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5 METHOD. FOR . C::O!UlEAL "CURVATURE VARIATION_ 

Description 

Technical Field 

-This· invention is in the-general field of 
10 medical technology and rela~es specifically to a 

· method for varying corneal curvature in order to 
correct ·vision problems. 

·.Background 

15 Anomalies in the shape of the eye can cause 
visual disorders._ Hypero:Pia occurs when the eyeball 
is· too short~ In suc_h a case, parallel rays from 
greater th~n 2 O ·.feet ;focus l:>ehind the· reti~a. Myopia;. 

.. . on the . other. hand o.ccurs when the . eyebal 1 is. too long 7 
. 20 . · The foc~s : of J?al:"allel. rays in this -case is in front of 

the· retina. Astigmatism is a condition in whi~h the 
parallel rays of light do not come to a sinc;J"le point, 
-but rather have a·variable focus due to the ~act that 
the corne"a is aspherical and ·refracts iight in a 

25 · dif f.erent meridian at dif.ferent distances. Some 

.degree.of astigmatism is normal, but where it is too 
·high, it must often be.corrected. 

Hyperopia,· myopia and astigmatism are 
us;ually corr~cted by glasses or contact lenses. 

·. 30 suigical metllods. for the correction. of such disorders. 
have been cited in the literature and include r~dial 
keratotomy (see e~g. U.S. Patents Nos. 4,815,463 and 

._ 4,688,570) and laser corneal_ oblation· (see e.g. u.s. 
Patent No. 4,941,093). Further, th~ general method_ of 

35 ·implanting rings in _the corneal stromato change the· 
curvature of the cornea i$ .known. Previous work · 
involving the implantation of polymethylmetha.crylate 

.. 
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(PMMA) rings, allograft. c;:ornea],. tissue and nydrogels: 

. is well documented. one of the ring devices involves 

a ring design that allows a split·rin9 to. be inserted 

into a ch~nnel dissect,ed in the stromal layer of the 

5 .. · .. cornea .using a minimally inyasive ·incisio.n through 

.which th~ channel forthF: implal)t is created.and 

10 

.. 15· 

.. through· which the implant is inserted and adjusted. 

· Adjustment of the device· normally involves an 

.adjustment or rim]. size or diam.eter. 
u. s. Patent ·No. 4, 452·, ·235, which is herein 

incorporated by reference in i:ts entirety, describes a 

metho.d and apparatus for corneal curvature adjustment. 

The method.involves inserting one end or a split end 

adjusting_ ring into the cornea of the eye and moving· 

the ring in a circular p~th until its .ends meet.-·· Th,e 

ends are therea!te~ adjustedrelativeto each other 

ullti l the shape ot the. eye has ass_umed a desired . 

~urva·ture ~hereupon the ends. are fixedly at'tached to 

maintain the desired cu~vature of the cornea .. 

. 2 o . · The . present invention des er i:bes a method 

. 25 

. that allows for the re~ractlve correction of the . eye 

wherein the curvature of the cornea is changed by 

inserting rings or varying thickness into the corneal 

stroma . 

Disclosure· of the Invention 

one aspect o! the. invention .is a method for 

· ... refractive cor~ection ol an eye for the purpose · of 

·improving the visiQn of the eye withou't adversely ·. 

30 affecting.its natural ·asphericity. The· amount of· 

_correction necessary: !OZ'. improving· the. vision of the 

~ye 'is determined.· Next; an intrastromal corneal ring 

(ICR.) of a _thickness :that will provide the determined. . . . . 

amount ot· refract;Lve correction is selected from a 

35 .. plurality-· of rings ~f _varying thickness. Finally, the 

ri119 is ins.erted into the qorneal 15troma of the eye • 
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A second aspect o~ the ~nvention is a method 
for correcting my·opia in the human eye. ·.· The amount of 
refractive.correction necessary for correcting the 
myopia is aete:tmin~d. Next, .an ICR of a thickness 

5 that will pr~vide the det~rmi~ed ·amount· of refractive 
·.correction.is SA1Acted from.a plurality.of ring:;i Of 

:varyinq thickness. Finalll;', .the rinq i~ inserted into . . . . . ' . . . 
the corneal stroma of the eye. 

A.further aspect· of the invention is a 
10 method for alleviating exc.assive as:tiqma:tism in the 

human·eye. The amount of refractive correction 
necessary £.or alleviating the excessive astiqmatism is 
determined.· Next, an ICR of. a thickness.that will 
provide the determined amount of refractive correct.ion· 

1s· is selected from a plurality of rings of varying 
thickness. Finally, the ring is inserted into the 
corneal stroma of the · eye •. 

. Brief pescriptiop of the Drawings 

Figure l is a schematic representation of a 
2 o hori2orital s~c::tion of the eye •. 

. Fiqure 2 is a-schematic illustraticin of the 
anterior portion_ of_ the eye showing 1;he various layer~­

.of ~he·corne~. 
· Fiqure 3 is a schematic representation or a 

25 normal eye. 

. 30 

Figure 4 is a schamatie representation of. 
myopic eye. 

· Fi9ure SA is a pl.an ·view of: an lCR O.f the 
invention. 

Figure 5B is an cross sectional . of .view an 
ICR of the "invention. 

Fi9ure 6 shows· the ·effect o:f ICR thickness 
on. refract·ion~ 

a 

Figures 7A, 7B, 7C anq 7D show the change in 
35 asphericity, when an ICR is implanted into· a cadaver · 

eye. 
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Like.·elements in the drawings bear the same 

reference numerals. 

Modes for carrying out the Invention 
s . Figure l shows D horizontal section o! the 

eye with the 9lobe 11 of. the eye resembling_ a sphere 
with-an anterior.bulqed spheri~al portion representing 
the cornea 12. 

· The .qlobe · 11 of the eyC!! . consists of three 
10 · concentric;:· coverings •ncl,os·ing the various transparent 

· mecUa. through which . th_e light must pass be~ore 
.··reaching' the· sensitive retina lS •. ·The outermost 

covering is a fibrous protective portion the posterior 
five-sixths of.which is White and opaque_ and called 

15 the ;:sclera 13, and sometimes referred to as .the white 
. of the eye :Where visible to the fro_nt. . The anterior 
one-sixth of this outer layer .is the transparent 

cornea 12 • 

A middle.covering is mainiy vascular and 
20. ·nutritive in function. and .is comprised of the choroid· 

1.4, ciliary body 1·6 and iris· 17. . The choroid 14 

.. generally functions to maintain the retina lB ~ The 

· ciliary body· 16 is involved in suspendinq the lens 21 
and accommodation of the ··1ens.. .The. iris 17. is. the 

·. 25 most· anterior portion of· the middle covering. of the 
eye and_ is arranged in a.·trontal plane. It· is a: -thfn 
circular disc•- corresponding to the diaphragm of a . .. .·.· . . . . 

camera, .. and. is perfora:ted near· its center by a 
cir.cular•aperture called the pupil 19. The size of 

30 the p~pil va,ries to requlate the.amount Cf light Which 
reaches 1;he retina 18 •. It contracts also to 

· ·.· acco~odation, ·which . serve~ to sharpen the f oc~s by .. 
diminishing. spherical aberration. ·The iris 17 divides· 
tne space ~etwee:rtthe cornea .12 and the lens 21 into . . . . . . 

3-S · _an anterior -~hamber 22 and posterior chamber 23.. The 
innermost portion of coverinc; is the retin.a 1a; . 
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consisting Of nerve··'elements Which· form the true 
rec·epti ve portion for visual iinJ;>ressi.ons. . 

. . The retina 18 . is .a part· of the brain arising 
· as an outgrowth from th_e fore-brain·,. with the optic 

5 · ·. nerve 24· serving as a· fiber tract connectinq the. 
~eti"n~ part.6f:the brain with the fore-hra~n. A layer 
of 'rods and ·:cc:mes,· lying·· just ·beneath a pigmented 
epi·thelium on the anterior wall of the retina serve as 

·visual cells or photoreceptors which.transform. . . : ·' 

10 physical energy (light) into ·nerve impulses •. 

15. 

·Th.e vi1:reous ·.body .26 is a .transparent . . 

. gelatinous mass which fills the posterior four-fifthli 
of the globe, 11• At its s-ides it supports the c.iliary . . ., 
body 16 and the retina ·1a. .A :frontal saucer-shaped . . . . . 

· depression houses the· lens •. 
The.lens 21 of the eye is a.transparent bi-. . . . . . . . . . 

convex body· of crystalline. appearance placed between · 
the ·iris· 17 and vi't;reous body 2_6. Its axial diameter 
varies markedly with accomm.odat-ion. A ciiiary zonule. 

20 27, consis~inq of .transparent f.ibe_rs passing betwee~ . 
th~ _ciliary ·body 16 and lens 21 servcu: to hol.d the 

. lens 21 .. in position and enab.les the ciliary muscle to 
act on·1t~ 

. .Ref err.:i,.nq aqain. to .tho eo~noa 12, t:his 
25: o~terltlost :fibrous transparent coating resemb~es a 

wcitch qlass. Its cur\rature is·$omewhat gJ:"eater than 
. the rest of the globe_.an:d is ideally spherical in 
· .. nature. However, often i·t. is more curved in . one 
m~ridian than_ .~nother giving rise to astigmatism. A 

30. central third of the. cornea is called the optical zone 
_with a sliqht flattening_t,akin9-place outwardly 
·ther_eof as the cornea thickens. towards its. periphe:ry. 

35 

Most of the refraction of the eye takes place_ through 
the, cornea • 

. Referring to Figure 2, a more detailed 
drawing of the ~nterior portion of the. 9lobe shows the 
various layers of the cornea.12 comprising an 
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epith~l~um 3~ •. Epithelial cells.on the surface 
· thereof .·function -to :mainta-in transparency of the ·· 
cornea 12. · These ~pithelial cells are rich in 

·9lyco9en, enz)':me:s and acetylcholine and thQir activity 
·. 5 ·regulates th~ corneal corpuscles ·and ·controls the 

·transport of water and electr9lytes through the 
. . . lamellae of the . stroma 3.2 •of the cornea 12. 

An anterior l_imit1ng lamina 33, referred to .as :Bo~an's meinbraneorlayer, is positioned between 
l.O .. the .epit}).~1ium 31. a~d the stroma.· 32 of the cornea •. . . ~ . 

The stroma 32 .is CCJllprised Of lamella. havin9 bands O·f · 
.fibrils par~llel to each othe.r and crossing the whole· 
of the.· cornea. Wh~le most of the fibrous. bands are . 
parallel.to the surface, some are oblique, especially . .• . .· ; . . . 1·s anteriorly. ·.A postf!rior limiting. lamina 34 is· 

20 

25 

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 

.1~yer of the. cornea· and c:~nsists of a single . layer of 
cells •. The limbus· .37 is the .transition ·zone between 

.. · the conjunctiva 38 and sclera l3 on the one hand and 
· the cornea 12: on the other • 

. Fi.gure, 3 shows the globe of the eye having a 
co.rnea 12 with a normal CU?".Vature 41. If parallel 
rays .of li:ght pass thro"1gh the corneal surf ace of 
Figure 3 1 they. are refracted by the corneal $Urfaces 
to converge. eventually near the retina of the eye. 
The diagram of Figure 3.disc~unts, for the pur.poses of 

30 · this discussion, the refractive effect of the lens or 
other portions of the eye. The eye depicted in Figure 
4 is myopic. ·The corneal curvature 43 causes the 
light rays to refr~ct into focus at a point in the 
vitreous body.which.is short ~f the.retinal .surface. 

35 If an ICR 1s implanted into the cho?".d of the cornea 
such that the racUus of curvature of the cornea is 
unifor~ly increased, the central curvature of the 
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cornea.is fl~tten•d· Light rilys refracted by the now . 
. ·flattened -corneal j!;urface will be refracted at. a 

smaller angle and thus converge at a more di.s.tant 
point su.ch; as direct;.ly on t}le retina. 

5 The ·method·of the present invention is 
concerned with· a system- for adjusting a.n ··annular ·chord 

.. of ·the cornea to ·increase the. radius of -curva.ture ·or 
the corriea_without adverseiy affecting its nat\lral 
·asphericity •. Where there is .serious asti.gmatism, the 

:io · natura1·asphericity will not be altered such that the 
astigmati$m will be .siqnificantly increal!led. However, . . 

. . where there is significant astigmatism that resu~ts in· 
impaired· vision, _the methqd of the invention may: . 
actually i~prove the asphericity to reduce such . . . ' . . . 

i·s asti~atism and· improve vision. Referring to F~gure 

20 

2, an intrastromal corneal·ring (lCR) 47, having a 
cross. sectional shape as &hown in Figure 5B is shown. 
implanted ·in tha stromal layer of the cornea.. By 
selecting the thickness of the ring according to tbe 
amount of correction necessary_, the rays ·re·fracted by 
the_cornea and.other .eye .co~ponents can be brouqht to 
focus di;re_ctly on · the retina 18. The thick.ness .of the 
ring may be between ·o.os mm and o •. 60 mm. such. a ring 
placed ,approximately at tl'le. ·8. mm· chord of the cornea 

25 pro~ides a Dieans·for ~inq such a corrective 
adjustment .. 

. . . . . Figure 51\ shows.apre:t~rred·J:cR of the 
invention. ·The ICR ls comprif;ed of a generally 
·circul~r member having split end portions. The ring 

30 is comprised of a material which has_su:fficiept 
stiffness to maintain ·its ·ge:riera;Lly circular shape. .. 

,· 
. The material should. have properties that render -~ t 

. phys~o1ogically compatible ~ith the tissue of the 
cornea. An illustrative material i~.a. plastic type 

.35 mat~rial .sold under the trade :name of PLEXIG~~sn', 
however many o:ther. biocompatible pol.ymers are useful 
in the invention. The cross sectional shape of the 
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rinqs i,s.that of Figure SB and is generally 
climensioned·tq be about l mm from point to_ point· 
(dimension x)· .and from about 0.05 mm to o •. 60 mm in 
thickness (dimension y). 

5 Even.where the eye is not myopic, the.method 

of the present invention may ~e us~ful to alleviate 
excessive ·astigmatism.· 

In the ·method· of the -invention, .the 
physician will-determine.the.amount- of corr.eetive. 

10. · refractl.on.necessary toimprove a patient's vision . 
. From the de.termination of nec~ssary·· corrective 
refraction, the physician w.ill choose an ICR from a 
panel of ICRs of varying thickness~ A typical panel 
of ICRs will consist of .5 ICRs with the following 

lS thicl(ne·sses! 0.25 mm, 0.30 mm, Q.35 mm, 0.40 mm and 

0.45 mm. The. corr·ective re~raction for those ICRs arQ 
·as. follows: ·· between._ 1. o and 2. o· diopters for the o. 25 

mm ICR,·between.2.0 and 4.0 diopters for the 0.30 mm 
ICR, between 4.0 and·s.o·diopters for the o.3.5 mm ICR, 

20 between 6.0 an~ lo.o·diopters for the 0.40 mm ICR, and 

:between a.o· and 15.0 diopters for the 0.45 mm ICR. It 

should be noted that these values are for ·ICRs. of 
cro~s sectional shape shown in_Figu~e SB.· ·The amount 
.of. corrective refraction for the various thickl'.lesses . 

. 25 · of ICRs ·of d.ifferent cross sectional shaped rings. may 
dif:fer from those values. 

. . . 

After the physician has selected the 
appropriate. ICRi he/she. will proceed to insert the. ICR 

into the cor.neal stroma. of the eye. The ICR is 
JO inserted tnrougha 2.5 mm obliqtie keratotomyincision 

_placed. peripherally into the corneal stroma. . Prior to . 

rinq insertion, ·a channeling ~lade is inserted at_the 
. depth of 'the incision and a circular channel is cut 

into the co;rneal stroma.. PropeX' c~ntering of the cut 
. . . 

. 35. is· accon).plished by use of a centering device -1:hat 

aliqns the channeling· blade. · The ring is then . 
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. inserted and. the ends are secured ·by fastenin·g one · end 
to ·the other.·· 

The following ex~ples.are intended to 
further illustrate but ·not to limit the invention in 

5 any manner. 

·Example 1 
In order to .~efine the corneal.topography 

• that .results frem the .ICR thickness effe·ct, ICR' s of.· • 

• • I•. 1 o o. 26 ~ ·o. 31, o. 3 6 , o. 41 and O. 4 G . mm . thickness were · ·. . . : . . . . 

implanted into datu]:'gesced ·ca.daver eyes. The average · 
spherical rl(ldii of curvature were measured us.ing a 

.. Keramatrics c.lass II corneal surface Analy2er which . . . . . . 

uses. laser. holographic. intel:'.:feromet~y to measure 
15 corneal topography. 'l'he results of this stuay are·. 

shoWn. in· Figure. 6 •... Excluding the data from .the 0.41 

20 

. ICR wh.er.ein an . air ·bubble· Artifact was discovered,. the 
corneal flattening relatio~hip is approximately 
linear. That is, there is approximately .1 .diopter of· 
flatteninq for each 0.02.lUJD. increase in ICR thickness 
forthe given ranqe of ICR z:iizes. 

Example 2 
In· .. C?rder to determine· the ·effect of. rc:R' s ·on 

· 25 ·the natural · as:.pher.icity of the cornea,.· the corneal 
topography of an eye·was measured before and after ICR ' 

' i:n;tplantation ·Using the K.erametrics Class II Corneal · .· 
surface. Analyzer. 'The Analyze~ 1lses laser holographic 
inter.f erometry to mel!UiiUre corneal topography.. The 

• 3 0 results of these mea.su.J:emen,ts are 'l?resented' in .uni ts 
. of waves of. deviat,ion from spherica.l in Figures· 7A, 

7B, 7Ct: and 7D :for a.n ~CR ot·0.30 mm thiekness. These 
curve$ exaggerate the topographical deviations from·a 
~pherical surface yet measure the.entire corneal 

35 surface to a high d'eqree ot accuracy. The measurement of the cornea before and· after.implantation of the ICR 
·indicates that the natural asphericity of the cornea 
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is. not etimin.ated and that the central portion of· the 

cornea becomes more symmetrical. as .indicated by the 
profiles measured at 0 degrees (the top. of. the cornea.) 

·and a point 9 0 deqrees. removed.· F iq\lres 7 A and 7 B 
5 show the .cornea ·of· a cadaver prior to !CR 

implantation.· Figures 7C and 70 show the same cornea 
after implantation of an :ICR of·o.Jomm.thickness. 

EXample · 3· 

10· ·· .Four human patients wer.e implanted witt\ o. 30 

·mm..intrastromal.corneal rings. The visions of the 

patients prior to surgery were measured to be: 20/400, 

· 20/400 ,· 20/200 , and 20/400.. TWelve hours .following 
surqerY: the visions had .improved to 20/15, 20/30·, 

. 15 20/40, and 20/30. There was· no serious trauma to the 

20 

25 

.Jo 

35 

.. 
eyes of any of .th"e four patients. 

·Modifications of .the above described modes 
for carrying out th~ invention that are obvious to 

persons of skill in the fields of medicine, 
ophtha.lmoloqy, . Qptometry and/or related fields ·are 
intended to be w.ithin the scope of the following 
claims. 

• 
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ciaims 
1. A method for refractive· correction of 

an eye for the purpose of i:inproviriq tha vision. o~ said 
eye without adversely affecting.its.natural 

5 asp~e:ricity, said m,ethodcomprising: 
. (a) determining ·an. amount -of retracti ye 

correction-necessary-for.improved vision· in said eye; 
(b) providing a' plurality of intrastromal 

corneal rings (I_CRs) of varying thickness; 
10 (c) selectinq from :sa.!d. ·plurality of ICR.s 

15 

. I 

an ICR of a.thickness that.provides said. amount of 

refractive.co~rection; and 
. ( d) in~ertinq the ~elected ICR . into the 

corneal stroma of said eye. 

2~· The mettiod of claim-1 wherein t.he 

:tllic:kness .of .the ICR'. l~ betwee.n o.Qs and 0.60 mm. 

3 • The method of claim 1 wherein the 

20. ref.ractive cor~ection iE? betweeri 1.0 and 1s.o· 

diopters. 

4 • The method of claim 1 wherein ·· the • 

refractive correction is between 1.0 and 2.0 diopters 

25 and the.ICR is 0.25: mm thick. 

30 

35 

5. The methOd Of claim 1 wherein the 

refractive.correct.ion is bet~een 2.0 and 4.0 diopters 
. and. tile ICR is o.30 ·~ thiclc. 

6. The method of claim l wherein the 

. refractiye cprrection is betwee_n 4. o and a. o diopters 

and the ICR is ·0~35 mm thiek. 

7. The method of claim l wherein the 
refractive correction is between 6.o a.;nd l.o.o diopters 
and th$ :ICR is 0. 40. mm thick. -------'-------

111111111111111111111111111111 li i1ii1irlii 
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a. 'l'he method of claim 1 wherein the 
refractive correction is b~tween s·. o and 15.0 d'i?pters 
and the ICR is.~.45 ·m,m thick. 

· 9.. ·.A· metho~ .·for correcting myopia in a 
hl,l.Jllan eye., s·ai~ method ·. CC)mpris.:i.ng: 

.· .. (a) · determining an amount o·f refractive 
_c~rrection necessary.to ~orrect.said·myopia; 

{b) pr9viding a plurality of intrastromal 
10 . corneal ·rl.ngs (ICRs) O·f varying thickness j' . 

(c) ·.selecting from. said plurality. of ICRs . . . ·. 
an ICR of a thickneS:!$ that provides said amount of 
refractive corre~tion; and 

·. (d) .inserting: the selectec:i .. ICR into the 
1s· corneal'stroma of the eye. 

20 .• 

10. The method of claim 9 wherein the 
thickness of· the ICR is between o.os ~nd. 0.60 mm. 

11. The method of claim 9 wherein ·the 
·· refractive·· correction is .. between l •. o and 18. o 
···diopters. . · 

12. The metho~ · of claim 9 wherein the· 
'2~ ' .refractive correction is betwe~n 1. 0 and 2. 0 diopters 

arid the ICR is 0.25 mm thicK~ 

. 13. ·The method of claim 9 wherein the 
refractive correction. is between 2.0 and· 4~0 diopters 

30 and the ICR is o.30 mm thick. 

35 

14. The method .of claim 9 wherein.the . . . . : 

·. 'r.e~racti ve correction :i,s between 4. 0' and 8. 0 diopters 
· andthe ICR is.0.35 mm thick. 
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15. The method _of claim 9 ·Wherein the· 

refractive.correction is :t>etw~en 6.0 and.10.0 diopters 

a_nd the ICR i:s 0.40 mm thick. 

!>. 16. . The method of claim 9 -wherein the 

·refractive correction. is between s.o·and 15.0 diopters 
and the ICR is 0. 4 5 mm thick. . 

17. A method .. for alleviating .excessive. 
. . . . : . . 

10 astigmatism in a human eye said method comprising: 

15 

20 

25 

30 

··(a) determining an amount of refractive 

correction necessary for alleviatinq the excessive 
astigmat.ism in said eye; 

Cb) providing.a pl\irality of intrastromal 

corneal rings- (I~s) of varying thicknes~; 
(c) ·selecting from said plurality of ICRs 

an ICR of a thickn~ss that provides said amount of 
refractive correction; and 

(d). .inserting the selected ICR into the 

corneal stroma of the eye. 

18. . The method. o.f claim 17 wherein the 

· .· intr·astromal corneal ring has · a thickness of between. 

about 0.05 and o.t;o mm. 
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