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OPTlCS OF BARRAQUER'S KERATOMTLEUSIS 

BY 

HANS LITTMANN 

Heidenheim, Welil. Germlny 

Surgical Correelioll 01 Ihe oc ular re(raclion by means of surgery lending lo 
modify Ihe radii of curvalure 01 the anterior corneal surface, pre5ume5 Ihe knoW'" 
ledge of Ihe e:lacl radii oC curvature Ihal this surface should be given in order 
lo co rrel a given Ametropia. 

Barraquer, iu oue of his recenl paper!~ (1), indicate8 tha! his oplical calcula
lioll!! a re somewhat empirical and uses for Ihem lhe formula Da + D taking lbe 
dioplric "alues from Ihe Zeiss ophlhalmometer calculations. Wherea!! in lhe ante
rior formula, Da stands lor dio»lers oí Ihe anterior corneal face 01 the eye lo 
be operated upon, and O for Ihe needed cor recliOI1 lo neulralize Ametropia. 

II is known tha! by mea ns oC an ophlhalmometer only lbe radius of the Cronl 
surface of lhe cornea can be mcasured, whereas Ihe tolal refracLi ve powCr of the 
cornea can be read off a second sca le. The refractive powers of this second scale 
wcre in a second step cOIl\'erled from lhe radii primarily measured and Ihe 
resu lt is the scale 01 Ihe refraclive powers. ActualJy lhe conversion req uires the 
knowledge 01 furIber data (thickne5s of the cornea, curvalure of the oear surCace 
o( Ihe cornea) which are nol di reetly measured wilh Ihe ophthalmometer. Thal 
means thal Ihe conversion is in facl based 0 11 a cOllvenliOIl . I wanled lo provide 
for a change 01 Ihis convenlion, al leasl lo such an exlen! that Ihe corree! value 
for Ihe tolal refraclive power results for a normal cornea. The imaginary refra c
tive index n = 1.332 which 1 differenlialed in my paper, served Ihis purpose . 

• • 
COllsidering tha! lhe o»hlhalmomeler is an ins!rument tha! measures radius 

and tha! its relationship lo dioplers is only establishcd lo represent c10sely the 
tolal relractive value of Ihe cornea (2) and furthermore its astigmatism, lbus its 
applic8tion lo the calculalion 01 lurgical correction of Amelropiae is subjeet lo 
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certain devialions Ihal in the case of high corrections amounl lo a significan! 
value. 

In Ihe foUowing I would like lo explain the development oí Ihe compulalion 
which serves to determine the exact value ror lhe radius of Ihe front surface 01 
the oornea, and which must be determined in order lo be able lo compensate 
ror an Ametropia by mea ns oí Keratomileusis. 

The exact values shall then be compar'!d with Ihose computed by means oC the 

~32 
formula R = ---o Finally Ihe iníluence of the thickness oí Ihe cornea 011 

D 
the result will be discussW. 

For Ihe exact compulation it is assumed thal Ihe radius 01 curvalure of the 
front surface 01 lhe cornea and the lolal thickness 01 the cornea ti. e. remainder 
oí the cornea plus ground transplanl 01 the palienl's eye which is pul on again) 
are changed. It is furthermore assumed Ihat the curvalure and the relative posi' 
tion of the second suríace oí the cornea remain unchanged compared with tl'i ~ 
other elemenls oí the eye. That means that Ihe depth 01 the anterior chamber 
as weU as position, thickness and radii of curvature 01 the lens, and distance 
between lens and fovea remain constant. The exacl computatioll then apptis lo 
aU amelropiae, whatever their reasons may be, i. e. also lo axis amelropia, re
fractive power ametropiae, etc. Another pre·condition is Ihal Ihe eye should be 
accommodation·free. 

Fig. 1 and the íotlowing list give a survey which data of the eye are required 
ror Ihe computation: 

n 
o 

n 

, 
• 

d 
• 
, 
d 

.' • 

refractive index of the air (n = 1). 
o 

refractive index of the cornea l substance (n = 1. 376). 

radius oí the front surface ol tbe uncorrected ametropic eye. 

thickncss of the cornea 01 the uncorrected amelropic eye. 

radius oí the fronl surlace 01 the cor'lea, corrected ror ametropia. 

thickness oí the cornea oC Ihe eye, correcled ror emmetropia. 

distance between dislanl point P and vertex 01 the fronl Burface 

oí the cornea. 
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Fig 1 

dislance between the irnmage P' produced by Ihis surfacc 01 P 

and the vertex 01 the fron! surlace of the cornea. 

distauce between ¡mage poi nt P' aud vertex oí the rear suríace 

of Ihe cornea. 

s' = 00 dislance of the distant poinl Iying al infillity from tbe vertex of 
the front surface of the cornea of the eye, corrected for ernme
tropia_ 

, 
," 

dislance a l Ihe irnage P' produced by Ihis surface from infinity_ 

dis tance between image poinl P' and vertex 01 the rear surface 
of the cornea, if the ere is corrected for emmetropia. 

AH lengths are expressed in mm, Hnes which are d irected towards the r ight 
in Fig. 1 are positive, those directed towards the lelt, are negative. Definitíon 
of ametropia: , . 

D -
1.000 

dpt. 
s,' 
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O -- - 1.000 
100 

_ 10 dpt. i. e. myopia 

- 10 dpl. referred lo lhe verle;\: of lhe cornea. 

The accommodalion-free ametropic eye images the dislanl poinl P inlo the 
fovea. Only the share front !lurface of lhe cornea has in Ihis procedure is 
ol inlenl for the lollowing computatioll. Due lo refraclion al the fronl !lurfaee 
of the cornea, the distan! poinl, Iying al lhe distance s' , in fronl of its vertex, , 
is imaged into lhe ¡mage point P', Iying behind its vertex. The distanee between 
Ihis image point and Ihe rear surface of the cornea i!l: 

Sa" = s. - da 

The cOrreclion is meanl to change the radius ol lhe frolll surface of the cornea, 
and thus also the thickness ol the cornea in such a way lhal nol lhe poin! P, Iying 
al finit y bUI the infinite distanee is imaged into P'. Ir under these pre-conditions 
all other elements ol the eye rema in unchanged, the eye is thus corrected for 
emmetropiae, since the further imaging of P' lo the rovea is carried out unaltered . 

Analogous to (1) it follows lor Ihe corrected eye Ihal: 

s":s_d ® 
The demand ror Ihe correctioll il!: 

s"= sa" 

It follows from the formulae (l), (2), and (3) Ihal: 

_.=0+(0._0) 

Tila! means lhal Ihe malhemalicaJ lask is 10 calculate for a given ametropia 

D 
IODO . . 
--- the ¡mage dl.!tance s and lor an infinitely distan t object point ,he , . . 

a' 

image d.i!ltanee s, Ihereby determining the radius 01 curvature r 01 lhe corrected 
fron! surfaee 01 the cornea in such a way that the relalion (4) ¡s true. 
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According lO Ihe so-ca lled O-beam calculalion il follow!I Ihat; 

n n '. - n, 
s~' + 

(n- no) 
--s;;-+ (n - 1) 

ra 

If the value Cor Ule ametropia D, defined above, is inserted into this equ.ation, 
it fo llows Ihal: 

-'a o 
+ r. 

n 
(n - 1) ® 

tOOO 

The compUlaliOIl oí s is carried oul analogous lo (5): 

n , 
, In - 1) 

7+ r 

1 
Since for Ihe eye, correcled for emmelropia, s' = al and Iherefore -- = O, 

Ihis formula is simplified lo: 

• = n.r 
(n-1) 

" 

The correeled raclius r foJlows írom Ihe combination of the forrnulae (4), 
(5), .nd (7). 

n -
n 

'.000 (n-,) +' 
or inserling n = 1,376. 

• • 

376 
o + , 

- D. 273 (da - d) ® r= r • . 
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As mown by equatioll (9) tIle corrected radius r only depends 011 the radius 
r before correction, the ametropia D to be corrected, and the thickness differ 
a 

ence (d - d). Apart from Ihe refractive index oí the corneal subslance n = 1.376 
a 

tbe form ula does 1101 conta in aoy furtber data, in pa rticular no dala on the re' 
ma ining oplical system of Ihe eye Ilnd on lhe reasons lor the ametropia. 

The following lable indicates the exact radii r, calculated according lO (9). 
as well as Ihe radii, calculaled according 10 Ihe ophthalmometer formula : 

332 
R = 43,05+ O 

f.l. = +7.7mm and (4&-11) : 0 ,3 mm . are assumed as a ll example. 

The last column of the table shows the difference between the exactly and the 
approximately computed radii. 

TABLE J 

Enel radiu8 I 332 
, - R Amelropia R = -, D 

Hypermelropill + 20 dpt 5,381mm 5,265mm + O,1l6mm 
+ 10 dl,l 6,309mm 6,258mm + O,OSlmm 

Myopia 10 dpt 9.601mm 10,045mm O,444mru 
- 20 dpt 12.960mm 14,IOlmm - 1,443mru 

It is even more interestillg if the ametropiae, D, compcnsaled by lile eXliclly 
computad radius r, is compared wilh D R which is compensated ir lhe approxi-

malely computed radius R is entered iulo Ihe formula (9) instead 01 r. 

After expansion lo D il foliows from the formula (1): 

o = 1.000 ( n-1 ) { } dp' r+:n¡¡t( d.-d) - r, 
(10) 

0 = 376 { 

• 

} dpt 
0' 1 

r + 0,213 (d, d) r. 
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As an example I take r = 7.7 mm and (d - d ) = 0.3 mm and that r is 
a a 

replaced by the R - values oí Table l . it follows lhat: 

{~--} R +0.273. 03 7.7 
dp' 

The result is: 

TA8LE 11 

U D I D·O 
R R 

- -
+ 20 dpt + 21,5 dpl - 1,5 dp' 
+ 10 dpl + 10,5 dpl - 0.5 dpl 
+ 5 dpl + 4.9 dpt + 0,1 dpt 
- 5 dpt + 6,1 dpl + 1,1 dpt 
- 10 dpl - 11 ,7 dpl + 1,7 dpl 
- 20 dpl - 22 ,9 dpl + 2,9 dpl 

The last column oí Table 11 indicates the difference belween the ametropia D, 
which is lo be corrected Rlld the ametropia D which would be compensated 

R 
for in this example by the radius R. Negative sign means in Ibis example Ihat 
the eye corrected by means of R is nol emmetrop bul rnyopic, and the positive 
sign tha! il becomes hypermetropic. 

According to the result, given in Talbe 11 , it is recornmendable to calculate 
the desired radius r, .aC(:ording lo formula (9). 

'fhe influence of the cornea l thickness before and after the operation is further
more oí interest, since both thicknesses are included in formulae (9) and (10) . 
lf in formula (10) D is considercd as a function of the difference in thickness : 

(; = (d - d) , and if the differential quotient is formed to this difference, it 
a 

follows that: 

bO-

2 

D fa ~ + 1.000 (0-11) 

-'----:-::::::-:--'-- . 6$ -
1.000.n 
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Particulary. 

for r =7,7 mm. it followlI that : 
• 

_ (O + 48,8) 2 . .6! d t 
60_ 1.376 P 

@ 

A challge in the differellce in thicn~ loa re3uhs in a correctioll error 60 . 
. ' Ts ble 111 indicates the influence of sn error in the difference in thickness of AB= 

O,l mm. for different amelropiae: 

" 
+ 20 dpt 
+ 10 dpl 
+ 5 dpl 
- 5 dpl 
- 10 dpl 
- 20 dpt 

TABLE 111 

Al) ror 6 8 = 0,1 mm 

+ 0,34 dp' 
+ 0,25 dp' 
+ 0,21 d" + 0,14 d" + 0,11 d" 
+ 0.06 do< 

I do hope Ihat Ihe results given herein shall be of Bssislance lo lhe lIurgeons snd 
userul for further resea rch work, 81ld I would be glad ir they stoOO al a contri
bULioll lO a IItill more favorable correction by surgical means lo the refractive 
errors 01 the ere. 

• 
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