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PREFACE 

Hefractive surgery is a new branch of ocular surgery Iha! is clestined lo have 
grea! sign ificance in the course af the !lex! yea Ts. Although il a ims al lhe total 
corre<: tion 01 significanl refractive defects, its actually emptoyment is limited 

[O ¡he prevenlion ol ametropias, resulting from palhological oc surgical proces­
ses, and the correction 01 ¡hose cases oí ametropia in which usual clinical proce­
dures would nol ¡ead lo a satisfaclory resulto 

The limilalion of OUT knowledge and experience in this field makes ¡he pre­
sentatioll oí Ihis material, and even more its organization, a dificult task. We 

shall be foreed, in Ihe eourse of Ihis presentation, lo mix bolh theoretical con­
cepla snd knowledge acquired lhrough experimentatioll with facts tha! have been 
proven Ihrough long years of clinical obser\'alion. 

The subj ecl in ¡lseU does nol need ally justification since any fi eld 01 endeavour 
which conlribules lo lhe increase of knowledge, even be il a knowledge ol things 

lo avoid, is juslified for ils own sake. Al Ihe prC!enl lime, il is ev idenl lhat Ihe 
lraditional methods lor Ihe correclion of amelropias are not completely satisfac­
tory in all cases. Even !he mos! modern of Ihese melhods, Ihe ernployment of 

conlacl lenses, may prove and often does lo be lotally ineffectual in Ihe correction 
of sorne cases of amelropia. We rder particularly to cases ol severe monocular 
myopia and monocular aphakia, especia U)' in children, in which il is sometimes 

impossible lo resolve Ihe problem of anisometropia, ambl)'opia and subsequenl 
lo~s of binocular vision by Ihe Iraditional melhods. 

On Ihe olher hand, Medicine and Surgery mus! be oriented towards Ihe esta' 
blishment of normal organic funcliollS. wilhout resorting to externa] prosthesic 
dev ices, because no matter how perfect lbese d~vlce5 may be, thcir users are 

hindered in Ihe Iraditional Cields 01 endeavour, such as agricuhure and mining, 
alld also in the more recent ones, arising from modern scientific and technical 

development, such as space exploration. 
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Any surgical procedure such as a well-placed incision 01 lhe saturing 01 a 
wound, which has lhe resuh 01 diminishing ametropia, may be termed refraclive 
surgery. However, in Ihis pre!enlalion we shalJ not concerll ou rselves wilh lhose 
topics Ihal have aIread y bcell widely dealt with. 

Since 1949, our research has been directed, principally, towards the assessment 
01 those factors which govern Ihe shape 01 lhe cornea and lhe possibility 01 
altering lhese lactor!! surgically wilh Ihe aim 01 correcling Ihe refraclive errOL 

The subject ¡JI so vasl lhal olle man's enti re liletime will no! suffi ce for even 
its partial developmenl. This presentalioll has as its principal objecl to order 
concepls, lo arouse interest in the subjecl snd lo serve as a basis lor furlher 
invesligatioll. 

This presentation emphasizes the synlhesis oí lhe subjecl 01 Hefractive Keralo. 
plasty in ferms ol a logical, step by slei> development 01 Ihe basic cOllcepts ralher 
lhan in lerms 01 a historiea! or chronologica l development. However, We do no! 
depart entirely from lhe historical approach lo Ihe subjecl without briefl y nOling 
in Ihe subsequelll pages a chrollological summary or oulline 01 Ihe maj or events 
in Ihe developmenl ol the fi eld ol I{efractive Keratoplasty. 

l . The possibility ol modi lying Ihe refractive power of lhe eyeball Ihrough 
plastic surgery 0 11 the cornea: I ntroduction lo the term Rejractive Keratoplasty (1). 

2. The possibiJity 01 modifying the refraclive power by means 01 inlerlamellar 
inclusiOlls (1). 

3. The preservation 01 transpa rency in cornea! lissue in anterior !amellar 
grafts in which there has been modificalion 01 lhe parallel cell structure ol lhe 
cornea l layers (2,3). 

4. The recuperation 01 lhe lransparency of Lhe cornea l lissue after lreez­
ing (2,3). 

5. The culting 01 gralts with speci fic dioptric value, by modifying or dis' 
torting lhe shape ol lhe cornea lo lhe desired curvature and then by performing 
a horizontal section to deri ve a corneal tissue lens 01 a de!ired power (2,3). 

6. The possibilily ol turlling Ihe lro-zen corneal grart on a lalhe and lhe 
resulting tissue lens or predetermined refraClh'e yalue (2, 3, 32). 
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7. The conservalion of Iransparency in lamellar grafls Ihat have been frozen 
al minus 79 grades centigrades and lurned on Ihe ¡alhe. (2,3) . 

8. The possibilily of oblaining Ihe desired modification in Ihe eye refraclion 
error by means of refraclive grafts (2,3). 

9. The development of the technique for anterior lamellar grafts and auto' 
gra fts with dioptric value (2, 3). 

lO. The possibility of modifying refraction by ineluding lem~es of corneal 
lissue in the inlerlamellar layel1! (2, 3). 

1963: 

11. The preservation of Ihe transparency of corneal tiSl!ue in Ihe interlamelJar 
inclusions of corneal tissue lens (4.). 

12 . Survival (without reabsorption ) of corneal tissue len! inelusions with 
change of Ihe parallel cell structure oí Ihe cornea (4) . 

13. Th, ,omp'''' ' '''ola, " p'aoem' "I 01 Ihe ;"do, ;on, 01 d"d ,",n,al tI" o' 
lell$eS (4) . 

14. Keralophakia. First clinica l results (4). 

15 . TIle relalionship between lhe curvalure and Ihicklle~8 of lhe cOTllea (5). 

16 . Keratomileusis. Fi rst clinical results (6). 

17. Keratomileusis is Ihe first inlervenlion, performed successful y, in which 
a portion of a noble organ (cornea ) is separaled from the body and after an 
extracorporaly modification of a main funcl ion (Ihe refraction) is replaced in 
silu (25). 

JJ 

INTROD UCTfO N TO REFHACT IVE SU RGERY 

• The refraclive characteristics oí Ihe eye d~pends upon the following factol1!: 

l. The radius of curvalure oí lhe oplical surface areas. 

2. Their interrelalionship. 
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3. Index 01 refraction 01 the transparent media. 

4. Tbe longitudi.nal length oC the ocular globe. 

Since both the human and the animal ere normaJly modifr tbeir dioptric power 
under certain circumstance!, before beginning our discussion of the artificial 
means of al tering the refractive power ol the eye, let us look briefly al the mecho 
anisms which nature has pro\'ided lo accomplish Ihe same end (8). 

In sorne {ish (Teleosl) the process 01 locussing the eye for near objeca is 
carried out by displacing the lens forward until it touches the cornea (Fig. 1). 

Fil. l . Teleon eye. Fil. 2. Bird ere. 
a) Non' accommodale ere. 
b) Accommodale ere. 

a) Non _ aCfomodale ere. 
b ) Accommodale: ;nereao¡.(! in 
the curve of the cornea. In­
(rclSC in the refract;ve power 
of the lelll hy dhplacemenl 
and compreuion br Ihe iriB. 

In certaln species 01 birds (Fig. 2) accornmodation is realiz.ed by the conS' 
lriction al the cilliary muscle, which results in: 

a) The lorward displacemenl ol the lens, 

b ) The compression by the iris 01 the lens, which has the effccl of diminishing 
the radius 01 eurvature ol ia anteri or lace. 

e) lncrease ¡n the eurvalure 01 the cornea. 

In contradislinction, in sorne water fowl ( rig. 3). there exists a transparent 
membrane which corresponds lo a third eyelid. When this transparent membrane 
covers the cornea, il flaUens and compresses jl. This has the resull 01 diminishing 
the refractive power 01 the eye duriog periods al subaquatic vision, thal ¡s, vision 
in a med ium ol grealer refractive index lhan the airo 
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Fil!. 3 Waler rowl eye . 
• , Aeri.1 ,. Id on. 
b ) S uboaqu II l i.: vlaion : 'l'be 

cornea i . f11111ened by como 
pre .. lon 01 a Iran. parenl 
roembrane . 

In Ihe majority of Ihe higher mammals, among Ihem man, accommooation i!! 
ca rde<! out by the moo ifica tion of the shape of the lens by the cilliary muscle 
(Fig. 4). In others, such as Ihe horse, Ihe retina is !!ilualed al varying distanCf:!! 

Fi J. 4. Maroma! ere. 

a) Non . Iccommodale ere. 
b ) A.:eommodale ere. 

from Ihe lens. This permi18 Ihe horse lo focUll upon a nea rer Of more distant par! 
of Ihe relina, depending upon Ihe distance of his object of view (Fig. 5). 

In summary, Ihe differenl specie! of animal.!! use lhe following four particular 
mechanisms lor modifying Ihe refraclive power 01 the eye: 

a) Displacemenl of Ihe lens, 

b) The change of Ihe dioptric powe r of the lens, by modifring its shape, 

c) The modificalion of Ihe curvature of the comen, 

d) Modifi calion of lhe longiludimd focal dislance. 

From Ihis brief surver, we mar cone/ude that in lhe animal Icingdom, nature 
ha!! provided for the physiologica l mod ification!! of the refractive power of the 
eyeball by modification of Ihree of the four factors 0 11 which de~d lhe refrac' 
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tive characteristics of the ere (7), lhe radius of curvature of the optical surfaces. 
their interrelationship, and the length of the ocular globe. 

Let us see now whal anatomical changes are produced in lhe human eye under 
conditions of !evere ametropia. 

Fil. S Horse eye. 

In human palhology, we find lhat hypermelropia is associated with one of the 
foLlowing conditions: flat cornea, llal lens, aphakia, and short eyeball (Fig. 6). 
Myopia is associated with a very curved cornea (Keratoconus), increased curva" 
ture of the lens (Spheroaphakia ), inereased refraclive power oí Ihe lens (Cala. 
rael, Diabetis, etc.) and elongation of the ocular globe (Axial myopia) ( rig.7). 

Fil. 6 Hyperopic fuclOU: 
• ) Flat cornea. 
h ) Flat Jem. 
e) Short eyeba ll . 

Fig. 7 l'Ilyopic faClors : 
a) Curved cornea . 
h ) Spheric 1ens. 
e) Lonll e)'eball . 

\Ve find various types of ametropiae resulting from lhe displacement of the 
lens, either by the modification of lhe clepth of the anterior chamber, subluxation, 
colobomas, ele., or lrom deforming diseases of the cornea. 

We see then, lhal in human pathology modificalioll of any olle oí the variou~ 
faclors whieh contribute lo the refraclive power of the eye will have the resull 
oí changing lhe refractive characteristics of Ihe eye. 
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Al the present time il is difficult lo conceive, from a surgical point of view, 
ol beiug able lo modify al will Ihe re(raclive index of Ihose refraclive media 
which constil ule the dioplric syslem or Ihe eye; neilher <.loe! Ihe displacemenl 
oí Ihe lens or lhe modification of ita IIhape appear lo be surgica lly practicable. 
Ir we elim inale Ihese Iwo possible methods as impracticable, there remains tl ! 

lIurgical procedures only the following three: Ihe modificalion of Ihe cu.rvature 
of the cornea, lhe removal oí lhe len!, or the \'arying of lhe longitudinal length 
of Ihe eyeball. 

Fukala (9) noticed lhal foIlowing Ihe exl raclion of cata rocts in cases of high 
myopia, lhe myopia was diminished. It lhen occurred lo him lO remove lhe lens 
as a cure for severe myopia, even in Iho~ palienls withoul ca laracta. This ope­
rOlion, which is stin practised in specia l cases, has lhe inconvenience ol being 
effective only in Ihose cases in which Ihe refracti ve defecl is approximotely equal 
in diopters lo the dioplrical value of lhe lens; nol lo mention tbe inconvenience 
ca u.sed lo the palient by the loss oC his accommooation, lhe risk oí severe llC(;iden~ 
alld ¡ater complications. 

Laler, in 1903, Mullcr (10) devised Ihe melhod of scleral resection for the 
purpose 01 shorlening Ihe anterior' posterior diameler of Ihe eyeball in cases 
01 high myopia, and thus was able nol only 10 avoid Ihe progression ol myopic 
sclero'Coroidal lesions, resulting from Ihe distenlion. but , al Ihe same time, was 
also able lo reduce the relractive error. However, Ihis inlervention is nol very 
cffective in the las! sellse, since lhe correctioll in Ibe refraclive error lo be ga ined, 
evcn wilh several operations, i8 almost insignificanl. 

Along Ihe same Unes, Malbran ( ll ) (l nd Barraquer (12) proposed lhe reill fO! 
cernent of lhe eyeball by mea n! of a strip of fascia lala or sclera, appl ied in 
Ihe rnanner oí a bell, lor lhe purpose 01 diminishing Ihe anleriorposlerior dimen' 
sion 01 Ihe eyebali and al lhe 58me limc reinforcing Ihe sclera in lhe region of Ihe 

. ' jl!. 8 Srleul reinrorcemenl of Ihe 
macular area. 10 noid di l' 
len5ion . 

• • 

macula, lo avoid further dislcntion (Fig. 8). Although this inlervenlion produced 
sorne satislactory shortTange resulta, il had Ihe effecl of being excesively trau· 
malic lo lhe eye and and Ihc ultimale resul ta obtained slill have no! been welJ 
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e\'a luated. Recently, WilJiam E. Borley has puhlished an evaluatíon ol lhe resuils 
obtainoo with this technique. 

Today we cannot conceive oí the elollgalion of lhe anterior-posterior dimcnsioll 
of tlu, eyeball, which would have been necessary (or lhe correction oí hígh hyper 
melropias, such as result from aphakia, becau~e oí the prohibitively delicate 
Ilature of lhe intraocular tissues, especially oí the retina. 

Here, al leasl brief mentíon must be made of lhe surgical interventions oí Rid­
ley, Slrampelli and others, which aimed al Ihe modificaríon oí the optical system 
ol the eye by means oí the inelusion ol intraocular lenses. At the presellt time 
lhis procedure is no longer employoo because oí the high percelltaqe oí later 
complications. 

Eliminating, for the reasons already melltioned, the sclera and lhe lens as pos' 
sihle areas íor ! urgica l intervention, thE're remains only Ihe cornea. Because lhe 
cornea accoullts for Ihe major refracli ve power of lhe eye, we may conclude 
Ihat merely by changing its curvature sufficienlll', il is possible lo correct lhe 
majority of lhe refractive defects of lhe eye. 

Clinica lly, Ihere are many cases of myopia and astigmalism in which the palient 
s<¡uin15 in order lo ohlain beUer vision, nol on ly wilh lhe aim of utilizing lhe 
principie ol the slil Ihus formed lo oblain a clearer image but also utilizing lhe 
pressure exertoo by the lid! lo f1a Uen the cornea and thereby change its refrac' 
live power. Sorne patients in order lo increase this {[altening efeet of lhe lids 
will go so far as lO apply increased pressure with their finger, al1d thus augment 
Iheir distance visiono 

The observation of ametropia resulting from accidental or !iurgica l corneal 
scarring aod lhe refractive errors coming wilh Ihe extreme values of corneal 
radius (hypermetropia is cases of flat cornea and myopia in Ihe cases of curved 
cornea ), confirms Ihe possiliility of oor~.ing refractive defecls of the eye 
lhrough Ihe modification of lhe radius curvature of the cornea. 

Modilicatiolt 01 lhe Curvalure o/ lhe Cornea 

In 1949, J. 1. Barraquer (1) revealed Ihe results thal demonstraled the po!si­
bility 01 modifying ocular refraction by means of plaslic surgery of the com ea. 
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II E FBACT IV'; KF.JIA TOPLAST'Y 

He proposed !he term Refractive Keratoplasty which embraces all plastic proce· 
dures 0 0 !he cornea which are aimed al modifying the refraction of the eyeball. 

In 1953, T. Sato (13) modified the shape oí the cornea by means of tangencial 
and radial, anterior and posterior ineisions (J."ig. 9) for tbe correction of myopic 
ond hyperopic astigmatism, snd myopia. 

The me!hod of Barraquer aima al a precise optical correction by means oí 
exaclly mathematiea l surgica l intervenl.ions. SalO, on the other hand, depends 
upon the approxi mate correclion to be ga ined from Ihe eicatricial retraclion re' 
sulting from lhe healing of hopefully well-placed incisiolls. In !he method 01 
Sato lhe degree ol correclion obtailled depends upon the amount oí retractioll 
of the wound in healing. Beca use lhis process differs in inteusity from one indio 
vidual lo anolher, the resull obtained must be variable, ineonstallt, and funda­
mcnlolly regressive in nalure. 

Later on, Malbron (14) published his ob5ervations and techniques. Sorne 01 
thesc were a mixture of Ihe basic methods of Barraquer (l) s nd Sato (l3). 

It is easy to see that a procedure designed lo mod ify the shape oí the cornea, 
with the aim ol eorrecling lhe refraclive defect of lhe eye, ca nnol be ba!ed on 
Ihe cieatricial relraetion ol the wound. Whal is demanded is 11 process that per 
mils a predetermined result of !he greatest possible accuraey on an orga" in 
permanenl regeneration. 

QI the two types 01 8urgieal intervention, tha! of Barraquer and oí Sato, we 
shall only coneern oUrllClvC!l with tbe former in Ibe following pages, that is, "the 
surgical plastic procedures carried out on che cornea with the aim 01 modilyin¡; 
its re/ractive power", those that consti tute, by definition, the subjecl of tbe 
chapter enlitled " ReJractive Keratopltuty". 

1II 

GENERALIZA TIONS ABOUT THE CORNEA 

1 . The Cornea as a Diopl.fic System 

The cornea, which accounts for lhe major dioptric power of the eye, colIsists 
01 a group of transparent struclures which bave an index oí relraction of 1.376 
and a variable dioptric power. The dioptric power of lbe cornea ¡" detcnnined by 
tbe radius of curvature of its anterior and posterior faces, alld the djstance be· 
tween them. 
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The anterior face ol !he cornea is bathed by !he air, with a refractive index 
ol 1.000, and the posterior face is bathed by the aqueous humou r, with a refrac· 
tive index ol 1. 336. 

The relraclive power ol the cornea IS dependen! upon cerlain variables and 
conslants. 

The constanl faclora are: 

fndex of refraclion of the air 
Index of refraclion of the aqueous humour ..... . 
Index of refraction ol the cornea ............. . 

rhe variable factora are: 

" ,,' .' 
1.000 
1. 336 
1.376 

Radiua al Ihe anterior surlace of lhe cornea r 
Radius 01 Ihe posterior surface of Ihe cornea ... r' 

Thickness oí lhe cornea ............. . ..... . . d 

In man these factors vary with Ihe individual, during growth , as a result ol 
palhological processes, aud in certain species al animals as a fUilclion al accom· 
modalion. 

These factors which lar various reasolls show signifi cative modificatiolls, can 
be influenced surgical1y, at will, wilh lhe end oí mooifying ¡he dioptric power 
ol ¡he cornea, and consequcntly Ihe lolal dioplric power 01 Ihe eye. 

According lo Gullslrand, Ihe cornea accounls ror more Ihan IWO'lhirds or 
Ihe dioplric power ol Ihe ere. This fac! permita us lo believe thal refraclive varia' 
tions induced in this organ can be sufficient to cor red cases ol severe ametropia. 

The power in dioplries ol the refraclive aurfaces of Ihe eye is given by the 
general formula, 

o n' - n 
. 1.000 (1) 

r 

and according to LiUmann 
by Ihe following formula, 

(15), Ihe tolal power in dioplers of the cornea ia given 

• 
1.000 [ ( D == ----- o' (n' - n) 

JI " • n ' .r.r' 
r ' - tll' - II") . ·r) +d. (n'- II"). (n'- n) ] 

aud is equal lo 32,229 diopters as refrillgent corneal power 011 Ihe ¡mage side. 
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The refringenl power 011 the object side is obtained by multiplying the anterior 
dala by 11" / 11. and is equal lo 43.05. 

The values proposed by Gullstrand are: 

Radius 01 the anterior face ........... . 
Radius 01 the posterior faee .......... . 
Thickness ol the cornea in Ihe center .... . 

, ,. 
d 

7.700 mm 

6.800 mm 
0.500 mm 

If we substitule Cullstrand's value foc the anterior face in formula (1), we 
acrive al the result, 

D 
376 

---- = 48.83 diopters 
7 .700 

Likewise, ir we substilute his value lor ,he posterior face In the same expres­
sioll. we arrive al the result, 

40 
D' = --=--- = 5.882 diopters 

6.8 

Now subtrsel, O - D' = 42.95 diopters. 

The difference between Ihis result oí 42.95 diopters and the lolal refractive 
power of the ere, as given by Littmann, 01 43.05 diopters corresponds to the 
thickness 01 the cornea. 

Tberefore, we can consider Ibal tbe dioptric power oí the co rnea is a result 
of a combination of Ihe lollowing Ibree factors: 

Anterior face 
Posterior face 
Corneal lissue 

48.83 dioplers 
5.88 diopters 
0.10 diopters 

A simple analysis of tbese figures dearly demonslraales that the grealel corree· 
lions may be obtained by modifying tbe curvature of tbe anterior face and lhat 
only small modifications call resull from the modification oí tbe posterior face. 

Tbese values should be considered only as a referral since the real refractive cor 
neal value is subject lo Ihe consideralion of the cornea as a wbole . 

• • 
The variations in tbickness have in tbemselves very liule value from a refrac' 

tive point 01 view, bul as we sbalJ see laler on, tbey bave a very great corrective 
value surgically, owing lo the modifications Ihat they indireetly induce in the 
radius of the oplica l surfaces (5). 
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In surgical procedures 0 11 ¡he cornea, we can aim al: 

A. Modilica/ion 01 lile rOlliu.s 01 lhe un/erior surlace. 

B. Modilicolion 01 Ihe radius 01 lile ¡JOs/criar surlace. 

c. Modi/jca/ion al both radii in lile sorne sellse. 

D. Modi/ica/ion o/ bol/¡ raJii ú, a cOlltrary sense. 

The thicknes;; of Ihe normal adull cornea is 1101 Ulliform becau,,':l the posterior 
and Ihe anterior surfaces are nol parallel. The cornea is lhinner al Ihe cenler 
Ihan al ils periphery. 

Also lhe radius of curvatul"e of the anteri or surface of lhe comea is nol como 
p!eleJy unifonn. It is uniform only in a small cenlral portion (oplical 7.One) and 
increases lowa rds Ihe peripher)' in vary in!; degrees, according lo Ihe direclion 
f,·om the cenler, i. e. lO lhe nasa l side. lhe temporal side, superiorly of inferiorly. 
The radius varies widely, and il is difficult lo eslablish where Ihe pathological 
region begins. In general, excepl in extreme cases, va rialions in Ihe radius are 
governed more by Ihe regularil y of Ihe corneal surface Ihan by ils curvature. 

In lhe foelus, lhe cornea is mosl curved (6.264 mm lo 5.928 mm according 
lo age) and Ihicker in ¡he center Ihan in Ihe periphery. 111 lhe infant the cornea 
hccomes flaHer, and the faces become parallel. Thus, Ihe greater dioptric powet 
of the infanl cornea compem:ates in part for Ihe physiological hypermelropia 
Ihal is present in Ihe shorl ocular globe in childhood. (Approximatel y 18 mm ). 

During ils developmenl, Ihe cornea hccomes flall er and Ihinner in Ihe center 
until il has gained ita adul! characleristics. 

111 axial myopia and buphlhalmos, the distenliOIl of the ocular globe also affecLs 
lhe cornea which sometimcs becomes as much as two or t}¡ree diopters flaUer as 
a refractive compensation. 

In those cases 01 cornea plana, il is cOlllmon lo observe that contTary lo the 
normal rule Ihe cornea is thicker in the center Ihan in the periphery. As a result, 
the posterior face assumes an aplica] area 01 lesser ncgative \'alue lo compensate 
in parl fo r lhe strong hypermetropia. 

• • 
AIso in sclerokeralitis, wilh fibrosis and thinning of the periphery, one may 

obsen 'e the inward curvillg of the anterior face of the cornea, accompanied by 
myop ia, genera lly w¡th astigmatism, which results in Ihe irreguladt y of Ihe 
localization of lhe palhological process. 
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Olle may make similar observations iJl all diseases oí the cornea which aHeet 
its Ihickness. The variatioll in curvature will aHect the anterior or the posterior 
face, or both, accordillg to the localizatiOIl of the change io thickness. 

From an archited ural point of view, the sbape oí the cornea appears to depend 
upon the shape of the denser aud more rigid anterior layers, while its biological 
fUllclion! depelld 011 ils laxer and more elastic poslerior layers. 

Thus far we have considered Ihe oplical ZOIlt! oí Ihe cornea as if il were a 
part oí a sphere oí ulliform radius and sha]] conlinue lo do so íor purposcs of 
simplifying the discussion. Accordillg lo Ihe classic concept the central scgmeot, 
or oplica l zone oí the cornea, wbich has a diameter varyiog between four and 
seveu milimelers, is a lorie refraeting surface, i. e. olle Ihal is generaled by the 
revolution of lhe are of a circle about ao axis that Hes in aoy plane oí the circle 
other than the cenler. Once beyond the oplical zone, lhe corneal radius increases 
loward Ihe periphery, crealing Ihose zones refcrred lo by Nonnan Bier as "Neg­
alive" aud "Positive". 

Other authors consider the cornea parabolic and olhers as a cathenary are. 

2. The Curvaturc o/ tllc Corneal Sur/accs ond Chollges in Thickncu. 
"The Law o/ Thickneu" 

Experimenlal modifications in the thickness oí the cornea (5) clearly demon' 
strale Ihe relalionship between variations in cornea l thicklless and lhe radius of 
curvature oí Ihe oplica l suríaces. Our underslanding oí Ihis relationship permits 
us lo explain Ihe origin oí various clinically observed ametropia which are either 
a consequence oí various palhological proccsses or oí surgical intervention, The 
cOllvenielllly eHected alleralion of lhe normal relationship allow! us to modify 
al will the curvalure oí lhe corneal faces, with Ihe purposc of modifying refrac' 
tion . J'ke florms thal govern lhis relationship between thicknC$S and curvalure 
mar be explained by a gen~ral faw, "The Law o/ Thickness", Which has beell 
demonstrated eilher experimental and clinicaJly, 

A • 
Fig, 10 Tnnsposilion AUlOkeralopII SI)'. q) Resedion6. 11) Relle(ft ion'. Transposition! 

e) Result, 
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A) If lwo exentric corneal resectiolls of equal widlh but unequal depth are 
performed, in order to realize an Autokeratoplasty by transpos itioll, ""hen the 
resectoo corneal discs are exchanged, we obtain one area oí thicker cornea, and 
another oí thinner cornea (Fig. 10). Once, the cica tricial process is complete, 

Fil. II Hislolol ic sedioll of a ~rafl wilh li ~~ue $UllSlraclion. (Gra l! Ihinner Ihal Ihe re· 
ceivins hedJ. Re~uh: n . ttenillS of Ihe cornea. 

FiS. 12 H islololJic seclion of a Irdl with tiu ue pddit ion. (Grafl thicker tban receivinl 
hed.l. Resuh: Steepenin lJ of Ihe cornea . 
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the result in the anterior surface of the cornea, in the region of the Jeep bed and 
shallow disc ( lhillner cornea ). is a f1auening of the corneal area. A steeper area 
is produced in the region of the shallow bed and thick disc (thicker cornea). 

In lhe thinner zone, Ihe curvalure of the anlerior face is diminished, which is 
lO say, il3 radius has becn increased and the cornea has been flauened (Fig. 11) . 

In Ihe Ihicker zone, the curvalure of the anlerior face is increasoo; Ihe radius 
has been diminished aud the cornea is now steeper (Fig. 12) . 

B) In anterior lamellar keratoplaslies of six miJimeters in diamcter or Iess, 
exclusively envolving lhe !Interior halr of Ihe corneal parenchyma, tor the purpose 
of avoiJing errors due lo ectasia , Ihe some behaviour is observoo with this ad­
vanlage: Ihe graft's greater dimcnsion nnd ils corneaUy cenl ral localization per­
mils ophthalmomelrica l readillgs and retinoscopical checkillgs of lhe refractive 
va rialion oblainoo. 

When we Iransplanl a grafl of Jesser Ihickness Ihan Ihe con esponding clepth 
of the receiving hed, the anlerior face of Ihe cornea becomes flat (Fig_ 13). In 

Fis. 13 Anlerior lamdlar kerutopla!' 
1)' wi th srart thinner Iban 
the reeeivinS hedo (Thsue 
fillb~traction). 
a ) Anterior lamellar s rdl , 
thinner than the reeeivi ns 
bed. 
b ) Result: fl allening of Ihe 
cornea. 

Ihe reverse pracess, in which lhe graft is thicker lhan the depth of Ihe receiving 
hed, the cornea becomes more curvoo (Fig. 14). 

I-' ill. 14 Anterior Jamellar keraloplas' 
t )' with tiu ue I ddition. 
a) Anterior lamelJar llrafl , 
thicker than Ihe receivinll 
hedo (Tip ue addition ). 
b) Resuh Steepening of Ihe 
eornea. 

These variations of Ihe curvalure of Ihe cornea, through the modifications oí 
ils Ihickncss, are greater when Ihe diameter oí the graft is smaller, and not so 
ev idcnt when its dimensions is grealer. , 

rr we analyze this behavior, il becomes seU apparent: 

a) The reason of lhe highest postoperative ametropias in lamellar graCts of 
small dimensiOJl Ihan in larger ones. 
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b) The degree 01 ruodificatiOIl is in rd alion lo the !lügilta 01 the correspond­
jllg arctl. 

Whicb is lo say, 

-,(",,'_--=n,-) -.:1:.:,.:.000:.:.., The modification obla ined D - D' = - fu' - n) . 1.000 

R' R 

When R 
f"J - O" 

2F 

R' 
F'2 _ ():! 

2F' 

Substiluling for R and R', we arrivtl al the folJowing relalion, 

D - D' 
(11' - 11 ) . 1.000 

F"l _ o:! 

2F 

(11'- 11 ) . 1.000 

F'" - O' 

2F' 

Thell, the difference between lhe pre alld posloperalive refraclions, in olher 
words, lhe refractive mod ificatioll obta ined, is a function of the ( thickness), since 
lhe index of refraclion n Bnd n', and Ihe chord "O" ( Ihe diameler of Ihe reseco 
lion) a re conslanls. In ¡he transpla nls of differenl thicl.:ness lo lhe receplacle hed , 
and paraUel faces, ¡he regenerali ve power a rreels only ¡he coaplalive edge ami 
neighbouring area wilhoul reaehing Ihe cenler . 

The modi fications of curvalure delermined by mod ificaliollS in corneal thicl.: · 
ness, are nol on ly absol ule bul 0.150 relalive. 

The peripheral Ihilllling is correspondingly e<¡uivalent lo Ihe cenlra l Ihickening 
and governs Ihe sleeping ol Ihe inscri bed zone ( rig. 15). 

Fi l. 15. Annulu re.ecaion 01 the CO I" 
ne • . lollowed by Iteepeninl 01 
Ihe cenlr.1 cornea! are • . ( Re. 
lative . ddition ). 
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Fil . 16. AnnuJar . dd ilion ' ollo"'ed by 

n l u eninl 01 Ihe cenlr. 1 COI" 
neal area. ( Rell live suh8In ... 
tion ). 

• 



RU' RACTln: K t:RATO P LASTV 

Likewise. Ihe peripheral thickening is correspondingly lo lhe central thinning 
aud prod uces Ihe fl allenillg of Ihe inscribed zone (Fig. 16). 

The stud y of healing in hislological §é!clions of gra fl s which are of a thickllCSs 
differenl from the correspondillg depth of Ihe receptor hed, demonstrates lhe pro­
ceS!! Ihal Icads lo Ihe aboye exposed results. 

FirSI, lhe corneaJ Jayers curve inward the lowards center of Ihe eye in those grafts 
which are thicker (Fig. 17) and towards Ihe erithclium in Ihose grafts which a re 
thinncr ( Fig. 18). 

Fi @!. 1'; In",ard curve of the cornea! !a)'e ra, IO"'lI rd Ihe cenler (lf lIle e)'e, in a graft 
Ihicker Ihan Ihe receiv in~ hedo 

• • 
Then, the lhicker adge becomes thinner and lhe thinner edge becomes thicker, 

until they are e<¡ua l. Contrary lo what has becn gcnerally accepted lo be the case, 
pa rallelism of lhe cornea] layers can be modified, ",i thin certa in limits, ",ithou! 
loS!! of transparency (Biomicroscopy). 
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Fi ~. 18 Inward curve of Ihe corneal layen, lowBrd I.he epit helium of !he eye. in B ~rDft 
Ihinner Ihan Ihe rece i y in ~ hedo (Substraclion ). 

Finally, keratoblasts, proceeding from the recipient cornea penelrate the gra fl , 
completing Ihe cicalricia l process. 

At this point the acquired or mooified curvature may be considered permanently 
fixed. The change in thickness resulting from the regenerative process can never 
aHect the enti re extent of the graft (Observatioll5 of eight years) (Fig. 19). 

In Ihe regenerative process. the thickness of the edge oí the graft becomes equal 
lo the thickncss oí the edge of the bed bul this process of equalisalion docs not 
extend to the central portion. The resul is a corneal tissue len! of posilive or nega' 
live value. accord ing lo whichever the case may be. 

• 
If inalcad of tranaplanting neutral grafts. in which the faces are paralJel, we 

use corneal tiasue ¡enses in which a diopuic value has been incorporaled inlo the 
graft (Fig. 20) the regenerative process permits us to conserve the ahape of the 
graft as long as the edge of the graft is equal in thickness to the deplh of the edge 
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Fil. 19 a) Hypermetropizing keratopluty in 
rabbits. 

c) Rdraetive keratoplasty, wilh 
¡amellar ISrafl . with ineorporaled 

dioptrie power. 

b) !-tyopizilll Ir.erltopla8t,.. 
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¡:::::::: ~ 
Fi,_ 20 Ll rnelJar Iraln wj llo 

dioptril- power. 
• 1 I'llno. 
b ) Po!ilive. 
r ) Ne,ative. 

~ ..... ,. 
Fil. 21 I l1Ier lamellaf indu!ion . 

al Ne,al;ve eornea l li r 
~ue lens . 

b ) POl ilive tornea l li r 
6ue le n@. 

oí lhe receptor bed. If 1101, lhe refractive va lue of Ihe graft wilI be modified by 
lhe regenerative process according lo Ihe " Law of Thickness" (5L 

The inlerlamellar inc1usions o f corneal tissue discs ( F'ig. 21) mooifies the cur­
vature of Ihe surface!! of Ihe cornea according lo lhe "Law 01 Thickness". The 
effe<:1 011 the inlerlamella r inclusiolls i5 distribuled between ¡he anterior and pos­
terior surfaces oí lhe cornea, predominali ng lhe change in curvalure either in lhe 

Fil. 22 lnlraeorneal ¡"dulio" (.ddilion ) 01 11 pos,"ve eo..­
nn l tiu ue lena, ooe yen old (ubllit ). Gene ... ! vi!';w. 
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anteri or or posterior cornea] face, depending upon the deplh of the inclusion (4). 
In the posterior face, the effect oí the changes in thickness is ¡nverted in the sense 
oí the curvature obtailled bul since the posterior face is negative in lerms oC jls 
dioplric power, an inver&(: chnnge in curvature produces 3 dioptric resull of the 
opposite signo 

From Ihe histoligical aspect, Ihese inclusions are completely reinhabited by 
Ihe cells of lhe recipient cornea (Figs. 22123124). At this poinl, we must make 8 

clislinclion belween living and dead corneal-tissue lens of homop]astic origi no 

,,'il!;. 23 One end of lhe corneal li '~\l e l en ~ of Fil!. 22. seen al Ihe hi l!her Inn l! nificalion ami 
phase cO'llrasl microscolle. 

• 
111 livi ng corneal tissue lenscs, Ihe celJular 5ubstitutíon 

so thal at 110 time is the structure of the tissue acdlular. 
takes place gradually, 
Corneal tissue lenses 

which have beeo through the process of freezing or desiccation go through 1""'0 

phase;¡: 1) the stromal ceJls disappear, leaving onl y the coIlagen struclure; 2) 
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Fi J . 24. Same. Fis. 23 dyed wilh Hemalo x. ilin-Eosin. 

Ihe emply collagen st ruclu re is laler reinhabiled by Ihe stromal cells of the 
rccipient 's cornea (Fig. 25). 

During Ihe acellulnr phase, exa mi nalion wilh biomicroscope and sJiI la mp 
reveals au oplically empl y space corre: ponding lo lhe zone of inclusion. This 
melhod of examinatioll permilS US lo cont rol in vivo Ihe progress of keraloblastic 
migralion iulo lhe inlerfibrilla r spaces of Ihe conncclive meshwork. 

'rile changes in curva ture 01 Ihe co rnea l surlaces, induced by modificalion 01 
Ihe lhickness, whether by subtraclion or addilionf of corneal tissue, naturall y 
imply a change in Ihe para Jlel cell slruclu re 01 Ihe cornea . Th is alteralion in the 
parallel cell slructure 01 Ihe cornea l layers does nOl, as was classically believoo, re­
sult in lhe loss 01 tissue tTRnsparency_ Corneal transparency is consen 'ed as long 
as Ihe magnitude of lhe change is not so greal as 10 ca use hypot rophic disl urbances. 
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Fig. 25 Sleps in Ihe cellular repopulalion of tbe interlamellnr indu$ions of dead corneal 
li seue lense!. 

a ) Corneal ti »!l ue leu8 wilhout hist ologica l estructure. 

11) Sorne nucleu~ 8J11>ear. 

d Sorne nudeus appear . 

.1) Near normal histo logic sPI>earwnCfl. 

SUMMARY 

Acting on lhe central pa rl of lhe cornea, Oplical ZOllí' we must "Sublract (- ) 
tissue" lo correct Myopia, slId "To add (+ ) ¡issue" lo correet Hyperopia. Act· 
ing over the perifery 01 the Oplical Zone. we must se! inversally. aclditioll of 
lissue lo correel M yopis (relslive central substraction ). and subslraction lo correet 
Hyperopia (relative cenlral addition) . 
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AClillg thi3 way we have: 

Su.bSlracting a PO!ilivc len! = Alropia correction. (Fig. 26). 

Sub!lracting a negative lens = Hrpermelropia corree/ion. (Fig. 27). 

Adding a posilive lens = Hrpermetropia (rig. 21 ). 

Fig. 26 a) Substraclion of a posilive lens. 

h) Resull: Flouenin! of lhe cornea. 

Fi!. 27 a) SuhslrHction of o negalive len¡;. 
h) Result: Steepenin l! of the coro 

nea. 

1 V 

" REFRACTIVE KERATOPLASTY" 

The term "Refractive Keratoplasty" (1) applies to a wide rauge of plastic coro 
neal surgery which has as its aim lhe direct or indirect modiIicalion of ocular 
refraction . 

These surgical pro(:edures may be clussified according lo its aclion: 

1) ModijioalÍon 01 lhe curoalure 01 Ihe cornea while maintiJining 
the original reiationship between the anterior and posterior laces. 

2) Modilicatiolt o/ the CU<NJature 01 olle or both cOrTIeal surlaces br 
allering lhe origúUll anterior'posterior relationship. 

Tltose changes oC refraction, observed in hump.u palhology, resulting from a 
modificalioll of the curvalure oí the corneal surfa~es. also depend upon one or 
a combinat ion of tbese processes. 

In the first group. tite inward curvi ng 01 lhe cornea increases ils dioplric pO"" 
wer while applanation diminishes it (Fig. 28). In the second group, the increase 
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, , ~ , .• 

Fil. 28 Modificalion or Ihe corneal .drae­
lion. by ebanle ollhe corneal curve, 
while ma;nta;n;nl Ihe normal rela· 
lionship between ¡te facu. a) Nor 
mal curve. b l Increa¡¡ed curve 
d Diminiehed curve. 

in ¡hickness in ¡he zone of the optical verlex increases lhe dioptric power, while 
Ihe diminishing of the thicknCllS of Ihe center of Ihe cornea decreases lhe dioplTic 
power (Fig 29) . 

• • e 

Fi l . 29. Modifiea.tion 01 Ihe curve 01 the anlerior ~ornea l ~ urfa ce, wilh ehanle 01 the anle· 
rior--pO¡;leTior re lalionship. al Normal curve. b ) Sleelleninl b y inrTease in Ihirkne~~ 
(Addilion l . el Flaltellinl by Ihi""i"l (Sub~l.aclion). 

FundamentaJl)' , theTe are three diffeTenl surgica l ways lhat may be emplo)'ed 
lo modify refraction, either of lhe firsl group OT the second group: 

A) Rcsecti.m 
B) Gralting 
C) Inclusion 

Each one of ¡hese ways may be classified according lo locatioll , shape and 
tbe source of !he donor material when il is required. 

1) Modifica/ion o/ the curvalUre o/ the cornea while maintaining the original 
reliUion..ship be/ween the anterior and posterior faces. 

Al RESECTION 

The resection. as the llame implies, consists in lhe exlirpalion of a portion 
of corneal ¡issue. The reseclion may be cJassified, according lo lhe shape of Ihe 
exeresis: 

a ) Anular 
b) Crescent. 
c) Fusiform. • 
a) The anular reseclion is aJways anterior, lameJlar, and axially concenlric. 

Whether or 1101 il is associaled whit al1 interlameJlar diseclion of the inscribed 
zone, Ihe anular reseclion has as ils object the f1attening of lhe cornea (Fig. 39). 

48 



R.:FRACTIVF. KERATO I' LASTY 

.• Fi!. 30 Annular keratedomy (I9-l9). 11 ) An nular re~«tion . b) Interlamellar di6eCl ion. 
el Flaueoj .. , IIfler tititehio,. 

This Iype oí resection was Ihe {¡rst olle praclised by us in cases of myopic 
anisometropia. The iOlmediale resulls \Vere good bul imperma nenl. 

The degree of correclion obtained is in proportion lO Ihe "" idlh of lhe reseco 
ted ringo The reseclion may be contiguous wilh Ihe limbU!!, in ""hich case il will 
be 11 mm in diameler, or il may be situated nearer lo Ihe corneal vertex, in which 
case Ihe diameter will be smaller. 

b) The crescenl resectioll may be performed in any corneal sector of Ihe 
limbus, whether or nOI il is associated with an interlamellar disectioll of Ihe 
cornea. The crescent reseclion ai ros at inereasing Ihe eorneal radius in lhe me­
r id ian perpend icular lo the reseclion ( rig. 31). 

e) There are Iwo types oí fusiform resections: lsmells r sud penetrsting. This 
type oí resection ¡s rsdially oriented and ¡s localized in lhe corneal sclersl Iim· 
bus. It s ims al decreasing the lenglh oí the corneal perimeler (Keratomiosis) fo r 
lhe purpose of increasing corneal diopt rie power. The resection many be single 
or multiple, aceording lo Ihe deg ree of correclion desired ( r ig. 32 and 33) . 

Fi g. 31 Cr.,~("e n l keralef"lomy. 

• 

• • • J 

./ 

Fig. 32 . Keralomoid s by meam uf 
fus ilorm resert ions. 
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Fi,. 33 I)un"h lor fUl!iforrn re&el:lion!. 

B) CRAFTINC 

Graftillg implies the substil utioll 01 a part 01 a dOllor cornea lor one par! of 
Ihe recipient cornea, having a different shape or dimensiono The graft may be 
aUloplaslic or homoplaslic, depending upon the source of tite donor cornea. 

Tlle graft may be penetrating or lamellar¡ in s~pe, it may be cylindrical, ca­
nieal, or slep. From Ihe present slate of OUT knowledge, we ca nnot consider sur­
gical penetraling grafting which hu as its only purpose the modifieation 01 refrac~ 
lion , because of the high surgica l risk. However, we ma y take into account the 

possibilily 01 changing the refraclive cha racteristics ol Ihe eye when a sight 
resloring operation is anyway indicated. In such operalions, we may modify Ihe 
refraclive val ue 01 the comea , by etnploying: 

. ) 

b) 

A corneal graft 01 desired curvature. 
• • 

A corneal gral! ol a diffe rent dimension lrom Ihe resedion. 

A gra ft greater in dimension Ihan Ihe resection decreases the radius of cur­
valure 01 the cornea while a graft 01 leuer dimension increases il ( 16, 17,18, 19) 
F;g. 34, 35, 36, 37). 
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Fil. H Full thidlnen Inft steeper lhan lhe Fil. 35 Full Ihiekne81 , nf! biuer tban tbe 
reeeivinl eorne.. reeeivin, hed . 

Flf;. 36 Deep I. mellar ,rafl, hiuer Ihan Ihe 
receivinl hedo 

Fif;, 37 Deep I.mll ll.er ,r.ft, Im.ller lh. n 
the reeeivln, hed. 

nle relative irregulary of the resection, the intensity oí lhe cicalricial pr~. 
the ectasia aod the immunological reacl ions tend lo iovalidale, io ¡arge part, the 
prcdicted results. 

C) INCLUSJON 

The term ¡nelusion implies introducing into the corneal layers an implant, oí 
adeq uate shape, for the modificalion oí lhe corneal curvature. 

Acrylic implants have been employed experimentally bUI wilhout result be­
C8 UM: of: 1) the intolerance oí Ihe eye for a foreign body, and 2) the pres!!u· 
re exertoo by such a íoreign body (21, 21 ) (Fig 38). 

Recenlly Choice (35) has reported good 
the implant near the Descemet's. 

results with this technique by placiog , 

2) MOllilication 01 olle or bolA cOrlleal surlaces will! c/lflnge 01 Ihe originol 

anteriorposterior relalion.ship, 

These methods, based upon the Law oí Thickqess (5) require additioos or 
substractions in the thickness of Ihe oplical vertex of the cornea, in order lo io­
creaet; or decrease the dioptric power (Fig 39). These add itioos aod substrae'" 
tions may be absolute or rela live and may be carricd out by resectioo, grafting 
and inclusioo. 
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!>"il!. 38 Arrilic inlay&.. lor iUlerl llmellll r inclu i>ion, ",;Ih differenl CUrTe Ihao I.be r e­
u ivin l coroca. 

A B 

A) RESECTION 

A u Fil!. 39 Tunspo~il;on . ulokeratopbSly. 
1) Immedillle posl-operlllive re 
suh: a) Tbickered area (Tiu ue 
addition ). b) Tbioocrcd are D. 
(TiQue t ubSlraClion). 2) Lato re' 
l ull : a) SIc:c:peniol of Ihe cor­
oea. b ) Flau enln!! of the cornea. 

The reseclion exclusively affee!.s Ihe co rneal tissue (parenchyma) and consisls 
in the extirpation of one porlion of lhe corneal tissue oí precise shape (Menis­
cus or Torus) which determines lhe required degree of modificalion of the cur 
valure of one or bolh faces of Lhe cornea. 

By this method we can corree! spherica l and cylindrical refraclive defec15, 
within those limits permitted by Ihe struc!ure of Ihe cornea. 

A! the presen! time, the interlamellar reseclion constilules lhe principal ba!!is 
for refraetive 8urgery (6). 
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An inlerlamellar reseclion of the corneal parenchyma of exacl and predeter­
mined !!.hape, may be accomplished by three procedures: 

a} I{esection oí lhe anlerior layer!!. of lhe co rnea, their oplical reshaping 
and subsequent replacement. (6) ( rig. 40) . 

Fi l. 40 Keralom ileusis: a) Resecllon 0 1 lhe cornea! anlerlor layert. b ) Opliu l cu vin l 
in lhe pOSlerior fa ce 01 Ihe reseclcd cornea l disco d Rephlcemenl of lhe corneal 
liMue J",mi. 

b) Resecting the anterior corneal la)'ers, Ihen lhe middle parenchymal layers, 
in which once away from Ihe bo<ly, lhe oplic shaping is performed and once 

replaced in silu already modified, will be covered by the superfi cial layers. 

This varal ion has the purpoee of avoiding Ira urna lo lhe mosl delicate anlerior 

corneal layers, such as epithelium alld Bowmall 'S layers. 

e) Hesecling, or simply raising, by mea n! of a fl ap, the a nt~ior layers of 

lhe cornea, then optically reshaping lhe !ub.layers of Ihe parenchyma and finall y 

replacing Ihe corneal fl ap or cornea l reseclion, whichever lhe case may be. 

(rig. 4 \ ) . 

• ' i,.41 Ruin,. thinner cornea l flap r",¡¡etlion in Ihe bed, IInder moldin, _ 
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Jn the lirst group, the re~ec lion is performed extra corporally: "Optica! cut· 
ling of corneal lissue lenses". (Fig. 42). 

In the second group, lhe resection is performed in the cornea l bed: "Optically 
cuuing in the cornea! bed". (Fig. 43) 

F¡ ~. 42 Estraeorpo l"elll 
euttin l!. 

Fi l. 43 Corporea l euttin, . 

Oplical ClJ.uing o/ lhe Corneal Túsue Len,ses 

For lhe purposes of avoiding repelilioll, we 5hall consider lhe oplica! cutt.ing 
of cornea! discs in Ihose cases in wich the palien's own cornea supplies lhe coro 
neal disc i . e. resectioll, and in those cases in which lhe corneal disc supplied by a 
donor, i. e. homoplastic graft, jointly. We musl also consider a lhird case, very 
infrequent but nevertheJess possibJe: all aulopJaslic grafl, in which Ihe palienl 
lurnishes the corneal graft from his olher eye, which allhougb blind, has a 
heal thy cornea. 

TechnicaJly tbere are three basic procedures (2, 3) which we may employ: 

1) Modification of the curvalure of lhe corneal disco in Ihe desired grade, 
and plane section (Figs. 44, 45, 46, 47, 48). 
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"'il!. 44 (han Re of Ihe cUrVe (lf the 

~ornea ond nOI se<:t ioll . 



• 

Fil. 45 Microkeulome lor nal ~eclion (110 " ura llel faccti. ) 

fo'jl. 46 Elolder lo ohlll;n rdractive IInll!. Iroln a total cornea 
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Fill. 47 Holder lor optical cUllill1l 01 the posterior lace 01 lamellar corneal diacs. 

Fi ll. 48 Thi, drawinll show, lhe use 
of the Microkeralome of FiR. 
45 with holder Fi l. 46, to 
ohlp;n a (orneal ti ssue lens 
by modification of the cor­
neal shape and n a! secl ion. 
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2) Without modification lo Ihe lOhape 01 Ihe corneal disc, a curved resectiOIl 
IlO performed (Figs. 49, 50, 51, 52). 

3) Modificalion lo the curvature of Ihe cornea] disc, in lhe desired grade, 
tlud curvoo reseclion. 

1) Modification lo the curvalure oC lhe corneal disc and Plane section. 

Owing lo its great simplicily, Ihis was Ihe lirsl melhod tried . 

015(0 eOllNEAl 

.. ~ 1 .000 

• 

• -- --- --------- --------

Fi J! . 49 NeJ!alive corneal tiasue lens. 

o\C:f 

lIC:f' 

11 .1.1100 015CO COIII« ..... 

~: 12.000 

FiJ!. 50 Po! ilive corneal ti ssue tenso 

The corneal disc is sel over an area wilh a curvature equivalent lo Ihe desired 
dioptric value and lhe corneal lissue is seclioned in plano to Ihe required thick' 
ness, eilher manualiy or mechanically (Fig. 48)'. • 

If possitive corneal lissue lellses are required, Ihe endolhelial side mus! be 
adapled lO the moldo 011 lhe other hand, if lIegalive corneal tissue leuses are 
required, lhe epithelial side must be adapted to lhe mold. 
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Our finl experiences in opljcal cuuing were carried oul in donor corneas, 
manually adapled lo epheres 01 the required diameter. Aplane section was per­
formed with a razor blade (3) (Fig. 44). 

Laler, we adapled the corneal disc lo a lIurface of desired curvalure and lhen 
placed lhe corneal disco pluS"'adaptor lIurface, on the congelation plate of the 
microtome. FinaUy, once frearo, we re!ecled lhe desired IhicknCll!! of lIurplue 
tis!lue by using the microlome'lI own cuuing blade (2). 

-. ....... 
• • t,6 

...... ~ .. 

Fi". SI POl ilive cornea l tiq ue len. by 
peripherie l uhl lraClion (L.w 

01 Ihitk:nell), 

.'0<- ........ 

".'''~' . 

Fi". 52 Ne".,ive cornul ti" ue lens by 
ren'",! . ubstraetion ( L . .. · 01 

thickneul. 

Later we constructro Iwo apparalU!l, similar lo Hanvier's microlome, wilb 
arrangements {or fixing the corneal disc and with Íl 'flal surface lo serve as a 
guide for the electrokeratome designed lO carry out Ihe reseclion . 

This melhod had the advantage 01 being simple aud of permitting us lo cut 
Ihe comeal lissue without previously hardening il . An examination af the iIIus' 
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trations will prove more enlightening lhan any verbal explanation, (Fig!, 45, 
46, 47, 48). 

Martinez and Kauin (26) have followed the !ame principies as regards the 
design of their device for obtaining refractive gra ft s, In their procedure they have 
inlroduced a new elernent; they made a sandwich consisling of upper and lower 
oplical ba!e!!! of microporous or slicky acrylic material of complementary curva­
lures with the disc of corneal tissue in between, TIte desired pre8Bure was applied 
by means of a spring-gauge and a plane section was made between the bases b), 
a razor blade held between two parallel guides, 

The second method cmplo)'s a spherical cutti ng devicc, such as contact lens 
latbe, and although it requires the use oí more complicated instrumenta, it pero 
mits U8 to obtain maximum precision in optica lly cuuing ,he corneal disco 

In essence, it consists in flixing lhe corneal disc lo a surface which we call 
the "base". This base has the same curvalUre and dimension as the anterior face 
01 Ihe corneal disco We then resect the parenchymatous layer! (oplical cuUing) 
in a modiffied conelacl lens lalhe. This melhod (Keralomileusis) (6, 24, 25, 29) 
perm ils us lo obtain absolute precision as far as dioplric val ue and Ihickness of 
Ihe cornea! lissue lens is cOllcerned (Fig. 40, 49, SO, 51, 52). 

The third method (3) alJows IWo va riations: 

a) Carvi ng UpOIl cOllcave base. 
b) Carving upon COIl\'ex hase. 

In bolh ¡nslances, the base may ha ve an average and standard curve, always 
lhe same, or may have Ihe curve desired for Ihe moo ified cornea, in Ihis case 
a base for each particular inslance may be used. 

Finally, thoric base! may be u!C<l for aSligmalic corrections. 

The anlerior procedures are useful bolh for cornea! discs, formed by paren ' 
chyma only as for Ihose composed of Epithelia . Browman's and parechyma. 

In order lo perform Ihe reseclion iu lhe lasl two cases, the corneal lissue musl 
be previous!y hardened. The tissue may be hardened in three ways: 

A. Freezing 
B. Desiccation • 
C. Increase in the lineal velocit y of cuniug. 

Freezi ng of ¡he corneal lissue lens has been Ihe firsl technique which has 
enabled us lo oblain sa tisfaclory clinica! resu lts (3. 4. 6. 22, 32). 
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The corneal tisaue lenses can be oí oplical power (Fig. 49, SO) or else oí neutral 
oplical power, which operate, according lo Ihe Law of Thicknes5 (Fig. 51, 52). 

OplicaUy Cuaing ú¡ ¡li e Cortleal Dell 

It is technically more difficult to obtain the necesaa rily precise shape and thick-
1le5S oí the corneal parenchyma when !he reseclion is performed in Ihe corneal hed. 

The Ihree hasic methoos are: 

1. Oplical cuuing of the bed in the required shape by means of a burr (1). 

2. Plane culting, after previously modifying the curvalu re (3). 

3. Keratectomy in acordance wilh Ihe Law of Thiclmess (5). 

l . Oplica l cuuing by means of a burr : 

Although il is theoretica lly simple in practice we encounter m8ny technical 
difficulties, especially in Ihe culling of lhe cenlral part because of Ihe decrease 
in Ihe lineal veJocil y 01 the instrumenl. A more complex instrument would possihly 
be more effi cienl bul would also be difficuh lo appl,. lo lhe comeal hed. 

2. Plane cutting, afler prc\l iously mooifying the cUT\lature: 

Fil!. 53 Electrokerat ome ror n a' ~clion . wilh modificarlon of Ibe . olerior nl rn or the 
corota. 
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In practice Ihis melhod is also dificult ~ause of the necessity of using a 
O·degree angle of anack for Ihe culling edge. However, \'le could overcome Ihis 
difficult y in Ihe culling angle if we used a rigid wire instead of a blade. 

OUT inslrumenls consist of a COllcave, inlerchangeable head for modifying the 
curvalUTe of Ihe cornea and of an electrokeralome for performing a straight 
seclion (24) (Fig.53). 

SuampelH has conslructed a si milar inslrument in which Ihe advance of the 
cUlling blade i5 automalíc (27). 

3. The simple, cenlral keraleclomy: 

The simple centra l kerateclomy i5 hased upon the "Law of Thickness". 

h may be carried out either by resecling sn interlamellar meniscus with paraUel 
faces and precise dimensíon and Ihickness, or by resecling a positive corneal tÍ\;sue 
lens of greater or lesser diameler in order lo arrive al Ihe desired Ihickness. The 
procedure may be accomplished by using a mic rokeralome or a hurr under 
magnificalion. The inlensily of Ihe correclion may be calculated in advance accord ­
illg lo Ihe sagitla of Ihe respective arcs (5). In Ihis technique, the reseclion of 
the tissue is always central and only serves to co rreel myopía (Fig. 54). 

!-' i l!. 54 Cenlral Keraleclomy: 
_) Wilh parallel "ces. 
11) Plano conve:o:. 

Krackwitz (28) has deM:ribed all inlerlamellar reseclion wbich he carried oul 
by means of a hollow punch afler he had manually disected two successive layers 
of Ibe cornea. 

Anular resection for the correclion of hypermetropia may be accomplished in 
four slages: 

J . The resection of the anlerior layers, 

2. Delimitatioll of Ihe celll ral portion wilh a trepbine, 

3. The reseclion of the required thickness of the )lareJlchyma, discarding 
Ihe ring, 

4. The replacement of the disc of Ihe parenchyma and of Ihe anterior lay'''. 
• • 

B. Gralling 

Crsfting implies the substitution of one par! of the recipient cornea, for a donor 
cornea of differenl thickness or size. 
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Fi,. 55 ymellllr . lIIerior ur.toplaaty " 'ilh refr.,"" 
I.ive .rafli: .l I'laDO: b ) POiitive; e) Ne­
,.,ive. 

In Ihis group, the keratoplaslies are 01 the anterior lamellar type and may be 
autoplasti~, homoplastiell or heleroplaslies, aeeording 10 Ihe souree of lhe donor 
malerial (2,3). 

Anterior lamellar keratoplaslies, usíng homografts with Ihe exclusive end of 
modifying refraclion, slill are nOI perlorme<! allhough lheir low surgical risk and 
Ihe IlrnaU dimension 01 Ihe cornea that is aHccted would seem lo aulhorize them. 

1n oplic lamellar keratoplaslies, we ca n modify the refraction in order lo correcl 
a pre-exisling ametropia, bul we must always lake illlo accounl the norms thal 
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govern Ihe curvature oí the anterior face of Ihe cornea in order lo a\'oid Ihe 
pos!-ible creation of secondary ametropia (22). 

Three procedures may be cmployed lo modify lhe anterior face of the cornea 
by meallS oí lamellar keraloplasly: 

a) A graft with an illcorporaled refraclive value (22) (Fig. 55, 56). 

.' jl!. 56 umellar anterior keraloplUly wilh refractive tlrarl !!.; a) Plano ; b ) Positive; el 
Nellative. 

b) A graft wilh paralle! faces and IhickneSll differing from Ihe receiving 
bed (5) (Fig 13, 14) , 

e) We also may employ Iwo mixed methods : 

i) A lamellar graft co\'cring a resection (l) (F"ig. 57, 58). 

ii) A lamellar grafl covering Sil inclusion (1) ( rig. 59, 60). 

FIl!. 57 unlellar llraft t"overioS .. oellati- Fi,. 58 umellar Irall eoveriol a pos;I; ' 
ve re~ct;on _ ve re&ecl ion. 

Fil. 59 lA mellar Infl coveriD, a P08;li­
ve ioclu¡¡ion. 

Fil. 60 umellar Iraft eoverinl a oela­
tive incluliion. 

Since Ihe optical cutting involved in refraclive lamellar keratoplasty is per 
formed 0 11 a donor eye, il has tbe adva nlage that. i\ can be repealed on another 
donor eye if !he first resection is defective. It also allow!I us the advantage of a 
greater thickllcss or corneal I¡Mue which is neces!lary ror sorne correclioJl!l. 

The principal incon\'enience8 sre: 1) the necessily of ohlaining a donor eye. 
and 2) Lhe po5!!ihilil y of irnmullological reactions. 
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Autokeratoplasl ies in which the modificalion oí the corneal rissue lenses is 
ca rried out extra corporal1y, are in rea lit)' re!eCtions and should be classified as 
5uch (3.'3). 

C. I m; llUion 

Inclusion implies ¡he introductioll of an implant of desired shape wilhin Ihe 
layer! of lhe cornea (2, 3,4) (Fig. 61). 

The Jocalization may be: 

a) Central 

b) Peripheral 

snd either, superficial or in deplh. 

Fil. 61. Inlerlamellllf inclu­
sinn. a) Nelllh'e 
tornea1 lin ue len ~; 
b ) Poaitive tornea l 
liu ve l e n ~. 

According lo lhe nature 01 Ihe implant, Ihe inclusiOIl may be : 

s) Autoplastic 
b) Homoplastic 
e) Heteroplsstic 
d) Aloplastic. 

Conlrary lo Ihe reseclion, lhe inclusiOIl implies lhe inlroouction of tis8ue or 
foreign substance into the Ihickne!8 of Ihe corneal psrenchyma. These introouced 
8ubslances are well lolerated when Ihey are aUloplaslic or homoplsstic (rig. 22. 
23, 24) . snd are poorly lolerated in the other cases: f 

The interlameUar inclusions may be. according lo ~hape: 

a) Circular 
b ) Anular. .. 
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11) The circular inclusions of spherica l or toric corneal lissue lenses, of posito 
¡ve or lIegalive power, modify Ihe curvalure of the corneal aurfaces (Kerato. 
phakia) . 

b) The inclusion of moderately-peripheral r ings acts in lhe §llme way; ho\\'" 
e\'cr, il has the advantage lhal it does not surgically affecl Ihe central optical 
area of the cornea. 

The principal inconvenience in corneal tissue lens inclusions is Ihe double 
inlerface; Ihe principal problems encountered in Ihe inclusion of foreign materials 
are; lale reaclion lo lhe foreigl1 body, vascularizalion, opaci fi cation and expul' 
sion (4). 

We slill have nol been able 1.0 oblain 8uHicienl regularily in lhe oplical surface 
in tbose cases of anular inclusioll!. 

However, we have been able lo oblain good resull! bolb experimentally and 
c1inically wilh inlerlamellar inclusions of corneal tissue lenses and corneal discs 
(4, 32,33, 34). In both ca!!e!, we inlroduce into lhe cornea! layers an implanl 
of corneal tissue as near as possible lo the anterior Jace. This implanl ma)' be 
a corneal li$Sue lens which has been optically cul according lo lhe techniques 
al ready described, or it may simply be a corneal disc wilh pa raUel faces which 
acls, depending upon ils dimensions, according lo Ihe " Law of Thiokness" 
(t';g. 62). 

• ' • 
/ 

·9 , 
~ -..; .. ~ .. -~-

Fis· 62 Teehnique of me inlerlamellar indusion (Ker. loph.ki.> .• ) Slra¡, hl ineiaion ; b) 
Di~l!eClion of an inlerlamellar po.,lr.el; e) Indusion .1 Ihe len •• 
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COMMENTARY 

Until the present time, Ihe lechniques that have proved most flUccess have 
been inlerlamelJa r reseclions and inclusions. Physiologically we ma)' divide these 
techniques illto two lorge group! : 

l . Techniques based on Ihe rcgcnerative proc~s. 

2. Techllique!I that do no! del>end upon lhe regencrative proces!o 

In ,he lirst group. lhe surgical procedures construct the necessa". conditions, 
pave lhe way. so lo speak. lor lhe cicalricial and regenerative process which 
produces irs own oplical resull. (lells). 

In lhe second group, Ihe corneal tissue lens ir oplically Cllt lo Ihe precise 
dioptric va/ue requireJ, alld care iJ take1t ¡hat the rejractive result ir not alter~ 
by ,he regenerative process. 

The practical rcaliza!ion of Ihese basic knowledges, i8 a questioll of technique 
and instrumcnlalioll, both in all unccasing slriving for perfection. 

In subsequent publications, wemall devole ourselves lo a discussion of present 
toohlliqoos, instrumental ion , surgical indi()atiolls. method~ for calculatillg Ihe 
,e(ractive correction, and complicalions. 

BlBLlOGRAPBY 

l . BARRAQUER, J. l . 19-'9. QueraloplUII .. Rdracti .... Efil. e Inform. Oh .. 1. 2, 10. 

2. BARRAQUER. J . 1. 1958. Método para la T .. II .. de Injerto, Laminaret bajo &­
tado do Con,e1ac.ión . (Conlribución • la Ciru,ía Rdr .. eli ... ) . Arch. So(". Amer. 
Oftal. Optom. l . 232. 

3. BARRAQUER, J . 1. 1958. Melhod ror CuUin, Lamellar Grafu under Froten Slale. 
(ConlrlbUlion 10 Refraetive Suq¡:ery ). Arch . Soco Amer . orlal. Oplorn. 1, 271. 

4. BARRAQUER, J. 1. 1963. Modificu.iÓn de l. Refr .. q ión Ilor medio de Indu! ionei 
inlnlcorneale •. Arch. Soc. Amer. Ofl .. 1. Oplom. <J, 224. 
BARRAQUER. J 1. 1966. Modificll lion or Rernetion by Me .. n~ or Inlrac:orneal 
Indusion •. Inl. Ophlhal. Clinics. Vol. 6 N9 1, 53. 

$. BARRAQUER, J . 1. J964 . Conducta de l. Córnea frenle a 10 1 Cambio, de Espe6Gr. 
(Contribudón • la Ciru, i .. Refrad;". >' Arch. Soc. Amer . orl.1. Oplom. 5, 81. 

66 



--

REFR¡\CT tVE KER¡\TOPL¡\5TY 

6. BARRAQUER, J. 1. 1964 Querlltomileusis para la Correeeión de la Miopía. Arch. 
Soco Amer. Oftal. Oplom. 5,21. 

7. BARRAQUER, J . 1. 1961. Refraclive E"perimental SurBery. Contacto. 8, 9. 

8. St.1YTH E, R. H . 1961. Animal Visiono Charlea Thomae, Editor. Sprin.llfielde. 111. 

9. F"UKALA. 1890. OperaLi ve Bcbandlun .ll der Myot1ie durch Aphakie. Arch. f. Opth. 
Ihal. 36. 320. 

ID. MULLER. 1903 . Klin. Mon. f. AU I!. ]903. 

11. MALBRAN. J . 195". Una Nueva Orientadón Quirúrgica conlra la Miopía. Arch. 
Soco Oflal. H isp. Amer. 14. 116 . 

12. BARRAQUER, T , y BARRAQ UER. J . 1956. Nueva Orienladón Terapéutica eu 
la Miopía Pro, resiva. Arch. Soc. Ofta!. Hisp. Amer. 16, 1. 137. 

13. SATO, T. 1953. A New Sur l!ical Approach lo Myopia. Am. Jour. Opbthal. 36, 823. 

14 . MALBRAN, J . 1952. Tratamiento Quirúrsico del Astigmatismo. Arch. Soe. Ofta!. 
Buenos Aires. 1952 p. 221. 

15. LITIMAN, H. 1951. Grun .ll le,ende Belracblun.llen zur Ophlhalmometrie. Grades 
Arch. f. Ophthal. 151, 249. 

16. BARRAQUER J . 1. 1963. Two'Level Keratoplasty. Inter. Ophthal. ClinieB. 3, 515. 

11. BARRAQUER. J . J. 1963. Keratopla ~ti a en dos Planos. Arcb. Soc. Amer. Ofta!. 
Optom. 4, 263. 

18. BARRAQUER, 1. 1. ] 964. Keratoplu ly. Speeial Melbods. Proceedin llS of the 
World Consren on Cornea. Buuerworth Ine., Washington. 

19. BARRAQUER. 1. 1. 1955. Corneal Grarl! by B. W. Rycrofl . Full·ThicknesB 
Grdl8. p . 86. Bullerworth. London. 

20. ARIZA, E. 1958. Inclusiones y Prótesis Corneale8 Acrílicas. Arcb . Soco Amer . 
OftaJ. Optom. 1. 191. 

21. ARIZA, E. 1958. Acrylic Cornea l Prostheses and Implanta. Arcb . Soco Amer . 
Oflll l. Optom . 1. 219. 

22 . BARRAQUER, J . 1. 1963. KerutOlllasl ia Laminar Anterior. Ann. Insl. Barr. 3, 761. 

23. BARRAQUER, 1. 1. 1961. Queratoplastia. Keratopla8ly. Areh. Soco Amer. Orlal. 
Oplorn. 3, 147 y 180 . • 

24. BARRAQUER, J . 1. 196-1. Querolomileusie para la Corrección de la Miopía. Ann. 
InRt. Barr. 5, 206. 

25. BARRAQUER, J . 1. 1965. Autokératoplll8tie ovee SurfaClle pour la Correction de 
la Myopie (Kératomileusig) Ann. d'Ocu1istique. 198, 401. 

67 



JOSE l . BARIIAQUEII 

26. KATZIN, B . y MARTINEZ, M. 19M. Instrumentalion in Keratoplasty. Pro. World 
Conll. on Cornea BUllerworlh Inc. 

27. STRAMPELLI , B. 196-1. Posihilita di Modificllre Ollieamenle la Curvatura Cornea le 
mcdillnle Cheteelomia sollo Impronlll. Ann . Ott. e Clin. Oeu!. 90, 47. 

28. KRAKWITZ. T . 19M. Lamellar Corneal Slromecloruy. Am. Jour . of Ophthal. 
57. 828. 

~9. MARTINEZ, M. y KATZIN. R . 1963. Refrael;ve Keutopl1l6ty. Arch. or Opb· 
tha!. 89, 837. 

30. KRAKWITZ, 1960. Klinie Oezna. 30. 229. En polaco. 

31. KRAKWITZ. T . ]961. Tbe New PllIstic: Operation ror Corredin , Ihe Refractive 
Error 01 Apbakie Eyes by Chaogio , the Cornea¡ Curvature. Bril. J . Ophtha!. 45 59. 

32. BARRAQUER. J . l . 1960. Aspect Mieroseopique de~ GreUonij Lamellaires Coro 
néens DecoupeB en Elal de Con,élation Profonde. Bull. et Mém. Soe. Frane. d' 
Ophlhal. 73. 557 . 

33. BARRAQUER. J . l . 1959. Epiteli taeión de Injerl08 Laminares -Tallado! en Estado 
de Conlleladón Profunda. Areh . Soe. Amer . Orlll!. Oplom. 2, 71. 

34. BARRAQUER, J .1. 1965 . Bafes de la Queraloplastia Refractiva. Areh. Soco Amer. 
Ofla!. Oplom. 5, 179 . 

Aparlado ,\ éreo 11056 . 

• • 

68 




