, not many cases of myopic keratomileusis are
performed in the United States. '

Surgical correction of hypermetropic keratomycosis involves the lameliar
cornea as described for myopic keratomileusis. The surface of the commnea is lathe cut
after freezing to achieve higher refractive power. This procedure is also infrequently
performed in the United Statesrbecause of the technical difficulties and has the
greatest potential for lathing errors. Many ophthalmologists prefer instead an
élt‘ernativc technique to this procedure, that is keratophakia, i.e., implantation of a lens
inside the comea, if an intraocular lens cannot be implanted in these eyes.

Keratophakia requires implantation of an artificial lens, either organic or
synthetic, inside the comea. The synthetic lenses, such as those disclosed in U.S.
Patent No. 5,123,921 to Werblin et al. and in U.S. Patent No. 5,336,261, are not
tolerated well in this position because they interfere with the nutrition of the overlying



tissue is thicker than the tool bit, it will not neet at the cal cul ated
surface resulting in an overcorrection. In addition, a netlculous th@¥ﬁ ng
techni que has to be adhered to. The conplications of t hawi n§ i

I nfl uencewp@ssper ati ve corneal |enses. These include den?ggﬁé(%&%&#e

i nterfaces between the corneal |anella and the host. The s e’
resected cornea nmay al so becone opaque 4 Bi nder Arch Qphthal nol 100: 101,
1982 and Jacobi ec, Ophthal nol ogy [ Rochester] 88:1251, 1981; and Kruneich
JH, Arch, AQQ, 1981) There are also wide variations in postoperative
uncorrected visual acuity. Because of these difficulties, not nmany cases
of nyopic keratom leusis are perfornmed in the United States. Surgical
correction of hypernetropic keratonycosis involves the lanellar cornea as
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synthetic, insi-de the cornea. The synthetic | enses; such as those disclosed

in. US st efmremve yisions apel thesebpe dstieasedt bedapserof the preSendea b€ ntwd\o.
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require frozen lathe cutting of the coneal lenticule. Pro
m cr oker atmambersustedtht chammed td mgdify thed d:canca:shapeaRamgshapeégmpmnts &ttt ect ony

or perforation of. the The rec ry of visi r at her | onged.
Thus, si grPPf &sndiselo fgr Feapls 1P3¥-§t éétephﬂpaﬁgghh‘i%ltﬁ’li&m?reﬂﬂteﬁg
clear up aigedi€o. 5,300,118 to Silvestrini et al., U.S. Patent No. 5,318,047 to Davenport et

al., U.S. Patent No. 5,323,788 to Silvestrini et al., U.S? Patent No. 5,391,201 to Barrett

et al., U.S. Patent No. 5,403,335 to Loomas et al., and U.S. Patent No. 5,405,384 to

Silvestrini et al. However, insertion of a ring-shaped member into a channel in the

comnea in this manner causes the comea to stretch and become deformed, which
tesults in blurred or otherwise distorted vision.

Application ef ultraviolet and shorter wavelength lasers also have been used to
modify the cornea. These lasers are commonly known as excimer lasers which are
powerful sources of pulsed ultraviolet radiation. The active medium of these lasers
are composed of the nobie gases such as argon, krypton and Xenon, as well as the
halogen gases such as fluorine and chiorine. Under electrical discharge, these gases
react to build excimer. The stimulated emission of the excimer produces photons in
the ultraviolet region.

Previous work with this type of laser has demonstrated that far ultraviolet light
of argon-fluoride laser light with the wavelength of 193 nm. can decompose organic
molecules by breaking up their bonds. Because of this photoablative effect, the tissue

and organic and plastic material can be cut without production of heat, which would



best corrective visions are thereby decreased because of the presence of
two interfaces. It is also known to create a channel in th@ c8fBedlBnd
i nsert woe@sshaped nenbers into the channel to nodify the cornea shape.
Ri ng-shaped inplants of this type are disclosed, for ex&fpIistoniRsgy, S
Patent No. 4,961,744 to Kilmer et at_g U S. Patent No. 5,300,118 to
Silvestrini et al., US. Patent No. 5,318,047 to Davenport et al-, U S
Patent No. 5,323,788 to Silvestrini et al., U S * Patent No. 5,391,201 to
Barrett et al., US. Patent No. 5,403,335 to Loonas et al., and U S. )
Patent No. 5,405,384 to Silvestrini et al. However, insertion of a
ri ng- shaped nenber into a channel in the cornea in this manner causes the
cornea t @oadulRd b ich, resyjts in blurred or
ot her wi se _ﬁ{:t oﬁbegﬁg? s?%%@i{gﬁ‘f}fégﬁ %@H%B‘Wa%ﬂb-lﬂé?-“%af this txperof
wavel engtaser isseperted Sar parformiee radidesht Gn O dofnkat AEvQ ?ﬁ@kel-r@ﬁﬁ_ej.' asers
excirner |lasers which are powerful soutcCes of pul sed
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the nobl g9 8SmaMCirdkiud" r on and xenon, as _well as the hal ogen
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gases rﬁxcperﬁmndnabbﬁrﬁi@lkﬂﬁt@toﬂ?%nébbﬁ&@ne&fl@w:ﬁ% g of the excimer
produces photgns in the ultraviolet.region. Previous work with this type
of laser has HesRseef thedsohlems ralated 6o theoriar| axt metlgis, thefe BragRRtfhwpr | de

| aser |i i el.ength of. 193 nm can deconpose organic nol ecul es
by breakllg%tg%\}p fé?ﬁ%‘ﬁ%‘ﬁaﬁt° TSyt hi s phot oabl ative effect, the
tissue and organic and plastic nmaterial can be cut w thout production of
heat, which would D 2 DEC 2903 WO 00151526 6 PCT/ US00/ 05285 coagul ate the-

ti ssue. The early work i Sld&MARYNORAGYE WVENTIMN use of this type of
| aser is reported .foiy per f rqngég% radial cut's rn the cornea in vitro
h

(Trokel, Am mréﬁﬁ SPFAY) the cpresant j imyentignhtch provido gymed8) for
Present | yod@ihe 3o t rneal curvature yia |asers are being
made to cr eglggr ahl al E%Y?gu?%ﬁ{ &%%gggﬁgaa TanSpardit optical material mfo an

internal portion of the cornea.

A further object of the invention to introduce an annularly-shaped implant
having an opening therein into the comea of the eye to modify the corneal curvature
withoutﬁlaser ablation.

~ Another object of the invention is to provide a method for modifying corneal
curvature by using a source of laser light in a precise manner via a template and
introducing a transparent optical material into the stroma of the cornea if necessary.

Another object of the invention is to provide such a method that can modify
the curvature of a live comea, thereby eliminating the need and complications of
Wo'rking on a frozen comea.

~ Another object of the invention is to provide a method for improving eyesight
without the use of glasses or contact lenses, but rather by merely modifying the
corneal curvature.

Another object of the invention is to provide a method that can modify the

curvature of a live cornea without the need of sutures.



for performance of radial keratotony and correction of |ow nyopia. Because
of the problens related to the prior art nethods, there is a copt]nui
need for inproved nethods to correct eyesight. SUMVARY OF THEUEI\%%
Accor di nYG/007gm$ abj ect of the present invention to provi decey¥Bsbess f or
modi fyi ng corneal curvature via introducing a transparent optical materi al
into an internal portion of the cornea=7A further object of the invention
t.o i ntroduce an annul arly-shaped inplant having an opening therein into
the cornea of the eye to nodify the corneal curvature wthout |aser
abl ati on. Another object of the invention is to provide a nethod for
modi fyi ng corneal curvature by using a source of laser light in a precise
manner via a tenplate and introducing a transparent optical material into
" the stroma of thAncthenebjett ofhthecinseaition Brtotgrevidely arthodf thahean modifyithe is
to provide such a Eod t hat can modi fy _the curvature of a live cornea,
t her eby el i FHEVRHEY rfgeac ¥ AR Fith wmikmal meisionssingy the githeliynnd Bewpars
" cor nea. ANof, 2 f(aPé f the invention is to provide a nethod for
i mprovi ng eyesi gh out t he use of -glasses or contact |enses, but
rather by merel YAﬁ@ﬂeﬁ pbjegt bNehe ateR8ah iS 46 \ROHHE 2 AMAidEEeforoRbeiYingfthe he
I nvention is to provide a nethod that can nodify the curvature of a live
cornea wi t hesumeal [survatie byt ablating e covgmlaiis tigpsorned strapRCagd GBroducing a
PCT/ USOCQ' 05285 Anot her, obj ect. t he. i-nv ion is to provide a nethod that
can nodify (FamEparghyy qpﬁ’f’ﬁlrlﬁa% ?Q%s§8 g%ﬂ?‘ﬁmﬁ’r nimal incisions into the
epi thel ium and Bowran's |ayer of the cornea. Another object of the
invention is to provide a nethod for nodifying the corneal curvature by
abl ati ng or coagdcatdimg t¢ haccapesad! ter pesenandvantibnothess mypeovided a blank,

adaptable for use in modifying the curvature of a patient’s live comea, comprising:

a first surface adapted for placement directly on an internal exposed surface of a patient’s
live cornea which has been exposed by removing a flap portion from said live cornea, a
portion of said exposed surface being intersected by the main optical axis of the eye, said
flap portion remaining attached to said comnea by a hinge portion; a second surface
opposite said first surface; a wall surface extending between said first and second
surfaces, and defining an opening in said blank, said opening formed substantially
without ablation; said blank comprising a material whose properties permit light having a
wavelength within the visible spectrum to pass therethrough and prevent substantially all
light having a wavelength within the laser light spectrum from passing therethrough, said
blank adapted to alter the curvature of the comea and at least one of said material and
said altered curvature of the cornea adapted to alter the path of said light having a

wavelength within the visible spectrum.

Other objects, advantages, and salient features of the present invention will
become apparent to those skilled in the art from the following detailed description,
which, taken in conjunction with the annexed drawings, discloses preferred

embodiments of the tnvention.



transparent optical material into the stroma of the cornea. According to
one aspect of the present invention, there is provided a bl gnk,i"radagy abl e
for use waomsréyi ng the curvature of a patient's live Co%ﬁiﬁ’ conpri si ng:
a first surface adapted for placenent directly on an inte S@%ﬁ%@%d'
surface of a patient's live cornea whigch has been exposed by renoving a
flap portion fromsaid |ive cornea, a portion of said exposed surface
being intersected by the main optical axis of the eye, said flap portion..
remai ning attached to said cornea by a hinge portion; a second surface
opposite said first surface; a wall surface extending between said first
and second surfaces, and defining an opening in said blank, said opening -
formed substantially wthout ablation; said blank conprising a materi al
whose properties permt |ight having a wavelength within the visible -
spectrumto pass ther etBRIBFJPESGRIRTIONOF FHDDRAWMIdY all light having a
wavel engt h mﬁt?%? t.he | aser Igght spectrum from passing therethrough, said

bl ank adapted CG™ATPEPOVIR Wings &ivgh fom agwrtrithisetiginel disgosurene of said '
material and spl.d Rld §h€di6 i (F Y rnega adapted to alter the
path of said |ig%1t havi ng chofdl gﬁ’g hseév&“&ﬁ%%e’%ﬁtg°\$$§ﬁ‘8|cén?begﬁ¥ﬁﬁ? Ot her
obj ects, shbwdang dpemen) gusibhndlehs;f eat ures of the present invention wll
become apparent. tq those skilled in the art fromthe follow ng detail ed
descri ption, is § #ldenclpyatiosalj vigwt inosection isimbie tnthex slbvetr aiFigys]

di scl oses d.- [ s _of the.inventian. 0151526 8 0 ? "r-(-
"933 PCT/T% %&%@i{%@éﬁeﬁﬂ"aﬂ"& %%& %@fwﬁfanéh%byt o the
draw ngs seaelink dhoesinerinto Afst bl fbodhd GRld ShaEhiOdMagss; Fig. 115 a side
el evationsédP view in section taken thro@h the center of an eye showi ng the
cornea, pupi| Bigd3ligpagliagrmmatic side aleyatienat biewaof thealye shewn iNFize tvritin
simlar to,that, shown in Ei 1 except .that thin | ayer has been renoved
fromthe 3 M8 B5PM TRUISEy ﬁ@ghmﬂ?eta%‘gyg%@%%eﬂa%‘i apiy hemgolagated; adierent r st and

second oppesgsl i nternal surfaces;

Fig. 4 is a side elevational view in section of an eye that has been treated by
the apparatus shown in Fig. 3 with ablation conducted in an annular area spaced from
the center of the internal surface on the comez;

‘ Fig. 5 is a front elevational view of the ablated cornea shown in Fig. 4;

Fig. 6 is a side elevational view in section showing the ablated comnea of Figs.
4 and 5 with the thin layer previously removed from the cornea replaced onto the
ablated area in the cornea, thereby increasing the curvature of the overall cornea;

Fig. 7 is a side elevational view in section of an eye which has been ablated in
the central area of the internal surface on the cornea;

. Fig. 8 is a front elevational view of the cornea having the central ablated
portion ;tzhown inFig. 7; - '
| Fig. 9 is a side elevational view in s&:tion of the ablated cornea of Figs. 7 and
8 in which the thin layer previously removed from the cornea is replaced over the
ablated area, thereby reducing the curvature of the overall comea;

Fig. 10 is a front elevational view of the adjustable diaphragm shown in Fig. 3
used for directing the laser beam towards the eye;



Fig. 3 is a diagrammatic side el evational view of the eye shown in Fig. 2
wth a |laser beam source, diaphragm and gui di ng nechani sm b(ﬁggﬁé}mbgd
adjacent thereto; Fig. 4 is a side elevational view in secti ye
that hadV®B¥HSEF eated by the apparatus shown in Fig. 3 wdEhuahabion .
conducted in an annul ar area spaced from "'the center of the internal
surface on the cornea; Fig. 5is a fromt-elevational view of the abl ated
eornea shown in Fig. 4; Fig. 6 is a side elevational viewin section

showi ng the ablated cornea of Figs. 4 and 5 with the thin |layer previously
renoved fromthe cornea replaced onto the ablated area in the cornea,
thereby increasing the curvature of the overall cornea; Fig. 7 is a side

el evational view in section of an eye which has been ablated in the
central area ofFightl iina dromtklesatidaateicanoftthe goidinpemectonGm Shdwn &1 Fignt

el evati ongl__vi ew of h??é_ﬁﬁrn a having the central ablated portion shown in
Fig. 7; Fi yu:@qgo%ta@lle P & Yeniaie Fizg ifamed theres foydirseting, thedpseathedmeor nea

of Figs. EO@%&éﬁmﬁﬁ%&&%gﬂeﬁé{cﬁ er previously renoved fromthe

cornea i s replaced ‘over 't \fea, thereby reducing the curvature
of the overal | Figr h2ds afight ski2 élsVaﬁohﬂOﬁbwaifemagh mécRMigh shBém in

adj ust abl ¢, di aphragm shown in Fig- 3 wused for directing the | aser beam

towards t ég-elylé; 0 2 DEC 2003 WD 00151526 9 PCT/US00/ 05285 Fig. 11 is a

front elevatio | of. .t h ui di ng ‘mechani sm sho in Fig, 3. having a
rotatabl e orif :ch(i:ié ic/)slfl%\\lléliarl’étgtl§’rd§ ege[v? O'?agrv?‘Fé’ﬂmtq‘?‘é‘F‘E’r ,G%Pnﬂh%a%g%‘ilﬁgntﬁ% | aser
' beam tovandfiot @ksutbmalpRiHthOpmitgtiRRAliEhn; Fig. 12 15 a right side

el evational viéw of the guiding mechanrsmshown’in Fig. 11; Fig. 13 is a
right side el eVEigi bhisla fromwelévational tview of akendifiddondding Meechanidd ihdlufling. 11

show ng tg%nci“patb?ég%ce?arts of the guiding nmechanism

Fig. 15 is a diagrammatic side elevational view of a second modified guiding
mechanism for a laser beam including a universally supported mirror and actuating
motors used for moving the mirror ‘and thereby guiding the laser beam in the
predetermined pattern;

Fig. 16 is a diagrammatic side elevational view of a third modified guiding
mechanism comprising a housing and a rotatable fiber optic cable;

'Fig. 17 is an end elevational view of the housing and fiber optic cable shown
in Fig. 16;

Fig. 18 is a éiagrammatic side elevational view of a laser source, diaphragm
and guiding mechanism for use in ablating the thin layer removed from the cornea,
w%aich is shown supported by a pair of cups;

Fig. 19 is a front elevational view of a live cornea which has been cut with a
spatula to separate the central portion of the cornea into first and second opposed
internal surfaces in accordance with the present invention;

Fig. 20 is a side elevational view in section taken
along line 20-20 of the cornea shown in Fig. 19;

Fig. 21 is a front elevational view of a cornea that has been cut as shown in

Fig. 19 with ablation conducted in the central portion of the cornea by a laser;



Fig. 14 is. a front elevational view of a nodified guiding mechani sm
including a novable orifice; Fig. 15 is a diagrammtic side ?mgﬁ I

vi ew of YHO8¥815n& nodi fied guiding nechanismfor a |aser g, %nc U p;'*g a
uni versal |y supported mirror and actuating notors used f ?ﬁl "PR#8% he
mrror and thereby guiding the |aser .hgamin the predeterm ned pattern;
Fig. 16 is a diagrammtic side elevational view of a third nodified guiding
mechani sm conpri sing a housing and a rotatable fiber optic cable; Fig. 17
is an end el evational view of the housing and fiber optic cable showmn in ~

Fig. 16; Fig. 18 is a diagrammtic side elevational view of a |aser source,
di aphragm and gui di ng nechanismfor use in ablating the thin [ayer renoved

fromthe cornelig. Ahischside eldvationd URER heRchdn 2R3 L9k 1€UPs; LFi g .19 is a
front elevational view of a live cornea \e/‘ﬁ%lcc%n has%bégﬁgclﬂle %‘?Jﬁ:%&épatul a -
to separ at¥™ oFaip ég-zébrtion of the cornea into first and second opposed

internal surfag ' rdance with the present invention; Fig. 20 is a
si de el evg i ona \2/? gkwéfg\iﬁgg@g%%‘ﬁw{"&ﬁ’e‘ﬁ segliosrigken theoegh e ahter bf aneyaca
shown i n shoging e ablaged cdindaDf Fids! POLb ) SHBVAL | vigw of a cornea that has
been cut as shown in Fig. 19 \I/ésth abﬁgtﬁﬁ%ﬁlﬁggﬁéﬂtﬁ %ROYHe central

portion of theM8ofhises side elevativnnt vivw iARacbRAGker fhrhgh BEGARP3

PCT/ US00/ i .22 IS a.side _elevational view in section fglﬁgxe al on
line 22- 2%5%%53&8@@3“3@98 i F#P dp itpgoliapisgd padtios, therebyl de@bayag | onalg
view in st&ebﬁr@mﬁea&&ﬂe&eﬁwg%ﬁb?g ﬁ%%g{ of an eye showi ng the. ablated

e fi ger op AR

cornea of Figs. 19-22 with It tip renoved; Fig. 24 is a side

el evational vildgy 2hisaxenlargetapatial bioaslstibig ¢! §F 20 rﬁ% owi ng the
abl ated ggrnea of Figs. 19-23 in its collapsed pOSISt Foér?, g’rytgb@%ggrcr easi ng
OPiC Up cuthing,"separating and ablating the cornea into first and second opposed "

internal surfaces;

Fig. 26 is an enlarged, partial cross-sectional view of a cornea with a fiber
optic tip having an angled end for ablating the cornea;

Fig. 27 is an enlarged, partial cross-sectional view of a cornea with a fiber
optic tip having 2 bent end for ablating the cornea; '

Fig. 28 is a front cievational view of a live comnea in which a plurality of
radially extending cuts have been made with a spatula to separate the cornea at each of
the radially extending cuts into first and second opposed internal surfaces in
accordance with the present invention;

Fig. 29isa front elevational view of a cornea in which the radially extending
cu?s shown in Fig. 28 have been ablated to create a plurality of radially extending
tunnels; '

Fig. 30 is a side elevational view in section taken along line 30-30 of the
cornea of Fig. 29 with the fiber optic tip removed;

Fig. 31 is a side elevational view in section taken along the center of an eye
showing the ablated comea of Figs. 28-30 in its collapsed position, thereby decreasing
the curvature of the central portion of the comea;



the curvature of the central portion of the cornea; Fig. 25 is an enlarged,
partial cross-sectional view of a cornea with a fiber optic tip cutting,
separating and ablating the cornea into first and second oppo§e DHOL 88 %al
sur f aceswolengis286 i s an enlarged, partial cross-sectional per@yéeghsasCornea
with a fiber optic tip having an angled end for ablating the cornea; Fig.
27 is an enlarged, partial cross-sectippnal view of a cornea with a fiber
optic tip having a bent end for ablating the cornea; Fig. 28 is a front

el evational view of -a live cornea in which a plurality of radially

extendi ng cuts have been nade with a spatula to separate the cornea at each
of the radially extending cuts into first and second opposed i nternal
surfaces in accordance with the present invention; Fig. 29 is a front

el evati onal Vi eFyg0B2 8s GORGIR Alévativhdl Chew 6 £ ddk AlokYe-L¥ SRHHNY ght&gﬁ%r_ ghown in
X

Fig. 28 have been ablated to create a plurality of radially ndi ng

tunnel s; Rediallgextending sitd bavd bacnmasieavittva epatiln te sepdrain theadornemdt@ach bf ne
30-30 of the _cornea of,.Fig. 29 wifth the fiber optic tip removed; Fig. 31
's & si de WBF FPIRIS GHteRAiRg, Yt Je: 5 ek SFPORAORBPOSE Blemal SBRiaEs e
show ng t g aRhalRMtCAE PR&eN infddion, 28-30 in its collapsed position,

t hereby decreasing the curvature of the central portion of the cornea; 0 7

Ppl X003 WO 00mEE52H iPCTHiddSeRyAondb vield ifrisgction’taken aldrgolihe S3e38bf dpal vi ew
of. alive corgga_whi ch a plurality of- radially extending cuts have been
made wi t h SRsBAE Gigh 32 vitihg spatulage@ovstnea at each of the radially
extendi ng cuts 4.pt9, i S : sed intarnal surfa L n
accordance wt hI}1 'h% Egrés%é’r??%?eﬁ\%gﬁﬁ%e%%ga. 9‘53921 glaé%ffé e%lr%cg%tbf SHAPS vi ew

i_.n secti orshbaken FigdsOBYahd BE with-cddgithtidd€ondudtedd te erfds®bf the ratiidl tuts
spatul a renoved; Fig. 34 is a front elevational view of a cornea that has
been radi é lpgerdb{;rebg increasing the curvature of the central portion of the cornea;

Fig. 35 is a side elevational view in section taken along line 35-35 of the

cornea of Fig. 34 with the laser removed and coagulation conducted at the ends of the
radial cuts to increase the curvature of the central portion of the comea;

‘Fig. 36 is an enlarged, partial cross-sectional view of a cornea with a drill tip
removing tissue therefrom,

Eig. 37 is a front elevational view of a live cornea that has been cut to form an
intrastromal pocket and showing a too! for injecting or implanting ocular material into
the pocket;

_ Fig. 38 isan lanlarged side elevational view in section taken through the center
of an eye showing the intrastromal pocket over fifled with ocular material thereby
increasing the curvature of the central portion of the cornea;

' Fig. 39 is an enlarged side elevational view in section taken through the center
of an eye showing the intrastromal pocket partially filled with ocular material thereby
decreasing the curvature of the central portion of the cornea;

Fig. 40 is an enlarged side elevational view in section taken through the center
of an eye showing the intrastromal pocket completely filled with ocular materiat
restoring the curvature of the central portion of the comnea to its original curvature;



shown in Figs. 32 and 33 with coagul ati on conducted at the ends of the
radial cuts b a laser, thereby increasing the curvature off 2 H¥(c@biy al
portion WP ¥ME2€ornea; Fig. 35 is a side elevational vi ewﬁcq,@gg,%gzggl t aken
along line 35-35 of the cornea of Fig. 34 with the laser renoved and -
coagul ati on conducted at the ends of 4i%- radial cuts to increase the
curvature of the central portion of the cornea; Fig. 36 is an enl arged,
partial cross-sectional view of a cornea with a drill tip renoving tissue.
therefrom Fig. 37 is a front elevational view of a |live cornea that has
been cut to forman intrastromal pocket and showi ng a tool for injecting
or inplanting gcular material into the pocket; Fig. 38 is an enlarged side
el evational viEig- 4 dect itear elaketionahraeighot b8 S@IMre fmpight .%E f¥EaNoW ng the

i ntrast r%%rdﬁﬂf%%&“ eﬁi Itl.ed with qcular, material %here y 1 ncreasing --
the curvature o & “CEREr At Iysrionfor dmplanting intpesormay. 39 is an enl ar ged
si de el evat.i orfik. 42 &y EfdsS.8&dHk : h h_the, center, of an eye

showi ng the int Fastromal pgégl?gtﬁﬂ%%?’gﬁey&ﬁ%gl%agﬂ?ﬁmﬁ %@r%’al

t hereby Tdedldgkemaglonpseationdinted2ed2yf the central portion of the cornea;
Fig. 40 is an ﬁnlﬂ'%ed Si deﬁil,evatior_lal view in section taken through the
center of an dye SR FERL sids elexationshaiewpiocsestior i thiredgh thé téegk Wi th

ocul ar mafaf iedd shaembhd Vgt ur f the central portion of the

cornea to i ts?%)ri gi ngﬁﬁ%%%?%ﬁ%&gwﬁg%&%c -?2“191@* pEmatesighof Figs.

PCT/ USO0Ad 328 92 thereindfor iroreasingdhe SkrHmikd @mbx}r-m gqu%ﬂ q%gé ar lnmplant or
ular nplan

material in aggordance with the presen an oc Fo % erial in
accordance w t ppedarged sideelevativnabvicivniplsastion takén rdiphiRSeendrd. 42 1S

a cross-gegh boL g of the ocular i ant or material ilTustrated in
Fig 41 taﬁﬁe nfé;%’r‘\’)g&hg\gé Jigstrem Pé’fifﬁtz‘?})ﬂlitﬂf&. ocypriimplant eninategebbiFige :
el evat i oAhknd HP thérBinTOE B BastBE chih: ter: of eye- showing the
intrastromal pocket- with the ocu?ar ﬁﬂn%f}%{r]llp%gr RPEHIL tadigqc%i’ifs
1g. 45 is an enlarged side elevational view in section taken through the center
of an eye showing the intrastromal pocket with the ocular implant or material of Figs.

41 and 42 therein for maintaining the original curvature of the central portion of the
cornea;

Fig. 46 is a front elevational view of a live cornea which has been cut to form
a plurality of radial tunnels or pockets and showing a tool for injecting or implanting
ocular material into the tunnels;

~ Fig. 47 is an enlarged side elevational view in section taken through the center
of the eye showing the radial tunnels or pockets of Fig. 46 overfilled with ocular
material thereby modifying the cornea and increasing its curvature;

Fig. 48 is an enlarged side elevational view in section taken through the center
of the eye showing the radial tunnels or pockets of Fig. 46 underfilled with ocular
material thereby modifying the cornea and decreasing its curvature;

Fig. 49 is an enlarged side elevational view in section taken through the center
of the eye showing the radial tunnels or pockets of Fig. 46 completely filled with
ocular material thereby modifying the cornea;



41 and 42 therein for increasing the curvature of the central portion of
the cornea; Fig. 44 is an enlarged side elevational view in section_taken
through the center of an eye showing the intrastromal pocket Datt R%Bhe

ocul ar iwol@msis2er nmaterial of Figs. 41 and 42 therein fopdasdgasiseg the
curvature of the central portion of the cornea; Fig. 45 is an enlarged side
el evational view in section taken throlfgh the center of an eye show ng the
l.ntrastromal pocket with the ocular inplant or material of Figs. 41 and 42
therein for maintaining the original curvature of the central portion of
the cornea; Fig. 46 is a front elevational view of a |ive cornea which has
been cut to form a plurality of radial tunnels or pockets and show ng a
tool for injecting or inplanting ocular material into the tunnels; Fig. 47
_is an enl ar gedFig- 88 ippncrlengsd sidelesatipmal yéay inosectiok éken througihtheisentsent er

f th W L al, tunnel ket s-of Fig. 46 overfilled with
ocul ar g B e el bRE LB ne 1R s HochRE A°CaR ioP el i o =

cur vat ur eincfeage thé@unanas ofnseleged pditile, ofl thy adrnedahd Miothéritinre 6f podket aken
through the center _of the eye showing the radial tunnels or pockets of

Fig. 46 uvrefsFilied tedlegiense the gimyptureref @ 86legted pastion of thsgomerng t he cornea and

Sect ion taken i ot A argtdiad idvhai Sl EE5h RRE IR AR Tnld O 1 0
pockets odf Hiegeyetehewifip! @icchy thd Itadlvot hockeasl lcomplaelr filkdd Wity ebylar

nmodi fyi ng the cornea; W) 00/51526 -13 0 2 DEC 7003 PCT/ USOQ/ 05285 Fig. 50
i s an en| metgtal tojmein@ing nertonaf the eomen akitsconiginalishrrsandangthss el eent er

f th howi of t.h ' ' I
e A e R L s
anot her t@eRgme2’ pocket underfilled to decrease the curvature of a

sel ected portion of the cornea; Fig. 51 is an enl_argle(d si de el evat.i onal
view i n secti ofigt Sk éven ¢nlagehsidn elayetional vieys in seetien, ekem BEpRah BRSSHET { he

tunnel's ofe POCKE! Sl HeCby tld hefidisbl BoBidts Rompletely filled with oculer
material to maintain a portion of the cornea at its original shape and gnother tunnel or
pocket unfilled to collapse or decrease the curvature of a selested portion of the

comea’Fig. 53 is an enlarged side elevational view in section taken through the c.enter
of the eye showing one of the tunnels or pockets overfilled with ocular material to
increase the curvature of a selected portion of the cornea and another tunnel or pocket
unfilled to collapse or decrease the curvature of a selected portion of the cornea;

Fig. 54 is an exploded side elevational view in section taken through the center
of an eye showing a thin layer or portion of the comea completely removed from the

five cornea and the ocular material or implant of Figs. 41 and 42 positioned between

the thin layer and the remainder of the live cornesa;

Fig. 55 is an enlarged side elevational view in section taken through the center
of the eye showing the ocular implant illustrated in Figs. 41 and 42 implanted in the

comea with the thin layer of the comea replaced over the ocutar implant fo mcrease

the curvature of the cornea;



material to maintain a portion of the cornea at its original shape and
anot herwété@&al or pocket overfilled with ocular nmaterial §t® BECragg%e the
curvat ur Hbsel ect ed portion of the cornea; Fig. 52 il’ﬁﬁ%oﬁ@ézg%ged si de
el evational view in section taken through the center of the ey oW ng
one of the tunnels or pockets conplet€lqy. filled with ocular material to
mai ntain a portion of the cornea at its original shape and anot her tunnel
or pocket unfilled to collapse or decrease the curvature of a sel ected
portion of the <cornea; Fig. 53 is an enlarged side elevational viewin
section taken through the center of the eye showi ng one of the tunnels or
pocket s overfii;.l eg?\m'th ocular material to increase the curvature of a

sel ected porti o1 3f 11 fecnlenend sidaskivativaiah ofent sinAGL . 0L, Pocket unfilled to
col | apse ﬁﬁthe(éysgﬁ@ggiﬁ the éﬂr vatyre of a sel ected porrt ohowgh eserter nea;
Fig. 54 is an expl oded S8 %W@Wi%ﬁf@mdwﬁigs.sﬂcéﬂm @g&eghr ugh the
center ¢PIRa? wifle thehthivi BePof fibs J'n[% er or portion of the cofnea ¢c&Hpletely
renoved fyomthe |jve cornea a% %éepdﬁ‘i?ﬁd?veﬁﬂ!ee‘bmdarimpléﬂmb%&eﬁe Fi gs.
41 and 4 %SWW%@an the thin layer and the remai nder of the live
cornea; the c . Fig..55is an enlarged side elevational view in section
t aken through@g '%{7h%a8%8h§g?€ﬁq?gektmﬁowwiwM%ﬁ@ﬁ&&#lt@i’éﬁ%ﬁd in Figs. 41
and 42 i rftEngyecthoWidd e OER{BP%%I\M th-the thin layer o GeeRtrepl aced
over thecgr%;;%riéhi&@gt to I nereqctiustrated in Figsué band 42 R LR QLR 1) \O

00/ 51526™% : 0D oPEGH ig.,56 is an enlarged side

meREER vl

el evat i |..view in. section taken thr B RPIAr gnplenictoapeinsdiowi ng t he
ocul ar ioﬂn%Icg}rﬁegfloP CHEYfurey Figs. 41 and 42 inplanted in the cornea with

the thin IayeFjg0kg thg, repl aced over the ocular inplant to decrease .
the curvature g? t he C%t%rggm Fﬁie"%@qa%v&w iarirassgesticn @Rosdremalbagp!l View’

i n sect i %A efeeshowting ugtircuhe cifBE Bloove in the comea and the ocular implant

Fies, .
1gs. 41 and 42 positioned between the separated internal layers, but before
separated internal layers are replaced or rejoined on the cornea;

of
the

Eig. 59 is a side elevational view in section through the center of the eye
showing the outer surface of the comea cut to form a flap having a portion still
attached to the cornea to expose the intrastromal layers of the commea;

Fig. 60 is a front elevational view 6f an ocular implant or material in
accordance with the present invention for implanting within the intrastromal area of
the cornea;

Fig.6lisa cr(.)ss-sectional view of the ocular implant or material illustrated in
Flg. 60 taken along section line 61-61;

Fig. 62 is a front elevational view of the live cornea which has been cut with a
tool to separate the central portion of the comea into first and second opposed internal
surfaces in accordance with the present invention;

Fig. 63 is a side elevational view in longitudinal cross-section of the comea
shown in Fig. 62;

Fig. 64 is a front elevational view I
of the live cornea of Fig, 62 with a templat
inserted therein; o



of the eye showing the ocular inplant illustrated in Figs. 41 -and 42
inplanted in tile Cornea Wth the thin layer of the cornea replaced over
the Ccular inplant to maintain the comas original curvatﬂJrgeD[ﬂ,:lZi]B?,SS is an
enl ar geawsiods1ekevati onal view in cross section through th P s Of an
eye showing a circular cut or groove in the cornea and the ocul ar |rrpl
of Figs. 41 and 42 Positioned between g]e Separated internal |ayers, but
before the separated internal |ayers are replaced or rejoined on the
cornea; Fig. 59 is a side elevational view in section through the center of
the eye Showing tile outer surface of the cornea cut to forma flap having
a portion stiff attached to the cornea to expose the intrastromal |ayers
of the cornea; Fig. 60 is a front elevational view O an ocular inplant or
material in acEi ¢3nse Mkl uthe Present Mention for inplating within the
intrastro areiagrof 5t%he co‘rtr‘tlea V5V 84 lopgitudiny! cresssectiGrootthe\opwezof t he
ocul ar ngﬁl&ﬁ?l ip Figrdatinstratinpl this tepIRE pbditiods e?q? taken al ong section line
g1-61; F| g. ﬁzaﬁlg tg%f rﬁnt el evgél Oe{t]xﬁ!eﬂ: E\é’v gb PE™EBr nea whi ch has

een cut wt t &l e hive abmb Hiuks @4t into

uts@@ te@fin F%@t ﬁf@%e@,ﬁ

first and vagtfgRde ] al . surfaces in accordance resent
i nvention; Fig. 6%B| s gﬁg%{:}& %éﬁ@'t g‘?"BH%?F‘ 2y @lasen beam gintitinigriableCirOser SeCt | ON

of the coopta cablecinsertedl fiegein &8 ab ront. el evat i onal view of the
live corneag of “Fi 62 with a te FE’I‘atater %sené%erf’i & sepmdoopBRea6 - 15
DEC 2003 m&%@%@hﬁweceﬁea,s a side el evati onal view in | ongitudinal

Cross-section gf_t cQorn own in-Fig. 64 illustrating the tenplate
posi ti oned wi t%g% ﬁés “‘r?ga& “ER}ftwéeSlrig elavetionat lviewatin @Bctidrewr fe jibe | 1 Ve

cornea il torata dllwtrated i B, d2wfR thd Ylser beam passing through a portion of the
template to ablate one of the internal surfaces of the cornea;

Fig. 68 is front elevational view of the live comea illustrated in Figures 62-67
-after one of thé internal surfaces has been completely ablated to form a circular
pocket;
Fig. 69 is an enlarged side elevational view in cross section of the live cornea
shown in Fig. 68 with a circular pocket formed therein and prior to collapsing thereof;
Fig. 70 is a side elevational view in cross section of the cornea shown in Figs.
68 and 69, but after the ablated pocket has been collapsed to decrease the slope of the
exterior surface of the cornea;
Fig. 71 is a side elevational view of the live comea illustrated in Fig. 70, but
with the ocular implant of Figs. 60 and 61 inserted therein; -
Fig. 72 is an altemative embodiment of 2 template for ablating at least one of
the first and second opposed internal surfaces of the live comea illustrated in Figs. 62
and 63 so as to produce a ring-shaped ablation;
Fig. 73 is another alternative template for use in the live cornea iliustrated in
Figs. 62 and 63 to ablate at least one of the first and second opposed internal surfaces
in a plurality of radial lines;
Fig. 74 is a perspective view of another embodiment of a universal blank
according to the present invention;



with -the tenplate inserted within the cornea and a Iase@ Zb@g? it ting
cable or fiber optic cable inserted therein to ablate a t e of the
first arfO98EWRE opposed internal surfaces of the live CoppRgpfifs 67 IS
an enlarged, partial, side elevational view in section of the I1ve cornea
illustrated in Fig. 66 with the |aser_pgam passing through a portion of the
tenplate to ablate one of the internal surfaces of the cornea; Fig. 68 is
front elevational view of the |live cornea illustrated in Figures 62-67
after one of the internal surfaces has been conpletely ablated to forma
circular pocket; Fig. 69 is an enlarged side elevational viewin cross
section of the live cornea shown in Fig. 68 with a circul ar pocket forned-

therein and prikig. ToisediimprvitibrhEGes L8sqifQ.] §. 2 side el evational
view in cross slﬁcti'ég‘g of the cornea s%fg\]/t\hheiaﬁgﬂ%fi%@%fé&"%ut after the”
'S

abl at ed pocket é@k@PY@ipsdd’iemoﬂﬂmrmEﬂs%%%% the exterior
surface of thempraeg f—"Fﬂ 7l is. a s&l de el evational view™df the |ive
|

cornea illustrated in VoUW Qi enpthereembodiatent myfl 2 nhivedsalib 60 and’’

61 insertémdiagébmelﬁbgan-tm hi$o rhative enbodi nent_of a tenplate for
.abl ating E%% h%:St one of thg fi@g‘{lﬁ%{ng %g%%mnéﬁfggﬁ@hoﬂmm@omﬁhaces of

the live Illustrated in Figs. 62 and 63 so as to produce a

ri ng- shaped ab bon; FEig. .73 s another alternative tenplate for use in
the |ive cor neg'?%t' F?tﬁss?Eggﬁeﬁaﬂoniwome&mboﬂﬁnM‘sH@hﬁﬁﬁF@ sheast one of

the first and Bigcqggg%gmgﬁ' rnal.surfaces in a plurality’ of radial
lines; Fig. 74 is a perspectlé/déigﬁegv?f&ﬁeﬁ‘ﬁgf’ eng fin inefig. ©F; a uni ver sal

bl ank accor di Fig- 80 it afopr deamibndl &P b 9 Varid 20.f1..\WD 00/ 51526 - 16
PCT/ USOO{}ﬁgsza)g I(:ii,}%._ 75 is a front el eva??ggté‘fn @5@\%‘38%‘"{%%%&% shown
in Fig. T ia& T6 is a top elevations{ view of the enbodi nrent shown in -

F. ) 7 4 . - ' - - -
ig ; Fig. 81 is a side elevational view in section taken through the center of an eye

ar_xd showing placement of the embodiment of the universal blank shown in Fig. 74 on
the exposed surface of the cotnes;

Fig. 82 is an enlarged side elevational view in section taken through the center
of an eye and illustrating the universal blank shown in Fig. 74 positioned on the
exposed surface of the comea;

Fig. 83 is an enlarged front elevational view of the cornea with the universal

blank shown in Fig. 74 present on the exposed surface thereof as shown in Fig. 82;

and

Fig. 84 is a side elevational view in section taken through the center of the eye
ﬂlu§&anng the flap-like portion repositioned over the universal blank shown in Fig,
74. |

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

* As seen in Fig. 1, an eye 10 is shown comprising a comea 12, a pupil 14, and a

lens 16. If the combination of the cornea and lens does not provide adequate vision,

the cornea can be modified in accordance with the invention to modify the refractive



Fig. 77 is a perspective view of another enbodi nent of a universal blank
according to the present invention, which is a variation of ther&?odi ment
shown in Fig. 74; Fig. 78 is a front elevational ons view ofl ¢ 2003
enbodi meMO@¥ass in Fig. 77; Fig. 79 is a top elevations peeue e
enbodi nent shown in Fig. 77; Fig. 80 is afront elevational vi e‘&ﬁog%&a )
variation to the enbodi nents shown in FK.gs. 74 and 77; Fig. 81 is a side
el evational viewin section taken through the center of an eye and showi ng
pl acement of the enbodi nent of the universal blank shown in Fig:. 74 on the
exposed surface of the cornea; Fig. 82 is an enlarged side elevations view
in section taken through the center -of an eye and illustrating the
~universal blank shown in Fig. 74 positioned on the exposed surface of the

cornea; Fi gpo@ar bs tharncoaid; | evati onal  view of the cornea with

t he uni versal blh_gnk sho{\)/m in ?—'%a%%@llg r WSEM: Briaewey erpesivision: f This is

t her eof as &¥fOWP ]PPdFﬁlgt. virgda Hig | ' | evationa yiew in
" sect] ¢ Tho conter of i e 8 uh Mo Geoler BB offbrants five

section takg&n%yu)ggg he center of the eye illustrati ARps livRe
portion reposit1ohed oVER Vidbmsans, Br semovingrik, atuhvusd&aﬁiﬂ.via%ﬁtﬁn?z LED
DESCRI PTI O\ b bEiREGERRER VB L%NE{\IQ As seen in Fig. 1, an eyé& is
shown corrp;f)s_i ng.a cornea 1?1- a SD PP 'i,m%‘n’d' thicknessswits . the foviehd] cornea
conbi nat i orPAE atout 0 Srmadn ahickalegs) SOdeeH, Vi adequate vision, the
cornea can be modified in accordance wi th thlgg'l nlﬁﬁfpg?ﬁwﬁ%@ﬁffyomﬁbe

PGS Lt 20 secDEbommSd BTHEORREI50 anB WG lind HE

refractive R'Bo

conbi ned cqhPeglo s system to thereby correct vision.

acconpl i shed fiﬁjlglsc'?'pgrf&?&ehn%v%ﬁ&a%’ag%PﬂY+ Hye thel gxpiosedrintraal afee P64 uof 2
tient's |remaini -

patients lremaining part of the cornea that is the target of the ablation via the excimer laser. On

the other hand, the cut interpal surface 21 on the removed thin layer of the cornea can
also be the target of the laser, as illustrated in Fig. 18 and discussed in firther detail
hereinafier.

As seen in Fig. 3, the apparatus used in accordance with the invention
comprises a source of a laser beam 22, an adjustable diaphragm 24, and a guiding
mechanism 26, all aligned adjacent the eye 10 and supported on a suitable base 28.

The laser beam source 22 is advantageously an excimer laser of the argon-
fluoride or krypton-fluoride type. This type of laser will photoablate the fissue of the
cornea, ie., decomgosc it without burning or coagulating which would unduly
damage the live tissue. This ablation removes desired portions of the cornea and
thereby allows for modification of the curvature thereof.

' The adjustable diaphragm 24 seen in Figs. 3 and 10 is essentially a
conventional optical diaphragm with an adjustable central orifice 30 that can be
inc;eased or decreased in radial size by a manipulation of a lever 32 coupled to the
diaphragm. The diaphragm is advantageously supported in a ring 34 that is in turn
supported on a stand 36 on base 28. The material forming the diaphragm is opaque to
laser light and thus when the laser js directed towards the diaphragm, it will pass
therethrough only via the orifice 30. The diaphragm 24 can be used in conjunction
with the guiding mechanism 26, to be described in more detail hereinafter, to restrict



cornea 12 by cutting via a neans for renoving 19, such as a szcmzﬁeilZ Vi a
cutting, this thin |layer being on the order of about 0.2 nBni h Q‘,ﬂﬁness
with t hwooesisdsl cornea being about 0.5 mmin thickness. pQRg8agdasgst Ni N

| ayer 18 is cut and renmoved fromthe cornea, it exposes ¥| rst and second
opposed internal surfaces 20 and 21 regglting from the surgical procedure.
Advant ageously, it is the exposed internal surface 20 on the renaining
part of the cornea that is the target of the ablation via the exciner ~
| aser. On the other hand, the cut internal surface 21 on the renoved thin
| ayer of the cornea can also be the target of the laser, as illustrated in
Fig. 18 and discussed in further detail hereinafter. As seen in Fig. 3,

t he appar #heusize o thei laseR (o GRARES, W § i nventi.on . conprises a source of
a | aser bearP 22, an adj u.stal;ﬁ(é %ép#&%&%ﬁ?@ﬂ%ﬁﬁ@rﬁ%ﬁ&ﬂi@m 26,
al | al i gn&tFint prewide ab 03%%&@0&@%%&@@&@%%&@@%51%@3@ 28. The
| aser beam sou ?szfl;ls a?vant eously an exciner |aser of the Fgon- .
-fluoride or- krypton- ellt ?g%* i whergpe substantially discishapedt ahstiegt € t he
ti ssue of pérkien 380k Tomued i i+ without burning or coagulating
whi ch woul d unduly racd i the CEEEETRBBEed tycthady i be W) By Ltk Dling ddastes! 1 o
portions @fam ouglearifice30 ofhbe 98, Ko b b Gatdon th

re gmgi m&ﬂg}r}ﬁé ﬁﬁl'—gll%sqﬁ{.'%oﬁﬁﬁ” 10 is

curvat ure e f. The adjustabl aphragm 24 se

essenti al 'i“?}ra!ﬁ @Bﬂ%gh%aﬁpﬂmi’r&w bt wpiedagsizel tAlsaybyndiryiioahb 6i-E Qpt r al
orifice 3feldbiice RRr Bfe, | gﬁérea ed or decreased in radial 'size by a

mani pul ation of a lever’3 co%%?‘éc&v?(ﬁ’rtcﬂg"e’ﬂ RpEiompan Ye fpimedgas i s

advant agetssizéd. Asphowh @6 Fig) 92 ohidd e 31k LS el .supported on a stand
36 on base 28.,The materi a? form ng the&ﬁ%{g ?ggr#ggsa%%g’éug’et%e“?%fér li ght

and t hus Tia%ed Hen layse 18 isrelacedt omtd thovamesir the aBlahpREBR 38 hndbk] pP2SS
therethr%gﬂeaé}*%e#‘gv{&%%ag% | ce 30. The di aphragm 24 can be used In
e |

conjunction W _ chani sm 26, to be described in nore detail
el Bt ihod o S8 A0 SRR G 11
used by cylindrical depression in the exposed internal surface 20, when the thin comeal layer
18 1s replaced, the curvature of the cornea is decreased, thereby modifying the
refractive power of the comnea and lens system.
As seen in Fig, 10, lever 32 is used to vary the size of orifice 30, and is
capable of being manipulated by hand or by a suitable conventional motor, which can
be coordinated to provide an expansion or contraction of the orifice as necessary OVGI;
time, :
As seen in Figs. 3, 11, 12 and 13, the guiding mechanism 26 can be utilized in
add‘ition to or in place of the diaphragm 24 to guide the laser light onto the cornea.
This guiding mechanism 26 is especially advantageous for forming an annular ablated
portion 42 in surface 20 as seen in Figs. 4-6 for increasing the overall curvature of the
cornea.
As seen in Figs. 4 and 5, this annular ablated portion 42 is spaced from the
center of the exposed internal surface 20 and when the previously removed thin
corneal layer 18 is replaced and sutured, the thin layer tends to ‘be more convex,
thereby modifying the overall curvature of the cornea.



itself to provide ablation of the exposed internal surface 20 of a cornea
at its center. This is illustrated in Figs. 7-9 where a substantially

di sc-shaped ablated portion 38 is formed in the central expos@d DhECe?$l
surface WO obyisdérecting the | aser beam 22 through orific of the

di aphragm 24. By nodifying the size of the orifice, the g@&sgq{%ﬁ%

abl ated portion 38 can be varied in sizg A so, by varying the size of the
orifice over tinme, either a concave or ctonvex abl ated portion can be
formed, as desired. As shown in Fig. 9, once the ablated portion 38 is as
desired, the previously renoved thin layer 18 is replaced onto the cornea
in the ablated portion 38 and can be connected thereto via sutures 40.
Because the ablated portion 38 as seen in Fig. 7 is essentially a uniform
cylindrical depaAesge®nnimothe;g3posed intern surface 20, when the thin
corneal layer ‘18 is rvggl Sced, q?’ne T 8 fEChAmIsy 26; gomprises s dtand et ed,

t her eby notPPYitAg & tieg 46.cthisadng kevine wesdigl E}g@r ¢ and | system As
seen in Fi(gf%c%g, I.%er 32 is used to yaryyt e s‘fﬂgefgé"sgﬁcﬁﬁﬁﬁlﬁ%m’a S
capabl e of  be éﬂﬂﬁ FpRRaapede Inpemidght, isrlotagedainside bt GRIKAN & cgpt or,
whi ch can exbfsiea2dkfig oyi.de an expansion or contraction of the
orifice as necessary o%(rau %r%féﬂ?g 8¢ PhIotatghly apd slidably Pecaived 1B thet he

gui di ng ndeteani On e ceinddRallbifel ' Ltian to ar in place of the
di aphr agm, 24 ‘%{g %g_i de the |aser ﬁ%tsagﬁ?%ggéﬁ%eéngﬁ#’ﬁ@‘aﬂng i1 a5 SXIenny
mechani s mfOUE 8¢ octhat isyinengagemen ovith & @inib0 581sBBp B Y ki 8880
portion 4&&&@1%@&&3%%.%@% in Figs. 4-6 for ‘i'ncreastng ffhe SVéral |
curvature of theé — cornes. PROL WtPFP’PE‘ﬁ'éSgW%QMMiscEO.s annul ar abl at ed
portion 42 is 4gmhecdigc S00imdH n he exposed.internal surface 20
has, S HBbedid 3°°§'rﬂ e‘?“dfl"& forped thegeinnd

and when the é)él%ousl y renoved thin ®corne
sutured, P Prayae radintedgecanicexitadinCRAMMEY i Sx?!? Y hBg L he
overal | cypyatyre £J t h? cornea. 0 2 DEC§2993 %m(‘)’o 1@%“&9 Cl PEJ%éO/ 05285
C. Adjacent the top and bottom of the orifice 64 are a pair of parallel rails 66
and 68 on which a masking cover 70, which is U-shaped in cross section, is slidably
positioned. Thus, by moving the masking cover 70 along the rails, more or less of the
orifice 64 is exposed to thereby allow more or less laser light to pass therethrough and
onto the cornea. Clearly, the larger the orifice, the larger the width of the annular

ablated portion 42 will be. By rotating the disc, the orifice 64 also rotates and thus the
annular ablated portion 42 is formed.

Embodiment of Fig. 14

Referring now to Fig. 14, 2 modified guiding mechanism 72 is shown which is
sin'1ilar to guiding mechanism 26 shown in Figs. 11-13 except that the size of the

orifice is not variable. Thus, the modified guiding mechanism 72 is comprised of a
ring 74 on a stand 76, an opaque disc 78 which is rotatable in the ring via a suitable
motor, not shown, and a slidable masking cover 80. Disc 78 has a rectangular orifice
82 extending diametrically there across with paralle]l rails 84 and 86 on top and
bottom for slidably receiving the masking cover 80 thereon, this cover being U-
shaped for engagement with the rails. The masking cover 80 has its own orifice 88
therein which aligns with orifice 82 on the disc, Thus, by sliding the masking cover s



the size of the laser bra,,, passing to the guiding nechani sm 26, or

it can

be used by itself to provide ablation of the exposed internal @gr[}@@ezm}@

of a commaosiszéts center. This is illustrated in Figs. 7-9 where a
substantially di sc-shaped ablated portion 38 is formed i’ﬁgpﬂﬁ‘mé%ﬁ%sr
exposed internal surface 20 by di rectig the | aser beam 22 through
30 of the diaphragm 24. By nodifying thie size of the orifice, the

di sc-shaped abl ated portion 38 can be varied in size. Al so, by varyi

al
orifice

ng the,

size of the orifice over tinme, either a concave or convex abl ated portion
can be fornmed, as desired. As shown in Fig. 9, once the ablated portion 38
Is as desired, the previously renoved thin layer 18 is replaced onto the -

cornea i n 8ohdomdiatafls BPHL! 8 ;and. can be connected thereto via sutures
v fle | oﬁ“’é@“’g'&né’géhﬁ inferiicgon driosines $8 int Mrfikea -

40. Because the abl ated por

uni form |9apche vardedde & i e d internal surface 20, when
% P e o™ SR2 2 et G ortise Toomedbby <

the thin gorneal.|layer 18 is replac
decr eased,?hef i %‘b&f

system Agow®R0 shl 4 | ever 32 is used to vary the™si
30, and is capabpﬁggsbégﬂ@em?ﬂ?ﬂﬁﬁEﬂaﬁﬁ}hghh@kaaptfwﬂ&&!ﬁ&@.bl e

fRgsp gwo rosificef acini : carnea .and | ens
Y iRg h % Beskpet | ce

conventional notor, which can be coordinated to provide an expansi on or
contractign.of. the qgrifice as necessary over tinme. As seen in Figs. 3, 11,
12 and 1M&chani sm 26 can be utilized in addition to or in

place of the dja i ght onto the cornea.

Iré%gm 23' 0 giui de the | aser
gui di ng mechani sm 26 I'&™ g%&ﬁ:i al # §ecand amdifiebgisidingr méaRisROOG T Y]

Thi s
ar

abl ated fpodiresiih MY s seen_n Fjgs. 4-6 for iIncreasing the
gl &érmr%y foff BS%"%E SQRICH 220 thl@ sornga 3 aldng theidesissanul ar

overall curvature of t cornea.
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reviously renoved thi

surface and when th
repl ac ed%g’ﬂ%o Qﬁ%ﬁ‘?nfﬂ‘g"iahfqli exampde, d bailies ami Mngﬁgjﬁi%ggﬁﬁgﬁi“%ﬂ?:le by

modi fyi ngah R ANEEA J‘elﬁﬂ*%vt%t fhe esta%]:i ho%gﬁotrhgeu%ivevr\gl%ooim by means of any
suitable devices, such as two small piezoelectric motors which engage the miror at
90° intervals. For example, such a piezoelectric motor 100 having a plunger 102
coupled thereto and engaging the rear of the mirror can be utilized with a spring 104
surrounding the plunger and maintaining the mirror in a null position. The motor 100
is rigidly coupled to a base 106 via a stand 108. The second piezoelectric motor, not
shown, can be located so that its plunger engages the rear of the mirror 90° from the
location of motor 100: By using these twa motors, springs and plungers, the mirror
92 can be fully rotated in its universal joint to direct the laser beam from source 22

ontp the cornea 12 to ablate the cornea in a predetermined pattern.

Embodiment of Figs. 16-17

Referring now to Figs. 16 and 17, a third modified guiding mechanism 111 is
shown for ablating a cornea 12 via directing laser light from laser source 22. This
modified guiding mechanism 111 basically comprises a cylindrical housing 113
havin_g an opague first end 115 rotatably receiving the end of a fiber optic cable 117
therein. The second end 119 of the housing comprises a rotatable opaque disc having
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PCT/ USO0/ 052R5 80 along the rails of the disc, the |location of the
I ntersection of orifice 88 and orifice 82 can be varied to vary the radial
position of the overall through orifice formed by the conﬂi%éﬁ%bﬂ9%¥ t hese
two ori fwoegsisdg i n gui ding nechani sm 26, the masking 80 ﬁﬁgﬁgﬁﬁ 78 are
ot herwi se opaque to | aser |ight except for the orifices. E | 5 of Fig
15 Referring nowto Fig. 15, a second nodified guiding nmechanism90 is
shown for directing.laser |ight from-dser beam source 22 to the cornea 12
along the desired predeterm ned pattern. This guiding mechani sm 90
conprises a mrror 92 universally supported on a stand 94 via, for
exanple, a ball 96 and socket 98 joint. This mrror 92 can be pivoted
relative to the stand through the universal joint by neans of any suitable

devi ces, spgBnasis | | .pi,ezoel ectric notors which engage the mirror at
90 intervals. For Ié?(%\%%&é &§&'€HS‘3gﬁPQﬁé@€@mﬁli geand23rwiioh ih aminnéngaged unger

102 couplpdionHe@SetvhichidldeRgAg f emirror can be utilized
with a sprigﬁ 104 surrounding ?%éﬁg?zu%dgélog’ﬁ&bﬁai i tRfatign of ghawiniosr i n a
nul | posi (PR Myetatign of ge@0123 and tigiscthy oﬁ&ﬁ.ﬁ:' @oﬁ@eﬁ%%?%ﬁgg via a stand
108. The Sﬁﬁ@é&ox?(%{]g& g;a?eﬁ:tri‘ﬁ notor. not shown, can be TocCa e&og%ng‘hat its
pl unger engages the a5 ?{BetﬁF?lbb?ﬂ@@edmﬂangtﬂeroﬂiﬂwIﬂQﬂe&inmr 100:
By using trésiesith®omet ' and, pl rs, the mrror 92 can be
fully rotated in 1S uﬁlird\sloefrtggfﬁbj&gi)ﬁ’tc %ﬁdﬂ} trein eThat sad of ghafiberamptisour ce

22 onto caedorither ditiendomddl ot thaf 7 Fits B5H 3 redet er min attern.
Enbodi nent %f. Fis. .16-17 Referring now%gﬁaggquﬁt% tglg ; og%ﬁwg
gui di ng mESRERRY Fuitahle; assemby whilived farbmatitaiging e rfiRA obBic \daBlebf L&l %ng
laser |igBfedk Lsourge 22 Thi,s nodified guiding mechanismlll
‘basi cal | ybcorr%%ﬁ]sﬂggigglgﬁrnn% ioéfw ﬁBﬂ%ﬁF&}ﬂM@fthawq@gd@ndommef, ithist end
115 rot at eaid woukt be wisvgblehadany @fthé ofighe 1o QR hle. 117 . thereip. The
second end ,119 of . the housi ng_gonpri giggiggt?g.a%b gp@ﬁﬁ’&&e"fo‘&’&fmﬁ ng 0 2
DEC 2003 psitiopdorped IOMlisb@his@HBing mechanism.

Embodiment of Fig. 18

Referring now to Fig. 18, rather than ablating the exposed internal surface 20
on the cornea 12, the inner surface 133 of the removed thin corneal layer 18 can be
ablated utilizing the apparatus shown in Fig. 18. Likewise, the apparatus of Fig, 18
can be used on an eye bank cornea removed from the eye and then positioned in the
patient's eye to modify the curvature of the patient's combined corneal structure. This
apparatus as before ‘includes the source of the laser light 22, an adjustable diaphragm
24, and a guiding mechanism 26. In addition, an assembly 134 is utilized to support
thfe rather flimsy removed thin corneal layer. This assembly 134 comprises a pair of
laser light transparent cups 136 and 138 that are joined together in a sealing
relationship via clamps 140 and engage therebetween the outer periphery of the thin
corneal layer 18. Each of the cups has an inlet pipe 142, 144 for injecting pressurized
air or suitable fluid into each via pumps 146 and 148. By using this pressurized
container, the thin corneal layer 18 is maintained in the desired curvature so that the
laser beam can provide a precise ablated predetermined pattern therein. In order to

¥ @odi fi ed-



a flange 121 engagi ng the housing and an-external gear 123 which in turn
engages pinion 125, which is driven via shaft 127 and notor 39 Thus,
rot at i orwofgossf®spi nion results in rotation of gear 123 and t SDE&éMB&aque
second end 119 of the housing. This second end 119 has aFGT4MePPFREaI |y
oriented rectangular orifice 131 therein which receives the other end of
the fiber optic cable 117 therein. That*2end of the fi ber optic cable is
ei ther dinmensioned so that it fits fairly tightly into the orifice or there
is an additional suitable assenbly utilized for maintaining the fiber
optic cable end in a predetermned position in the orifice during rotation
of the second end However, this end would be novable radially of the
orifice tomeiedigehe itjion.of. t nnul ar abl ated portion forned by
utilizing ‘t'h‘i‘s:""g‘urdéi&ﬁ‘é&'rgr‘%cshg‘%?&flgEﬂg RiERTure br Fharighthale ke lif gk @AW t O
Fig. 18, rlal’qré-‘isligimhygbdtatthﬂgthhh@n qﬁﬁg‘d&ﬁ@ernal surface 20 on the

ere

cornea 12, the q')ﬁrlmethasu_rface 133 of t %d thin corneal | ayer 18 can

be ablated:uti thinccomephlayents ihavab iy b Likew se, the
appar at us g efddded Hfterns n'_H_iga[eC ﬁe on an eylgmggﬁgdg%rﬁﬁsea ’gﬁ%Wd’Mthe
eye and then p%sﬂm%%%?f ﬁé ‘%&P‘i’ épmcs ang yvaties M&Vatﬁﬂéeofﬁtgé;b%&he of
t he patiemma@d@cﬁﬁéﬂﬁfﬁv@%ﬁhﬂﬁfs&%hgégggg%s dappar atus as beforé
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i ncl udes the source of the |aser j ustabl e di aphragm 24, and
a guiding nechanism 26. In addition, an assenbly 134 is utilized to support

the ratheg fil By .renpved thin corneal. layer. This assenbly 134 conprises a
pair of g{abg %ﬁé.‘??ﬂi@aﬁ%ﬁzrent cups 136 and 138 that are joined together

in a sealing Refetih i |.aq gl s 140 and engage t herebetween the outer
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142, 144 Yeptnenlj eCmyopiapin ' Rl itable fluid_ into each via -

punps 146 and 148. By using this prgsﬂliﬁ ?geggﬁ BERUGm e Fye dAQ neludescor neal

| ayer 18 FO&" aipyed 114, #atea Wos i1l 6,0ancilis WRbted 9n $ecdristice ﬁlthlegjst%re{lgeam can
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provi de gn{&sie) s‘ﬁf@%& edeterm ned pattern therein. I'n or
00/ 51526 - 22 02 %gémg%ﬁo%@ﬂ 0S285 nmintain the curvature shown in
Flo. 18, the faseion ofyh b Baclibld ) A2t o e o the cuter

surface of comea 112 (i.e., flattening the central portion of the cornea). This is
accomplished by first cutting an incision 118 into the epithelium of comea 112.
Incision 118 may be curved or straight, and is preferably about 2.0-3.0 mm long and
abqut 3.0-6.0 mm away from the center of comea 112, A laser or spatula (i.e., a
double-edge knife) may be used to make incision 118 in cornea 112,

As seen in Figs. 19 and 20, once incision 118 is made, a spatula 120 is inserted
into incision 118 to Scparate an intemal area of live comea 112 into first and second
opp'osed internal surfaces 122 and 124, thereby creating an intrastromal or internal
pocket 126. First intenal surface 122 faces in the posterior direction of eye 110,
while second internal surface 124 faces in the anterior direction of eye 110, and both
of these surfaces extend radially relative to the center of the cornea.

As seen in Figs. 19 and 20, pocket 126 is created by moving spatula 120 back
and forth within an intrastromal area of comea 112. It is important when creating

pocket 126 to keep spatula 120 in substantially a single plane and substantially



| ayer is slightly greater than that on the left hand side. Once the thin
corneal layer 18 is suitably ablated as desired, it is replaagﬁ agc #ﬁﬁ
exposed internal surface 20 of the cornea and varies the cur urevo he
over al | wo omsispeea as descri bed above and illustrated in F.bg'?/usﬁ)}@ g

Enbodi nent of Figs. 19-27 Referring nowto Figs. 19-27, a patien %ﬁ ive in
situ eye 110 is shown for the treatnegs_of myopia in accordance with the
present invention. Eye 110 includes a cornea 112, a pupil 114, and a |l ens
116, and is treated in accordance with the present inventio-ii wthout
freezing the cornea. Correction of nyopia can be achieved by decreasing the
curvature of the outer surface of cornea 112 (i.e., flattening the central
portion of the cornea). This is acconplished by first cutting an incision

118 into tamgemtfrlttbehé comed's GREARA ik | RhoR L8 ;Y be curved or
2. o-c?a.t‘%) B%%#gh“éeﬁwﬁgmpmg éhe nm

straight, ,and is ef erabl y about
away fronﬂ?ﬁ‘f&m%‘?&?“’@ﬁﬂémz. A laser or spatula (i.e., a
doubl e- edge knj y to,make incision 118 in cornea 112. As seen
in Figs. 19 anga’g%faﬂ, @hé@ﬁ?ﬁﬁi%ﬁbﬂ@-%ﬂrﬂam longspithid thid@essi of dboaer t ed
into inci@ient kb, dnd HS@HH 8f Shod 0i10] .6 Iggre fEcE Iii a%ﬁrnea 112 into

ac aT%Z shightlyrcapveds

first and second opposed inter nal” sur geating
an i nt r as¥FB#uFiZo 20, ormasynbe strajgitket 126. First internal surface 122 faces
in the posterigf.dirécti.o f. e\h/e 110,- while second internal surface 124

faces in the anteri®bfPaf i B #hewndy Figsi 49 audd2® dorhsepatating GBe iftsthhRC eS
extend r airfabds)of'cd i enter of. the cornea. As seen in Figs. 19
and 20, pocket 126%.1\(%?%%? 2%&‘%%%\%@“%‘5@&?%%%wcm bonsdd wi t hin
an i nt r agestearhof spatla AR0corseparattlobrndal 1 12Sinkd'R ﬂttﬁﬁtﬁe%ﬁdqgﬁp&%%jﬁ ocket

EZ&EOZSW%ﬁ%’i@%é% |22 Sllgtc):?} 3286?1)%8? tsiazglaﬁt Pa?nfo t he cornea’ IsaI v
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130 coupled to a fiber optic cable 132, which is in turn coupled to a laser, is then

inserted through incision 118 and into pocket 126 for ablating a substantially circular

area of comea 112, thereby removing a substantially disc-shaped portion of cornea

112 to form a disc-shaped cavity 126'.} The laser beam emitted from tip 130 may be

directed upon either first internal surface 122, second internal surface 124, or both,

and removes three-dimensional portions therefrom via ablation. The fiber optic cable
can be solid or hollow as desired.

The bsa sou‘rce for fiber optic cable 132 is advantageously a long
wavelength, infrared laser, such as a CO,, an erbium or holmium laser, or a short
wafrelength, UV-excimer laser of the argon-fluoride or krypton-fluoride type. This
type of laser will photoablate the intrastromal tissue of the cornea, i.e., decompose it
without burning or coagulating.

Figs. 25-27 illustrate three different configurations of the tip of a fiber optic
cable for ablating the cornea. In Fig. 25, tip 130 has a substantially straight end for
directing the laser beam parallel to the tip. As seen in Fig. 26, tip 130" has an end with
an angled surface for directing the laser beam at an acute angle (;f preferably 45°



Preferably, spatula 120 is about 3.0-12.0 nmlong with a thickness of about
0.1-1.0 mm and a width of about 0.1-1.2 nm Spatula 120 may I hctﬂ'[}g
curved, W@00/SE26 in Fig. 20, or may be straight. Wile a spg i'S
shown in Figs. 19 and 20 for separating the internal surfaces of cornea
112, a fiber optic cable coupled to a.jg@ser beam source nmay be used

I nstead of spatula 120 to separate cornea 112 into first and second opposed
internal surfaces 122 and 124. As seen in Figs. 21 and 22, after pocket .
126 is formed, a fiber optic cable tip 130 coupled to a fiber optic cable
132, which is in turn coupled to a laser, is then inserted through

I nci si on 1112!'éand imnto pocket 126 for ablating a substantially circular -
area of cé&vARYe ithe tiphter A0\in BREENG BG A-S40ST ial Ly di s¢c-shaped portion of
cornea 112 to form.a dj sc-shaped g%vi @%&E&ﬁewgﬁigb%mmed from -
tip 136 nﬁ‘;’rvﬁ‘gcngf?rmgﬁ%hs@ibbmmﬁﬁraﬁiaﬂn@tﬁémébgééﬁgdlzz, second

internal surfa L. Q. _bot h and _rempves three-di nensional portions
therefromvia g%l %ct%ﬁomﬁ&fl%' hgifqoﬁ%ﬁa Bcshewsl withdhe shstamalg disc-Balpkgw as

desired. Odvityl l26tforsed bt tielclhitef bRYMAPL S LGN, 134, S advant ageously a
| ong wavel.esntgth, infrared | aser, suééﬁ“gg“é%ﬁﬁ?@jﬁoéﬁ%gm@mwodmwm

| aser, orPRPrdASPMealdy splanging, orlfdttenini NTh on- £l uor.i de or
g or kicuiog " The LB Raftd dalfy 15805 bL 4R

krypt on- fugri Lype. This. type of Taser will, e
intrastro!rh?a 1.%2%% St deeD r‘g@&,thi?.amopnﬁeﬁomammodiﬂédﬁ&ﬁtﬂeeb&{%”9 or

coagul at icogrectthe atidit's 2¢edigttU e three different confi-gurations of the
tip of a fiber o%tic cg’bll t’f%r AOT28 7Y HHise-dopensional intagtroms] ared pf 130 has

a subst arth¢ gpmpagnasabeemeved thafoditl 1he ki &h@wt{g&er.mgﬁ% ar al :cagéaet]? t he
an %%"&ﬁl or

tip.As§gl§lﬁ‘i341Fi .26, tip 130" has an end wt :
directing tRE %"éle‘ﬁe% Af ngp-uaifore. Bombemfle, pekenabliyl 45 bYRANRL526 - 24
0 2 DEC Ziis tiRChbd ative to the tip to aid in ablating the
cornea as degiﬁ?cgd.i I % &?3&5#% &6‘“%‘35“ %ECI&‘”E‘?H“OM Altemstivelinemdieng t he
| aser  beaateréal wiad balremiovad fibhethe @REApGiol Wikl Blim the peripheral area. The

removal of peripheral portions of the cornea result in an increase of the curvature of

. the center portion of the cornea after the collapse of the peripheral area.

_ As seen in Fig. 24, after pocket 126 is ablated and tip 130 removed, the
ablated cavity 126" then coilapses under normal eye pressure to recombine ablated
first and second intemnal surfaces 122 and 124 together. This collapsing and
recombining of the intrastromal area of the comea decreases the curvature of the
central portion of cornea 112 from its original shape shown in broken lines to its new
shape as seen in Fig. 24. Afier a period of time, depending on the patient's healing
abi'lities, the ablated surfaces heal and grow back together, resulting in a permanent
modification of the cornea's curvature.

Embodiment of Figs. 28-31

Referring now to Figs. 28-31, an eye 210 is shown for the treatment of myopia
in accordance with another embodiment of the present invention, and includes a
cornea 212, a pupil 214, and a lens 216, the cornea being treated without ﬁ’ccﬁng it.
In this ede@eng correction of myopia is accomplished by first making a plurality



As seen in Fig. 23, cornea 112 is shown wth the substantially disc-shaped

cavity 126' forned at the center of cornea 112 just after ti een
renoved and prior to cornea 112 collapsing or flattening. T%e%ma@ﬂgped

cavity 14 oogfakpgbe varied in size and shape, depending u [gﬂﬁmgﬂgunt of
curvature nodification needed to correct -the patient's e&ggf ]
Accordi ngly, any three-dinensional |ntr ﬁhonal area of the cornea may be
removed to nodify the cornea as desired. e intrastromal area renoved can
be uni formor non-uniform For exanple, nore material can be renoved from
t he periphery of the cornea than fromthe center portion. Aternatively,
nore material can be renpbved fromthe center portion than fromthe
peripheral area. The renoval of peripheral portions of the cornea result

in an incr eafcadibliy mﬁe&g& t he center portion of the cornea after
t he col | apse ‘of the peri phera &gglfelélc égnw}th EFﬂgt prjor btaderspmezo 126

i s abl at ed Jdhgse i 1119181(813 218nsepardic mbe;onﬂgglﬂtgeﬂtd: ¢t ahd 3%!, hen I I apses

_under nor nal %Z re to reconbi ne abl at ed i TSt nal
surf aces 125“%/‘&? ap¢ gé4 Apach D e mhimpﬁﬂ&gﬂ%ﬁmtéﬂﬁpﬁﬁfd&bglngffmgqﬁ

i ntrastromakhepSlerftir &L%ghgﬁ)o?e& %e reglﬁles the curvature of the central

portion of corhea 112 fromi % @ gHernal surfines k24 faceds the its

new shape antedierediréotiofi of. ey 210 bt iy dependi ng_on the
patient's heali-ng. abiliti gs the a%Pgltée}ggdsdJ%dg%g’s'%e tonthe feater wd dh

t oget her, r@%‘HF%l $R}11F1 220 E@V@ms&mgmcbrfcmalb@ﬁeq;ﬂ S ture.
- Enbodi ment %%3é}§gferrl ng nQw to Flfg 28%? an g%d@?g{éré?shovm
for the treat men’t ? eriTRay hewied dnstead tfishatatrn2 bt make Holsisis 218, t he

-present i nvifdesipgd, and i ncludes a cornea 212, a pupil 214, and a | ens 216,
t he cornea bei ng treated without freezing it. 1In this enbodl ment ,

905"V 00/ 155675 PoT! US00, Deahe o cHeE SR Gl MR de B
i nci si ons 2‘1 %ﬁi § it ReHDRry 1 | Preferabia indisiofo 018 stbpesout BO BhOfiSn? 18
separat e t hfie ¢ONBLEf %i’rﬁed ME. aida&féh Adice CZ?Q%%P g}?tscgc(lj t(I) rtlktzeetr:erlz?ér of cornea
212, depending upon the degres of myopia. Incisions 218 will normally extend about
3.0-10.0 mm in length, again depending on the amount of change desired in curvature
of comea 112. While only radial incisions have been shown, it will be apparent to
those skilled in the art that the incisions may be non-radial, curved, or other shapes.
When creating incisions 218, it is important to keep the spatula 220 in substantially a
single plane so as net to intersect and puncture the descemet or Bowman's membrane.
Once intrastromal incisions 218 have been created with spatula 220, a fiber
optic cable tip 230 coupled to a fiber optic cable 232 and a laser is then inserted into
eech of the incisions 218 for ablating tunnels 226 to the desired size. The laser beam
emitted from tip 230 may be directed upon either first internal surface 222, second
internal surface 224, or both for ablating tunnels 226 and removing three-dimensional

portions from these surfaces.

The laser source for cable 232 is advantageously similar to the laser source for
cable 132 discussed above.

Referring now to Figs. 30 and 31, a pair of ablated tunnels 226 are shown. In
Fig. 30, comea 212 is shown with ablated tunnels 226 just after tip 230 has been



surfaces 222 and 224 at each of the incisions 218. First internal_ surfaces
222 face in the posterior direction of eye 210, while seconfl 3 M&Er
surf acewo?84ishace in the anterior direction of eye 210, W}h ext end
radially relative to the center of the cornea. Spatul a e a
straight or curved blade with a maxi nugg di anmeter of about 0.1-0.2 nm A
" laser may be used instead of spatula 220 to nake incisions 218, if
desired. Incisions or unablated tunnels 218 extend generally radially
towards the center of cornea 212 fromits periphery. Preferably, incisions
218 stop about 3.0 mmfrom the center of cornea 212, -although incisions
218 may ext ecg’gdto the center of cornea 212, depending upon the degree of
nyopi a. | ¥eooyied asd Hidr o nneRr : ut .0-10.,0 mmin | ength,
agai n dependi ng, on, { he anount %fwt%ﬂgﬁéégggélﬂ?gﬂn h%ﬁ%ﬁg‘a%lulcémf"éleadsnea
112. Wi | B9 ‘%‘ﬂfah wlsza@hamcﬁlabwnosmmwah&g&%@@@ rept to
al,

t hose skig,,'kﬁ- Hed h he i.ncisions may be non-radi d, or
ot her shapes. %%ﬁc?%%ttﬁﬁgﬁxh@m&@@%?lh In othemyearts this oo llkgdRg t he

spat ul a 2@ recombibigadt tha lintYastonSi ape so.as not to intersect and
puncture the descenet or Bowran's %%%g)rf%ee&?%gwf?ﬁ?sa@?%mrﬁit@ ons 218

have beerf*BFdAos80Rpf epmpm21 Hofits dgifil SHUwhE; . 30 coupled to
' P Ois tﬁgﬁpei nsertlggﬁpir:fnoﬁﬁegat%ﬁ JF% ﬁe

a fiber gﬂ%dc -ag!e 2 gnd | aser i s,

i nci si ons 1e8as§or alﬂlzlgfgi 38 tﬁ%ﬁ@l@sﬂ%mﬂastmmaldmsmmdhﬁ dbwsTHR haser beam
emtted kode oP tHS QoY% RErdhy €6l € on either first internal surface
222, second internal sur?’a(r:égbézﬁé,"%?g *h € Ji5RsieR.n therebynpemnigdg and
renovi ngﬂlﬂﬁﬁmagdfﬁmrwmmal portions fromthese surfaces. The | aser source
for cable 232 is advantageously simlar to the |aser source for cable 132
di scussed above. Referring nowto Figs. 30 and 31, a pair of ablated

tunnel s Eﬁﬁ:oﬁﬁﬁeﬁ%ﬁ@: éﬂ_gsFi g. 30, cornea 212 is shown with abl ated
tunnel s 226 Jost—atter— 230 has been 0 2 DEC 2003 WD 00/51526 -26 PC

/ US00/ 05285  Refearsing v t9IFigs. 32351 || ansi r flattening, In
Fi g, 31,hconga 212 1s . gs ’ HH%%%I%Z% Rows I%‘31‘ %ge %‘eatment of
yperopia in accordance with another embodiment of the present invention. Eye 310

includes 2 cornea 312, a pupil 314, and a lens 316. Correction of hyperopia can be
achieved by increasing the curvature of the outer surface of cornea 312 (i.e., making
the central portion of the cornea more curved), without freezing the comea.

This is accomplished by making a plurality of intrastromal incisions or tunnels
318 with a spatula 320 to form first and second opposed internal surfaces 322 and
324. Tunnels 318 extend substantially radially towards the center of cornea 312.
While eight equally spaced, radial tunnels 318 are shown, it will be apparent to those

: ski.lled in the art that more or fewer funnels with varying distances apart may be made,
lc'iepending upon the amount of curvature modification needed.

The initial step of making incisions or tunnels 318 of Figs. 32-35 is similar to
the initial step of making incisions 218 of Figs. 28-31. Accordingly, spatula 320 is
similar to spatula 220 discussed above. Likewise, a laser may be used to make
incisions or tunnels 318 instead of spatula 320.
| Once tunnels 318 are created, a fiber optic cable tip 330 extending from fiber
optic cable 332 is inserted into each funnel 318 to direct a laser beam on either first



shown after ablated tunnels 226 have col |l apsed to reconbine first and
second internal surfaces 222 and 224, thereby flattening cqize@§@1 gﬂn
ot her words, this collapsing and reconbining of the intrasttonal atrea of
the cor¥@odstzéases the curvature of the central portionp®@iusemesa 212
fromits original shape shown in broken lines to its new shape as seen in
Fig. 31. By collapsing intrastromal tungels, this allow the outer surface
of the cornea to relax, i.e., decrease Surface tension, thereby permtting
flattening of the cornea, Enbodi ment of Figs. 32-35 Referring now to Figs.
32-35, an eye 310 is shown for the treatnment of hyperopia in accordance

W t h anot her enbodi nent of the present invention. Eye 310 includes a

- cornea 312, a pupil 314, and a lens 316. Correction of hyperopia can be

achi eved binternel eaghdd 3bhe seipyat e of  the guéer surface of cornea 312
i on ¢ d¥*torfida

(i.e., making the central portiof of tHe¢ Ofhath cipfspaal) surfdce dat

freezi ng tfRAZEe am intrAsirempkpaticow 5PEME ASTB L,ur al i f
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second opposeﬂpfz@e?ﬂ PRy é b8 igoongulnded. Prdferablyynobgulddsh BXAMHE lie

subst ant i agdb¥tahRAl Yy g4t O he center of cornea 312. Il e el ght

equal | y sPﬁaced, rasg!ogl, ﬂ‘rtleuzré]?]tira Sex%,fge 8?8 Erdewrongentrig with the sputer efitomea t hose

skill ed i n3k2heTla siz¢ bithergircte RmbWES | aryi.ng di stances apart
‘ g bR oDl 2% DA Pocth e GRhaveb g

urvat ur

may be made dependi n% upon the anount

The initidf maditicagon meédsidonkikewise) tvehimBek & ffoaki nfsg- %% %
simlar tqﬁei}ggsi'-g,iﬁiugb steQ f ki ng .i nci sions 218 of "Fi‘gs.. ’él Tﬁ

Accor di ngl'y, pat:lu a 320 a@?ﬂ?fﬁé‘?‘”ﬁ Brefesired euryaioregingdifisstioh medvd: .

Li kewi se, a | asesagiatinBSnt8@dnid pBREE of iHACIS) or_tunnels 318 instead of
spatul a 320. Once tunngl s 318 are creg{g%,éogne% PSPt F5cC%@ OR PRI

ext endi ng PPoWithiadaser ceyses thosapbiats3iahe soﬁnas,%htieﬁbeic[mg tﬁ@@&ﬂe{?\%ﬂ BRkrei 18 1O
direct a I(S@\%%t Bﬁ?%? osﬁgrell(thﬁ;j f.i railtgg? 2 .DEC 2U WO 00/ 51526 -2
PCT/ US00/ & sutitgdecasod shdpiggs afifhe rinnstwond poefi@2df dre bot h
internal  gufied@@8sesGhe outer surface of the comea to be tightened or pulled in a posterior
direction at each of the coagulation points, and thereby causes an increase in the
overall curvature of the cornea as seen in Fig. 35. Coagulation, rather than ablation, is
accomplished by using a laser having a wéwelength which essentially cooks the
corneal tissue and which is between the wavelengths associated with long infrared
light and short ultraviolet light.

Embodiment of Fig. 36

As seen in Fig. 36, rather than using a laser to remove corneal tissue in the
cayities 126 formed in the comea 112 or to form those cavities, a rotating drill tip 400
suitably coupled to a rotary or oscillating power source can be used to ablate the tissue
by cutting. Likewise, any other suitable mechanical device can be used to remove the
corneal tissue or form the cavities. A suitable evacuation device, such as a vacuum

tube, can also be used to aid in evacuating from the cavity the tissue removed from the

comea.

Embodiment of Figs. 37-45




coagul ate an intrastromal portion of cornea 312. As seen in Fig. ﬁé e'm']
point 326 at the end of each of the tunnels 318 is coagul ated} 2p 1@ ély,
coagul awicomu/gsesnt s 326 he substantially on the circunf erledoﬁﬁsdbfos circle
concentric with the center of cornea 312. The size of the circle Tormng
coagul ati on points 326 depends upon thgs;anount of curvature nodification
needed. Likew se, the nunber of coagulation points and their positions in
t he cornea depend upon the desired curvature nodification needed.

Coagul ating intrastromal points of the cornea 312, such as coagul ation
points 326, with a |aser causes those points of the cornea, and especially
the collagen therein, to heat up and shrink. This localized shrinkage of

the intrastromieffonki R Fikhe g es. the outer surface of the
cornea to be ti-ghtened"dr pul%.l eJ-ﬁ% a;tﬁ%grgtt%gfvieolf’ St i‘iygéﬁpo‘ﬁs pwBdenthef t he
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renove cor neal i's’s-ue in the cavities 126 forne Hjé)gu%l?for to
form t hos®™R44%es, a rotating drill tip 400 suitably coupled to a rotary

or oscillating SQur. can be used.to ab)ate the tissue by cutting.-
Li kewi se, any g:?ﬁer osnu?’?atﬁfo lﬁﬁﬁam?mﬂéiﬂlcée @shicged bse anadifyingrdtie t he

corneal téwsatareoof theroutérRirfasy bf coisiea A18Uid Sy ARLALd devi ce . such as
a vacuum tube, can also be used to aid in ’2@?(%%{ Fgaﬁt‘elrngfﬁ‘} Pﬂ%‘%‘a‘?}fi?y t he .

tissue re%v@dmfﬂ@wﬁ@fmmoﬁmwsmemm.maﬂclb'ésé/\&g?ﬁm?j@ -28 4
2 DEC 20()ﬁ]iE 0{.05285 ef erring. now to Figs. 37-45, a patient's live
in situ eye % g?%p%yf%‘% ‘f“r‘ité“g?’?'E‘&ﬁ%’fﬁlsdﬂ%ﬁyﬁépléhﬁlambﬂfmﬁﬁbnd/ or
| MPr OVi NGssdbepi@ih @, 37. VinRisih 41¥ nla§ BV&uMbd or straight, and is preferably about

2.0-3.0 mm long and about 3.0-6.0 mm away from the center of cornea 412. A laser

or a double-edge knife may be used to make incision 418 in cornea 412.

As seen in Figs. 37-40 and 43-45, once incision 418 is made, a spatula or laser
probe is inserted into incision 418 to separate an internal area of live cornea 412 into
first and second opposed internal surfaces 422 and 424, thereby creating an
intrastromal or internal pocket 426 as in the previous embodiment of Figs. 19-27. .
First internal surface 422 faces in the posterior direction of eye 410, while second
internal surface 424 faces in the anterior direction of eye 410, and both of these
surfaces extend radia'lly relative to the center of the cornea 412.

‘ Pocket 426 can have comneal tissue removed from either or both of internal
surfaces 422 and 424. In other words, internal surfaces 422 and 424 of intrastromal
pocket 426 can be ablated or cut to define a cavity. The ablating or removing of the
internal surfaces 422 and 424 of cornea 412 is particularly desirable to remove opague
areas of comea 412, Alternatively, the internal surfaces 422 and 424 of cornea 412
can be removed by a scalpel or a diamond tipped drill similar to the embodiments
discussed above. Pocket 426 can be created by substantially the same method as



opaque portions of the cornea in accordance with the present invention. The
eye 410 of Figs. 37-40 and 43-45 includes a cornea 412, a pupi¢ 48&/@&2@]}?
|l ens 416, and is treated in accordance with the present invent gn t

freezi ngvamyoHesd i on of cornea 412. Correction of nyopia ‘?‘%}UP‘%’H’E? pia can
be achi eved by nodifying the curvature of- the outer surface of C ea 412,

i.e., flattening the central portion of,@ cornea in the case of nyopia or
i-ncreasing the curvature in the case of hyperopia. This is acconplished by
first cutting an incision 418 into the epitheliumof cornea 412 as seen in
Fig. 37. Incision 418 may be curved or. straight, and is preferably about
2.0-3.0 mm |l ong and about 3.0-6.0 nmaway fromthe center of cornea 412. A
| aser or a doubl e-edge knife may be used to make incision 418 in cornea

412, As Se@i‘é?lﬂﬂdﬂ'%Cugzd4%p‘aglrs%3—]ﬁlc§sloé)2?§fh§%bs%248318 I s made, a spatul a
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In either case, ocular material 428 or 430 can have either the same refractive
index as the intrastromal tissue of comea 412 or a different refractive index from the
intrastromal tissue of comea 412. Thus, the vision of the patient can be modified by
curvature modification and/or by changing the refractive index. Moreover, the
patient's vision can be modified by merely removing opaque portions of the conea
and replacing them with ocular material with a refractive index the same as the
intrastromal tissue o‘f cornea 412.

In the examples of Figs. 38-40 using ocular material 428, pocket 426 can be
ov|erfilled, partially filled, or completely filled to modify the cornea as needed. The
cavity or pocket 426 can be filled completely with the ocular material to restore the
normal curvature of cornea 426 as seen in Fig. 40. The amount of ocular material
introduced to pocket 426 can be increased to increase the curvature of the comea from
the original curvature to treat hyperopia as seen in Fig. 38. Altemnatively, the amount
of the ocular material introduced to pocket 426 can be reduced to decrease the
curvature or flatten comea 412 from the original curvature to treat myopia as seen in

Fig. 39. This method is suitable for correctly vision of 12 diopters or more. After the



single step by a laser or a cutting nechanism Alternativel y8 ?13}23% @@he

cor neal ti ssue can be renoved frominternal surfaces 422 an hown

i n Fi gs wadersi@2eand 43- 45, once the pocket 426 is formed, cul ar -
material 428 or 430 is inserted into pocket 426 by a t ool ggg&so%fﬁﬁ?sar :
material 428 or 430 as used herein refers to transparent fluids or solids
or any conbination thereof. In the exanples of Figs. 3840, the ocul ar
material is a gel or fluid type material 428, which can be injected into .
pocket 426 via tool 450. In other words, in the exanples of Figs. 38-40,
tool 450 is a needle for injecting ocular material 428 into pocket 426. In
exanpl es of Figs. 43-45, the ocular material is a flexible, resilient ring-
shaped mpoblsst 4486s filled, Ghd Bf, ~Qcybar terial 428 or 430 can have

ei t her thg sane refragc%’i ve %rﬁ%é%ﬁ)‘éé“‘ttﬁé E2ie

or a diff EreARSulptstacabrr imvaterialdias it obiga 41 At [@g@l' LLESUe of cornea
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seen in PRYentoeg is atyrs heallageh.y Of corse,rooubic maéridi H28QGHI A E%sgr'
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Fig. 39. pbhinsethyidefithchia@Uir rrect Lsion of 12 diopters or
more. After the 02. DEC200. 1 %ag%r; @ﬁ%‘g‘gm?%&%@%e?b@m material that
15 transparent, flexible, and hydrophilic. It will be understood by those skilled in the
art from this disclosure that ocular material 428 can be any suifable polymeric
material, Of course, ocular material 428 can be a flexible solid or semi-solid materia}

as shown in the examples of Figs. 41-45 discussed below regarding ocular material
430 which can be made from collagen or synthetic polymers such as acrylic polymers,
silicones and polymethylmethacrylates.

Referring now.to the examples of Figs. 43-45 using a solid or semi-solid
ocular material or implant 430, tool 450 is utilized to insert ocular material or implant
43'0 through the small opening formed by incision 418 in the external surface of
cornea 412, as seen in Fig. 37 so that ocular material or impiant 430 can be implanted
into pocket 426 and centered about the main optical axis of eye 410. Ocular material
or implant 430 is preferably a resilient, flexible member, which can be folded for
insertion into pocket 426 through the small opening formed by incision 418.

The ocular implant 430 is made from a bio-compatible transparent material.
Preferably, ocular implant 430 is made from any suitable transparent polymeric
material. Suitable materials include, for example, collagen, silicone,

29f Porkst 26some oEether pea 412 -



pocket 426 is filled, the internal surfaces.422 end 424 of pocket 426 cone
together to encapsulate ocular material 428 within corneﬁgﬁlgEgTﬁﬂai
surfaces heal and grow back together, resulting in a permarent

nodi f i-cavb@ysphet he cornea's curvature. The ocul ar nateringﬁggl&%%ected

I nto pocket 426 can be any suitable material that is bio-conpd%l ® and
does not visually interfere with the pajient's eyesight. Preferably, the
ocular material 428 of Figs. 38-40 is a transparent gellable collagen such
as gelatin in an injectable formwhich is available fromvarious conmerci a
sources as known in the art. Cenerally, the collagen to be used in the
present invention is a type | collagen. O course, ocular material 428 can
be a transparent or translucent bio-conpatible polynmer gel such as a
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t?le curvature of cornea 412. In any event, the amount of intrastromal tissue to be

removed, if any, from pocket 426 depends on the shape of ocular material 430 and the
desired resultant shape of cornea 412.

As seen in Figs. 41 and 42, ocular material or implant 430 has a substantially
annular ring shape with a center opening or circular hole 432. Center opening 432
aliows intrastromal fluids to pass through ocular material or implant 430. Preferably,
ocular material 430 has a circular periphery with an outer diameter in the range of
ab9ut 3.0 mm to about 9.0 mm. Center opening 432 preferably ranges from about 1.0
mm to about 8.0 mm. The thickness of ocular material 430 is preferably about 20
microns_to about 1000 microns. It should be apparent from this disclosure that ocular
material 430 can be a partial ring or a full ring with a slit. Moreover, ocular material
430 can be an oval ring.

In the embodiment of Figs. 41-45, ocular material or implant 430 has a planar
face 434 and a curved face 436. Planar face 434 forms a frustoconically shaped
surface, which faces inwardly towards the center of eye 410 in a posterior direction of
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mat eri al 430 canrggagar_tial ring or a fu over,
ocul ar nRFEAT materiabf3Q Azs ecanter Opahingi43g. greater then ebtwd) Orenh, thén bigar 41- 45,

436, i anaroid 130 st BBl B St BBRrygve fidfxas tuirageomabionn | aces
i) B)A’grlg |2 y og?r%%%z; gxg Qe e sBYFe AQrhdh 41 PARYE feBlacHll’ akhOReef o EC VO
the intrastromal tissue of cornea 412. Of course, all or portions of ocular material 430
can have a refractive index different from the intrastromat tissue of cornea 412 to
correct astigmatisms or the like, when center opening 432 is greater than about 2.0
mm.
The amount of curvature modification and/or the corrective power produced
by ocular material 430 can be varied by changing the thickness, the shape, the outer
diameter and/or the size of the center opening 432. Moreover, instead of using a
cqntinuous, uniform ring as illustrated in Figs. 41 and 42, ocular rﬁaierial 430 canbe a
ring with non-uniform cross-section in selected areas as necessary to correct the
patient's vision. In addition, ocular material 430 could be replaced with a plurality of
separate solid or semi-solid ocular implants at selected locations within pocket 426 of

cormea 412.

Embodiment of Figs. 46-53




eye to contact internal surface 424 of pocket 426. Curved face 436 n be
shaped to forma corrective |l ens or shaped to nodify the curvature cornea
412 as seen in Figs. 43 and 44. O course, ocular material 489 [Eh 7083
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or snaller, center opening 432 acts ~ 3-a pin hole such that the |ight

passi ng through is always properly focused. Accordingly, ocular materi al
430 with such a small center opening 432 can be a corrective |lens, which
is not severely affected by center opening 432. However, when ocul ar
material 430 has its center opening 432 greater than about 2.0 mm then
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Vi si on. ihfraddbidli PRisidsU teripal 430, could be replaced with a plurality
of separate solid lg#&g}eén?gf ) |§ g%upéﬂ" j |3rnpgad§t5p§§pl@@g.r§daq tsc#he ons

pposed internal surfaces 522
and 524, respectively, at each of the incisions >18. First internal surfaces 522 face in
the posterior direction of eye 510, while second internal surfaces 524 face in the
anterior direction of t_aye 510, and both extend radially relative to the center of cornea
512.

Incisions or unablated tunnels 518 extend generally radially towards the center
. of comea 512 from its periphery. Preferably, incisions 518 stop about 3.0 mm from
the center of cornea 51‘2, although incisions 518 may extend to the center of comea
512, depending upon the degree of hyperopia or myopia. Incisions 518 will normally
extend about 3.0-10.0 mm in length, again depending on the amount of change
de$.ired in-curvature of comea 512. While only radial incisions have been shown, it
will be apparent to those skilled in the art that the incisions may be non-radial, curved,
or other shapes. When creating incisions 518, it is important to keep the spatula or
laser in substantially a single plane so as not to intersect and puncture the descemet or
Bowman's membrane.
Once intrastromal incisions 518 have been created, a fiber optic cable tip
coupled to a fiber optic cable and a laser can be optionally inserted into each of the
incisions 518 for ablating tunnels 526 to the desired size, if needed or desired. The



hyper opi a or nyopia and/ or inproving vision by renoving opaque portions of
the cornea, in accordance w th another enbodi nent of the pre§enBEC 2403

i nvent i & g¢82010 includes a cornea 512, a pupil 514, and a | ens 516.

in the previous enbodiments, cornea 512 is treated withof¢TASRMIG2EY i-t. In
thi s enbodi nent, correction of hyperoph% or nyopia or renoval of opaque
portions can be acconplished by first " nmaking a plurality of radially
directed intrastromal incisions 518 with a flat pin, |aser or blade ]
spatula simlar to the procedure nentioned above discussing the enbodi nent
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’ is 2 gel or fluid type material, which can be injected into

pockets 526 via tool 550. Preferably, in this case, tool 550 is a needle for injecting

ocular material 528 into pockets 526. Of course as in the preceding embodiment, a
solid implant or ocular material may be introduced into pockets 526. Also, ocular
material 528 can have either a refractive index, which is different or the same as the
intrastromal tissue of cornea 512 as needed and/or desired, whether the ocular material
s a gel, a solid or any combination thereof

As shown in Fig. 47, optical material 528 injected into the ablated tunnels 526
expands the outer surface of comea 512 outward to change or modify the curvature of
thc' central portion of comea 512 from its original shape shown in broken lines to its
new shape shown in full lines.

As seen in Figs. 47-53, the various radial tunnels 526 can be filled with ocular
material 528 to overfill pockets 526 (Fig. 47), underfill pockets 526 (Fig. 48) or
completely fill pockets 526 (Fig. 49). Thus, by introducing various amounts of
optical material into pockets 526, the curvature of cormmea 512 can be varied at
different areas. Similarly, selected tunnels 526 can be overfilied or compietely filled
at selected areas, while other selected tunnels can be partially filled, compietely filled
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Fig. 46, a plurality of radial tunnels 526 are showmn with a suitable tool
'550 projecting into one of the tunnels 526 for introducing optical
‘material 528 into tunnels 526 to nodify cornea 512. Ccular material 528 as
used herein refers to transparent fluids or solids or any conbination
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As shown in Figs. 48 and 50, the amount of ocular material 528 introduced

into the ablated areas of pockets 526 can be less then the amount of ablated material to

reduce the curvature of comea 512, Alternatively, the amount of ocular material 528
introduced into the ablated areas of pockets 526 can completely fill pockets 526 to
retain the original curvature of comea 512 as seen in Figs. 49, 51 and 52.

Embodiment of Figs. 54-57

' Referring now to Figs. 54-57, an eye 610 is shown for treatment of hyperopia,
myopia and/or removal of opaque portions in accordance with another embodiment of
the invention using an implant or ocular material 630. As shown, the eye 610
includes a comea 612, a pupil 614 and a lens 616. As in the previous embodiments,
the live eye 610 is treated without freezing cornea 612 or any part thereof.

In this embodiment, a thin layer 618 of cornea 612 is first removed from the
center portion of a patient's live cornea 612 by cutting using a scalpel or laser. The

thin layer 618 is typically on the order of about 0.2 mm in thickness with overall



PCT/ US40/ 45285 or unfilled to collapse or decrease the curvature of cornea
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preferably ablated by a laser or cut by a mcro-cutting instrunment for
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cornea 512 to formtubul ar pockets fromtunnels 526. However, as in the
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After the exposed internal surface 622 or 624 of comea 612 is ablated, if
necessary, an annular ring shaped implant or ocular material 630 is placed on ablated

_portion 628 of cornea 612. The previously removed thin layer 618 of comea 612 is

then replaced onto ablated portion 626 of cornea 612 to overlie implant or ocular
material 630 and then reconnected thereto. The resuiting cornea can have a modified
curvature thereby modifying the refractive poﬁver of the cormea and lens system as
seen in Figs. 55 and 56, or the_ original curvature with opaque areas removed and/or
modified refractive power as seen in Fig. 57.

' The ocular implant or material 630 in the embodiment shown in Figs. 54-57
has a substantially annular ring shape, and is substantially identical to the implant or
ocular material 430 discussed above. Thus, implant 430 will not be illustrated or
discussed in detail when referring to the procedures or methods of Figs. 54-57.
Similar to ocular material or implant 430, ocular material 630 can be a partial ring or a
full ring with a slit.

The outer diameter of ocular implant or material 630 can be about 3-9 mm,
while the inner opening 632 is generally about 1-8 mm. The thickness of ocular

xpand the cornea 512 for increasing



PCT/ U500/ 05285 . cornea being on the order of about 0.5 mmin Thickness.
-Once the -thin layer 618 is renoved fromcornea 612, it exposes first and

second opposed internal surfaces 622 and 624. Cenerally, eithgn BECbﬁw of
liﬁﬁ@o

t he i nt ewoab/ssazef aces 622 and/ or 624 are the target of t a%%gg 1yt he
excinmer laser. Alternatively, tissue fromthe internal surfaces and/ or
624 can be renoved by a nechani cal cu;i{ng mechani sm or substantially no
tissue is renoved fromthe cornea. As 1llustrated in Fig. 54, a disc-shaped
portion 626 is renoved frominternal surface 624 by a |aser beam or ot her
cutting nechanism In this enbodinent, internal surface 624 is shaped to
include a concave annul ar portion 627. The nethod and | aser apparatus as
descri bed above in the enbodi nrent of Figs. 1-10 can be used for renoving

] ooue I mplor g sagk a04h Sl B SR TRONEE ALEr e exposed

i nternal surface 622 or 624 of cornea

annul ar rPiBAts Fasgebi4 fptnzing DrBRIGbAEallB R Sﬁﬁfi %vh?+ha etgsgl?: abl at ed
a

portion 6 ornea 612. The previously renoved thin WAL cor nea
612 is t%’g‘fq"’?‘gse&ea%@%fo?f a0l tinc pesteiiondidationl of 8y6 @20 &b 2odn@cO ¥R | | €

I npl ant  ogxpassd [ and t connected thereto. The resulting
cornea can’ pﬁaveﬁgeﬂgﬁﬁﬁgg 0 Ogﬁtfg EARIR Emeﬁgﬁ)ﬂpﬂﬁﬁm‘ {rca §46 Hie prefémblytd ve
power of qumeedceunfiee fadihgl @Nan SYEHSM . SEER ings. .B5 and 50, qr the
origi nal .cur vat-gée w t h opaque ar easfﬁ%%tﬁgglvgg egﬁdf,;:lg{% rsrg | iggler g?ﬁﬁrct ive
pover as ARt 630 eanbe shaped e fasmud correctipd lens oﬁéhapa&%hﬂnldit?%’e bdvidig

uf ar

enbodi menjr §b N & 0$.1.54: 57 as a substantially ann ring shape,
and i s subst a%%tyl&a y§| A 35? HPBE‘F%@E“% hpused toreplaesopaquesdress of the30

di scussedoakawehichlhaik, beefiBraRd | Illyustrated or discussed in
detail when referri &% to the #@gﬁl\#yéibgf%lﬁg%%g&ﬁmﬁ%. 54-57. Simlar

to ocul ar nat éRith¢ © Oﬁmﬁmmhow&mcumuhmmmarﬂraferﬂp 1688 ABstan tial
ring or The outer dianmeter of ocular 1 nplant or

ing wi,th a slit.
mat eri al lLD(L:as!%a{’)e %SOHPS%segtl% Alipptivelye oplar implaohi63§ &82bé sngener al |y
about 1- Suitable et iivide EBier o wBRHN R HrCHhitoiat Sross Lection in selected

areas as necessary o correct the patient's vision. For example, an ocular implant can

be used having a circular or triangular cross section. In this manner, the curvature of a
cornea can be modified at selected areas to correct various optical deficiencies, such
as, for example, astigmatisms. Ocular implant 630 can be 2 corrective lens with the
appropriate refractive index to correct the vision of the patient. The ocular implant
630 is made from a bio-compatible transparent material. Preferably, ocular implant
630 is made from an;' suitable transparent polymeric material. Suitable materals
inciude, for example, collagen, silicone, polymethylmethacrylate, acrylic polymers,
cop'olymers of methyl methacrylate with siloxanylalkyl methylacrylates, cellulose
acetate butyrate and the like. Such materials are commercially available from contact
lens manufacturers. For example, optical grade silicones are available from Allergan,
Alcon, Staar, Chiron and Iolab. Optical grade acrylics are available from Allergan
and Alcon. A hydrogel lens material consisting of a hydrogel optic and
polymethylmethacrylate is available from Staar.

Hydrogel ocular implant lenses can be classified according to the chemical

composition of the main ingredient in the polymer network regardless of the type or



0 2 DEC 2003 PCT/ US00/ 05285 inplant 630 is preferably about 20 to about
1000 microns. Ocular inplant 630 has a planar face 644 fornmihg BEC 2803
frust ocgpifaidy shaped surface, which faces inwardly towvwards the center of
eye 610 in a posterior direction of eye 610 to contact tHA&TERREEE i hner
surface 620 of the cornea 612. The opposite face 646 is preferably a
curved surface facing in an anterior di&ection of eye 610 as shown. The
ocular inplant 630 can be shaped to forma corrective |l ens or shaped to
nodi fy the curvature of the cornea Simlarly, the inplant can be used to
repl ace opaque areas of the cornea which have been previously renoved by
abl ation or other neans. In the enbodi nent shown, ocular inplant 630 .
pref erably has substantially uniform shape and cross-section.

Al t er nat r%@PW GORRORARS §Bch enprobelivking ageits ahliotisddne, HaNdn g i t her ~

a uniforn],ﬁ?q,f L for s-section jn selected areas as necessary
to correcgmheﬁ%a?lﬁg%ﬂgégilgl}ogéﬁqngoﬁ%‘&%ﬁgli??seénc%lbl!??aﬁlaﬁimdam dad- be
used havi exyathiydu| methatrylidie angidésar Lon. | hi nner .. the N
curvature of a_ cornea carr};ﬂ be nodi fi e(gj%t%g%?g%tbgld Ié‘r%%?é”l‘%"'@%’?”f“é’i‘?‘vari ous
optical dRFldiNQAcedensssic (3) hydrophiic-lexdangiiobic asdibtgmebpalyer Qealear ¢hdP! ant
630 can b%, " 'é%fl?;p\é?l Itgns V\A@I{;’ 1the_ %propr_i ate refractive ind%x to
correct tie Vision of Che patPey NyHaviwenymelidoss| emelycash methacaglatef r om a
bi 0- conpathi OB ne AR S b | ular jnplant 630 is
made from alrjligarsdtg’iht abl e trar?spa{fg%\"t%hgo éﬁf@gﬁlﬁ%l% ?alapdéﬂn'ggﬁ? Perials

i ncl ude, lwrogek dapses, 'sucll dsalpeses withi Badeoptisal m&@laﬂgtgﬁprwﬂi@cryl iC

pol ymers, CE@% nersa&gf malt hyl methacrylate with siloxanyl alky

met hyl acrRA™R ,g(l%gfg’l Jwe-layrdansgse butyrate and the |ike. Such materials :

are commer ci al A ¥erdd@idiab ens nmanuf acturers, For exanpl e,

optical grade sili conéég’ g@‘é%%%b%@c%%h?ﬁf?%%énﬁ argpatg sh #Hse chiron

and | ol ashaRet orcather shapes for yotlifgingIthe sNaje! Bl Quried &f LEhEAB12 apd,Al con. A
d

hydrogel .| ens .materi al. consisting of a hydrogel optic an

pol yret hyPREYiag e Jision of £ysi¢18pwihoutompdifving . theluragee ofcedrea i6AR) ant
| enses cafes! @il ihs r.di to the, chem cal . conpqsition of the main
ingredient 1n 1f’he pol@%ﬂﬁ%ﬁgﬁﬁ%ﬁ%}? i the Intastromal %%eggw ®mearddE 203

at a selected area to modify the curvature of the cornea and correct the vision provided

by the cornea and lens system. In the embodiment shown in Figs. 54-57, thin layer

618 of cornea 612 is completely removed to expose the internal surfaces 622 and 624

of cornea 612.

Embodiment of Fig. 58

An alternative method of implanting ocular material or implant 630 into an
eye 710 is illustrated in Fig. 58. Specifically, ocular material or implant 630 is
implanted into cornea 712 of eye 710 to modify the patient's vision. In particular, this
method can be utilized for the treatment of hyperopia, myopia or removal of opague
portions of the cornea. As in the previous embodiments, the treatment of eye 510 is
accomplished without freezing comnea 512 or any portion thereof.
In this method, a ring or annular incision 718 is formed in cornea 712 utilizing
a scalpel, laser or any cutting mechanism known in the art. The scalpel, faser or ot
cutting mechanism can then be used to cut or ablate an annular-shaped intrastromal



WO 00/ 51526 - 38 PCT/ US00/ 05285 amount of m nor conponents such as
cross-1linking agents and, other by products , or inpurities in the main
nononer. Hydrogel |enses can be classified as (1) 2- hydroxﬁe@fﬁﬁc 2003
met hacr ses; (2) 2-hydroxyethyl nethacryl ate-N-vinyl-2-
pyrroli é&i{’%gﬁglsﬁgnses (3) hydrophilic-hydrophobic noiety 8%561559?@5!2% enses
(the hydrophilic conponents is usuallg N-vi nyl - 2-pyrrol i done or gl yceryl
net hacryl ate, the hydrophobi c conponge 25 is usual |y nmethyl methacryl ate);
and (4) mscell aneous hydrogel |enses, such as lenses with hard opti cal
centers and soft hydrophilic peripheral skirts, and two-layer |enses.

Al ternatively, ocular inplant 630 can be el ongated or arcuate shaped, disc
shaped or other shapes for nodifying the shape and curvature of cornea 612

or for i i the vision of eye 610 wi thout +odifying the curvature of
cornea 61553 El?ééi‘fr%gln%a‘trc ﬁri;ea Zt% Fsa?ecfl?%fméﬁ?r E30=% aftctradisabt an anpulamgroove is
[ ntrast r omly foreRd dr fobdivER/UERr hterialbr BnENEAPIRAN SR alR R L he

curvature of the cornea and correct the Viaron pr ouicadydsgys ea and
| ens syst @8ailin t he enbodi ment shown in Figs. 54-57, thin iayer 618 of

cornea 612 is npletely renmpved to expose the internal surfaces 622 and
624 of cor neaclglffnngﬁ{)éfﬂ% prmpsd by gpnuizg ingisign (748 iseparetes netnba d 1 finto

i mpl antin : ' i nt.o.an —eye, 710 is Il rat ed
I Eg, Dot Seold Bpbdted toiP sifced 102 s 1A Fi Gt Srbeer dR2cd | nt o
cornea 71faco$ ireffe ptibteriop directichioftee TRO! WRIM sctoMd thibhial SRR oUGHIRN, thi s

nmet hod ca&e?e utili.zed for the treatment of hyperopia, nyepia or renoval of
PFROTHITCHRR 06 ey Al0. AOptionallye eifirerintorm! sutfads V2R 0s, 724 an

opaque p _
t r eat ment 3, 0f ' acconmpl i shed witho eezing cornea 512 or any
portion tﬁgfalé%%le%l %%?]ﬁiféthr?e T EO9VE Y WE%F% %,rgqr feiasremmpdate;ogulasy med in
cornea 7linplahd#30.ng a scal pel, laser or any cutting mechani sm known in
the art. The scal pel, laser or cutting nmechanismcan then be used to cut

or ablate an adbh@ipartionfpethearti 2 adthr intemhal GuFadsFR2XGRAs an annular flap 725,
which is then lifted and folded away from the remainder of comea 712 so that ocular
implant of material 630 can be placed into annular pocket 726 of cornea 712 as seen
in Fig. 58. Now, comeal flap 725 can be folded over ocﬁlar implant or material 630
and reconnected to the remainder of comea 712 via sutures or the like. Accordingly,
ocular implant or material 630 is now encapsulated within comea 712.

As in the previous embodiments, ocular implant or material 630 can modify
the curvature of the exterior surface of cornea 712 so as to either increase or decrease
its curvature, or maintain the curvature of the en.;tcrior surface of comea 712 at its
original curvature. In other words, ocular implant or material 630 can modify the
pa-tient‘s vision by changing the curvature of the cornea 712 and/or removing opague

portions of the cornea and/or by acting as a comrective lens within the cornea.

Embodiment of Fig. 59
Another embodiment of the present invention is illustrated utilizing ocular

implant 800 in accordance with the present invention. More specifically, the method
of Fig. 59 is substantially identical to the methods discussed above in reference to
Figs. 54-57, and thus, will not be illustrated or discussed in detail herein. Rather, the



WO 00/ 51526 -39 PCT/ USOQO 05285 pocket 726 in cornea 712 as needed and/ or
desired. Accordingly, an annular groove is now formed for r ?eggtn%ga
ocul ar R¥d 6d4182¢ Or | npl ant 630 which is di scussed above i % al [ . e
annul ar groove formed by annul ar incision-718 separates cgpﬁ 09/45285 nt-o
first and second opposed internal surfaces 722 and 724. First internal
surface 722 faces in the posterior direction of eye 710, while second

i nternal surface 724 faces in the anterior direction of eye 710. .
Optionally, either internal surfaces 722 or 724 can be ablated to nake the
annul ar groove or pocket 726 |arger to accommodate ocular inplant 630. The
portion of cornea 712 with internal surface 722 fornms an annular flap 725, -

whi ch is d¢digBighifideBO0a@iRehal.Oh a fromthe renmainder of cornea 712 so
t hat ocul aﬁrlﬁ i-mpl ant "ga“ﬁ’fﬁféFi‘aaéleng%mfg’ﬁ’TBéi‘sﬁP%@degﬁﬁ@ugdﬁgwISdFS?famd(et 726 -

of cor nedhd pethesl ofdtip. 59 it thatthe ¥8n | , I ap.725 can be fol ded over
ocul ar i npl ant org&at rial 6308 and%c?gﬁ%gc%?%éd;%[{%ﬁgo?’@iﬁaﬁd%mow cor nea

712 vi a stBFEREY Y688 Accordingly, ocular inplant or material 630

i's now encapsy} fued Wi hhip. cornea 712. As in the previous enbodi nents,
ocul ar inplant or rra%??’a ger(:@ﬁ; ﬂ%ﬁ?‘?l?a 81hés Eamedthyresing atsbaipelxéer i or

surface ddsecsuchethaf’d Poftbrost laQerct |« r [decreas its curvature,
or maintain the curvgture of %egfeggferer%%ﬁg%ﬁag%ﬂb?c%??'lgéz'ﬁ‘ifoﬁﬂ8i ts

ori gi nal cemedlaflan- e The rexposedr inmer snfacec880A6f iR} @Mk~ ' BB‘%@ Ll 630 .can
nmodi fy tQ&facB i4e 's_vision, by fhangi ng t_he#%u?\ﬁ)gatdgrtg of. P%eg l(]:lelrﬂ%la 712
and/ or r&novi % 8E§%fu@m%apib6ﬁ§3&detmﬁhmhsamdbuﬁdg}mm @Sind

correcti i grévisuierhbd i pent .of Fig. 59 Anot her enbodi nent
of the pr esﬂernt inveﬁ%%ﬁlgésﬁq%@ttrﬁg?g%aﬁﬁPf%er?ﬁnlf@ul%‘-‘hﬁlmﬂiﬁﬁtﬁgoo in

accor danean then be pleeebetsaen intaahirgites B0 snd RES b EGALL %12 q‘gsg@y}ﬁd of
n

Fig. 59 s Séjl%lszgls tilgll |y identical to the nethods di scussed
r ef er enc& 't @‘?ﬂ acegback omtq thecorydal §12nmid dlewed todeant adcardingtys cussed

In det ai eddg Biglant RO"Gl inbfiisd \Bedl 32 Creintain the curvature of eye 810 as

needed and/or desired as well as remove opaque portions of the eye,

Embodiment of Figs. 60 and 61

Referring now to Figs. 60 and 61, an ocular implant or material 930 in
accordance with the present invention is illustrated for treatment of hyperopia or
myopia. In particular, ocular implant or material 930 is 2 disk shape member, which
is as thin as paper or thinner. Ocular implant or material 930 includes a center
opening 932 for aﬂo?ving intrastromal fluids to pass between either sides of ocular
im;I)Iant or material 930. Basically, ocular implant or material 930 is constructed of a
suitable transparent polymeric material utilizing diffractive technology, such as a
Fresnel lens, which can be utilized to correct the focus of the light passing through the
cornea by changing the refractive power of the comea. Since ocular implant or
material 930 is very thin, i.e., as thin as paper or thinner, the exterior surface of the
cornea will substantially retain its original shape even afier ocular implant or material

930 is inserted into the cornea. Even if there is some change in the comnea, this



-40 0 2 DEC 2003 PCT/ US00/ 052%5 only significant difference between the
nmet hods di scussed regarding Figs. 54-57 and the nethod of Fi %b 5[?%;8 hgat
the thin layer 816 of Fig. 59 is not conpletely renoved from or B3 of
eye 810.womgmstsber words, thin |ayer 818 of cornea 812 is fp¥iR@ol¥stiSing a
scal pel or |aser such that a portion of layer 818 remains attached to the
cornea 812 to forma corneal flap. Theg;exposed inner surface 820 of |ayer
818 "or the exposed internal surface 824 of the cornea can be abl ated or
cut with a laser or cutting nmechanismas in the previous enbodinments to

nodi fy the curvature of the cornea. Ccular inplant 630 can then 'be placed
bet ween internal surfaces 820 and 824 of cornea 812. The flap or |ayer 818

is then placed back onto the cornea 812 and allowed to heal. Accordingly,
ocul ar i nphange &3 pRCAEEASS thd! & ptaln, the curvature of eye
810 as needed and/ or d%si red gs \A/lgeﬁagtgieI?oyrreor%”gf%ﬁaod’b‘@w&%m*dﬁf%e eye.
Enbodi ment93 Figs. 60 and 61 Referring nowto Figs. 60 and 61, an ocul ar

i mpl ant or nat%ilﬁl 930 in accordance with the present invention is
i|lustrated for-¢ ?a\”i‘é?ﬁt Frmpigal 83 sarobe inspiied mto Ithe pamta dukay of doul ar

I mpl ant | ; ' ' h mber, -which _i t hi
o Chi nnor PG oy e A bR e o BB, £ Redioulac i mpfsehong 632

for al | owimafesdial t938xtan drerihsdrieditHfoubR JDRRS tmrbﬁh' 5,1;6’ | fQcul ar
I mpl ant o‘ré)é'r% erial 930. BasicaII?/I,Q ocul gér:@isrrpla t-o %@SQ%S@Q %

const ruct ng udas) iEnpland s peatenial 936 apduhércinsedtingiiathrowst thei saghll
diffracti : such . a_ Fresnel |ens, which can be utilized to
correct t&g#@%%gt?g?&{%lleowygﬁf%p%@ﬁém? i BRGE R formed e Ahgiptientsergilng t he
refracti verqaoftic @méd MeRINER 2 £S5 ' 1al 930 is
very thin, i, e. ,e asfnthi n as égélﬁhg%r%i?ﬁﬁ%ﬁl{fﬁé%@a{%ﬁ%ﬁ%ﬁﬁég%ﬁ% t he

cornea wi Mmplaptenmaterial 30 asaetistussedtabowe.i gi nal shape even after ocul ar

i npl ant or nmat ?@P%‘&lﬁ q(l)ﬁétgb(i)gose t?%e' nto the cornea. Even if there is sone

change in the t QneisTish $Ykts preferably in the range
of about 3.0 mm to about 9.0 mm, while center opening 932 is preferably about 1 mm

to about 8.0 mm depending upon the type of vision to be corrected. In particular,
ocular implant 930 can be utilized to correct hyperopia and/or myopia when using a
relatively small central opening 932 such as in the range of to about 1.0 mm to about
2.0 mm. However, if the opening is greater than about 2.0 mm, then the ocular
implant or material 930 is most likely designed to correct imperfections in the eye
such as to correct stigmatisms. In the event of astigmatism, oniy certain areas of the
ocular implant 930 will have a refractive index which is different from the
intrastromal tissue of the cornea, while the remainder of ocular implant or material
93.0 has the same refractive index as the intrastromal tissue of the cornea.

Preferably, ocular implant 930 is made from a bio-compatiﬁle transparent
material which is resilient such that it can be folded and inserted through a small
opening in the comea and then allowed to expand back to its original shape when
received within a pocket in the cornea. Examples of suitable materials inciude, for
example, substantially the same set of materials discussed above when referring to
ocular implant or material 430 or 630 discussed above. -



-41 PCT/ US00/ 05285 change can be conpensated by the refracgi:%@ggo%@gs of
the ocular inplant c.- n'"_ 930. Ccular inplant or materi al can be

I nsert edwiomesisdse cornea in any of the various ways discl in.the
precedi ng enbodi nents. In particular, ocular inplant or n@%ﬂg}las@éo can
be inserted through a relatively snaIL4gpening formed in the cornea by
folding the ocular inplant or material 930 and then inserting it through
the small opening and then allowing it to expand into a pocket forned i
within the intrastromal area of the cornea Mdreover, a thin layer or flap
could be created for installing ocular inplant or material 930 as

di scussed above. The outer dianeter of ocular inplant or material 930 is ~
pr ef er abl \Emboditnent ¢fRjgure®b2a90ut 3.0 Nmto about 9.0 nm while center
opening 932 is preferably about 1 nm to about 8.0 nmm dependi ng upon the
type of vision lque@@g@@wwigdﬁms,waﬁawb@bds iP5ahAtant PR M, ﬁ@-o an be
utilized tiﬁ'eﬁ%ﬁggi? E%gﬁr‘g%ieg and/ or nyopia when using a Treél at Eﬁ’{} smal |
central openi ng c fox modifyingea patiend'sdibeutyel 10107 tomaiomt 2. 0
mm  Howev edtierit't vidién OBERL ' han about 2.0 mm then the ocul ar

i npl ant orp materi al Qggﬁ?lgﬁ%ag’ttg%sl%%}ég%o UPRRE Juty ebtheasecedupesrdfahei ons i n

the eye Buehdissussed cuatheat forsthe GiEBkhGHS: f.astigmatism only
certain a %{as ,0f _.the_ ocul ar inplant 935%?%09%&\%}%5% g‘i‘(}/‘&l& Eré’vﬂgd%x whi ch

is differ BT SR Y iTRDPHIE: eitvate phgioue offthe lkoreerin @BcorakideSwid) She
renai nder pRberd Cidlvattidn ™! 2, Shqorteri al 30 has the sane refractive index
as the in]t)rastronal d[nl, ssue 0 glﬁeB&ang.t‘“g@riﬂoér%F%ur%cmChdﬂmﬁam 930 is

mede fr onpraviotsls: @hedheretd RIBRAIRA dARLEL Al imi] i s-resjlLent such
that it can be fqlded and inserted t hr%ugh gé tsh%rrﬁr g%@ﬁ?ﬁbgsi #‘?ﬁe cornea .
and then al | ow@d lﬁdh‘*eﬂﬁ‘éﬁmlsbg?@bodﬁment‘s,stherprgddﬂafes%ﬁaﬁ)dy@ﬁf% ey LEGIVEE Wi thin
a pocket Ij’ig @gfgj’egﬁ&mﬁle%hes of. syitable materials include, for
exanpl e, stbstant LTy RRisRed by freating e infrstromal arean efnoseed 04BoTheshen
ref erri nogprocedacasl @n i rj.al Ok 6 di scussed .above. 0 2 DEC
referri) g)Q/ o if:ﬂlﬂd@%c&fncﬂﬁh? 4 seﬁggntlaﬁly a‘w?’u(fahng or removing three-
ensional portions of the intrastromal area of cornea 1012 and/or inserting ocular
material 428, 430, 528, 630 or 930, as discussed above in the preceding embodiments.
As seen in Fig. 62, the first step of the procedure is to create an opening or
incision 1018 into the epithelia of cornea 1012 as seen in Figs. 62 and 63. Incision
1018 may be curved or straight and is preferably 2.0 mm fo 4.0 mm long and about
3.0 mm to about 6.0 mm away from the center of cornea 1012. Of course, the size
and location of incision 1018 depends upon the desired correction of cornea 1012. In
other words, a plurality of incisions could be made if need or desired in accordance

with the present invention. Incision 1018 or incisions can be made in cornea 1012 via

a tool 1020, which can be any suitable instrument such as a fiber optic cable emitting
in a laser beam, a scalpel, or a diamond tip micro drill.

Once incision 1018 is made, tool 1020 is inserted into the intrastromal area of
cornea 1012 via incision 1018 to separate an internal area of live comea 1012 into
first and second opposed internal surfaces 1022 and 1024 to create an intrastromal or
internal pocket 1026 as in the previous embodiments of Figs. 19-27. Incision 1018
and pocket 1026 can be made in one single step by a laser or cutting mechanism, or in



- 42 PCTI US00/ 05285 Enbodi nent of Figures 62-73 Referring now to Figs.
62-73, various nmethods in accordance wth the present inveq}kogE@Ag$ be
di scussed for nodifying a patient's live eye 1010 to correct" th p ?ent's
vi sion. WO ooses2ecul ar, these nethods enploy many of the ppegasishessef the
prior discussed nethod for the treatnent of hyperopia, nyopia and/or
inmproving a patient's vision by renoyvifig opaque portions of the cornea- in
accordance with the present invention. Accordingly, many of. the prior
procedures and illustrations previously nentioned herein will be used to
describe the procedures of Figs. 62-73, As in the previous enbodi ments, the
procedures for nodifying eye 1010 of Figs. 62-71 are acconplished by
treating the intrastromal areas of cornea 1012. These procedures can

i ncl ude | i@ stepaanhésdedndd sedbgnti Fily ; ' or. ving three-

di nensi on legﬁ)rti?ns of the i_ntras?rdgﬁalﬁggnr%eg °&8§§§°&m@w¢wr

i nserting Fy of wye lA18) Wik, setBfid inRehal GBNAEY 1839, £8% ﬂi%ﬁé‘ss?d' above In

. the precegjrg&ioglr'g}% Er@?@s. As seen in Fig. 62, the first step SPEIE
procedure I's to creat r‘?ngp?@m ﬂgﬂl@?e surfagessextand radially nelativd e @Ridehigli a of

cornea 104PcafesHAN. in Figs. 62 and 63. Incision 1018 may be curved or

straight and is preferably 2.0 mrmto 4.0 nmlong and about 3.0 nmto about

6.0 mm away f r Begkehd02@ ntre hawf its ditReaokAIL the size _an
| ocati on 191{ i nci-si on 10%8 8Zpelnds upon{itglh%ssggg?é%ﬁ??e&ﬁeﬁﬁr%%S nea
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If tool 1020 is a fiber optic cable, then a template 1028 can be utilized to
ablate internal surfaces 1022 and/or 1024 as seen in Figs. 66 and 67. Template 1028
is preferably a flexible, resilient member mcluding a laser beam transmitting portion
1030 and a laser beam blocking portion 1032 such that when the laser beam is
directed onto the temglate, the laser beam passes through the laser beam transmitting
portion 1030 but does not pass through the laser beam blocking portion 1032. In the
example illustrated Fig. 64, template 1028 is circular with laser beam transmitting
pox:tion 1030 being substantially a disc-shaped member and laser beam blocking
portign 1032 being ring-shaped and surrounding laser beam transmitting portion 1030.
Accordingly, when the laser beam is directed onto template 1030, a disc-shaped
portion is ablated from cornea 1012 as illustrated in Figs. 67-69.
It will be apparent to those skilled in the art from this disclosure, that tempiate
1028 can have a variety of shapes with laser beam transmitting portion 1030 and laser
beam blocking portion 1032 being shaped to form any desired predetermined pattern
for ablating the internal surfaces of 1022 and/or 1024 of comnea 1012. Moreover, laser



WO 00/ 51526 -43 two steps as needed and or desired. First, internal surface
1022 faces in the posterior direction of eye 1010, while se§chdEh@8ihal

surfaceMOMices in the anterior direction of eye 1010yc-ﬁﬂ§0&&%&% of
these surfaces extend radially relative to the center of cornea 12.
Pocket 1026 can have its intrastromal g4i_ssue renoved fromeither or both of
I nternal surfaces 1022 and 1024. In other words, internal surfaces 1022 and
1024 of intrastromal pocket 1026 can be ablated or cut via tool 1020 to
define a cavity. The ablating or renoval of the internal surfaces 1022 and
1024 of the cornea is particularly desirable to renove opaque areas of
cornea 1012. The renpval of the intrastromal tissue frominternal surfaces
1022 and 92y tensmitingapertion| i030eghnbye Shalier o Gufhprond, fipped drill sim lar
to Fig.. 38 =ﬂ¥5&§§ | aser beamenitting cable su He
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tenpl ate 10888 can be utilized to ablate internal surfaces 1

as seen in Figs. 66 and 67. Tenplate 1028 is preferably a flexible,

resilient nmentfixampies|ofditig pasdisis 9 nsmtting. portion 1030 and a
| aser bea}?ébl ocki ﬂgq porti or}]ﬁi632 sﬂgﬁ%@ﬁ%ﬁﬁ%ﬁ@ﬁmmﬁammmm rect ed
onto the ﬂﬁo‘foé'fr@,‘ giae ?@§§@nbém¢mwlesmwiglmi§%a%%§&rﬁ gleaeraoléé‘?ﬁ
transnitbgggm%p&rgso Hg& dges not passS through e PaSEr
bl ocki ng portion: 1032 A ag &n‘ﬁ%bﬁaﬂllﬂmﬁmgﬂoﬁoﬁ.mggs,sﬁma@ e 1028
i s circupartioni 1030, agem ' Liting. rfion 1030 being substantially
~a disc- s%&p?%ﬁ%ggef aggﬁ?g‘(s)%é aﬂgeogﬁﬁﬁosg%@é‘i foraidizg ihode inssrtion of
ri ng- shals8% ripteucatney 105 eFidea Lt j,on_1030.
Accor di l“#“q\ﬁhfn t he Iasgirngb.eam fés? dryrg%%%%ﬁ%%ggéﬁgﬁ%é e%?ﬁsaa
di sc- shan%e 0 Yiegteggingtlings fororing threrleser bod tﬁzsﬁ:ktﬁﬂé%&&foﬁdldﬁ" Fi gs.
67-69. |4nd kb %ﬁﬁ!ﬁ’?&ﬁ%ﬁ t skilled in the art fromthis
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Shapes, including but not limited to partial dise shapes, partial ring shapes, iregular
shapes, to obtain the desired ablation pattern.

o Since template 1028 must be mmserted through the retatively small opening or
Incision 1018, template 1028 must be able to be collapsed, e.g., folded or rolled, to fit
through opening or incision 1018, Accordingly,  template 1028 is created from a
flexible resilient material, which can be collapsed for insertion into comea 1012 via
opening 1018 such that it can be easily restored to its original shape once in pocket
10;6. Examples of various flexible materials include the same materials used for
ocular implant 430, discussed above, By providing template 1028 with one or more
slits, template 1028 can be easily collapsed for insertion into pocket 1026.

Once cornea 1012 has been ablated, cornea 1012 is left alone for a
predetermined period of time such as twenty-four hours to about forty-eight hours to
allow the comea to obtain its new refractive powers. This predetermined period could
be longer, e.g., up to one month or even sﬁgilﬂy longer. Now the comea 1012 is
examined to determine how the cornea needs to be further modified to obtain the

45 B88.optise. cable -
PUfEY or 1024



44 0 2 DEC 2003 PCT/ US00/ 05285 beamtransmitting portion 1030 can be nerely
a cutout in tenplate 1028. Also tenplate 1028 can have intsB gcgg:smﬁé I n
the insertion of tenplate 1028 into pocket 1026. Exanpl es of" ot

possi bl avbed®lsed € configurations are shown in Figs. 72 an

controlling the ablation of cornea 1012. Tenplate 1028’ hggTé%Péﬁggghaped
| aser beamtransmtting portion 1030' ,and a | aser beam bl ocki ng portion
©1032"' surrounding portion 1030'. Tenbﬁgfe 1028' also has a slit 1034' for
aiding in the insertion of tenplate 1028 into cornea 1012. Fig. 73

il lustrates a tenplate 1028", which has a plurality of radially extending
Tines formng the |aser beamtransmtting portion 1030" and a | aser beam
bl ocki ng portion 1032" surroundi ng portion 1030". It should al so be

Cohol ate 1o ohar PR L ey foler DB0BHio BReced s Dbl isoprodeiprbined set

vari ety oftimgherpeds thel pueketdi 008 4dt the Qhoidih i 2 i al._di sc shapes,
Il SIS griianss O o o R Sl S
pattern. St e : sma
openi Ng OleorieR§H 5 (grg%g ter‘r&]tﬁ\te 1028 nust be able to be collloaég'saelfd,
.e.g., folded” or r%]m[/e  do ¢ RrSYinyslysular meptenials 428,436n 5281630 or
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implant is inserted into comea 1012 via opening 1018. In other words, this procedure
Is somewhat similar to the eye examination procedure for receiving glasses or contact
lenses, but wherein the surgeon is actually replacing lenses within a pocket or pockets
of a cornea.

After the ablation, it is ofien desirable to trrigate pocket 1026 to remove any
foreign matters and to clean pocket 1026. Such an irrigation step can be performed as
many times as necessary in this procedure and at various times in the procedure as
needed and/or desired.

. Fig. 71 illustrates comea 1012 with ocular implant 930 inserted into pocket
1026. As mentioned above, ocular implant 930 is preferably a suitable transparent
polymeric material utilizing diffractive technology, such as a Fresnel lens, which can
be utilized to correct the focus of the light passing through the cornea by changing the
refractive power of the comea. The ocular implant 930 is particularly seen in Fig. 60
and 61 and has a center opening 932 therein.

Of course, any one of the previously discussed ocular implants or materials

can be utilized. In other words, the ge! or fluid of the previous embodiments may be
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further nodification is needed. During this predeterm ned sgt9 e riod,
t he pocW&00i02% and the incision 1018 will not have tine F&lﬁg@ gtzewﬁ

heal such that the surgeon can further ablate the interna ce8 1022
and/ or 1024 of cornea 1012 and/or in§gé§ one of the previously ocul ar
materials 428, 430, 528, 630 or 930, or any of the variations thereof as
previ ously di scussed-above. In other words, the surgeon can further ablate
cornea 1012 as necessary through small opening 1018 or insert the desired
ocular material to create the desired further nodification. In the case of
a solid ocular inplant, the surgeon can insert one ocular inplant and then

exami ne tingecteel wabin \tBe ROWRL: H’;g;@%ﬁeﬁl 1012 to det%@ﬁ ne if that is the

A

correct o eltjé% Hrr@lrant : -!ﬂnjc not, the su Be TEFFoe expminie theuewr to npl ant
and i nser naye aetzactivenpbart of THY SorRELFRAHE, e.continyed until
t he CoerEﬁk@QH&%ﬁ# lqplant is inserted into corn gﬁﬁgfgagﬁgﬁﬁﬁégﬂﬁg 1018.
| n ot her words, s PF 68WaRirtee sprgeon cantadiussihei dondar tr@atb g b?yﬁdﬁg,@ nation -
procedur eub®aicti®Gikydt or contact |enses, but whefeln sur geon
is actual |y replacing ené@éﬁﬁﬁgﬁﬁﬁﬁﬁeﬁﬁE%éF@ﬁﬂﬁxﬁmkﬂ@nr inies gpa Af ter
t he abl aPrBent'sieye uatibfhealsitirehabig | rre e _packet . 1026 to renmpve any
f or ei gn natte&iaand to clean pocketl%gggpkg%%%mgﬁlﬁpg i on step can be
perforned as FRUTES: nihs qusvatarceas diey comed ths Hyr ﬁﬁﬁmgdeafaﬂ&]d?% var.i ous
times i”ﬁkgﬁkﬂﬁﬂﬁﬁg as _needed _and/or desired. Fig. 7171 b e
cornea 1012 wth ocufa I%F% t SAm§ ey ia pentionkd previdgl§- hedsin
nent i oneandiboibustesd 81 teFreidhsiISRsd ferably a suitable transparent
pol yneric naterial utili z% %ILL? ?r%ﬁ%‘%\sfgd ﬁ%ﬂrﬁﬁol%d&ﬁﬁ%ﬂﬁha%seea iBrthenel
| ens, whPeHious Pxamplest of FigeB8-00 walizBet odul® HhABNS £fs %’Pa% | 9@% ohd si ng
t hr ough 6%&3}3@% gﬂ?ac{)gi ng the refractive power’ ehé € The
ocul ar i nplan ! £ ePmplofely ddled ito nridify cBfheadid?2 64 n@dddd Nggea cent er
openi ng &3#ytdrgiotkdt 109 0 f.the previously discussed ocul ar
i npl ants or rra?gr ials &H%re%mpq&&y gﬁe‘PW‘é‘ tﬁe ocular material to restore the

normal curvature of the cornea 1026 to result in a comea with a curvature similar to

cornea 428 as seen in Fig. 40. The amount of ocular material introduced to pocket

1026 can be increased to increase the curvature of cornea 1012 from its original

curvature to treat hypermyopia so as to result in a comea with a curvature as seen in

Fig. 38. Alternatively, the amount of ocular material introduced into pocket 1026 can

be reduced to decrease the curvature or flatten cornea 1012 from its original curvature

to treat myopia so as to-result in a corea with a curvature as seen in Fig. 39.

In the case of a solid resilient ocular implant, cornea 1012 can result in varions

cufvarure modifications similar to those seen in Figs. 43-45, In the case of utilizing

an ocular implant such as the ring-shaped ocular implant of Figs. 4] and 42 or a

partial ring-shaped ocular implant as previously mentioned, the template of Fig. 72

may be useful.

After the pocket 1026 has the proper ocular material inserted or injected
therein, the internal surfaces 1022 and 1024 of pocket 1026 come together to
encapsulate ocular material within comea 1012. In other words, the surfaces heal and

grow back together, resulting in permanent curvature modification of the comea.
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wi thin the pocket 1026, and then the surgeon w |l exam ne th@:%ﬁﬁut&mg

det er m n&QG#s1526w refracti ve power of the cornea resultinGdf98ofeiss .

i nsertion of the ocular material. O course, the surgeon can agjust t he
ocular nmaterial by.adding or subtractissg predeterm ned anounts of the
ocular material, and then reexam ning the patient's eye until the desired
refractive power of the cornea is obtained OF course, the curvature of the
cornea can be nodified as needed by the insertion of the ocular material

I n the sane nmanner as nentioned previously herein and as illustrated in
the previously discussed figures. In particular, as seen in the previous
exanpl es of Figs. 38-40 utilizing ocular material 428, pocket 1026 can be
overfille g rtially filled, or conpletely filled to nodify cornea 1012 as
needed. T 0bFig804k84 1026 can be conpletely filled with the ocul ar

material to re%%hgrtﬁgj nornmal. curvature of the cornea 1026 to result in a
cornea with a curvaty OQWﬁthf@edeﬂMcwi@mthéprdgéﬁ.m%ﬁoghe

anmount of ioshdl@rin LA | : t 0 . 1026 can be increased to
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curvature as sgié%&iﬁ ilglbgége.ﬁ%ﬂg gﬁﬁ’@&% b¥10;thsppghy thee blank eliD0oc Thar

i npl ant, openingal N1 cifcRilif shiheV L i [ [ difications simlar
to those %@en in Figs. 43-45. Iﬁh%ﬁéa%gse f&éf]%%%ﬁs YeuEa P vkl ant
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. The surfaces 1102 and 1104 can be paralle] or substantially parallel to each
other, or at any suitable angle, and either the outer wall 1106, the inner wall 1108, or
both, can be perpendicular to one or both of the surfaces 1102 and 1164, or can be at
any suitable angle with respect to the surfaces 1102 and 1104 Also, the surfaces
11Q2 and 1104, the outer wall 1106 and inner wall 1108 need not be smooth, but can
have projected portions, recesses or any type of texture or degree of curvature, and can
have any shape such as convex, concave, toric and so on.

The blank 1100 can be made of the same types of materials as implants 430
am.i 630 discussed above. For example, the Blank 1100 can be made of synthetic
ma_iterial,. organic material, or a combination of both synthetic and organic material,
that permits all or substantially ali light having a wavelength in fhe visible spectrum to
pass through, but absorbs ali or substantially al! light having a wavelength in a laser
light spectrum. For example, the blank 1100 can be made of collagen, copolymer
collagen, polyethylene oxide or hydrogel, or cross-linked organic material such as

collagen, hyaluronic acid, mucopolysacoharide or glycoprotein, to name a few. The
blank 1100 is porous to allow oxygen and nutrients to pass therethrough. Also, the .
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Enbodi ments of Figs. 74-84 Another enbgdi ment of the universal blank
according to the present invention is shown in Figs. 74-76. Specifically,
the blank I 100 is annular or ring-shaped having an upper planar, :
substantially planar or substantially curved surface 1102, a |ower planar,
substantially planar surface or substantially curved 1104, an outer waU
1106 and an inner wall 1108 definir~g an opening 1110 through the bl ank

1100. TheblaskdidDOgah bé nikde Gt RYoKL rd.n_shape, as shown, or any
sui t abl e shape, such as oval, nulot?{ésblﬁd%c?f(’e‘f“g‘f‘f”@féfu%‘éﬁu Rectekem Gohna

triangul af¥} ed\eeraga- Howevys, bpbkinkd 100 shotlisdted eptirely
own, but can be a ?«gggssgaﬁ éan%f’%ﬁel 100.

t hrough t : as s I
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each ot hRavenast ah] UaS)Padh NS d either the outer wall 1106, the
i nner wall 1108, or bcz)tth, %hggg%gﬁ%%’%%f’%ﬂﬁ PatentdVo.5u836,261 tde

sur f aces 23St ghal..1 Udk PatentcNo. 4846175 a6 it a e with respect to
? re %ﬁg?@%ﬁaﬁ%gy “Sﬁ"e Louter

the surf 0 d 1104 Al so, the-surfaces
wall 1100, ﬁ@ﬁﬁﬁ%&%’f@sﬂﬁ@é@mmdﬁemmma i e Su@Bical@¥efiidy ect ed

por ti ons,of RHARReSthe Histid¥urdy texture or degree of curvature, and can
have any shape such as conveg,?wgfghéﬁ%?mqydflmoﬁmﬁtzt)bfeﬁqieﬂfndlebebiank 1100 can

be made of thdypacallys theddartf 1 IDBURE Al - ] 30 and .630 di scussed
above. Fﬁééx% le, th‘g bl aak 1100 cgﬁtfg#lﬂ%%é%? O ftanmg| | |
organi c N ngPmaae RBFHBE il bH) bds ddiametey nif abbuita). Rhen 96 GBHHCITRLET i al .
t hat per aialgéldﬂi orPﬂless’ﬁ%%ﬂFt I al l ﬁ: all light having a wavel ength 1Tn’the
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Hm-oemng a suitable exemplary thickness. In general, about 12 um of blank thickness
provides a correction of about 1 diopter. Hence, a 144 pm thick blank provides for a
correction of about 12 diopters.

The blank itself can have any suitable shape, such as oval, square, rectangular,
polygonal, toric and so on. As shown, for example, in Figs. 77-79, the blank can be
an oval shaped blank 1112 having an upper surface 1114, a lower surface 1116, an
outer wall 1118 and an inner wall 1120 defining an opening 1122 through the blank
1112 which, like opening 1110, can be circular, oval, toric, or any other suitable
sh:?pe, and can pass entirely through the blank 1112 or be a recess in the blank 1112.
Blank 1112 can be made of the same types of materials as implants 430 and 630 and
blank 1100 discussed above, and can have similar dimensions. That is, the lérgest
overall outer diameter of blank 1112 can range from about 4 mm to about 11 mm, and
the largest overall diameter of opening 1122 can range from about 0.1 mm to about 10
mm, depending on the size of the outer diameter.

Furthermore, the blank 1112 can have a thickness ranging from about 10 um
to about 1000 pm, with a thickness of about 144 um being a suvitable exemplary
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bl ank 1100 can be nade from a donor cornea of al. as eye, or-eau betaken
froma cultured cornea, However, the Xjoank 17.00 is not limted to those
materials, and can be nade of any suitable material, such as those
disclosed in U S. Patent No. 4,994,058 to Raven et al., U S. Patent No.
4,718,418 to L' Esperance, U. S. Patent No. 5,336,261 to Barrett et al.,
U S. Patent No. 4,840,175 to Peyman, and a publication by |ose 1.
Barraquer, MD. entitled "Keratom|eusis and Ker at ophaki a in the Surgi cal

Correction Qi@%h&lsoathp stifecedil $T4 @8I9S cah g’ghﬁﬁela&resuﬂb- e[ozy,a n?ﬁagi E rated
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about 0.1 e, @ ependi ng the size of the outer diameter.
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shape, suc as ova ERIPiSHISH PRFtionsp picgssen aF anyaype:oﬁme&n AS
shown, fordggm%rm‘lcawahﬁeﬂ gs. 77-79, the blank can be an oval shaped bl ank
1112 havi ng an upper surface 1114, a |l ower surface 1116, an outer wall

1118 and an i ndaradditidn, b3 3owefin Fig G0AGIHRP VR IHNEKI bI ank
1112 which, _Li k%uo%er; 1110, can be circul ar, O\J}gﬁotatﬂggqga ctaH ot her

sui t abl ga 88 foph ahbaue 20 uihrto abbutt 5120 b.hankhlﬂ:lils?eq:recﬁﬂya
rateral § ‘e ol eckingestigl il S ddie” SPurertiots e blarks davasoddiland can
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suitable width. The gaps 1124 and 1126 can be wedge-shaped as shown. That is, the

surfaces 1128 and 1130 forming gap 1124 can extend angularly with respect to each

other as shown. Alternatively, gap 1124 can be slot-like, with the surfaces 1128 and

1130 extending parallel or substantially parallel to each other. Likewise, the surfaces

1132 and 1134 forming gap 1126 can extend angularly with respect to each other as

shown. Altemativel‘y, gap 1126 can be slot-like, with the surfaces 1132 and 1134

extending parallel or substantially parallel to each other. The surfaces 1128, 1130,

11.’?2 and 1134 can be smooth, or can have projections or any suitable texture. Also,
instead of gaps, the regions designated by 1124 and 1126 can be regions in which the
thickness of the respective blanks 1100 and 1112 are greater than or less than the
overall thickensses of the remainder of the respective blanks 1100 and 1112.

Again, the specific parameters of the blank 1110 can be prefabricated so that
the lower (posterior) surface 1104 of the blank 1100 has the same or similar radius of
curvature as the preoperative live cornea. The blank 1100 can be prefabricated in a
mold to a desired shape. Also, the blank 1100 can be ablated by a laser, such as an
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0 2 DEC 2003. PCTIUSOO 05285 thickness. Also, the surfaces 117 4. and 1116
can be parallel or substantially parhéQel to each other, or at any
suitable angle, and either the outer wall 1118, the inner wall 1120, or
bot h, can be perpendicular to one or both of the surfaces 1114 and 1116, or
can be at any suitable angle with respect to the surfaces 1114 and 1116.

Al so, as with blank 1100, the surfaces 1114 and 1116, the outer wall 1118

and i nnefexyedsl 15542 nqt be sppoth, but can have projected portions,
recesses or any ty%e‘ﬂgﬁg?’et{(’ﬁ{?rfgr% 02 desiredohapaipriat tor sse. | Aadgliveipn,  as

h i n i@ bjank3Dl 00aiah d 1l havi in
I ens, Do ookt e Shfedth 8 it L Y Coferio ths Goiees sharadext | y

t hi ckness ranging from about 2

ful i B r ECF exgmples thgnepiper (amaghd i t he bl anks 1100
U PO UV ot el sofface 403 BT BE Spaddl iohavmar 112 can

and 1112 be conpl etely annular. That 1S,

i ncl ude %‘“’S%Eg 81 1€ oG dhe cony e ferie, i orqiayalicdsn skiation tphistitor #6600 79,
whi ch cahl(de oo bn@ dyher SHiAO | j dth— The gaps 1124 and 1126 can be
-wedge- shaped as 3;sﬂhovvll:l. Tkg?clﬁrsv, %eTh-ELRqSE § Synfaee AHeH carBbaveonny og gap

1124 ca thanen g wedlr | Theithiokheds RECHe t ojher as shoyn.
Al t er nat K tﬂaﬂ@ﬁ?g(%,h “SHYdRsof eorignd 1130

| 1124 can be slot-like, wt
ext endi nggyt%ﬁ%/g}(?gﬁh%&ng@@ﬁthﬁmum (prathidinebs 6@&%%&09"3&%%11% vm'ﬁsse, the
surfacesi32hidd ' 1 N ap 1126 can extend angularly w respect
to each ot hg;hs agms‘%%\%%.p I.e%t%ﬁaﬂ'&q?\?%%t pgiropipadoastighatismotithdut ghe Wi t h t he
sur f aced:sg 08 semnabldtiond TiexXugRd: . or .substantially parallel to -
each other. The surfaces 1128, é%%%%rﬁ#f%ﬂ?ns&agi#‘g%ﬁlgg-gﬁ&ﬂ%ﬂ or can
have pr OF&ePiBRE Prsfabsisgted gharatbristiosydsudesired SO, i nstead of gaps, the

regi ons desi 1124 and 1126 can be regions in which the thickness
of the res pe%ﬁ%@%@%ﬁﬁéoﬁfdﬁetﬁ% far| ysing the ynivatsal blanks 1000 |@@s] than t he

according to the present invention is shown in Figs. 81-84, which is similar to the

methods described above regarding blank 18. For exemplary purposes, Figs. 81-84
llustrate blank 1100, However, blank 1112 is used in 2 similar mannef.

Fig. 81-83 show 2 human eye 1136 comprising a comea 1138. A flap-like
layer 1140 having a diameter of about 8 mm to about 9 mm and a thickness of about
160 pm is separated from the cornea 1138 in the manner described above with regard
to, for example, Fig. 59, and remains connected to the comea 1138 at a connecting
portion 1142, When the flap-like layer 1140 is separated from the cornea 1138 as
sht)‘wn, and inner surface 1144 of the flap-like layer 1140 is exposed, and an inner
surface 1146 of the cornea 1138 is exposed. As shown in Figs. 80-83, the blank 1100
is positioned on the exposed surface 1146 so thét the surface 1104 contacts the surface
1146. Typically, the blank 1100 (or 1112) is positioned on the surface 1146 so that its
center_is substantially aligned with the optical axis of the eye 1136. However, the
blank 1100 (or 1112) can be placed at any location on surface 1146.

The flap-like layer 1140 is then repositioned over the blank 1100 {or 1112)
and exposed surface 1142 as shown in Fig. 84, without ablating any of the blank 1100



overall thickensses of the remai nder of the respective bl anks 1100 and

1112. Again, the specific paraneters of the blank 1110 ca® ggJEﬁ;?bEﬁrl cated
so that the |lower (posterior) surface 1104 of the blank T1 e same
or sim M@ewadicus of curvature as the preoperative |ive pormesoshe bl.ank
1100 can be prefabricated in a nold to a desired shape. Al so, the blank
1100 can be abl ated by a | aser, such _agy_an WO 00/51526 50 02 DEC M5,

PCT/ USOQ' 05285 =.c. ,laser or the like, to be formed to a desired shape

prior to use. Alternatively, the blank 1100 can be shaped in a | athe, such
as a cryolathe, to the desired shape prior to use. For exanple, the upper
(anterior) surface 1102 may be shaped to have a curvature which is
concave, convex, tonic, or parallel in relation to posterior surface 1104,

or any ot fer 1 K2) tiahdresuetacy at44 of (e r,SHrface 1104 can have any of
The t hi ckness %@gﬁ%%ﬁ?a‘ﬁk ’l‘ﬂ)ﬂ“f"?ﬁ‘g Eﬁa

t hese shapes as
anterior ﬁg’&’rﬂf’%\rcg%ﬁ’ﬂ%da cithes or bothtdf thé surfeegapi4d { Mo TaE‘Weﬁgﬁ
regi on bejgs &ﬁrf‘%%gﬁ ﬁ?%\ﬂfef?iﬁ%ﬁ 1134 can be prefabricate to correct

amet r opi a and as ei‘r?@ % of Iaser abl ati on. The uni versal

bl ank havi ng t OacsthePRapSRMAYEN] FA(Ohas Heeh Se§ i Nave Sim | ar pref abri cat ed
characterl stics, as desired. An edr%% |gerr§nt e%?m% ‘?1‘6’6 o Pl %IH@ t(he

uni ver sal 1 Hi2the flap-ibe Jayer lmestaeﬁ@i@blﬂﬂ{lmﬁﬂﬁ E}%%&ggg@ é)n i s shown
e

in Figs. h i srmlar to the nethods ardlng

|l3|1)ank 18. iﬁal’—‘gési%fgn% @“‘ 119455 arsi_Lﬂszlanlst mm goft%?}m %ﬁmeﬁé‘%O
wever, Si ma : show a hunman

eye 1136 tgg?ﬁrzm %%ﬂéa%clgfeﬁg rrllf%gWhﬁnfﬁea%aR Plgelayr:a}gro is¥appsitioned gver

di anet er tahd harsrface 961t THe WEwAIRdp sﬁ&gﬁ,ﬁ mis

‘separated, fromthe cornea 1138 |nethe ngne;\ler W@lgﬁﬁaﬁ% ﬁlo‘wggard

to, for SXRhfITEECSHhy refiaptive pewer pftivsesconidecisenkbobssat & 66HERahd 13GAL a

connect i Rgsarf@rtion 1142, Wien the flap-like layer 1140 is separat ed from
t he cornea 1 8 as shown, and inner surface 1144 of the flap-1ike | ayer

R b oo e ke 22 0024010, WP Bl U 207
tested. I it is determined that the vision disorder has not be satisfactorily corrected,
the flap-like layer 22 can be again separated from the comea 12, and the surface 26
and/ or blank 1100 (or 1112) can be further ablated as necessary. Also, if deemed
appropriate, an additional blank or blanks having the same or different shape and
characteristics of the existing blank can be stacked on the surface 1102 (or 1114) of
the blank 1100 (or 1‘1 12}, and the additional blank or blanks can be ablated as
necessary. The flap-like layer 22 can be then repositioned over the blank and surface
26, allowed to heal, and the eyesight can again be tested. The steps of removing the
ﬂap-hke layer 22 and ablation, as well as the addition of more blanks, can be repeated
as many times as necessary to properly correct the vision disorder. Tt is desirable that
vision up to 20/15 or 20/10 can be achieved.

Due to the presence of openings 1102 and 1122 in blanks 1100 and 1112,
respectively, blanks 1100 and 1112 each uses less material than a solid blank (e.g.,
blank 18 discussed above) having the same overall diameter and thickness. Moreover,
because the openings are already present in the blanks 1100 and 1112, if ablation is

desired, it may only be necessary to ablate the exposed surface of the comea through



is positioned on the exposed surface 1146 so that the surfage ggg&gng@‘nt acts
the surface 1146. Typically, the blank 1100 (or 1112) is poSitioned on the
surfaceWOIMBIRG that its center is substantially ali gne%‘%%ho}ogfg-op“ cal
axi s-of the eye 1136. However, the blank 1100 (or 1112) can be p aced at
any location on surface 1146. The flapsdike layer 1140 is then repositioned
over the blank 1100 (or 1112) and exposed surface 1142 as shown in Fig.
84, without ablating any of the blank 1100 0 2 DEC 2003 WO 00/51526 -51 .
PCT/ USOCQO' 05285 (or 1112), inner surface 1144 of the flap-like |ayer 1140,
or exposed surface 1146. However, if desired, either or both of the
surfaces é144 and 1146, as well as the blank 11.10 (or 1112) can be

abl at ed t@coptaig 2dttehiEpe: tOMekLha fLap-1ike | ayer 1140 has been
repositioned over the bl ank 11”% Z%r‘hé ﬂ&? ?é?ﬁg%ﬁﬂqqlﬁ@ﬁbayeh fid40 rests”
on the b|%YﬁRtvi@ééas?bvsazqmthBdemﬁamps&éiéﬁt{%b %r rgjf%ed st at e.
Accordingly, t%@t{{f.ace 146 and the bl ank 1100 ((§=|g 2) influence the
shape of the flap-|1 K& Ag¥antageaes apbadinivetsihawp bebk Shbsa)ah xﬁ%s%égg |
repositi dmesttionett willise &h&é}ﬁog@g the syrface 1146. The new shape assumed by
the flap-1ike layer 1140 thus COrPe rtéPraécﬁhht/Earﬁmmmha@gestéjﬂ eye
1136 as Medifieations can benletthérbi WHBOR Hep s ﬁ%er Once the flap-like |ayer
22 and sy WGHﬂeal , the patient's- eyg5| g‘g @, freiicons e thednvertiont |

det erm ned C.IptRe anpended elpisns: der has not be sati sfact orily corrected,

the flap-like layer 22 can be again separated fromthe cornea 12, and the
surface 26 and/ or blank 1100 (or 1112) can be further ablated as
necessary. Also, if deemed appropriate, an additional blank or blanks
having the sane or different shape and characteristics of the existing

bl ank can be stacked on the surface 1102 (or 1114) of 'the blank 1100 (or
1112), and the additional blank or blanks can be ablated as necessary. The
flap-like |ayer 22 can be then repositioned over the blank and surface 26,
allowed to heal, ahd the eyesight can again be tested. The steps of

removing the flap-like layer 22 and ablation, as well|l as the addition of
nore bl anks, can be repeated



as many tines as necessary to properly correct the vision disorder. It is
desirable that vision up to 20/15 or 20/10 can be achieved. Due to the
presence of openings 1102 and 1122 in blanks 1100 and 1112, respectively,
bl anks 1100 and 1112 each uses less material than a solid blank (e.g.,

bl ank 18 di scussed above) having the sane overall dianmeter and thickness.
Mor eover, because the openings are alseady present in the blanks 1100 and
1112, iCrabbs:ion is desired, it may only be necessary to ablate the
exposed surface of the cornea through 9 2 DEC 20031 WD 00/51526 -52

FCTI USOQ' 05285 the opening in the bttr-k to achie;,e, the appropriate
corneal nodification. In this event, |less |aser usage and thus, |ess
overall surgical tinme, is required. Wile various advantageous enbodi nents

have been chasdmi, addptdbls for abeinthedifyiny @RicuBRAturé bf Mpidenps ivader st ood by
those skilled in the art that various changes and nodifications can be

made t heBFh “HPHRJDBE departing fromthe scope of the invention as defined
in the appen cl.akng. X . a e for.use. in
defsChaiuE ad%t@tg '\f%aplﬁg%rgxgnst’bqlg&gy K B¢ 11%%1%91!) I%Ilgosed Agrtace pf At

nodi fyi ng the curvature cornea, C I"Si
sur f acepadaps dovef awrngal whizhelnds Isicn esxdipbyedoby aemovingranflhp @spmefdosuidi@dreofl a

patient's live corn whi ch has been, exposed hy renoving a flap portion
from saf e % 98“%%351\3{%?%&8? Ac m&’a‘?@@?ﬁéﬁ’édh%maﬂ]a%lcﬂle@xﬁgoﬁpﬁﬁ &¥sect ed

by the g#d flappéitiearerfdihing@btadtRE 18YHd conidh § Elh?n%F jnon 1 emai ni ng attached
to said cordgg by a?hingg pgrtion; acgecon% su Eggk%%posite said first

surface; a wabdcondipiréase oppestiagpiddirdeuvieen; said first and second surfaces,
and defi ni ng ing.in.said blank,, said gpening farnmed substantially
wi t hout abl af i%{;)hrlll; Q@g‘*{la %ﬁt%{‘%ﬂeg; _ re?%isﬁ‘él_ ﬁfsﬁélflgrsie‘é?nral\ﬂg e%r%’ﬂe&?é‘%%g BBr i t
li ght  hepenitg ia swidbARDgHib Opaﬂiﬁ%nfo@n&@@mta@tim;ewﬁﬁ&ﬁtab}aﬁbﬁ;o pass therethrough
and prevent substantially all light having a
‘ said blank comprising a material whose properties permit light having a wavelength

within the visible spectrum to pass therethrough and prevent substantially all light having a

wavelength within the laser light spectrum from passing therethrough, said blank adapted to

alter the curvature of the cornea and at least one of said material and said altered curvature of

the comnea adapted to alter the path of said light having a wavelength within the visible

spectrum.

2. A blank according to claim 1, wherein the thickness of said blank is within a range of
about 10 to about 1000 microns, and a maximum length of at least one of said first and second

surfaces of said blank is within a range of about 4 mm to about 11 mm.

3. A blank according to claim 1, wherein said blank is annularly-shaped having said first
and second surfaces on opposite sides thereof, the thickness of said blank is within a range of
about 10 to about 1000 microns, the diameter of said blank is within a range of about 4 mm to

about 11 mm, and the diameter of said opening is within a range of about 0.1 mm to about 10

min.



wavel ength within the laser |ight spectrum from passing therethrough, said
bl ank adapted to alter the curvature of the cornea and at | east one of
said material and said altered curvature of the cornea adapted to alter
the path of said light having a wavel ength within the vi $i bIBEC 208Ftrum 2.
A bl ank according to claim 1, wherein the thickness of said blank is within
a range of about 10 to about 1000 m cyyons, and a maxi mum | ength of at

| east one of said first and second surfaces of said blank is within a
range of about 4 mmto about 11 nm 3. A blank according to claim1,

wher ei 4 sai dAbllamiactErdaRny CRih Y; $haRatsatbvbRbasi8ode bf $:$hnic angerp@sand
surfaces qgn opposite sides thereof, the thickness of said blank is within a
range oPnibelpinatermlt o about 1000 microns, the diameter of said blank is
within a range of about 4 nmto about 11 mm and the dianeter of said
opening is wthin a range of about 0.1 mmto about 10 mm 0 2 DEC 2003 54
4. A blank aAbdamitiangortimgad alaim 1, whieiresaid saictialnabas bbdollagerQRepslimer gani ¢
material and s n%]ggeti c material. 5. A blank according to claim1, wherein
sai d nef 83%PP§® ngexdgpd geostlopol ymer  col | agen, pol yet hyl ene oxi de
and hydrogel. 6. A blank according to claim1, wherein said materi al

i ncl udes one of collagen hyaluronic acid, nucopol ysacchari de and

gl ycoprét ei nA blankAckirdimg tackondi whetem idunatetial nbledes onesdicdlldggdeank has a
substa&giilL¥ uniforn1t§}ck esa% Qﬁ@meen said first and second surfaces. 8.
A bl ankPAMEGHIGPRY, PECMOLsATRATIGH AAINCPINE  r st and second surfaces each
are substantially planar surfaces, or substantially curved surfaces. 9. A

bl ank accor di n? to claim1, wherein said first and second surfaces are
subst ant-i al | 4 blaskraseordingtie claiie i, wherein saidblank basrAculsteaiadiyngifoon ¢higknesy |
wher ei ' ;gﬂf ' onvex, concave, or toric in relation to
sai d fﬁ%?éééus?ﬁgﬁfegg 1.8E%%§5qu|5%ﬁgsaccordi ng to claiml, wherein said wall
surface extends at an angle other than O with respect to said first and
second §urfaK%?. _ . L.

. ank according to claim 1, wherein said first and second surfaces each are

substantially planar surfaces, or substantially curved surfaces.

9. A blank according to claim 1, wherein said first and second surfaces are substantially

parallel to each other.

10. A bank according to claim 1, wherein said second surface is convex, concave, or toric

in relation to said first surface,

11. A blank according to claim 1, wherein said wall surface extends at an angle other than

0° with respect to said first and second surfaces.
12. A blank according to claim 1, wherein said wall surface is convex, concave or toric.

13. A blank according to claim 1, wherein said wall surface extends substantially

perpendicular with respect to at least one of said first and second surfaces.



12. A bl ank according to claim1, wherein said wall surface is convex,
concave or tonic. 13. A blank according to claim1l, wherein said wall
surface extends substantially perpendicular with respect to at | east one
of said first and second surfaces. 0 2 DEC 2003' 55 14. A b &nBEBcldi ng
to claim 13, wherein said wall surface extends substantially
perpendicularly with respect to said f4srst and second surfaces. 15. A bl ank
according to claim1l, wherein said blank is annul arly-shaped. 16. A blank
according to claim1, wherein said blank is oval -shaped. 17. A bl ank

accor di g toAdﬂa&nm@mdwmﬁbehmnﬂaidhmahhm&uwmaaﬁﬁde%kmﬁ&s§@hdmﬁﬂ3ﬂing as a

substanti al | ul shaped openi ng. 18 A bl ank according to claim1,
wher ei np@g;:r&iy%gqri l}ﬁ %Cté%ﬁl&gégté‘%‘? $C8 ﬁfrf?ﬁesas an oval - shaped openi ng.

19. A blank as clainmed in claim1, wherein said blank is continuous about
its perineter. 20. A blank as clained in claim1, wherein said properties
of sai dlimt eAitdénkpecoidingstaicthiml 1, gihtreirosapdblank fsrapuglarlgahapetli r st and second
surf aces.

16. A blank according to claim 1, wherein said blank is oval-shaped.

17. A blank according to claim 1, wherein said wall surface defines said opening as a

substantially circularly-shaped opening.

18. A blank according to claim 1, wherein said wall surface defines said opening as an

oval-shaped opening.
19. A blank as claimed in claim 1, wherein said blank is continuous about its perimeter.

20.  Ablank as claimed in claim 1, wherein said properties of said material permit said

light to pass through said first and second surfaces.





