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shape of the cornea of an eye. Mre specifically, the invention |nvolves_an
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ef f ect this change when the intrastromal corneal ring is
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change. Backgr ound Anomalies in the

: ?P?gfs?;hz ggngss @géé‘a W?@ﬁfﬁ%@%%@%ﬁ‘?ﬁ% Eiﬁ?l

DESCRIPTION

Technical Field

5 The present invention relates to a device and method for changing .
corneal refractive properties including the radius of curvature and/or the aspheric
shape of the cornea of an eye. More specifically, the invention involves an
intrastromal corneal ring having a cone angle or multiple cone angles which effect
this change when the intrastromal corneal ring is inserted into the cornea, and the

10 - method for effecting that change.

Background

- Anomalies-in the shape of the eye can cause visual disorders. Axial
hyperopia ("farsightedness”) occurs when the front-to-back distance in the eyeball
is too small. Curvature hyperopia occurs when the corneal curvature is less than

15 normal and therefore is flatter than the normal cornea. In these cases, parallel rays
originating gréater than 20 feet from the eye focus behind the retina. In contrast,
when the front-to-back distance of the eyeball is too large, axial myopia
("nearsightedness") occurs. When the corneal curvature is too great, curvature
myopia occurs. In these cases, the focus of parallel rays entering the eye occurs in

20 front of the retina. Astigmatism is a condition which occurs when the parallel rays
of light do not focus to a single point within the eye, but rather have a variable
focus due to the fact that the corneal curvature varies in different meridians. Light
is therefore refracted different distances and focuses at different regions. Some
degree of astigmatism is normal, but where astigmatism is too pronounced, it must

25 often be corrected. Presbyopia is an age—relatéd condition that results in the loss of -
the ability of the eye to change focal length. '

Hyperopia, myopia, presbyopia and astigmatism are usually
corrected by glasses or contact lenses. Surgical methods for the correction of such
disorders have been cited in the literature and include radial keratotomy (see e.g.
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is too small. Curvature hyper opi a occurs when the corneal curvature is Iess

t han 15 rmal and therefore is flatter than the nor
t hese cas‘gg%lﬁgrﬂ ﬁ% @ee? f rom

allel rays originating greater than
the eye focus behind the retina. In contrast, when t he
front-to-back di stance of the eyeball is too |arge, axial myopia
("nearsi ghtedness”) occurs. \Wen the corneal curvature is too great,
curvature nyopi a occurs. In these cases, the focus of paralle
rays entering the eye occurs in 20 front of the retina. Astigmatism
Is a condition which occurs when the parallel rays of light do

not focus to a single point within the eye, but rather have a variable

focus due to the fact that the corneal curvature varies in different
meri di ans. LY ghtPatents Nos. 4,8]5463an1d:4.688.57@) ansclaser cornerbakiationi(see aigces- and

focuses at difs, @Va&'ﬁt Nfoe@I | 91509390 Mother method fo?'@gfr&ﬁu@fthéﬁdx%fﬁ&s%‘ I S

normal , but er matl s t.00, prqonounced often be
correct ed. F‘ﬁ’bé)é"@s 031‘? Qﬂgmeélf’eﬂ iR eI So‘%PfP IS“'P@%? fhangg thé\e | oss
of curhmumb:f Ithé yornéa.t Reevinue work dinvolviag ftiec imiplasigdhof achier (2)

et 9642 MR, B RERRR B SGOHEL TRESBBAT o o e ot on
of such devices lItYlob@B demg design thataationis taeﬂpht ring te bé inserted inte aahannebc| ude
rladi al ker atd?§s\9/%¥% gxf %6581‘89131 layer of the cornea. The device uses a minimally invasive
PCT/ US96/ 03dngision through which the channel for the implant is created and through which the
implant is inserted and adjusted. Adjustment of the device normally involves an
10 adjustment of ring size or diameter.
U.S. Patent No. 4,452,235 descrlbes a method and apparatus for
corneal curvature adjustment. The method involves inserting one end of a split end
adjusting ring into the cornea of the eye and moving the ring in a circular path until
its ends meet. The ends are thereafter adjusted relative to each other until the
15 shape of the eye has assumed a desired curvature whereupon the ends are fixedly
- attached to maintain the desired curvature of the cornea.
PCT/US93/00059, the entirety of which is incorporated by
reference, describes a method for the refractive correction of the eye as well.
Intrastromal corneal rings of varying thickness are inserted into the corneal stroma
20 to change the curvature of the cornea.
| The present invention involves the use of intrastromal corneal rings
of varymg cone angles to change the curvature of the cornea for the refractive
adjustment of the eye. '

SUMMARY OF THE INVENTION

25 ' The present invention involves changing the configuration of the
cornea as a function of cone angle. According to the present invention, an
intrastromal corneal ring is provided with a mismatching cone angle selected to

" independently impart a force on the corneal tissue when the intrastromal corneal
‘ring is positioned at the desired location in the cornea. More specifically, the
30 mismatching cone angle can independently effect a change in the radius of
" curvature and/or the aspheric shape of the cornea. Thus, the cone angle is chosen

based on the starting curvature of the eye, the thickness of the intrastromal corneal
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U'S. Patents Nos. 4,815,463 and 4,688,570) and | aser corneal ablation (see
e. g. U S. Patent No. 4,941, 093). Another method for correcting: -
t hose di SWOP62669D s t hrough i npl antation of pol yR&ITUSIsNINGS in
the eye's corneal stroma to change the curvature of the cornea.
Previous work involving the inplantation of achier (2) 5 rings,
allograft corneal tissue and hydrogels is well docunented. One of the ring
devices involves a ring design that allows a split ring to be inserted into

a channel di ssected in the stromal |ayer of the cornea. The
device uses a mnimally invasive I nci sion through which the
channel for the inplant is created and through which the I mpl ant
is inserted and adj usted. Adjustment of the device normally involves an 10
adjustnment of ring,. size qr dianeter. U. S. Patent
No. 4,452, 23@%@3% B@S of CRETERLTHT KHRreANgATASRReriCFhange desired. leqneal

curvat ure adpglstm®nbe seTé&emt(mpmaimMﬁltM@mrfaﬁs %ﬂhen@yeQﬂI&eQB dsplferﬁ shipd t end

<) 45C110, o Bk SREAGR ik Mg o TR Gt T o
rel ative t odesitdd, fohexampis.i | the 15 .shape of the eye has assuned a
desired curvature wher ﬁdéﬂ%ﬁ R)ethg 'ﬁ?ﬁeﬂ{ 1ﬁvédtf6ﬁd5¥msmatchmg angle PrbfAfdity 1O

mai ntain the desired curvat
PCT/ US93/ 00dsdescribed withirelerepcefo mmgma;yumaﬁrpmt:@meaiymg superimposed

reference, @aspé ixﬁ@ﬁwﬁ site phiefl td Hﬁeﬁn@ﬁ it ﬁ&hix&%aﬁﬂfa’h@ﬁb‘f% ﬁ; rb tgye as
wel | . I.ntrastro g

i
i nserted i nfBSY EtTRGTENGe 10 %ﬁcgn%gefore “%gﬁ)orgj thlﬁgh%F@QFGP@ Ehe t he
cor nea. insertion of the mtrastromal corfidad rmgesléelurmrtg/tm:he descri ﬂﬁh Vhe nidjér use of

| ntrgpt roma?xﬁhe iriSrart tfaﬂ?%ny radial, tr]ansv%{sevc%éﬁ's@&m(}xo&ethg gﬁéﬁ- t2 chan e the

curvature o he eye.
SUMVARY OF THE WOWAERTY ignparaliel to a line in the same plane as saithaxipand mgemrtoem i on

i nvol ves ¢ hﬁﬂﬁhﬂﬂsﬁﬂ?&e%@ﬁé SUHhéd dtQhe g&nE Qfiere the line that BREAS aid Aol MAEL ' ON

of cone ang cor. di to the pres i.nventi on,

intrastro makmﬁ 64 osd a5 “?ese XEningRleng sai¢ majon %%m%’@d%hlé theopter
sel ect ed t osurface of the mt:raﬁemﬂdbﬁﬂday ringTaad tis ferpOridiculfthéfeeo)GterRals the Ssue

when, ¢ he in ne ring I's positioned at the desired
I ocaslton [ nE”E %gxrﬁagg%? °2°‘E°p?ec. fically, the

Mismatching cone angles for different corneal radius of curvatures
also can be described as those that fall outside the range of matching cone angles
described according to the following equations:

8 =sin™ [ -2-12;— :l , where

20 ' : © = coneangle
D, = diameter of the intrastromal corneal ring (center to center)
R; = initial corneal radius of curvature

The foregoing equation can be rewritten to account for implanting
the corneal ring at a depth “d”. The following equation is the same as the

25 foregoing with the exception that “d” is zero in the foregoing equation.
- D
6 =sin™ [ —c ] , where
2(R,~d)
'd = depth of the intrastromal corneal ring in the cornea measured

radially from the anterior corneal surface to the midpoint of a radial line, extending



30 m smat chi ng cone angl e can independently effect a change in the

radi-us - of - curvature and/ or the aspheric shape of the cornea.

Thus, thewmtiéﬁéﬁﬂgl e i s chosen based on the startﬂcﬁ'gl'ﬁ?ﬁﬂm{iure of
the eye, the thickness of the intrastronmal corneal -
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PCT/ US96/ 03078 ring and the type of corneal curvature
and/ or aspheric change desired. The cone angl e may be selected to
(1) maintain the surface of the eye close to aspheric shape + of
the eye prior to insertion of the ring or (2). alter the aspheric shape of
the eye as desired, for exanple. 5 Accordi ng
to the present invention, a msmatching angle preferably s

descri bed w datc?osrs HEMEKES &q%lg@st' 984 5‘1?:5%510Hto[f@1?é i%q?-lreﬁpernggcﬂ'adrdlng

superi npose insertion site NSErtion
pernits cal c‘Eﬁf’éﬁfé‘hSQSflO{l 9é theppirayiiomal gorneal ring b and benpided shereby. ef er ence to

t he cornea before |tsal§ onfiguratjon is changed t hr ough .t he
insertion of the intr ??Bﬁgleq%méﬂayr‘?eﬂ&e R %FOHR{Or dnjrastremabeemealt i on,

the major 1Ging mxcknesslthmfm&mﬁtﬁmtbﬁiehynﬂgsywmdélﬁwdly Bitge/ ﬂﬁél&esses are

t f
o Per t o et Thit'is sPhEaT) hMred RhaE Roopsying for the fridkedes oo domat
anteri or surG &% exmofi.¢. hthicknesses that pravidesciufficiedt ¢hicknelsetd flattent thatofreaect s
sai d maj or 6iiiécijp'iaenden ofc% dﬁfh‘? (A&de?ﬁéjtcf‘ﬁlstlféﬁnéd Buafishendi ng al ong said

maj or axi s and boun e outer
. - [ D, ]
0 =sin"| ——=—r0
2(R;-4AR,)
D, = diameter of the intrastromal corneal ring (center to center)
10 R; = initial corneal radius of curvature
AR, = the expected change induced by intrastromal corneal ring thickness.

Again, when accounting for “d”, the foregoing equation can be
refined to the following:

8 = sin™ [-2[(& _3;+|AR,|]]

15 According to a preferred method for changing the refractive
characteristics of an eye, the method comprises the steps of: (a) providing a group
of intrastromal corneal rixigs having different cone angles; (b) determining an
amount of corrective refraction desired; (c) selecting an intrastromal corneal ring
from the group of intrastromal corneal rings based on the amount of corrective

20 - refraction determined in step (b); and (d)inserting the intrastromal corneal ring
selected in step (c) into the cornea of the eye.

With this method, the corneal curvature can be changed by using
intrastromal corneal rings with different cone angles. In addition, if a desired
amount of refractive correction has not been achieved (the refractive correction can

25 be measured after step (d)), the inserted intrastromal corneal ring can be removed
and a second intrastromal corneal ring from the group and having a different cone
angle implanted. More specifically, the second intrastromal corneal ring can be
selected to have a cone angle greater than the cone angle of the intrastromal corneal

ring implanted in step (c) if the eye or cornea does not flatten (e.g., from center to
4



surface of the intrastromal corneal ri ng and i s perpendicul ar thereto)

I nt-ersects-the.-15- - -anterior surface of the cornea.

M smat chi P\‘G’W@"angl es for different corneal radius of curWﬂ?”é@"ms

al so can be described as those that fall outside the range of matching cone

angl es descri bed according to the foll owi ng equations: [err]

20 [err] = cone angle

Derr]= dianmeter of the intrastromal corneal ring (center to center)
Rlerr] = initial corneal radius of curvature _ _ + The
foregoi ng equation can be rewitten to account for inplanting t he

corneal ring at a depth "d". The followi ng equation is the same as the 25
foregoing with the exception that "d" is zero in the foregoi ng equati on.

[err] eriphery) by the desu'ed améhnt to tréRRA fbf‘@xdn’? 16 2K e OfRhg fPF Neal
ring in the léorp an)rrgas *blﬁi 6 ant erl or° cor neal

surface to t A% d‘ﬁB‘?"l"n"}J 8?15 methed; the qu‘ﬂ% m&rﬁ%/tmaﬁ ,ﬁ:@meal ring can be selected

3 to have a cone angle less than the cone angle of the intrastromal corneal ring
- implanted in step (c) if the region of the cornea inside the intrastromal corneal rmg
5 does not steepen by the desired amount. This generally would be the case when

treating a hyperopic condition.

In addition, a number of the intrastromal corneal rings provided in
step (a) can be provided with different thicknesses and/or diameters to
accommodate a number of different corneal configurations. For example, a

10 number of the intrastromal corneal rings can have the same outer diameter but with
different cone angles. In this manner, a suitable mismatching cone angle can be
selected to effect a desired change in corneal shape as described above.

| According to a further embodiment of the invention, an intrastromal
corneal ring comprising a biocompatible ring having multiple cone angles is

15 provided. That is, the cone angle changes along the circumferential direction of the
intrastromal corneal ring. This construction is particularly advantageous for
treating astigmatism (or astigmatism concurrent with either myopia or hyperopia)

- where the corneal curvature varies in different meridians.
- According to another emobidment of the invention, a kit of rings

20 containing a number of different cone angles to choose from is provided.
Typically, a ki't having multiple rings, preferably with the same D, but different
cone angles will be provided for clinical use. These rings will typically vary from
a matched cone angle for a given R; by at least 1°, more preferably by at least 2°,
even more preferably by at least 3° and yet more preferably by at least 5° (to

25 facilitate substantial corrections) so that if one does not provide the desired
correction, another one can be used (i.e., if the first ring selected does not provide
the desired correctlon it can be replaced by another one from the kit). Preferably,
the kit will include a ring having a cone angle greater than and a ring having a cone
angle less than that of a matched cone angle for a given R; by the foregoing

30 amounts to facilitate flattening or steepening of the cornea. The kit also may

5 .
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di nensi orw0f96/|26ﬁ90above ref erenced radi al , t r ansv TUNE0INT®N of
the intrastromal corneal ring and bounded t hereby. -~

Al ternate equations may be used to account for intrastromal corneal

ring thickness when intrastromal corneal rings wwth relatively |arge

t hi cknesses are 5 used. . This is generally preferred when accounti ng
for the thicknesses above about 0.15 mm (i.e., thicknesses-that
provi des sufficient thicckness to flatten the cornea I ndependent

of cone angle). According to this refined equation: [err]
Derr] = dianmeter of the intrastromal corneal ring (center to center) 10

Rlerr] = inntludé other rings, incldding oné haviny atmatehing cone angle. All or a lesser
[err]Rerr] = the expected _ change mducegl by intrastromal corneal ring
t hi ckness. number of e rings also may varyAgd)-#, (arHergerlciaersmentsdrem one @nothethe

f or egoi ng egﬂatﬂagglt%?graggemmﬁesa }Lhéﬁ&'l&% { %Qﬁggol Otyeggme err 15

According to pre ngr
ring diameter, selection of the properly mlsmatchmg ring may be simplified. This

5 feature also allows the kit to be made as small as possible, while covering as large
a range of correction as possible.
The above is a brief description of some of the advantages of the .

present invention. Other features, advantages and embodiments of the invention
will be apparent to those skilled in the art from the following description,

10 accompanying drawings and appending claims.
BRIEF DESCRIPTION OF THE DRAWINGS
. Fig. 1 is a schematic representation of a horizontal section of the
eye.
15 Fig. 2 is a schematic illustration of the anterior portion of the eye

- - showing the various layers of the cornea.
' Fig. 3 is a schematic representanon of an eye showing the average
corneal curvature radius and aspheric shape of the cornea.
Fig. 4 is a schematic representation of a hyperopic eye showing the
20 average corneal curvature radius and the aspheric shape of the cornea.
Fig. 5 is a plan view of an intrastromal corneal ring according to the
present invention.
Fig. 6A is a radial, transverse cross-sectional view of the
intrastromal corneal ring of Fig. 5.
25 Fig. 6B is a further illustration of the corneal ring of Fig. 6A
' depicting further ring geometry. .
Fig. 7A is a cross-sectional view of a cornea showing an
intrastromal corneal ring having a cross-sectional conﬁguratien the same as the
intrastromal corneal ring of Fig. 6A and 6B and a matching cone angle.



characteristics of an eye, the nethod conprises the steps of: (a) providing

a group of intrastromal corneal .rings havi.ng. different.cone
angl es; (Wp%2660ni ni ng an amount of corrective RITEI96/03078
desired; (c) selecting an intrastromal corneal ring’ fromthe

group of intrastromal corneal rings based on the amount of corrective 20
refraction determned in step (b); and (d)inserting the intrastronal
corneal ring selected in step (c) into the cornea of the eye.
Wth this nmethod, the corneal curvature can be changed by using .
intrastromal corneal rings with different cone angles. In addition, if a
desired ' anount of refractive correction has not been achi eved
(the refractive correction can 25 _ be neasured after step (d)), the
inserted intrastromal corneal ring can be renoved and a second
i ntrastromal corneal rFigg7Brismdidgzargmatip viemdofithe iintgastrothial fieg ef Fig.dhe

angl e i bl anffigtralfyl @oRRAR feldiBhips FeRAivEI6 Aedrity astr omal cor neal ri ng

can be ave a cone angle greater than the cone angle
of the intrastronmal coFigedlis a cross-sectional yiew f|aGaraes shawingan intmasiremahe eye

2 r cornea doﬁﬁnmtnn |Raving drossOsectibrial BoafeRirtior 4 in Fig. 7 but with an active

26690
PCT/ u§9610309f8‘msma‘°hmg cone angle that aGeording fo, one gmbodimept of thenXeRHOR to treat
nyopi a, for effeatspthe flaening df thg comea for treating mpopiaher aspect of this nethod,

the second intrastroneg;,Cen0gdloststicha Vib& ot dothéaShowing an intrastromal
corneal ring having a cross-sectional configurations in Fig. 7 but with an active or
mismatching cone angle that according to another embodiment of the invention
10 effects the steepening of the corneal anterior surface for treating hyperopia.

Figs. 10 and 11 illustrate geometric relationships between an active
or mismatching intrastromal corneal ring and a cornea in accordance with the
present invention.

_ Figs. 12A, 12B, 12C, 12D and 12E are graphs showing the
15 relationship among intrastromal corneal ring stiffness, correction in diopters and
cone angle for a given intrastromal corneal ring and two different stiffnesses.

Fig. 13 illustrates a further embodiment of the intrastromal corneal
ring of the present invention in which the intrastromal corneal ring is provided with
different cone angles. :

20 Fig. 14 is a sectional view taken along line 14-14 in Fxg 13.
Fig. 15 is a sectional view taken along line 15-15 in Fig. 13.
Like elements in the drawings bear the same reference numerals.

MODES FOR CARRYING OUT THE INVENTION
Prior to explaining the details of the inventive devices and methods,
25 a short explanation of the physiology of the eye is needed to appreciate the
functional relationship of the device to the eye.
Fig. 1 shows a horizontal section of the eye with the globe (11) of
the eye resembling a sphere with an anterior bulged spherical portion representing
the cornea (12).
30 The globe (11) of the eye consists of three concentric coverings
enclosing the various transparent media through which the light must pass before

reaching the sensitive retina (18). The outermost covering is a fibrous protective
. ;



td0 have a cone angle less than the cone angle of the intrastromal corneal

ring I nplanted in step (c) if the region of the a |.nsi-de -
the intr Y0968 cor neal ring 5 does not steepen Sggﬁﬁéﬂﬁﬂg?red
amount. This generally would be the case when treating a

hyper opi ¢ condition. I n addi tion, a nunber of the
I ntrastromal corneal rings provided in step (a) can be provided
with different thicknesses and/or dianeters to acconmodat e a
nunber of different corneal configurations. For exanple, a 10 numnber

of the intrastromal corneal rings can have the sane outer dianeter but with
different cone angles. In this manner, a suitable m smatching cone angle
can be selected to effect a desired change in corneal shape as

descri bed alpoyeon the posterior five-sixths of whlch is whit riddopagué Qndﬂcilléﬂtthe Sclera
enbodi ment 31‘1 the.invention

conpri si ng B 384 rsr?fgﬁ“ﬂ?sereﬁrﬁ% Lr‘?ﬁlt hﬁ? tok Hed °Y80Wf%1xt§c‘§§ 1Q &eléont

provi ded. ThEite anggriorfoaesixtie ofiths eutehbyges th¢ tamppateat comeal(¥2r ent i al
direction of the mldc?le cQ@Jrﬁ@t@%@ﬁly%E&?ﬁlanﬁ'dﬁ%n% utic E{[a[n'ﬂc’g' on is

particularly advantggeou eating asti

ast i gfrat i smceBwEised ahthe gherpid (4 esilingydndy (36) W&sdiﬂ)a) The ChOl'Old (14) wher e
the corneal ggHérdBY WirRtivAd toexﬁam&udtﬁef:eﬁ@mng rindicARSy body (16) is involved in

A di t t t t.0f 20

Cont ai ni ng. FUSFEREE (B 4G% (410,700 ASCSHBOLFHRR L Db ode i G B aRtdeq.

Typi cal |y, anterior pastiongfithe midule covering, oftheéyer sl iy aniahged inea fronml D err],

but di {1 er efffane 1 s o thin cEUIS AUOLSResBbdink o BeUHETc) B  Ehirdhic Gha ye-
Wt fg/ r”: & aﬁﬁ?é for a

These rings™w vary
gi velO Rl err ]petfyraé@ neag dts csntehby a cgrp@lfae Rpasture sgfllththe pupil (123) The size of even

more pref er g pupilvares & s&dulale mrmim Gplxghmﬁtﬁ&@a@hys fR¥ rétind @%@t (to 25

facilitate substantial correctjqns) one not provide the

I.
desired contracts lsQ 1. 2GCPBNOdaTiRR. h‘@l“c’& ﬁ%""E%lW m&# ?qcu§ by diminishing st
ri ng sel ect ephetivababeptatiph.0Iihgdris (17) divides the %pﬂﬁﬂjeﬁ%énctﬁé E6xGeh QIR) dnl Can be

I db h f Kk |1
el e o ACIORA (AN GPLE ap aRBrion b o] S pitrier shamber, @3}, FBR G o cone
angl B | ess umaﬂqiorucin of covering ds the metinan(] B} coosistingyofumervéElemehtsbyhith e
f or egoi ng B%m the true?f@?%ﬁ!fv% pbﬁlgxf‘fbﬁ'lv’lslhﬁf ﬁnﬁrl:&i&n@n' ng or steepening of the

cornea. The
5 The retina (18) is a part of the brain arising as an outgrowth from

- the fore-brain, with the optic nerve (24) serving as a fiber tract connecting the
retina part of the brain with the fore-brain. A layer of rods and cones, lying just

20 beneath a pigmented epithelium on the anterior wall of the retina serve as visual
cells or photoreceptors which transform physical energy (light) into nerve impulses.

The vitreous body (26) is a transparent gelatinous mass which fills
the posterior four-fifths of the globe (11). At its sides it supports the ciliary body
- (16) and the retina (18). A frontal saucer-shaped depression houses the lens.

25 The lens (21) of the eye is a transparent bi-convex body of
crystalline appearance placed between the iris (17) and vitreous body (26). Its axial
diameter varies markedly with accommodation. A ciliary zonule (27), consisting of
transparent fibers passing between the ciliary body (16) and lens (21) serves to hold
the lens (21) in position and enables the ciliary muscle to act on it.

30 Referring again to the cornea (12), this outermost fibrous transparent
coating resembles a watch glass. Its curvature is somewhat greater than the rest of
the globe and is ideally spherical in nature. However, often it is more curved in

8
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may vary in 0.5 (or larger) increments from one another and have

the sanme thickness. Wth a kit having only rings with the sane Dferr] or
ring dianeter, selection of the properly mismatching ring may be

sinplified. This 5 feature also allows the kit to be nade as snal

as possible, while covering as |arge a range of correction as

possi bl e. The above is a brief description of

sone of the advantages of the present invention. Qher features,

advant ages and enbodinents of the invention mﬁlg be apparent to
i ption

gggzﬁp:ﬁly: lngdeflr &g}l&@g t f othes ;[ggﬁelﬂ% ?lléqlz ?mwﬁéll m%telgnclr tcex?tral third of the cornea

BRI EF DESCRI [$Tdafled (e ﬁrEaHBﬁU\Wﬂfa slight ﬂattenmg takmg lace oumardlf'tﬁbreéf dss a
Fro s i a Derafie iR donfu regphn, Wittty regml% A B YRk e
place through the cornea.
5 : Referring to Fig. 2, a more detailed drawing of the anterior portion
of the globe shows the various layers of the cornea (12) comprising an epithelium
(31). Epithelial cells on the surface thereof function to maintain transparency of the
cornea (12). These epithelial cells are rich in glycogen, enzymes and acetylcholine
and their activity regulates the corneal corpuscles and controls the transport of
10 water and electrolytes through the lamellae of the stroma (32) of the cornea (12).
An anterior limiting lamina (33), referred to as Bowman's membrane
or layer, is positioned between the epithelium (31) and the stroma (32) of the
cornea. The stroma (32) is comprised of lamella having bands of fibrils parallel to
each other and crossing the whole of the cornea. While most of the fibrous bands
15 " are parallel to the surface, some are oblique, especially anteriorly. A posterior
limiting lamina (34) is referred to as Descemet's membrane. It is a strong
membrane sharply defined from the stroma (32) and resistant to pathological
- processes of the cornea. :
“ The endothelium (36) is the most posterior layer of the cornea and
20 consists of a single layer of cells. The limbus (37) is the transition zone between
the conjunctiva (38) and sclera (13) on the one hand and the cornea (12) on the
other.
Fig. 3 shows the globe of the eyé having a cornea (12) with an
average spherical radius of curvature (41) and a positive aspheric shape. By
25 - "average spherical radius of curvature" we intend the radius of the circle defined
by the points at the periphery (45) of the cornea near the limbus of the eye and
having a center (46). By "positive aspheric shape" we mean that the distance (47)
from that center (46) to the anterior center of the cornea is greater than the average .
spherical radius of curvature, that is, the anterior surface of the cornea flattens as it
30 progresses from the center (44) to its periphery (45). As shown in Fig. 3, when
parallel rays of light pass through the corneal surface, they are refracted by the
corneal surfaces to converge eventually near the retina (18) of the eye. The

9



showi ng the various |ayers of the cornea. Fig. 3
Is a-schematic representation of an eye showi ng the average

corneal cWP\PaR6A% radi us and aspheric shape of the cornea. PCT/US96/03078
Fig. 4 is a schematic representation of a hyperopic eye showi ng the 20
average corneal curvature radius and the aspheric shape of the cornea.
Fig. 51is a plan view of an intrastromal corneal ring according to the

present invention. Fig. 6Ais a radial, transverse
cross-sectional view of the intrastromal corneal ring of Fi«g. 5.
25 Fig. 6Bis a further illustration of the corneal
ring of Fig. 6A depicting further ring geonetry.

Fig. 7Ais a cross-sectional view of a cornea show ng an ]

ae the o UEREATE £ O SoPE PR EC 6l bR e BY, G %’rﬁcﬁﬁeé mat chi ng
cone angl e. effect of the lens or other portions of the eye.

wo 96/ 26690 ' The eye depicted in Fig. 4 is hyperopic because the light rays from

PCT/ US9®/ 03Cgtz8penphery of the cornea refract into focus at a point behind the retinal surface.

5 Further, the eye depicted in Fig. 4 has does not have the same aspheric shape as
that shown in Fig. 3. The distance (47) from the center (46) to the anterior surface
of the cornea is about the same as or less than the average spherical radius of
curvature (41) and the cornea does not flatten from center (44) to periphery (45)
but rather plateaus or even dips at its center. If an intrastromal corneal ring with a

10 flat mismatched cone angle, according to the present invention and as will be
described in detail below, is implanted into the cornea shown in Fig. 4, the light
rays refracted by the now steepened corneal surface will be refracted at a larger
angle and thus converge at a more near point such as directly on the retina.
Further, selection of an intrastromal corneal ring having a mismatched cone angle

15 may allow for the eye to obtain a more positive aspheric shape similar to that
shown in the Fig. 3 eye.

With the background discussion of Figs. 1-4 in Hand, it should be
- understood that the device and method of the present invention is for the adjustment
of at least a portion of an annular chord of the cornea to decrease (or increase) the

20 radius of curvature and/or Change the shape of the cornea in order to improve the -

| vision of the eye. According to the present invention, the corneal geometry or
refractive properties of the cornea are changed as a function of cone angle wh1ch is
described in detail below.
Referring to Fig. 6A, the cone angle “N” (referred to as 0 in the
- 25 equations that follow) of an intrastromal corneal ring is defined as the angle

| between the plane of the flat surface that the intrastromal corneal ring rests on and
a line drawn betwen the point of the cross-section that rests on the flat surface and
the point on the cross-section that is farthest from the point where the intrastromal
corneal ring rests on the flat surface. The cross-section referred to is one that cuts

30 through the diameter of the intrastromal corneal ring and is at an angle of 90° to
the flat surface.

10



Fig. 7Bis a diagrammatic view of the intrastromal ring of Fig. 7A

i-l lustrati-ng-geonetric relationships relative to the cornea.

Fig. 8 iswe9Res®s-sectional view of a cornea showi ng an i n®PCIAINVEAINTS
corneal ring having a cross-sectional configuration as in Fig. 7 but with

an active 5 ' or mi smatching cone angle that according to one

enbodi nent of the invention effects the flattening of the cornea
for treating nyopia. Fig. 9 is a cross-sectional
view of a cornea show ng an |ntrastrorral corneal ring havikng a

cross-sectional configurations in Fig. 7 but with an active or
m smat chi ng cone angl e that according to another enbodi nent of the
invention 10 effects the. steepening of the corneal anteri or surface

for treating hyperopiagig 5 shows one desirable 1ntrastromal':dogx§eal tiflg trate
geonet ric relatiqgnship gDet yween an act ai ve nFsmat c]:%‘:&dh&s

i nt rast romal CEe rll’é‘éﬂmlp\" nd D& ARirastromaheemed Tingis rcﬁa'\i’é‘ée%ff Hgenesally cu'cular

present i nveftein®er having s%ht end portions. The materiki siuld@fe piopRrtiesdhat r@ﬁ{érand
jjatrastrom

12E h t hi

corneal 11 ol bMPRaLany Empays i Grd B roBl AR S it
for adgi ven isra plastior typeimateriahsalt undetghaﬂdde namel iof PERSPEXSCQM ifinsyseeial

Fi 13 ill I

i Bg of t he- ShERicEPCOmpity, Eilpidh UUER! milhy biler biScbABANEBONARITSR |
provi ded wit mcludmg but not ligyited &g Taflon, And l;fgnesgge useful in the invention.

Fig. 14 is aOﬁ@ﬁéd thdle étbﬁs‘%et:ﬁdfrﬁm skdpe fwdlé fifigslid A héxag Ex‘lﬂ 5 X -shown in

Fig. 15 is I O w t ake e

Li ke et enent Atﬁ‘ﬁ%]? "é‘ﬁ?’a‘{‘ g%‘%'f?@ tPi’F&%B‘r‘Fc 5uu +Q mm from

MODESOFOR Cﬁmﬂmcﬁhﬂh]dﬂﬁtd mhﬁNik@ﬂdlmensmn ™) and from about 0.05 mh¥ foor to

expl ai ni ng t@% %% ﬂ?ﬁﬂes%aﬁml: L%v)e devi ces and net hods, 25 . a
0

short expl anati on SI o ogy the eye is needed to aporeC| ate the
functiaonal rel ationshi Bmgs Of Riher expss-seationalshapsseincluding but not limited

Fig. 1 Sho""so@l&lﬂraha‘ié’éti’ﬁguﬁ%héﬁe‘:@ iy ﬁé‘@seﬁ.\i%‘ﬁ‘x& ﬁ‘lVE R) Hs QA (ﬁi]tl)s ?{1
the eye resenbl i n% oafgeggqqge W t'h, an ant erior Sf)o er| cal

representin gexarnple y g&QIngasl\ag% are prov1ded 1n lgs and 11, whxch w1ll
15 be discussed in more detail below. It should also be understood that although a

- split ring is shown, continuous or closed rings can be used as well as other ring
configurations. '
-~ Referring to Fig. 6B, the cone angle N(8) of an intrastromal corneal

ring is defined, for example, as the angle between the plane of the flat surface 50 that

20 the intrastromal corneal ring rests on and a line drawn between points 52 of the cross-
section that rests on the flat surface and point 54 on the cross-section that is farthest
from the point where the intrastromal corneal ring rests on the flat surface. In other
words, cone angle is the angle formed between the major axis of a radial, transverse
cross-section (e.g., axis 56 as shown in Fig. 6B) and surface 50. Alternatively, the

25 cone angle can be defined with reference to the angle formed by the intersection of
major axes 56, angle ¢ , where N(6) = (180- ¢ )/2.

An important aspect of the invention is that the shape of the anterior
corneal surface may be adjusted by using intrastromal corneal rings having
mismatching "cone angles”. This is generally illustrated in Figs. 7-9 where the

30 effect of mismatching and matching cone angles is compared. Referring to
Fig. 7A, the effect of inserting an intrastromal corneal ring, such as intrastromal

®)
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30 The gl obe (11) of the eye consists of three
concentric. coverings - .- .. enclosing the various transparent nedi a
t hr ough o932k¢s8 | i ght nmust pass before r eachi ngpcringseseswst i ve
retina (18). The outernpbst covering is a fibrous protective

WD 96/ 26690
PCT/ US96/ 03078 portion the posterior five-sixths of
which is white and opaque and called the sclera (13), and
sonetimes referred to as the white of the eye where visible to the front.
The anterior one-sixth of this outer layer is the transparent cornea (12).
A mddle covering is mainly vascular and nutritive in function and is 5
conprised of the choroid (14), ciliary body (16) and iris (17). The choroid
(14) : generally functions to maintain the retina (18). The
ciliary bodycérhé3l rirg 100/dikeusskd above, having a coreltangiemiatched tocthe eomegP1) and
accommodati o : . Il ' e nost anterior
portion of tHgﬂ%e%%%eﬂrgdg\?%ru}gﬁﬁdgfﬁ?ﬁé&é%glzorﬁfhi s arranged in a frontal
plane. It is a thin ciAcmrighedicans anglermay generally beocansidertid-prheanethit a

Cal | eq t ho. piiaishe e snele ST A b oAt fo e GRSHSE sibfaod of the iita. "0 ot 6
The aount oA DR GEETLInE f QHaRioebey pidialiveitstipd e Maefthat exiendS ong bt act o
al so to accomajutaixisosf,a tdriseérss erosssedtion i aliginkrasthemilaonteabyingi(elgl Abngg
?Eg)e r :i?]gl ab fHe"1fie iga'i'cat?-x{éedi}ﬂ’ehﬁoﬁ *71)1 F‘?és\./ '6(2‘efndt g?) ORRE Sorl?lg}d%?er}ic}rge dce nea
_ as shown in Fig. 7A. A matching cone angle may vary according to changes in '
corneal shape and to the dimension of the intrastromal corneal ring used.
10 ~ More specifically, a matching cone angle can be described as follows
' with reference to an imaginary intrastromal corneal ring superimposed at the
insertion site prior to insertion of the intrastromal corneal ring. The major axis of
substantially any transverse cross-section of the intrastromal corneal ring would be
parallel to a line in the same plane as said axis and tangent to the anterior surface
15 of the cornea at the point where the line that bisects said major axis line (defined as
the line extending along said major axis and bounded by the outer surface of the
_ intrastromal corneal ring, and is perpendicﬁlar thereto) intersects the anterior
surface of the cornea. T -l _
In deriving an equation-to calculate matching cone angles, applicants
20 considered the variables listed below’ tb'Bé—iﬁ{bbrtant in determining the corneal
radius change, AR, achieved by implanting the ring in the cornea.

ARy, = fR; 6,1, d, D;, D, E,, , O)) where ~

R; = initial corneal radius of curvature (measured along the anterior
corneal surface) '
25 8 = cone angle of the intrastromal corneal ring
t = intrastromal corneal ring thickness
D; = limbus diameter

D.. = diameter of intrastromal corneal ring (c-c)
E, = Young's modulus for the intrastromal corneal ring
30 0, = intrastromal corneal ring cross-sectional area shape factor
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the lens (21) into an anterior chanber (22) and posterior chanmber (23). The
15 I nnernost portion of covering is-the retina-(18), consisting of
nerve el eN@Q6/2663Mi ch formthe true receptive poPFEBI$07%i sual
i npr essi ons. The retina (18) is a part of the
brain arising as an outgrow h from the fore-brain, with the
optic nerve (24) serving as a fiber tract connecting the retina
part of the brain with the fore-brain. A layer of rods and cones, |ying
just 20 beneath a pignmented epitheliumon the anterior wall of the
retina serve as visual cells or photoreceptors which transform
physi cal energy (light) into nerve inpul.ses. The
vitreous body (26) is a transparent gelatlnous mass which fills

the posterior four-fifths of the glob? Y& its sides it supports the
ciliary body (16) and the étcxg‘( 18). A frontal saucer-shaped
depression houses the lens. 25 The lens (21) of the
eye is a transparent bwhereix ibt@yond axis of the radial; rtyanbwarbe msamaﬁﬂnce

I d betwe
Gi et er varirea o fheiibliiyoh rORba i G XA e ARtumeleoR b Ble cagia,
consi sting ofansverse crOSS-setqtlanaimcaenﬁtht imeastromabeomealisingaeen the ciliary body
(16) and Iens (21) Ser'Yl?e%e’i/Qnm&dare believed to bkfike d6ififhaht’dnles tHatRé4RI ¢ 1 on and

enabl es the ciliary nmusgle t on It Referring
again to the‘nélﬁ?'ﬁé‘&""( tbzynu%SHpglaﬁa?r@F#ﬁmg wﬁbmsi&mt inchapging gorneal

coati ng resaiplserecorshh glass. Its curvature is sonewhat greater than the
{)]?fteno}‘t s nore CL?Se'gl'lqogf%pl% Gowh in 488 5ASH9B! 158! 138 N3RS hoae Ve

8 exampl® effixi6$dery variable constant with the exception of cone angle and

PCT/ fg96/ 030&7§.mg's modulus at a given thickness. The point where the curves intersect
' generally corresponds to a matched cone angle. In general, with a high modtilus,-
an increase in cone angle provides an increase in the minus correction which means
an increase in the flattening of the cornea. By lowering the cone angle, one
induces a positive correction which resuits ‘in steepening the cornea. Correction is
15 proportional to the radial curvature of the cornea. The correction values in the
graphs are 337.5/(the initial radius of corneal curvature - the final radius of corneal
- ‘curvature). :

Further examples indicating that increasing the cone angle increases
refractive corrections are provided with respect to data obtained from tests

20 conducted on human eye bank eyes. A cone angle of 25°, 34° and 40° provided
refractive corrections of about -1.9, -2.7 and -6.0 diopters, respectively. Although
the intrastromal corneal ring cone angles varied, each intrastromal corneal ring had
a thickness (t) of about 0.30 mm and was inserted at a depth (d) in the cornea of
about 0.42 mm.

25 Based on the variables listed above, the following equation, which
defines a matching cone angle, can be derived for an intrastromal corneal ring of
given thickness, cross-sectional shape, Young's modulus and unknown limbal
diameter.

30 Equation (1) 0 =sin” [fR ] where
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one neridian than another giving rise to astigmatism A central third of

t he..cornea - - -s-.called-the optical zone with a slight flattening
t aki ng plwoa6lm0vardl y thereof as t he cornea t hPEREF26/438%har ds
i'ts periphery. Most of the refraction of the eye takes pl ace
t.hrough t he cornea. 5 Referring to Fig. 2, a nore
detailed drawi ng of the anterior portion of the gl obe shows the
various | ayers of the cornea (12) conprising an epithelium (31).
Epithelial cells on the surface thereof function to maintain transparency
of the cornea (12). These epithelial cells are rich in glycogen,
enzynes and acetyl chol i ne and their activity regul ates the
corneal corpuscles and controls the transport of 10 wat er and

el ectrolytes through the |l anellae of the stroma (32) of the cornea (12).

An anterior limting | ;’, referred to as Bowran's nenbrane

or layer, is positioneD.etdismaetet ditthe puttaserbmatedrdds] ringo(ceiter &t centes) (32) of

t he cor nea. Th ed of lanella having bands
of fibrils parallel to qnﬁfai%ﬁeéﬁg%mgs er andécrossi ng the whol e of the

cornea. Wile nost of Vﬁ'ﬁaﬁlé By gﬁ?&dﬁe ﬁplant measu?é@fr@ﬁirtﬁé hitleribp the

surface, sone are oblig especl eri o

» [
linitPng | arfoRBEy BWfaqe% dP%‘f‘lQr‘ PEEFaf & S%uaﬁggé a‘ésedﬁﬁ’b‘ﬁéﬁ@l‘t{eﬁ vegsign st ¢ ong
menbrane s ha°rd3’l i¥ zeRf ammle fridine dheuredtaeooriesgondand that at ﬂiewot:ne‘apsxnﬁcbol ogl cal

processes of coLne . . The Q IS

t he nost posTlEr o&lpwllx}%,wéqrsxSp 0{ ﬁguaélgpr%)a l?ﬂ‘&dl% dlmensmql ‘%g itfémtﬂl T& 5i ngI e

| ayer of celussd a¥iwould bebreadilB Ipparent thone phordinaryskitlone bet ween

the conjunctiva (38) and sclera (13) on the one hand and the cornea (12) on
t he ot her. D, Fi gq 3 shows the gl obe of
the gge having a cornegquatidn (2 tth =a§m L_____aw%; mrespherl cal radius of
curvature (41) and a positive aspheric shapd(Rpydp ‘aver age
spherical radius of curvature"” we intend the radius of the circle defined
by the points at the poAlpierapddars apdefingd aboye: Lefpaing to Kig. 7Batenth () t he
eye and

can be more specifically defined as the implant position in the cornea measured

radially from the anterior corneal surface to the midpoint of a radial line, extending

across the thickest or largest radial dimension (e.g., “y” in Fig. 6A) of the radial,

15 transverse section referenced above with respect to D, and shown, for example, in
Fig. 7B. Also illustrated in Fig. 7B is center to center diameter D, where each center
is at the midpoiﬁt of the major axis .line of a radial, transverse section of the
intrastromal corneal ring. Such centers are shown in Fig. 7B, for example, where

| they are indicated with reference character “c”. ; '
20 The following table provides matching cone angle values (6) in
o degrees rounded to the nearest tenth of a degree for an intrastromal corneal ring
implanted at a depth of 0.42 mm and for an initial corneal radius of curvature (R;)
ranging from 7.2-8.1 mm (which is the _typical range in the population) and center to
center diameters (D,.) rangihg from 5.0-8.0 mm according to the above equation (2).
25
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having a center (46). By "positive aspheric shape" we nean that the
di stance (47) - fromthat-center (46) -to-the-anteri-or center of the -
cornea i sWO962669 t han the average spherical radPGIURIRMT§at ur e,
that is, the anterior surface of the cornea flattens as it 30

progresses fromthe center (44) to its periphery (45). As shown in Fig. 3,

when paral l el rays of |ight pass through the corneal surface,
they are refracted by the corneal surfaces to converge eventually
near the retina (18) of the eye. The . ’

9 WD 96/ 26690 -

PCT/ US96/ 03078 di agram of Fig. 3 discounts, for the

pur poses of this discussion, the- refractive'_ _ effect of the |ens
or other porti-ons{of the eye. The eye depicted in
Fig. 4 is hyperopjc because the light rays fron1 t he periphery of
the cornea refgac |nt$ focu at a gw nt 39 nd th eti nal urfacg 5
Further, the eye ¢epic 8d |n |g 47 has S not ha t he J asp Qi c
shape as —3 center
(46) to the arfi%er{or 8Lbfacad3.9 263 of28&%fhe cordbh is t thd62ane as
or less than the @average spherical radius of curvature (41) and

the cornea dogss npt fp@vten28pom casjler (4243 to perg.phery 04p)  34.4
but rather plateaps or even dips at its center. If an intrastromal corneal

ring wth a 44 204 225 247 269 29.2 31.5 339
7.7 | 201 222 243 . 265 287 310 - 333
7.8 198 219 240 26 283 305 32.8
7.9 195 216 237 258 27.9 30.1 323

8.1 190 21.0 230 25.0 27.1 29.2 314

| The above calculations are merely exemplary and not intended to limit
the invention. For example, thé implantation depth "d" may range from about 0.10-
0.50 mm, even though a value of 0.42 mm is used throughout the above calculations
5 for purposes of example.
A mismatching cone angle is one that does not equal the cone angle
described in equation (1) or (2) for a given D, R; and d. Thus, for example, given a

D, of 7.0 mm, an R; of 7.7 mm and a "d" of 0.42 mm, a mismatching cone angle
would be any cone angle that is not equal to 28.7 degrees.

10 _ One method to practice the invention is for a clinician to have a kit of
rings containing a number of different cone angles to choose from. Typically, a kit
having multiple rings, preferably with the same Dy, but different cone angleé will be
provided for clinical use. These rings will typically vary from a matched cone angle
for a given R; by at least 1°, more preferably by at least 2°, even more preferably by

15 at least 3° and yet more preferably by at least 5° (to facilitate substantial corrections
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10 flat m smatched cone angle, according to the present invention

and as wll be described in detail bel-ow, is- |m§I ant-ed- + nt o--the -
cornea sHYM96R669i g. 4, the |ight rays refracte CBWSPF(P”%W
st eepened corneal surface will be refracted at a | arger angl e

and thus converge at a nore near point such as directly on the retina.
Further, selection of an intrastromal corneal ring having a m snmatched cone
angl e 15 may allow for the eye to obtain a nore positive aspheric
shape simlar to that shown in the Fig. 3 eye. ‘

Wth the background di scussion of Figs. 1-4 in hand, it shoul d be
understood that the device and nethod of the present invention is for the

adj ust nment _ of at least a portion of an annular chord of the
cornea to deglRawRid Pi'r'% s) DAY-ER8hat f‘f%n@goes not prov'i&dthé'aeﬁxfed%ﬁfﬂé@ﬁdﬂ e and/ or
change the shape of the cornea in order to ifmprove t vi si on of

t he eye. Accamothengnd cantbeauspd éxseenf thlerfnstn'ingmelecteddoemmwvx@eﬁ:miesqed)r
\rNﬁT (r:ﬁc;[ |Sve pcro(x?r%gtrlc}nl, ?tcfégs ngitrh e r,l;?'gg? ex oqfeé(:h ga,%(lje ﬁ?) ?’refuragf (t?he kit wﬂ?ne angl e

couat | ong. t Raflufep il kil §R5% AOM freadf veh 3h4 158 Hailnd B HBE blett sl 1° 70

angl e5s than thaed Emstchédcqne angledbr 4 fiwelt Raby sherféagemg hatouhtyao ifailitagt r onal
corneal ri n%hr ests on and. a line drawn betwen t he point of the
cross- sect | dinttepiag or sisepening ofithe eoraea agdiseustedahgve. Thus, mmefmgq;ggnt on the

Cross-secti O { f;
corneal ri ng r e? fe Wﬁée m’e‘g qu);'%‘ Sél:,ll'l:‘a]rgaé:'lg{E h%ec B%er %@é S e%??b%@rﬂﬁﬁﬁi gﬁgﬁl{dg S
one that cutsplaRlity of nngsthbmg at bf37 dlmeﬁxﬁf atQéast bige havingdsédmeampleGRr neal

ring andls at an an err] the flat surface.
10 least 3° more than 28.7° and another havmg a cone angle at least 3° less than 28.7°.
10 The kit also may include other rings, including one having a matching cone angle.

All or a lesser number of the rings also may vary in 0.5° (or larger) increments from
one another and have the same thickness. With a kit having rings all with the same
D, or ring diameter, selection of the properly mismatching ring may be simplified.
This feature also allows the kit to be made as small as possible, while covering as
15 large a range of correction as possible.
| ' Another equation may be preferred when accounting for thicknesses

(t) above about 0.15 mm, which provides sufficient thickness to flatten the cornea
independent of cone angle. According to this refined equation:

D
Equation (3 9="'[—°‘ ]
quation (3) sin 2( i-—AR,)

20 _ Another way to express equation 3 is

D,
0 =sin" [ Z(Ri + |AR,|) ] , where

AR, = the expected radius of corneal curvature change induced by
intrastromal corneal ring thickness independent of cone angle for a given transverse
cross-sectional shape of any particular intrastromal corneal ring design where,‘as

25 apparent from the above, the change is measured as the initial radius of corneal
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WO 96/ 26690 :
PCT/ US96/ 03078 Fig. 5 shows ‘one desirable-
i ntrastromabéreedheal ring nade accordi ng t 0 t he PCR{ISA6/OIOTE The
i'ntrastromal corneal ring is conprised of a generally circular

menber having split end portions. The material should have properties that

r ender it physiologically conpatible with the tissue of the
cornea. An illustrative material 5 is a plastic type nmaterial sold
under the trade nane of PERSPEX C{Q err] (I nperial Chem cal

Conmpany, Engl and), however nmany ot her bioconpatible polyners

I ncluding but not limted to Teflon, and pol ysul fones are useful in the

i nventi on. One accept abl e cross sectional shape of the rings is
t he hexagonal shape shown in gs. 6A and 6B and is generally

di nensi oned %vasgeébauﬁhmraél%ﬂftcsr‘@nﬁeﬁﬁ#rermefmmr to Intrasgromal fornggi nt
along its majmyinfpliration) KN he fink] Jadandficontabhnvitte @2. M radius of

0.60 M in thicknes di nens ff g‘_&% ). Ri ngs of
ot her cr oss-SERREOL M ToAfe Ao AR Gah ERTIRE Fing ImRlamatop

ovol oi d and rect angul aigadth Al g berdefifed usingf arl equatiom ecqounting fcu'rthaactumll .

in Fibs. 10 ZRatpyion eptiT AP RsRomBATHAL ke UReBding I BB Ul bl o

It shoul d aleg¥ati® @kder st ood t hat al t hough a split r| ng is
shown, conti nuous or cgqggg&@nﬁ-csm"be sed _aPael | -a.s] ot her ring
configurations. 2[eRi+dp+ AR [filg. 6B, the cone

le N f t . d d, f
exanpl e a5 1 heangl e RSBRAREISEs 5 HHE ofhere intrasrpmel foited TS Lo
t he i ntrast mismatchest conelangles grer showan. durtzergrinciplescofdheinvehtionmedhbeoi nt s 52
of t{{¢ CrOSYascribed.’ Refempg‘?(?ﬁ% xlfl?:%]sﬁoﬁfﬂ onﬂgaltljﬂfg f(#ﬁtls §f[l§]\In§‘ |?14]d poi nt

54 on the cross-sect wher e
t he intrast CORRANER BTFAHEK thanrfgatr@@tvg igFignt Thisitwisis adjaeent pﬁrtmef the

cornea outward and flattens the central region of the cornea within the intrastromal
corneal ring diameter as shown in the drawing. In contrast, Fig. 9 shows an
intrastromal corneal ring 102b, which has a cone angle less than that shown in
15 Fig. 7A, according to another emodiment of the invention. This cone angle effects
a steépening of the corneal surface as shown in the drawing. In Figs. 8 and 9 the
* phantom lines correspond to the outer lines of the cornea section of Fig. 7A and
thus provide a reference for the changes in Figs. 8 and 9.
Referring to Figs 10 and 11, the concept of a mxsmatchmg cone
20 angle will be described again with reference to an imaginary intrastromal corneal
ring (102', 102'") superimposed at the insertion site prior to insertion of the
cornea. The major axis (axes 150 and 152 in Figs. 10 and 11, respectively) of
substantially any radial, transverse cross-section of the intrastromal corneal ring
_ would not be parallel to a line (lines 160 and 162 in Figs. 10 and 11, respectively),
25 which in the same plane as said major axis and is tangent to the anterior surface of
the cornea at the point where the line (line 170 and 172 in Figs. 10 and 11,
respectfully) that bisects said major axis line (defined as the line extending along
said major axis and bounded by the outer surface of the intrastromal corneal ring)
and is perpendicular thereto, intersects the anterior surface of the cornea.
30 Alternatively, a mismatching cone angle may be defined as one that is outside one
of the equations described above,
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wor ds, cone angle is the angle fornmed between the mgjor axis of a radial,

transverse cross-section (e.g., axis 56 as shown in Fig. 6B) and -
surface 5809660 nati vely, the 25 cone angl e can be PEFUSAGOR0TS t h
reference to the angle formed by the intersection of maj or axes
56, angle , where N([err]) =(180- [err] )/2. An

| nportant aspect of the invention is that the shape of the anterior
corneal surface nmay be adjusted by using intrastromal corneal rings having

m snmat ching "cone angles". This is generally illustrated in Figs. 7-9 where
t he 30 . effect of m smatching and matchi ng cone angles i s conpared.
Referring to Fig. 7A the effect of inserting an intrastronal
corneal ring, such as intrastromal WD 96/ 26690

PCT/ US96/ 03078 . [ | ring 10 i cussed a ov havi ng
a cone angl e matched tghet JPerazEomE ﬁ%?ﬁegia% maygoe ngtﬁﬁ? &%&

i nsertion i sregiomeofitheycozngahsiroma by any of the methods we have shmvmmt thh tpalst(mne
angi e My geRShabit BF st AARIRA. FrRuANPadiRl is the process and B GliR ! e

angle of alinet S ﬁ%& e ant erior su cor nea
That t angent2PPARBIS shoyp:inb U§93’r0§3|l"aWP§thF #cornqratgd therein py; gefereace inct ends
al ong5the  its entirety. IfiGefdraR thérifg lsam*stﬁﬂﬂ’ﬁ itFthe €01 6iRE ThaMEH:OA $hall he

et o B g Mo B 38w ing e Wl Pl
about the cornea. A dissector in the form of a split ring and having a point suitable

for producing an interlamellar channel or tunnel in the corneal stroma is introduced
through the small incision and rotated in such a fashion that a generally circular

10 channel is formed completely about the cornea. The dissector is then rotated in the

opposite direction to withdraw it from the tunnel thus formed. The intrastromal

corneal ring is then introduced into the circular channel. Alternatively, a clockwise

* and counterclockwise channel dissection method can be used using a clockwise and
-counterclockwise dissector systém as disclosed in PCT/US95/00063 entitled System

15 For Inserting Material Into Corneal Stroma, which is hereby incorporated herein in
its entirety. The system generally includes a clockwise and counterclockwise -
channel dissector; a clockwise and counterclockwise probe for inserting in the

- channels and determining the relative positions of the channel ends (e.g., if the
channels meet); a clockwise and counterclockWise channel connector that may

20 subtend an arc of about 240° to 360° to tonnect the channels if they do not meet
(by rotation of the connector in the lower channel); and a clockwise and
counterclockwise finish channel connector thay may subtend an arc of about 360°
to 510° for insertion into the lower channel and connect the channels if the channel
connector does not accomplish that effect.

25 Referring to Figs. 13-15, a further embodiment of the invention is
shown. In this embodiment, intrastromal corneal ring 102", which preferably is
constructed of materials as described above with respect to the example shown in
Figs. 5 and 6, is provided with muitiple cone angles.

That is, the intrastromal corneal ring cone angle changes along the

30 circumferential direction thereof as shown in Fig 13. Generally speaking, the
intrastromal corneal ring has a first circumferential region having a first cone angle

-
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ds shown in Fig. 7A. A matching cone angle may vary according to changes in
cor-neal-- shape -and to the di nension of the intrastromal corneal ring used.

10 - WO 96/26690 More specifically, a matching corrRCEwsy6m3wan be
descri bed as follows with reference to an inagi nary intrastromal
corneal ring superinposed at the insertion site prior to

insertion of the intrastromal corneal ring. The mmjor axis of _
substantially any transverse cross-section of the intrastromal corneal ring

woul d be parallel to aline in the sane plane as said axi s and
tangent to the anterior surface 15 of the cornea at the point where
the line that bisects said major axis |line (defined as . the line

ext endi ng al ong said major axis and bounded by the outer surface of the
intrastromal corneal ring, and is perpendicular thereto) intersects the
anterior and at least ope bthepragion hayinga nene angle that differs form said first cone | n
deriving an ﬁ@l@t ion to cal cul ate matchi ng cone angles, applicants 20
consi dered t variables |isted beI ow to he i i’rg)ortant in determning the

cor neal r adfuthe example illpsratqddngdigy 13, 4he intrasaomgl corpeal singng t he
ri ng i n.the E&fosBcircumferential regions with distinct cone £igied! r€ircunhfeRingial tegidrer 1 .

Rier P 1 nl 20 fitss 59 dnge &8 PVlip e s e GirmmiareatisLiegioq 398dS ant er i or
corneal surffolleyed By a second circumferential region[28vHavingaoseeomhgine anizle (Rig.
| ntrastromal ; qlhﬁ(}ﬁs?xbstﬁhﬁh@ly differs from the first cone angle. DF tr u:ll.cx t aﬁ%{é&gﬁéﬁmt er

cor neal rlng

Dierr] =  dfolewsayitloa cone angly sigilar tcb@ah@%negmz?@Z(@ddygm 208 has a cone
E[err] = Youigls smaﬂaﬂ tSesioh 20196 Tmtxﬁ@ﬁfoﬁfﬂihoﬁﬁilﬁ‘i’&é feféwol $Gs configured
qerr]O = intrastronmal corneal rin SS- SECtIOi_]{;\ areaﬂs1 % actor
12 1 to substantially encircle the cor. ea after insertion. However, although a split ring

configuration is shown, continuous or closed loop as well as other ring

configurations can be used. The planes of Figs. 14 and 15 are parallel but may or

may not be in the same plane depending on the ring design. A saddle shaped ring
_ would not have its base lie in one plane, for example.

15 This embodiment is particularly advantageous for treating
astigmatism (or astigmastism concurrent with either myopia or hyperopia as
discussed in the summary of the invention, supra), which is a condition which
occurs when the parallel rays of light do not focus to a single point within the eye,
but rather hafze a variable focus due to the fact that the corneal curvature varies in

20 different meridians. Accordingly, the cone angle varies enough for treating this
indication. This variation typically may range from about 0° 10’ to 20°, and more
typically from about 3° to 20°. A region having one cone angle typically may
subtend an arc more than at least 2°. The cone angle transitions between regions
may be abrupt or gradual depending on the desired change to the corneal shape. In

25 addition, a saddle shaped ring may be used as well as rings having more
circumferential regions or circumferential regions having different shapes or
dimensions than those shown. Rings having their centroidal axis in one plane or
their centroidal axis following a saddle shape also are contemplated.

Modifications of the above described modes for carrying out the

30 invention that are obvious to persons of skill in the fields of medicine,

* ophthalmology, optometry and/or related fields are intended to be within the scope
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VIO 96/ 26690

PCT/ US96/ 03078 [erk]------ : - where LXA is the | ong
axis of tWO9FAEHI , transverse cross-sectional _ aPEATUSP6/PIqES
intrastromal corneal ring and CXA is the circunference of the radial,
transverse cross-sectional area of the intrastromal corneal ring. 5

These variables are believed to be the dom nant ones that w |

i ndicate how the intrastromal corneal ring will performin changi ng corneal
curvature or shape. - The graphs shown in Figs. *12A,
12B, 12C, 12D and 12E show an exanple of fixing every variable
constant with the exception of cone angle and 10 Young's nodul us at a
gi ven thickness. The point where the curves intersect general ly

corresponds §fhe faﬁivﬁhgdmﬁﬁsw eTﬁé‘Giaﬁns !uﬂi §Rbification !mohld ﬁozfuegiama@ﬂw 18S

an increase |% fone angﬁ ﬂrOVI %f ncreaﬁ ﬁﬂ nus Qﬁﬂ&ectlon

whi ch means unduly narrow Ihe fuf seQpes F?rﬂtef:ﬂ%“ }q which ?16“’8’?“9‘}1’@ cOHHeRa. By

| owering the cone angle, one : i nduces a positive correction which
results in steepening the cornea. Correction is 15 proportional to
the radial curvature of the cornea. The correction values in the

graphs are 337.5/(the initial radius of corneal curvature - the final
radi us of corneal curvature).

20



Further exanples indicating that increasing.the cone angle increases
refractive corrections are provided w.th respect.- to data obtained from
tests 20 wo96r26690nduct ed on human eye bank eyes. A cone an@®GA/GH6AR78

34[err] and 40 provided : refractive corrections of about -1.9, -2.7
and -6.0 diopters, respectively. Al though - the intrastromal corneal
ring cone angles varied, each intrastromal corneal ring had a

t hi ckness (t) of about 0.30 nmand was inserted at a depth (d) in the

cor nea of about 0.42 mm 25 Based on the-

vari ables |isted above, the follow ng equati on, MIM
mat chi ng cone angle, can be derived for an mtrastro”m,m

gi ven thickness, cross-sectional shape, Young' s nodu l’mﬂumgll nbal
dianeter. J[err] -

VD 96/ 26690 CLAIMS
PCT/ US96/ 030§ claim:

1. An intrastromal corneal ring comprising a generally ring
shaped member having a cone angle selected such that if an imaginary corresponding
5 intrastromal corneal ring were superimposed at an insertion site in a cornea, the
major axis of substantially any transverse cross-section of the intrastromal corneal
ring would not be parallel to a line in the same plane as said axis and tangent to the
anterior surface of the cornea at the point where the line that bisects said major axis
line, defined as the line extending along said major axis and bounded by the outer
10 surface of the intrastromal corneal ring, and is perpendicular, thereto intersects the
anterior surface of the cornea. '

2. An intrastromal corneal ring for implantation in a cornea
having an anterior surface, said intrastromal comneal ring comprising a generally ring
shaped member having a cone angle, an outer surface, a major axis for each radial,

15 transverse cross-section thereof and a major axis line for each said cross-section, each
major axis line defined as the line that extends along a respective major axis and is
bounded by the outer surface of said generally ring shaped member, said cone angle
being one that if an imaginary member having the same configuration, major axes
and major axes lines as said generally ring shaped member were superimposed at an

20 insertion site in said cornea prior to actual insertion of said generally ring shaped
member, the major axis of substantially any radial, transverse cross-section of the -
imaginary member would not be parallel to a line in the same plane as that major axis
and tangent to the anterior surface of the cornea at the point where a line, that bisects
the major axis line and is perpendicular thereto, intersects the anterior surface of the

25  comea.

3. An intrastromal ring havihg a cone angie and a center to
center diameter, the cone angle being outside the range of cone angles derivable
from the following equation:

S

D
— il cc
0 =sin [-——] , where : cct Has Boen Replaced

2 il



[err] = cone angle D[err] = di aneter of the
intrastromal corneal ring (center to center) . : -

Rl err] = woistRéedd0corneal radi us of curvature  PCT/US96/03078
Variable "d" (depth of the inplant neasured fromthe anterior 5

corneal surface) does not appear in equation (1) because in this sinplified

ver si on - "d" is zero and the radius of cuw&t—u+e—eg¥—pespgnds_to
that at the corneal surface. The fol |l ow ng”'ﬁis on of I%uat on

(1), including dinension d, can alternatively be I”"I"ﬂla,H, ”Mul d

be readily apparent to one of ordinary skill. [err]
[err], Dlerr], Rerr] and d are as defined above. Referrlng to Flg 7B
depth (d) ° can be nore specifically defined as the inplant
position in the cornea neasured radially fromthe anterior
corneal surface to the m cpsiangleof a radi al Iine ext endi ng

t he thi ckest | " 6A f
across the thickest orp al@?a?ﬁetéra&"tﬂ%uﬂfa'gﬁ p&rﬁ&éqmgog/e Wth&;;ggp ) O

the radial, 15 Fansverse section re erence ect to
Dlerr] and shown, for Ricarpitial carpeal radius of curpatgre.78. Also illustrated in
Fig. 7B is center to center diameter Dlerr] where each center S

at the mdpoint of the, maJ QAn BitfaStromalering hmngadlcahe aﬁglﬁaﬁd/EE:Sﬁeﬁtthlon of
t he mtrastror‘ga corn albrln é’F & Sndabo 8 véhgerFlg 7B,
for eXanpl e CeRiFE flameter, the conc a e q%r‘Fd‘;ec éﬁn h°°P8F‘8$ Ehie! act er

"c". 20 from the following equatiomthe f ol | owi ng tabl e provi des nmatchi ng cone
angle values ([err]) in degrees rounded to the nearest tenth of a

degree for an intrastronmal co nggql_. El ng D, :)L \YB?fgpl anted at a depth of
0.42 mmand for an initial cdfT Wu. T re (Rlerr])
jt{yp ca‘)C

ranging from7.2-8. 1 nm (which is t ange in the popul ation) and - -
center to . ceént=econdiaaplet ers (Dl err]) ranging from5.0-8.0 nm

according to the ab OveDchyﬁEaixr%Qer(o%)the fifrastromal corneal ring (center to center)
10 R, = initial corneal radius of curvature.

AR, = the expected radius of curvature change induced by the
intrastromal corneal ring thickness independent of cone angle for a given
radial transverse cross-sectional shape of any intrastromal corneal ring.

| 5. An intrastromal corneal ring having a cone angle and a center
. | to center diameter (D,.), for a given R; and d as defined below, the cone angle being
ndnequal to the cone angle described according to the following equation:

8 = sin’ [ Do ] , where

2(R, —d)
8 = cone angle;
D, = diameter of the intrastromal corneal ring (center to center, where
20 each center is at the midpoint of the line that extends across a radial,
transverse section of the intrastromal corneal ririg and along the major axis of
~ that section; )
R, = initial corneal radius of curvature; and
d = depth of the intrastromal corneal ring in the cornea measured
25 radially from the anterior surface of the cornea.

placed
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4 WD 96/ 26690
PCT/ US96/ 03078 S . e e

DC . W0 96/26690 R[err] 5.0 5.5 6.0 6.5 PCT/US96/03078
7.5 8.0 : 7.2 21.6 23.9 7 26.3 28. 6
31.1 33.6 36. 2 7.5 20 7 22 9 7'—'\ 1 27. 3
29. 6 32.0 34.4 7.6 ' 22. 5 26.9
29. 2 31.5 33.9 7.7 20 1 26.5
267 310 333 re o ia M 4 IIIIBlIJIﬂIIII 209
28. 3 30.5 32.8

6. An intrastromal corneal ring having a cone angle and a center

to center diameter (D). for a given R, and d as defined below, the cone angle being

nonequal to the cone angle described according to the following equation:

8 = sin’ [ Dec ] , where
2[(R; —d) +|AR,[]
-5 0 = cone angle;

D, = diameter of the intrastromal corneal ring (center to center where
each center is at the midpoint of the line that extends across a radial,
transverse section of the intrastromal corneal ring and along the major axis of
that section); |

10 -~ Ry=initial corneal radius of curvature;

AR, = the initial radius of corneal curvature prior to intrastromal
corneal ring implaritatfon minus the final radius of corneal curvature after
intrastromal corneal ring implantation where the AR, is determined based only
on the change induced by the intrastromal corneal ring thickness independent

15 of cone angle for a given radial, transverse cross-sectional shape of any
intrastromal corneal ring; and

d = depth of the intrastromal corneal ring in the cornea measured
radially from the anterior surface of the cornea.

7. An intrastromal ring having a cone angle and a center to
20 center diameter, the cone angle being selected so that for a given D, R;, d and/or
AR,, the cone angle differs from that derivable from one of the following equations:

a) 9=sin"[&];
IR,

b) 9=sin"]|:——lz‘3i————];

2(R; +[AR ) —_—

This Sheet Has Been R
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7.9 19.5 21.6 23. 7 -25.8 27.9 30 1 32 3

8.1 19.0 21.0 23.0 25.0 .. 27. 1 - 29

The aboveWOQ62ef%8t i ons are nerely exenplary-and not i ntendgﬁ'rf[@”’i’wq

the invention. For exanple, the inplantation depth "d" may range from about

0. 10- : 0.50 mm even though a value of 0.42 mmis—used tThr oughout
t he above calculations 5 for purposes of exanple.

A m smat ching cone angle is one that does not equa;al WT“!H!““}\“\
described in equation (1) or (2) for a given D[err.] *Thus,
for exanple, given a Dlerr] of 7.0 nm dn Rlerr] of 7.7 rrmand a
"d" of 0.42 mm a m smatching cone angl e ‘woul d be any cone angl e
that is not equal to 28.7 degrees One nmethod to
practlcethelnventlonlsf Ilmq eaklt of rings
cont ai ni ng a nunber of dlff rent coﬁ'é‘ xHoose from Typically, a
Kit having nultiple rings, pre rabyvmththe sanme Dlerr], but
different cone angles will be provqged for I|n| cal use. These

rings will typically vary fdom & masihed W here  for a given
Rlerr] by at least 1[err], nore prefera ? =H 2, even nore
preferably by 15 - t Ieast 3[err] and yet m)re preferably by at |east
S[err] (to facilitate SGSSSMEGA corrections '
15 WO 96/ 26690 4iameter of the intrastromal corneal ring (center to center);
PCT/ US96/ 03078 '

5 R; = initial corneal radius of curvature;

AR, = the initial radius of corneal curvature prior to intrastromal
corneal ring implantation minus the final radius of corneal curvature after
intrastromal corneal ring implantatic;n where the AR, is determined based only
on the change induced by the intrastromal corneal ring thickness independent

10 of cone angle for a given radial, transverse cross-sectional shape of any

intrastromal corneal ring; and

d = depth of the intrastromal corneal ring in the cornea measured
radially from the anterior surface of the cornea.

" 8. An intrastromal corneal ting for insertion into the cornea of
15 an eye, said intrastromal corneal ring ¢omprising a biocompatible ring having
multiple cone angles.

9. The intrastromal corneal ring of claim 8 wherein the
intrastromal corneal ring cone angle changes along the circumferential direction of
the intrastromal corneal ring.

20 10.  The intrastromal corneal ring of claim 8 wherein the
intrastromal corneal ring has a first circumferential region having a first cone angle
- and at least one other region having a cone angle that differs form said first cone
angle.

/
heet Has Been Replaced
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as shown in Figs. 1 2A-E) so that if one does not provi de the desired
correction, anot her one can be used (i.e.. if t ring--
sel ect ed WOSE26830 provi de the desired correct [ oﬁ’%lj(fﬂ”@aﬂ”%e
repl aced by another one fromthe kit). Preferably, the kit will

I nclude a ring having a cone angle greater. than and aﬁ—ﬁg—haw—ﬁg—a—ceﬁe—

angl e less 5 than that of a matched cone angl e
by the foregoing anbunts to facilitate flatt ililmlrl 'ﬁ HH E
of the cornea as discussed above. Thus, in the foregoin

where Derr] is 7.0 mmand a matchi ng cone angle is 28. 7[err] the k|t may
I ncl ude a plurality of rings having a Dierr] of 7.0 mmw t h-at
| east one having a cone angl e at l east 3 nore than 28.7[err] and

another having a cone ang! er inlddmal coftiedl hﬁgefaﬁuﬁswﬁ&emme The ki t
al so may include other rings, 1ncludin ngd:oﬁg havi ng a matchi ng cone angl e.

Al or a | edBERstEmAl sl E‘Fﬁahﬁ%ﬂgltél WQP? in 0.5[err] (or larger)

i ncrements from one anot her and have the sanme thickness. Wth a
kit having rings all wih tzh&ltsféﬂprowdmg refractiverredtionrimplags corapeiding ,

selection of_ t erI n b i f

This featuré %ng X]t??é'ﬁ‘%ﬁ%g%i %%Jrﬂg%eorfgéld g Iﬁg "hggﬂ}? glmﬁﬁrl e
coverbng as andlEhffermg framgmeanpdngby @f legstrangclegres. as possi bl e.

Anot her equation may be preferred when accounting for thicknesses

(t) above about 0.15 nyy, WM@BP&’Ihﬁ?%Z%erf‘éxﬁkﬁ&tkntlﬁblﬁh&eﬁﬁttééc&idatte” the

- cornea I hdepepdent of cone ang1 hi's refined

c
equation:  apdahird ginss. :ﬁ“‘t St Fing Bayipg agene angle eofa ﬂ:astgl less than thasQft her way
to express agidadetot Ang,Sand said third ring having a cone angle at least 1° greater than

that of said second ring.

10 | " 14.  The kit of claim 12 wherein said kit includes. first, second
and third rings, said first ring having a cone angle at least 2° less than that of said
second ring, and said third ring having a cone angle at least 2° greater than that of
said second ring.

15.  The kit of claim 12 wherein said kit includes first, second
15 and third rings, said first ring having a cone angle at least 3° less than that of said
second ring, and said third ring havmg a cone angle at least 3° greater than that of
said second ring.

16.  The kit of claim 12 wherein all of said rings have the s'ame
diameter.

20
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.lerr] [err]Rlerr] = the expected radius of corneal
curvature change induced by = = —intrastronal cor nggh usbéesotdi ckness
indepeagsggmgﬁocone angle for a given transverse . Cross-sectiona

o)

. Shape any particular intrastromal corneal ring design where, as 25
apparent fromthe above, the change is neasured as the initial radius of
cor neal ' 16 WO
96/ 26690 ' . ,
PCT/ US96/ 03078 Octryatute (i,.e., the radius of curvature
of the cornea prior to intrastromal corneal ring inplantation)

m nus the final radius of corneal curvature (i.e., the radius of

curvature of the cornea after intrﬁétronal cornsal ring inplantation).
Again 0 can be defined using an eq tiodZBcgguR ing for the actual 5

I npl antation depth of the i%?rast ofer—edin | ring. According to this
refined equati on Equation(4) 0 =
sin[err] 16

-
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Returning to Figs. 8 and 9, where intrastromal corneal rings having :
m smat ched can ngl es are shown. further principles of thed Lap - W--| - -
be 10 wo96@gg9§ri bed. Referring to Fig. 8. intrastronal C%&?Fﬁ#ﬁﬁ 102a

i's shown with a cone angle greater than-that shown in Fig. 7.
This tw sts adjacent portions of the cornea outward and fl attens
the central region of the cornea @i2hynf{the intrastromal . cor neal

ring diameter as shown in the drawing. In contrast, Fig. 9 shows an
i ntrastromal corneal ring 102b, which has a cone angle |ess than that shown
in 15 Fig. 7A, according to another enodi nent of the invention. This
cone angle effects a gteepening of the corneal surface as shown
in the drawing. In Figs. 8 angs9 [t he phantom | i nes cor.respond to
the outer lines of the cornea sedtion o #i g} 74 and t hus
provide a reference for the changes Is. | 87and 9.

b—nf8mat chi ng cone 20

angle will be described agai n A g g Y8 an imaginary intrastromal
cor neal ring (102 i at the insertion site
prior to insertion of the . Rj or axis (axes 150 and
152 in Figs. 10 and 11, regpedtively) substantially any

al corneal ring

es ggpd and /162 lin Figs. 10 and 11,

e plahe ag said major axis and is

rnea at the point where

the line (line 170 and 172\in Fi s, respectful ly) that

bi sects said major axis |ing (defin&d asf The |ine/extending al ong

said major axis and bounded b

corneal ring) : and is Hewet o, intersects the

anterior .surface of the cornea. Mterndtively, a msmatching cone

angl e nay be defined as one that is outside one - of the equations

descri bed above. : ' 17
F1G 3

radi al, transverse cross-sg
woul d not be parallel to g |ine (I
respectively), 25 ichtin tRe sa




WD 96/ 26690 :
PCT/ US96/ 03078 The intrastromal corneal
ring may be installed in the inner |anellar . regi ons of the
corneal stroma by any of the methods we have shown in thepgxAls96/03078

be suit BPERHOsuch installation. Particularly desired is the procéss and
its allied appar at u@ Jhpwh § n PCT/ US93/ 03214 which is

i ncorporated herein by reference in 5 } 2{y. In general, the
ring is installed in the foregoing manner: 54 £ radi al ‘
incision is made at the radius in which tt)/ A f—_~\\>\x;‘ y tage

installed ' about the cornea. A A
ring and having a point suitable

for produci ng an

channel or tunnel in the corneal stroma j gfintroduced t hr ough

the small incision and rotated in such 2 : Fygcircular

10 channel is fornmed conpl etely e cornea. yThefjdj ssgctor is
" then rotated in the op‘posé : t ggomthe

tunnel thus forned. The intrastromnal 4 /s then

i ntroduced into the circul ar channel. ' i se

and countercl ockwi se channel dissection neth a0 sing a

cl ockwi se and countercl ockwi se di s$eclOl § €m as di sclosed in
PCT/ US95/ 00063 entitled System 15 For Inserting Material Into
Corneal Stroma, which is hereby incorporated, herein.in its
entirety. The system generally includes a g?qgngHE;nd count ercl ockw se
channel dissector; a clockwi se and counterclo i se probe for inserting in
t he channel s and/dexermning the relative positions of the
channel

(e.g., if the channel s neet);/ﬁ cl ockwi se and
count ey, ¢kwi se channel comgectQr that may 20. éubtend an arc of
o 360[err] to connect the channels if thiy do\ not neet’

) f the connector \\n tYe | ower channel)y and cl ockwi se and

cq qfctor tha%gfquwb¢enﬁ\?nsgrc of about
.

FIG 64 Vi X

Fig. 6B
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to 510[err] for insertion into the |ower channel and connect the channels

If the chgy; connector does not acconplish th 25
Referring to |689so. 13-15, a further enbodi ment of the inveﬁ%‘f@ﬁ;ﬂ?@&ms
shown. In this enbodinent, intrastromal corneal ring 102"', which
preferably is construct 49V qaﬁerials as descri bed above with
respect to the exanple shown in Figs. 5 and 6, is provided with
nmul ti pl e cone angl es. That is, the intrastromal
corneal ring cone angle changes along the 30 circunferential -

direction thereof as shown in Fig 13. Cenerally speaking, the
intrastromal corneal ring has a first circunferential region having a first

cone angl e 18
WD 96/ 26690 : :
PCT/ US96/ 03078 . apd—AtEaEt=eng ot her region having a

cone angle that differs forn1s;’yﬁ :‘2,—hhhh__-§~ angl e. 1
In the exanple illustrated j a//—/‘.%':f=--:_---=~-:~~~s RN heal i%g
has four circunferential ;1?%2%24555'15 stinct.33=$=$§§§*\ Qi reunferenti al

regi on

(¥ : Q
) ) : .ll

100
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5 202 has a first cone angle as shown in Fig.15. Crcunferential

regi-on 202.is .- - . .. -.followed by a second circunferential region 204
havi ng a weeézsésgone angl e (Fi g. : 14) that subst ROT/USPE/Q30T8 f f er s
fromthe first cone angle. ﬁ $Tzrfntlal_region 206 foll ows
with a cone angle simlar to t hat ©f

gi-om QZ and regi on 208 has a cone
angle simlar to region 204. The intrastronal

configured 10 to substantially enov5 le
However, although a split ring
continuous or closed |loop as well as oth
can be used. The planes of Figs. 14 a
may not be in the sane pléne depengdi
ri-ng woul d not haye
Thi s enbodi nent is partlcular advant ageous for-treating
astigmatism (or astignastis curremt with erther myopia or hyperopia as
di scussed in the summar f the ntlon pra), which irs a condition
“whi ch occ when the pdrall g ays of light do not focus to a
single point wthi he eye, rat her have a variable focus
due to the fact,tdat the corneal cu dvaries in 20 di fferent
meri di ans. Accprdingly, the cone l’'e Maries ﬁm@ugh for treating this
indicatigpf is variation typica y range from about O 10" to 20, and
nor e typically fromaloi~3 to 20[err]. A region having one cone
angle typically may glbtend an arc nore than at | east 2. The cone

conﬂéal ring preferably is
ornea after insertion.
fguration i s shown, ‘
ring / configurations

15 are paralgg; but may or

g on the ring désign. A saddl e shaped
base lie in on gsofor exanple. 15

”

angl e transitions between regions may be abrupt or gradua
dependi ng on the desired cjrdnge to the corpeal shape In 25

addition, a saddle shap/gfrlng may be used?hg :|ngs havi ng nore
circunferential regions”or circunferential 6r§ns havi ng different shapes
or di mensi ofis than those shown. Rings having their centroida

axi s in one plane or their centroidal axis followi ng a saddle
shape al so are cont enpl at ed. . Modi fications of the -
above described nodes for carrying out the 30 i nvention that are

obvi ous to persons of skill in the fields of nedicine,

opht hal nol ogy, optoretry and/or related fields are |ntended to be within
the scope : 19




. VWO 96/ 26690

PCT/ US96/ 03078 . .. . of.the followng-claims. The clpgiEsosiishs |
speci fi c@losenésdoul d not be construed to unduly narrow the full scope.
.of protection to which the invention is entitled."
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.Cl ai ns 1. An intracorneal ring conprising a generally ring
shaped nenber having a cone angle selected such-that if a?cgﬁﬁggaﬂﬁg““”“"'
correspowdisaegeéot r acomeal comeal ring were superinmposed a rnsertion
Site in a cornea, the major axis of substantially any transverse
cross-section of the intracorneal corneal ring would not be parallel to a
line in the same plane as said axis and tangent to the anterior surface of
the cornea at the point where th@ 8i felthat bisects said major axis line, -
defined as the |line extending along said major axis and bounded by t’he
outer surface of the intraconeal corneal ring, and is perpendicular,
thereto intersects the anterior surface of the cornea. 2. An
intracorneal ring for inplantation in a cornea having an anterior surface,
said intracorneal comeal ring conprising a generally ring shaped nenber
havi ng a cone angle, an outer surface, a major axis for each radial,
transverse cross- section thereof and a major axis line for each said
cross-section, each major axis line defined as the Iine that extends al ong
a respective major axis and is bounded by the outer surface of said
generally ring shaped nenber, said cone angle being one that if an

i magi nary nenber having the sanme configuration, major axes and nmaj or axes
lines as said gemerally ring shaped menber were superinposed at an -
insertion site irysaid cornea prior to actual insertion of said generally
ring shaped nenbgg, the maj or axis of

i g
N by
H P
?
3 g
b3 K
Q -3
" 2
O -
‘_‘=" w
gz o
L £ 2\ ~
W ) S
: B DO A\ (\_,
o © !
£ g
e b v ~
o £ Y
u —
L i
L WO
o~
. v S A r———p——— T 4
o - O ? v w ?

(S“{“‘P) u01}1334109



. Substantially any radial, transverse cr oss-section of the i magi nary nenber

woul d not be parallel to a line in the sane plane as that poRjRbeigdoh$e and =~

t angent WO96R&nt eri or surface of the cornea at the point where a line,
.that bisects the major axis line and is perpendicular thereto, intersects
the anterior surface of the cornea.

21 3.  An intracorneal ring having a cone angle and a
center to center dianmeter, the{Qc8n¢ 4npl e Being outside the range of cone
angl es derivable fromthe follow ng equation: [err] Il = the
derived cone angle Derr].= dianeter of the intracorneal corneal ring
(center to center) Rlerr]=1initial corneal radius of curvature
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4. An intracorneal ring having a cone angle and a center to center
~dianeter, the cone angle being outside the range of cone angl es derivable

fromt hew q hNg equation: J[err] [err] = the dePCTA$96038@8 angl e
Dlerr]= draneter of the intracorneal corneal ring-(center to center)
Rlerr]=initial corneal radius of curvature, -Rlerr] = the expected

radi us of curvature change induced by the intraconeal corneal ring
thickness independent of cone angle for a given radial transverse cross-
sectignal shape of any intracorgegal ,corpeal ring. ‘
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5. An intracorneal corneal ring having a cone angle and a center to
center- dianeter (Dferr]), for a given R err] and d as defined bel ow, the
cone angl WO96i26690nonequal to the cone angl e descri bed accoP@IAEI6/300He
fol |l owi ng equati on: 1= sin[err] 1= the derived cone angl e;

Derr] = dianeter- of the intraconeal corneal ring (center to center, where
each center is at the mdpoint of the |line that extends across a radial,
transverse section of the intracorneal corneal ring and al ong the major
axi s of that section; RY{=1i mi ifl corneal radius of curvature; and
d = depth of the intraconeal conmeal fing in the cornea nmeasured radially
fromthe anterior surface of the cornea.

. "//////////////i/////// ”////////////”’\/////// v

Fig. 14 Fig. 15



23 , T e e i i ntraconeal cor Nt py .

havi’ ng a° cone angl e and a cent er to’ center . _ di aneter .
(Dert]), for a gi ven R[err] and d as defined bel ow, the cone angl e being
nonequal - . ) - the. cone ‘angl e . descr ing to the
fol | ow ng equatlon |l = 5|n[err]

deri v Sond ol oner et IRBRAATH

|ntracorneal corneal ri_ng (center to center Wher €
center is at the nidpoint of the line that extends across a radlal

transverse section-of the Clalms . ntrcorneal corneal ring and
along the nmajor axis of that section); : Rerr] =
initial corneal padi u§m

err]=
the initial radi us of cor%é%ﬂcurvgfﬁr% gongyn rgaShao?ede'gme?fr ring

i mpl ant at i on conmanglé kniedte&michﬂadlﬁmmgmmedespmdhghmﬁohwomﬁlmgor neal
corneal rin l-ant'at't on_wher,e the

det er m ned. g’%“eﬂ‘*’&WB‘ﬂ ’ttﬁ%“t,sﬁﬁt‘?ﬁgﬁf I, 6QrBea, fhemajor axis  of substanially any
i ntracor neahaﬁﬁfefhé&kod@is%dn*ﬁf@dﬁ&&cdrﬂé&@&ﬂ% @ingo\fvoﬂa Bt BSPArlld1 86 adind! VEN

radial, in the same plane as said axis and tangent to the anterior surface of the cornea at the
point whcre thc line that bxsects said major axis line, defined as the line extending along
 said major axis and bounded by the outer surface of the intracorneal comeal ring, and is
perpendicular, thereto intersects the anterior surface of the cornea.

2. An intracorneal ring for implantatien in a cornea having an anterior
surface, said intré.oorneal comeal ring comprising a generally ring shaped member
' having a cone anglc, an outer surface, a major axis for each radial, transverse cross-
‘section thereof and a major axis line for each said cross-section, each major axis line
defined as the line that extends along a respective major axis and is bounded by the
outer surface of said generally ring shaped membet, said cone angle being oné that if an
unagmary member having the same configuration, major axes and major axes lines as
said generally ring shaped member were superimposed at an insertion site in said cornea
priot to actual insertion of said generally ring shaped member, the major axis of
substanuaﬂy any radial, transverse cross-section of the imaginary member would not be
-pa.rallel to a line in the same plane as that major axis and tangent to the anterior surface
of the comea at the point where a line, that bisects the major axis line and is
perpendicular thereto, intersects the anterior surface of the cornea.
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_transverse cross-seeti-ondl shape of any |ntracorneal corre '
d ='depth of the int acorneal corneal. ring in the cornea rreasured raﬁl al I y

) et azammmnﬂn\uwm and 2

center to center 'di ameter, the cone angl-e being sel éctéd 'so " hat for. a
given Dierr]; Rerr];-d and/or -Rerr]J, t he cone angl e dlffers fromthat
derivabl e from 'at 1 east one of the foI I OWI ng equat i ons:

30 - An intracorneal nng havmg acone angle and a center to center diameter,
the conc angle bemg outside the range of cone angles denvable from the followmg

equatlon o
8 =si "[—‘-“-] , where

| . m R, |

= the derived cope angle .
D, = diameter of the intracorneal corneal ring (center to center)

R; = initial corneal radius of curvature.

4. An intracorneal ring having a cone angle and a center to centes
diameter, the cone angle being outside the range of cone angles derivable from the
. following equation:

0 = sin™ [ . D. ] , where
2(Ri + lARtl)

I1= the derived cope angie

D,, = diameter of the intracomeal corneal ring (center to center)

R, ="Iinitial corneal radius of curvature.

—R, = the expected radius of curvature change induced by the intracorneal

corneal ring thickness independent of cone angle for a given radial transverse cross-
sectignal shape of any intracorneal corneal ring.

22
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.a) [err} srn[err] " b) [err]—srn [err]

-1l = [err] or - "~ d) Il =sin[err] , where _ =
t he derrved cone angl e; ' D[err]— di amet er of Lhe_r_nie—r—aeﬁr‘near""
corneal ring (center to center); R[err] = initial ¢

€urvat ure; - R[err] = the initial radius of cor ﬂim\mgﬂmr or

to-intracorneal corneal ring .|nplantat|on m nus the f

corneal curvature after intracorneal corneal ring inplantatron where the
-Rlerr] i'sdeterni ned-based. only.on the change induced by the intracorneal
corneal ring thickness independent of cone angle for a given radial,
transverse cross-sectional -shape of any intracorneal corneal ring; and -

d = depth of theg.int rmme@xhea%ﬂeallnﬂgmmgmdoheasgréaﬂ&aw%nfeadl ally
from t he ant err or  surface-of the ‘tornea. An i ntracor neal

cor neal r| @véeﬁ#%”qﬂrﬂiwﬂﬁ@sémméhﬁ@péanﬂﬁrhﬁlngrnm%Meal

cor neal gmﬁ #gc mﬁ S g. nul ti pl e cone angl es.
. The [lg?racor ea corne 360 OP g&N rer n the i ntracorneal

cor neal ring cone angle changes . aI o_rirg th®°g| rgunferential direction of the
i ntracorneal - corneal ring. —Z(Rr ) e

1= the derived cone angle; -
D, = diameter of the intracorneal corneal ring (center to center, where each
_ center is at the mxdpomt of the line that extends across a radial, transverse section of the
: mlracorneal comeal ring and anng the major axis of that section;
R; = initial corncal radius of curvature; and
d =depth of the intracomeal comeal ring in the cornea measured radially from
the anteriqr surface of the cornea. :

23
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10.. The i ntracorneal cerneal ring of"cl ai.m 8 wherei.n the intracorneal
corneal' ring has a fi rst ci rcumc erential region-having a first cone angle

and-at | east one other region having a cone angle tha%—d1—H—e~|Ls——f—eFm—sa4—d—' '

first cone angle. "11. . The intraconeal “cor ne rin ai .
wherein the intracorneal corneal. ring has a split ring ﬂ“ﬂ"lu l”ul

12. The |ntracorneal ri.ng of cla|m8 wherein the |ntr
conf igured to substantialiy encircle the cornea after insertion.
13. The intracorneal ring of claim@8 wherein said angles sufficiently

differ for treatgng aahllﬂmbn&almn@lﬂumwsooneangleand a cbdter to dember-
I ntracorneal ring of -clai.m 13.wherein said angles differ fromone
diameter (Dcc), for a'given R; and d as defined below, the cone angle being nonequal to
the ooqe_ anglc descnbec_l according to the following equation: '
D
2(R; =) +[AR ]

= the derived cone angle;

PR S T

D = diameter of the intracorneal comeal ring (center to center where each
‘center is at the i_nidpoint of the line that extends across a radial, transverse section of the
intracorneal oomeal ring and aidng the major axis of that section);
R; = initial corneal radius of curvature;
~R, = the initial radius of comeal curvature prior to infracorneal comeal ring
implantation minus the final radius of corneal curvature after intracorneal corneal ring
. implantation where the —Rq is determined based only on the change induced by the
intracorncal corneal ring thickness independent of cone angle for a given radial,
transverse cross-sectional shape of any intracorneal corneal ring; and:
| d = depth of the intracorneal comeal ring in the cornea measured radially from
the anterior surface of the cornea. | |

24




anot her - by .about” O[err] 10' "t o about 20[err] IR 1%

A k|t for
pPOVIdIng refractive correction |nplants conpr|S|ng a set of i ntracor neal
corneal rings, a number of "said rings having the sa 'hg

cone angl es di ffering fromthat of one another by at Ieastw i‘!ﬂ

16. The kit of - clai m 15.wherein said kit includes f‘“ﬂl
rings, said first ring ‘having a cone angle of. at Ieas

third
t of

said second ring, ‘and said third ring haV|ng a cone angle at Ieast 1 -
greater than: that of said second rlng

15 wherein said I pcludes first, second and h|rd r S aid first
ring. having a co e ang'tl intacogal Hinghaving r?.ng*? %‘%S@%d ring,

and sai d: t

of said secon

cone angle dlffcrs from that derivable from at least one of the followmg equations:

a) 0= [;)R,];

b) 0=sin" [ﬁl—gm]

D
0 et | mes fior
Dec
2(R, -d)+|AR I
- TI= the derived cone angle;
D¢ = diameter of the intracorneal comeal ring (center to center);
R; = initial comeal radius of curvaxuret _
~R¢ = the initial radius of coméa.l curvature prior to intracorneal corneal ring

d) = sin’ [ ], where

implantation minus the final radius of corneal curvature after intracorneal corneal ring
implantation where the ~R, is determined based only on the change induced by the
intracorneal corneal ring thickness independent of cone angle for a given radial,
transverse cross-sectional shape of any intracorneal corneal ring; and
d = depth of the intracomeal corneal ring in the cornea measured radially from
.the a;terior surface of the cornea.

8. An intracorneal corneal ring for insertion into the cornea of an cye, said

intracorneal corneal ring comprising a biocompatible ring having multiple cone angles.
9. The intracorneal corneal ring of claim 8 wherein the intracorneal

corneal ring cone angle changes along the circumferential direction of the intracorneal

corneal ring.

25
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18 The k|t of cla|n115 mhereln sald k|t i ncludes first, second and third
rings, ‘said first ring having a cone angle at least 3 less-than that of
said second ring, and said third Ting haV|ng a cone angle-at 1east 3[err]
greater ‘than that of said second ring.. : ~i9~———lhe—ktt_ei_cla|n115
wherein all of said rlngs have the sane di ameter. . A net hod
for selecti ng an intracorneal. ring for providing Jﬂﬂgﬂ" ﬂmumE I.on of
an eye conprising selecting an intracorneal ring e and
confi gured for insertion into a patient's cornea, the cone ang e "of "t he
ri ng being unequal to the cone angle descrlbed according to the foll ow ng

equat i on: [err] = S|n[err| wher e
Il = the deri ved lﬂone 'ﬂlcghmacomeal com@}emg]otchllmmmremﬂhe cor neal

corneal ring (cent er to enter) nitial rne radi us of
curvature.  ©0 %IS b?cg&'l Lﬁ hcqnﬁf%ﬂgﬁéﬁ\dr?ékasﬁf@% for
provi ding rel | %gﬁtl ng an

i ntracor neal w&#ﬁﬁ ﬁ@&ae‘:@% &Pe an con {dg%lrse nsertion into a

patient's cornea, the cone angle. of the Ting bei ng unequal to the cone

angl e descri bed morceiihe%nto the fomm(i gqu&sgﬁlgﬂgﬁ{th@emﬁmmeal
Ej?;nlet_efl 2][ ZLée,aiHBé%ﬁQEQﬁﬁlnfg%dﬁﬁﬁﬁraﬁbﬂg (center to center) Aerrl=

12.  The intracorneal ring of claim 8 wherein the intracorneal ring is
configured to substantially encircle the comea after insertion.

13.  The intracomeal ring of claim 8 wherein said angles sufficiently differ
" for treating astigmatism in a human eye.

14.  The intracomeal ring of elaim 13 wherein said angles differ from one
another by about Q° 10’ to about 20°.

15.  AKit for providing refractive correction implants comprising a set of
intracorneal corneal rings, a number of said rings having the same diameter and
having cone angles differing from that of one another by at Jeast one degree.

16.  The kit of claim 15 wherein said kit includes first, second and third
rings, said first ring having a cone angle of at least 1° less than that of said second
ring, and said third ring having a cone angle at least 1° greater than that of said
second ring. | '

17.  The kit of claim 15 wherein said kit includes first, second and third
rings, said first ring having a cone angle at least 2° less than that of said second ring,

26




'27 SRR A R[err]— initial: cor neal radr us of curvature

leerr]— the expect ed radius of curvature change i nduced by the

i ntracorneal corneal ring thickness independént of cone angie for—a given
radial transverse cross- sectional shape of any. int ring
22. - A method for selecting an intracorneal ring meﬂ[mm ,Hﬂ mactrve
correction .of -an eye conprising selecting an intracofneal ui g

cone angl e and being configured for insertion innto a patient's cornea t he
cone angle of the ring berng unequal to t he cone angle descrrbed accordi ng

to the follow ng equation: : - I—_srn[err]
where - andsar&msmgbwgm@neemgleeaﬂeastr gregfe than-thatiof seidsecard t he

i ntraconeal .ring (center to center, where each center is at the m dpoint of
the Irne th%tng'extends across a radfi-al_, ‘transverse section of the

18. The kit of claim 15 wherein said kit includes first, second and third
rings, said first ring having a cone angle at least 3° less than that of said second ring,
and said third ring having a cone angle at least 39 greater than that of said second

19.  The kit of claim 15 wherein all of said rings have the same diameter.

20. A method for sclecting an intracorneal ring for providing refractive
correction of an eye comprising seleeting an intracorneal ring having a cone angle and
- configured for insertion into a patient’s cornea, the cone angle of the ring being unequat

to the cone angle described according to the following equation:

D,
0= sin"[ ] where
IR,

IT1= the derived cone angle
D, = diameter of the intracorneal corneal ring (center to center)
R, = initial corneal radius of curvature.

21. A mecthod for selecting an infracorneal ring for providing refractive
correction of an eye comprising selecting an intracorneal ring having a cone angle and
configured for insertion into a patient’s cornea, the cone angle of the ring being unequal
to the cone angle described according to the following equation:

0 = sin” [2(&+|AR,|)] where

I1= derived cone angle
D, = diameter of the intracorneal corneal ring (center to center)
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i-ntracorneal -Ting and al'eng-the .maj or ‘axi s of that ,section); Rl-err]
=-initial corneal radius of curvature neasured along the anterior corneal
surface of said cornea; and d the selected_depth of the
intracorneal ring in the cornea neasured radially fromthe anterior surface
of the cornea to the nmidpoint of a radial |ine exter'mum]ﬂﬂlmm"u ’eargest
radi al di nension of said radial, transverse section m

23. A nmet hod for selecti ng' an intracorneal ring for pfovtdihg Yefrractive
correction of ~an eye conpr|S|ng selectlng an i ntracor neal r|ng havi ng a
cone angl e and bejpng i ‘?ﬁ%{ on into a patient's cornea, the
cone angle of the Ying berng unequa? € cone angl e described according
to the follow ng €Rysttheexpected radius of curvature change mducddlby the irkteaconeal

wher e | I = descri'bed_cone angle; 28 - Derr] =
di anet er of wﬂm&h&s@s indepepdentcaficone argle farragivenradial tapsverserreds-i s at

t he m dpoi nt a radial, transverse section
Lhe poP se%&oﬁaﬁ%hiﬂerlﬁawwfn@a%r&afﬂﬁé _

=

22. A method for selcctmg an mtracorneal ring for promdmg refractive
correcuon of an eye comprising selecting an intracorneal ring havmg a cone angle and
being configured for insertion into a patient’s cornea, the cone angle of the ring being
unequal to the cone angle described according to the fo_llowmg equation:

If= described c_:dne angle;

Dq. = diameter of the intracorneal ring (center to center, where each center is at
the midpoint of the line that extends across a radial, transverse section of the
intracorneal ring and along the major axis of that section);

Rl initial corneal radius of curvature measured along the anterior comeal
surface of said cornea; and

d = the selected depth of the intracorneal ring in the comea measured radially
from the anterior surface of the cornea to the midpoint of a radial line extending across
the largest radial dimension of said radial, transverse section and bounded thereby.

-~

23. A method for selecting an intracorneal ring for providing refractive
correction of an eye comprising selecting an intracorneal ring having a cone angle and
being configured for insertion into a patient’s cornea, the cone angle of the ring being

* unequal to the cone angle described according to the following equation:
Dec
2[(R, —d)+|AR,|)

1= sin™ , Where

IT= described cone angle;
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intracorneal - ring and al ong the major axis of that section); " Rlerr]

=-initial corneal radius of curvature neasured along the anterjor corneal

surface of said conea;, . -Rlerr] = the |n|L_gL_LadLus—e¢—eefﬁea
curvature prior to intracorneal ring inplantation mnus the fi di us of
corneal curvature after i-ptracorneal ring |nplantatlnn‘ ﬂﬁ‘“ﬁﬂ

det er ni ned based onfy on ‘the change induced by the

t hi ckness i ndependent. of cone: angle for a given radi al , transverse
cross-sectional shape of -any intracorneal ring; and = t he

rom the anter e Aol of R RERorpdal Bt bt C”*LE%%%‘E?%%' flite
ext endi ng Wxﬁhipoidnefﬂﬁrlgeshatlem& aodmssnmdlﬂntraﬂsvme sectiadofithe transver se
section ang tPa%grr}zd rngghaend a?gng the major axis of that sect!on),
" Ry=initial comeal radius of curvature measured along the anterior corneal
surfaccofsmdcomea

- R. the initiat radius of comneal curvature prior to intracorneal ring

implantation minus the final radius of corneal curvature after intracorneal ring
implantation where the -R; is determined based only on the change induced by the
intracomeal ring thickness indcpeﬁdcnt of cone angle for a given radial, transverse
cross-sectional shape of any intracomneal ring; and

d = the selected depth of the intracorneal ring in the cornea measurcd radially
from the anterior surface of the cornea to the midpoint of a radial line extending across
the largest radial dimension of said radial, transverse section and bounded thereby.
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| (§7) Abstract

A device (102, 102a, 102b, 102°°*) for
refractive correction of the eye in order to
improve the vision of the eye is disclosed.
The device is an intrastromal comeal ring
where the cone angle "N".(8) is varied
according to the desired change in corneal
refractive properties. That is, the cone angle
is selected to effect a desired change in
refractive comrection of the eye.
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