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FUNCTIONAL EXPLORATION IN REFRACTIVE 
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BY 


JOSL 1. BARRAQUER, M. D, 
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Be/ore Attempting Surgical correction of an ametropía you must know the 

physíologícal and optical parameters that determine the characteristics 01 the eye. 

This knowledge ís essentíal no! only to correct the ametropía but in decidíng on 

type of surgical action and amount of correction necessar)'. 

The sequence presented here will enumerate step by step the tests and considero 
ations, established by clinical histories, and are applicable for various reIractive 
errors. 

Tests to be considered 

The tests to be considered inelude: 

l. - Subjective Refraction 

This test is made with a Green\ phoroptcr at 12 mm. corneal vertex dis

tance and under cyeloplegia. 
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Fig. 2 

This lClls is a combination of a sphere and a cylinder. The optical cross 

reprcsenls a spherical lens of -8.00 dioplers combined with a cylindrical 

lens of ·2.00 x 180. 
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The diagrammatic effecl uf Ihos~ 1t'lIs('s 011 a !!Chcmutic eye produces an induc_ 
cd cllllllctropia . 
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2. - 7"IIe Spherical Equivale11/. 

The ~pherical eq uivalent , which js lhe fi,-sl basic \'aluc lo h~· correcletl in 
k"ratom ileusis \~p l ll' r iclIl ¡. is rcpresen lc(l in this I:II SC by a ·9.00 dioplric 

-9.00 

1.00 0 

2.00 O 
Fill ..; 

Thc cffect of Ihe ·9.00 diopter Icns in Ihe vertical IIlCridiun 15 an under 
correcliOIl of 1.00 diopler ; in the ho riznntal merid iano il is an over corree
tion of 1.00 d iopll" r. ~1Al l lI: maticall )' , Ihe spheriea l C(luivalcnl of a cylin
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drical correclion is equal lo the combination oí the sphere power, with half 
of the cylindrical value. (Combination). 

3. - Ver/ex Distance Considerations 

Effective power of the corrective lens al zero verlex must be calculated since 
Ihe refraction was done al 12 mm. 

The malhemaical formula of vertex refraction is expressed as followtl: 

FE - New d ioplric power 

F - Known power 

O - Corneal distance al the vert~x of the lens, expressed in meters. 

F 
rE~---

L· DF 

Severallens ealculators can be used for simply and quickly finding the eHec!· 
¡ve power of a lens al a given distance. 

In Ihe sample case, the cffective pOIVer in the corneal plane of a lens of ·9.00 
dioplers lens is oí ·8.12 d. 

4.-Static Objetive Refruction 

This information is acquired by the use oí two instrurnents, the streak 
retinoscopc and the Rodcnstock rdractomeler. These instruments have greal 
value due lo the high incidence of absolute ana reIative ambIyopia because 
eyes with considerable anisometropia are prime candidates for surgcry of 
refraction. Objective tests are especially important if thc palients are 
young. The tests should be conducted under comp'ete cycloplegia. 

The Dynamic, Relinoscopy information has sorne value in sorne oí these 
cases if cycloplegies have not been used. 

Fixation 

S .-Direct ophthalmoscopy is used, employing two instruments, the Oculus 
Ophthalmoscope using the grcen filter wilh a transparent circ~e in the cen
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ler, (Bangerler systern) , and a Cuppers Visuscope. In sorne cases oí unila
teral high myopia despile foveaJ fixalion it is found thal il is impossibJe 
to obtain an acuity over 20/ 100 wilh correcting spectacJes and/ or pinhole. 
These cases should nol be considered hope:ess if they have good vision 
(20/ 30 or beaer) al very shorl distances between thc test types and the 
eye. 

This phenornenon could be expla ined by an induced rnagnificalion. It 
has been observed in amblyopia myopic eycs wilh low acuily for long 
distance (whell corrected optically), bus with good acuity without corree
lion al shorl distance there is a IcnJency towards recuperatioll aíter surgery, 
or by means of Pleoptics using the Pleoptophor after surgical treatment. 

Thc cJassification oí fixalion follows: 

a . Foveal (stable or unstable ) 

b. Para-roveal (stable Of unstablc ) 

c. Macular (sta ble or unstable) 

d. Para-Macular (stab:e or unstab!e ) 

e . Eeeentrie (.-;table or unslablc) 

f . Lack of fixation 

6 .-Keratometry or Ophthalmomelry of Ihe Anterior Surface of Cornea. A. We 
use in our cl inic Iwo instruments on eaeh patienl, Ihe Micrometric C. J. 
Ophthalmometer, made by ¡he American Optical Company, gauged for 
refractioll index of 1.3375, and Ihe Zeiss Ophlhalmomeler conslructed for 
a refraetion inJex uf 1.332, wilh a chord of 4.00 mm. for large radius, and 
2.5 mm. for smaller ones. 

Another excellent i llstrument is lhe Obrig Cornealometcr which permits a 
lopographic sluJ y. lt is scaled for an index of 1.376, Ihe same used in 
ealculating Ihe radius for lhe latheillg of the corn ea. Th is imtrum ent 
measures a come! area of an approximate diameter of l / 10th of lhe radius 
lo be measured. This is 0.6 mm. diameler for 6.00 mm. of radius and 1.1 
mm. of diamcter for 11.00 mm . of radius. 

When the ophthalmometric exploration is made wilh instruments with 
an index of 1.3375 or 1.332, a dioptric table equivalent lo rad ius of curv_ 
ature in miJ\imet~rs is used in accordancc with Ihe index adopled by the 
manufacturero 
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Fig. 6 

7. - Keralome/ric or 0fl""IfI{mol/lf'/ric AlleT(/.~ ~· ! Example: (43 :00 x 180) 
(45;00 x 90 ) 

FúlJowillg Ibe fig ure N9 7. Ihe dioptric middlc poi!}L 01' ophthalmom ~lr i (; 

spherical equivalenl i ~ fo uml (tI the 45 degrces Hlld J35 degrees wilh 11 

dioptric "alue of 44.00 diopters. 

S. - Posterior F(j{:e Uf SlIrjace ill OphlJwlmomt'lrr 

Tu determine the total dioptric value of the comt~a. il is necessar )' lo kno\\' 

the curvalure of both ~ Ul'faces of cornea. 

This klluwlcugc is also Ill'lpful in know ing whether Ihe pO~ lopera li\' c cha ngc 

i .~ due lo a regcncralion of ¡he cornea! I hicknl'~s (smal! arl ic mlle) 0 1' 

lo o tiler cxlracorncal faclors. The radi us of the posterior sudace uf ,Iw 
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cornea 15 measured with Ibe Zeiss opblhalmomcter ; Ihe meir refl eclions 
on the posterior cornea l surface are smaller Ihan those of Ihe anterior. 
This makes the image easily visible, The information given by the ophthal. 

mometer does not correspond, in one lo one ratio, a: though il is Tecorded 
on Ihe case hislor y sheet. The real radius valuc is obla iucd by complicated 

formula . 

9 , -CorMal Diameler 

This information is generally delermined by Ihe use of a Zciss or Tilmus 
pupilometer, which consisls of a lube with a reticnlar sca le which is super

imposed on Ihe corneal plane and simply by markin:; a Hile in Ihe network 
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of lines, over Ihe IwO extremes of the limbus, the eorneal diameter can be 

read in millimelers. A second method; an adjusling cyepiece with a gra

dualcd seale in millimeLr.rs has been attached to a Zeiss slit lamp, wilh 

lO-X magnification and a direcl mcasurcmenl of the maximum alld minimum 

diamelers can be made. 

In al! cases, the vertical snd horizontal measuremellt5 are taken. The vertical 

diameter generall y averages 0.5 mm., less Ihan the horizontal. This is 

probably due lo a Jarge percentage of eyes havillg a small amount of astig. 

matism, which is considered physioJogical. 

To gelleralize, the major corneal diameter corresponds lo the flalt est corneaJ 

meridiano This facl is parlicularly evident in the high obJique astigmatismo 

lO. - -Comcal Thickncu 

Corneal thickness is measured in verlex, wilh the Joeger apparalus manu · 

faclured by Haag·Streit. It indicates ¡he thickness of Ihe reseclion lo be 

used alld is importanl in follow:ng the posl.operntive course of the pa lient. 

ll .-Corneal Transparency 

The cornea inspection is preferred under the slit lamp and with fluorcs

cein. In cases where minute leucomas are nOled, thl'i r densily and rclation 

in the pupillary area a re observed. Maj or changes in Iransparency are a 

contraind icatioll lo r rcfraclive surgery. 

12 .-Corneal Sen.s ilivitr 

The Cochel-Bonnct eslhesiomcther is assembled within and cmpty mctsl1ic 

spindle with a rack so thut only one ];and is requircd to easily slid c oul 

the plsslic filament. The mcas uremenls begin with ¡he filamenl !;et at a 

lenglh of 60 mm . A sea le is incorporaled on Ih ~ stcm for ellsy measuremcnt 

slId close control of thc thread extension done with a gear arrslIgemcnl. 

The equivalenl scsle bctweclI Ihe thread exlension a nd the weight in rog. 

Ilre as follows: 
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Lenglh In mm. Weight in mg. 

60 
 II 


55 
 12 


50 13 


45 16 


40 20 


35 
 27 


30 35 


25 53 


20 75 


15 100 


JO 140 


5 200 


Hg. 8 
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Before proceed ing wilh the Il's t. Ihe palienl is informed thal it is a painles!l 
procedure. The con lact of the nylon filaml'nt wilh lhe co rnea, is made and 
must be kepl perpend iculur unlil tite flexion (lf Ihe filomenl is observed 
and whell Ihe conlllcl le repo rlt'd by Ihe palienl. 'rhe mllximum exlension 

(60) 	 should alwa ys be used ~o lIlarl, decreasing Ihe lenghl unlil lhe palienl 
fec:s ir. The corn t'a arca ulilized is Ihe "apicul" urca , or lhe central 3 or 
4 mms. of cornea. Thc oplical zones for surger)' in keralomileusis ranges 
belween 5.5 and 6.5 111m . 

FiJ!;. ~ 

The Eslhcsiomelric prc.operntive stud)', in additi on 10 establishing the 
normal St'nsilivily of Ihe COfll en fuI' surger)" gives informalion essential 
for post·operalil'e folJow.upe 10 investigale Ihe reinervatioll of lhe operated 
cornea. 

13 .-Anterior Chambe, Deptl. 

Measured wilh Ihe Jaeger del' ice, manufaclured by Haag·Slrei!, Ihe total 
leugil! of Ihe globe is lf'arnNI (Cerne! Method), lo diSCOl'cr whether post. 
operat ive mOI¡ificaliolL~ have lah 'l! pla ce. 

14. - Antcrior·Postcrior G/obe Le/!gth 

'1'0 determine Ih t' mea~u re of Ihe alllerior,pOSlerior ocula r globe, Ihe Cernel 
melhod is used. The oplical ultrasonic melhod establishe;; the eye relrac
tioll when a calaract is evidf'llt. Also lhe volume oí Ihe ocular globe for 
predete rmining lhe incn~asc of tensile slress wilh lhe pneumatic rings and, 
lastly, whcthcr a posl·opcralivc increase in axial m)'opia has taken place. 
The Echo-Ophlhalmotllog raph of Siemcns is used. 
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lS ,-Delerm úlUliofl oj Ihe Se/eral Radil/3 

Tile purpoS!;: of determin ing the scleral TIIdius a~ part of the cxamination 
prior lo ke rulomileusis surgcry is lo dl'lerminc Ihe proper radius of the 
pneumutic rixation ringo which wilJ be applied lo ¡hc sclera. 

ESCLEROMETER 

'[7'
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Five test ¡euses (sclerometers), with a 13 mm. wide central arca designed 
lo clear the cornea are used. They a re made 01 transparellt plastic material 
and are 8 centimeter high. COllvex surfact.'S are parallel or identical in 
radius lo concave surface to allow observa tion. 

The t~t lenses measure 12 mm., 12.5 mm ., 13 mm ., 13.5 mm. and 14 mm. 
in rad ii. These radii co rrespond to the more frequent scleral curvatures. 

After instilJing anaesthc~ia the Sclerometer is placed 011 the anterior seg· 
ment 01 the eye. With Ihe aid 01 a microscope the compressing of the 
conjullctival capillaries are observed. The radius of scleral curvature i.os 
thus determÍncd. Moreover, in many cases, the Ínstillation of fluorescein 
helps the observation of !'Cleral steepness or f1atllt.'SS thereby determining 
the scleral radius, as wd l as Ihe presence of scleral astigmatismo 

16.-l nlra·Ocular l'ension 

Mackay.Marg E!ectronic TOllomcter is uscd, which qUÍckly and exactly 

give5 lhe requÍred informatÍon on int ra·ocular tens ión. With this instru· 
ment, Ihe normal ranges a re from 16 mm. lo 20 mm. without anaesthesia, 
snd from 18 lo 22 mm. with local 270 novocain. 

17.-0cular Fundu l1 

Any pre.opcra livc abnormality is observed with ophthalmoscope and given 
careful consideration, bOlh hefo re and aft er surgery. 

18 .- An a niseikonic stud y being ca rried out with in this exploration i ~ exepcled 
to so!ve many of Ihe problems 8!sociated with slrab ismus. 

Conclu$ion 

From the study of Ihis data and the refraction of Ihe eye 0 11 which surgery i ~ 

contempla led , Ihe amounl a nd kind 01 surgical modificalion is delermined. 

The appraisal of the dala, the calcula tion of Ihc correclioll, and the evaluatiou 
of Ihe posl·opcralive results will be in a subsequent papero 

Apartado Aéreo 11357 
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