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Abstract 
 
Background/Aim. Enlargement of optical zone (OZ) diame-
ter during laser in situ keratomileusis (LASIK) correction of 
myopia postoperatively improves the optical outcome, how-
ever, it also leads to the increased stroma tissue consumption – 
progressive corneal thinning. The aim of this investigation was 
to present the possibility of safe OZ enlargement without im-
pairing the structural stability of the cornea, while obtaining an 
improved optical outcome with LASIK treatment of short-
sightedness. Methods. Preoperative assessment of the cornea 
structure and prediction of the ablated stroma tissue consump-
tion was conducted in 37 patients (74 eyes) treated for short-
sightedness by means of the LASIK method. With the eyes 
that, according to their cornea structure, had the capacity for 
OZ diameter enlargement of 0.5 mm, LASIK treatment was 
performed within the wider OZ diameter of 7.0 mm compared 
to the standard 6.5 mm. The following two groups were 
formed, depending on the diameter of the utilized OZ: the 
group I (the eyes treated with the OZ 6.5 mm, n = 37) and the 
group II (the eyes treated with the OZ 7.0 mm, n = 37).   
Results. No significant difference in the observed structural 
parameters of the cornea was detected between the groups of 
patients treated with different OZ diameters. The values of all 
the parameters were significantly bellow the threshold values 
for the development of postoperative ectasia. Conclusion. Di-
ameter enlargement of the treated OZ, if there is a preoperative 
cornea capacity for such enlargement, will not impair the post-
operative stability of the cornea structure, and will significantly 
improve the optical outcome. 
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Apstrakt 
 
Uvod/Cilj. Proširenjem optičke zone (OZ) tokom korekci-
je kratkovidosti metodom laser in situ keratomileusis (LASIK) 
poboljšava se postoperativni ishod tretmana laserom, ali se 
istovremeno povećava potrošnja tkiva strome rožnjače – 
dolazi do progresije njenog istanjenja. Cilj rada bio je da se 
pokaže mogućnost bezbednog proširenja OZ bez narušava-
nja strukturne stabilnosti rožnjače, uz poboljšani ishod tre-
tmana laserom nakon korekcije kratkovidosti. Metode. 
Preoperativno je sagledana struktura rožnjače i procenjen 
ablativni profil korekcije, na osnovu čega je predviđena pos-
toperativna struktura rožnjače na očima 37 kratkovidih paci-
jenata (74 oka). Na osnovu sagledavanja strukturnih para-
metara procenjen je kapacitet strome rožnjače za proširenje 
tretirane OZ sa standardnih 6,5 mm na 7,0 mm OZ. U zavi-
snosti od prečnika OZ korišćene tokom lečenja formirane 
su dve grupe: grupa I (oči tretirane korišćenjem OZ 6,5 
mm, n = 37 i grupa II (oči  tretirane korišćenjem OZ 7,0 
mm, n = 37). Rezultati. Analizom posmatranih strukturnih 
parametara uočeno je da su u obe posmatrane grupe njihove 
vrednosti bile značajno veće od graničnih koje su označene 
kao kritične za pojavu postoperativne ektazije nakon korek-
cije kratkovidosti metodom LASIK. Zaključak. Prošire-
njem prečnika tretirane OZ za 0,5 mm, ukoliko postoji od-
govarajući kapacitet tkiva strome rožnjače, postoperativno 
se nakon korekcije kratkovidosti metodom LASIK ne naru-
šava strukturna stabilnost rožnjače, a poboljšava se ishod la-
serske korekcije miopije. 
 
 
Ključne reči:  
miopija; keratomileusis, laser in situ; hirurgija, 
oftalmološka, procedure; rožnjača; lečenje, ishod. 
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Fig. 1 – Corneal pachymetry (CP) changes in the patients af-
ter the laser in situ keratomileusis (LASIK) treatment in dif-

ferent optical zones – 6.5 mm : 7.0 mm. 

Table1 
Statistical analysis of corneal pachymetry (CP) values before and  after the laser in situ keratomileusis 

(LASIK) treatment in different optical zones – 6.5 mm : 7.0 mm 
Groups (type of comparison) Z value p 
CP 6.5 (before : after) 0.34 0.73 
CP 7.0 (before : after) 0.45 0.65 
CP 6.5: CP 7.0 (before) 0.63 0.52 
CP 6.5: CP 7.0 (after) 0.32 0.75 
% of before-after change (CP 6.5: CP 7.0) 0.09 0.92 

 

Introduction 

Excimer laser pulses are used for remodeling of the 
corneal stroma with the aim of refractive anomaly correction, 
with the tissue being removed by means of evaporation and 
therefore leading to corneal stroma remodeling and thinning. 
The quantity of the removed tissue is proportional to the size 
of the corrected diopter ametropia and to the radius of the 
treated optical zone (OZ). According to Munnerlyn et al. 1, 
for corrections up to – 7.0 diopter sphere (Dsph) the 
following formula is used: the depth of the ablation (µm) is 
equal to the number of diopters multiplied by the square of 
the OZ diameter (mm) divided by three: Depth ab (µm) = 
Dsph x OZ2 (mm)/3. 

Impairing the cornea structure beyond the critical valu-
es of the structural parameters (corneal pachymetry, corneal 
thickness progression and corneal volume reduction), will le-
ad to the most severe complication of laser in situ keratomi-
leusis (LASIK) treatment – corneal ectasia 2. Enlargement of 
the OZ diameter during LASIK correction of myopia will 
postoperatively improve the optical outcome, however it will 
also lead to the increased stroma tissue consumption –
progressive corneal thinning. 

The aim of this work was to present the possibility of 
safe OZ diameter enlargement without impairing the structu-
ral stability of the cornea, while obtaining an improved opti-
cal outcome with LASIK treatment of short-sightedness. 

Methods 

A prospective clinical study, conducted at the Military 
Medical Academy, Clinic for Ophthalmology (January 2010 – 
June 2012), included 37 patients treated for the existing ametro-
pia by means of the LASIK method with a Wavelight Allegreto 
400 Hz excimer laser. The study was approved by the Military 
Medical Academy Ethics Committee. The study included pati-
ents with myopia and myopic astigmatism. The total number of 
the eyes treated was 74.  

The following two groups were formed, depending on the 
diameter of the utilized OZ during the treatment with the excimer 
laser:  the group I (the eyes treated with the OZ 6.5 mm, n = 37); 
the group II (the eyes treated with the OZ 7.0 mm, n = 37). 

The decision criteria for the selection of OZ diameter was 
based on evaluation and application of the excimer laser software 
for the expected postoperative thickness of the residual stromal 
bed (RSB) for each eye, and simulation of OZ treatment for 6.5 
mm or 7.0 mm, so that the eye with greater postoperative thick-
ness of the RSB was treated with the OZ 7.0 mm, and the eye 

with lower RSB value, in the same patient, was treated with the 
OZ 6.5 mm which was larger than the scotopic pupile diameter. 

Camera recording, using the Scheimpflug system, and me-
asuring of the postoperative structural parameters: corneal 
pachymetry, corneal thickness progression and corneal volume 
reduction, were performed after six months. 

The obtained data were analyzed and showed in the 
text and figures. The results were presented as means with 
standard deviations (SD). Throughout the study, Wilcoxon 
and Mann-Whitney U-test with a statistically significant 
cutoff of p < 0.05 were used to assess the statistical signifi-
cance of parameters observed. 

Results 

The average patient’s age was 32.34 years and the 
youngest treated patient was 21 year old. The highest value for 
myopia was 8.75 diopter sphere. The average value of corneal 
pachymetry in our patients was 545.86 ± 33.94 µm, ranging 
from 503 µm to 599 µm, while the average value of the postope-
rative corneal pachymetry from the two observed groups was 
492 µm.  

Postoperatively, the average value of corneal pachymetry 
for the group I, treated with the OZ 6.5 mm, was 491.55 ± 48.24 
µm (Figure 1) while in the group II, treated with the OZ 7.0 mm, 
493.04 ± 49.23 µm of the thinnest corneal part was registered.  

When comparing the preoperative values of corneal 
pachymetry between the group I and the group II (Table 1), 
no significant differences were observed. So, an equivalence 
of corneal pachymetry was observed  between the groups be-
fore the treatment (Mann-Whitney; Z = 0.63; p = 0.52). 

Moreover, the comparison of the total postoperative va-
lues of the thinnest part of corneal pachymetry between the 
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Fig. 2 – Corneal Volume (CV) changes in patients after the 
laser in situ keratomileusis (LASIK) treatment in different 

optical zones – 6.5 mm : 7.0 mm. 
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Fig. 3 – Corneal thickness progression (CTP) changes in the 
patients after the laser in situ keratomileusis (LASIK) trea-

tment in different optical zones – 6.5 mm : 7.0 mm. 
 

Table 2 
Statistical analysis of corneal volume (CV) values before and after the laser in situ  

keratomileusis (LASIK) treatment 
Groups (type of comparison) Z value p 
CV 6.5 (before : after) 0.28 0.79 
CV 7.0 (before : after) 0.38  0.69 
CV 6.5: CV 7.0 (before) 0.59  0.55 
CV 6.5: CV 7.0 (after) 0.71  0.48 
% of before-after change (CV 6.5: CV 7.0) 0.60 0.54 

 
Table 3 

Statistical analysis of corneal thickness progression (CTP) values before and after the laser  
in situ keratomileusis (LASIK) treatment 

Groups (type of comparison) Z value p 
CTP 6.5 (before : after) 4.03 < 0.001* 
CTP 7.0 (before : after) 3.98 < 0.001* 
CTP 6.5: CTP 7.0 (before) 0.27 0.79 
CTP 6.5: CTP 7.0 (after) 0.31 0.75 
% of before-after change (CTP 6.5: CTP 7.0) 0.10 0.88 

*statistically significant difference (p < 0.05). 

groups  showed no significant differences (Mann-Whitney; Z = 
0.32; p = 0.74). 

The comparison of the decreased corneal pachymetry va-
lues by OZ ablation in the diameter of 6.5 mm and the wider di-
ameter of 7.0 mm, showed no significant difference in the chan-
ge of corneal pachymetry at different ablation parameters 
(Mann-Whitney; Z = 0.09; p = 0.92); (Table 1). 

The values (Figure 2) and comparison of corneal volume 
consumption at the OZ ablation diameter of 6.5 mm, when 
compared to the OZ ablation diameter of 7.0 mm (Table 2), 
showed no significant differences in stroma consumption 
(Mann-Whitney; Z = 0.60; p = 0.54).  

The values of both groups (Figure 3) and comparison of 
the corneal thickness progression after the LASIK procedure 
between the group I and the group II showed no significant dif-
ference as well (Table 3). It can be concluded that the enlarge-
ment of the OZ radius of 0.5 mm does not make a significant 
difference to the postoperative increase of the corneal thickness 
progression in central 6.5 mm of measured diameter of cornea. 

Discussion 

The diameter enlargement of 0.5 mm for the treated OZ, 
starting with the standard 6.5 up  to 7.0 mm, increases the abla-
tion depth and the volume consumption of the stromal tissue – 
progressive corneal thinning occurs during the LASIK procedu-

re. The criteria for the selection of patients – eyes for the wider 
diameter of the treated cornea were based on the references from 
Binder and Trattler 3 and Randleman et al. 4, as well as the pre-
dictions on the postoperative structure of cornea based on the 
software program for Wawe Light Allegreto Q 400 laser, and 
our own previous research results 5, 6. We monitored and 
analyzed the cornea structural stability parameters, such as the 
value of corneal pachymetry, corneal volume and corneal thick-
ness progression. Other parameters such as age as well as the 
highest myopic value for myopia we consider as parameters of 
lower level of importance. We believe that these parameters ha-
ve no relevant importance for the development of ectasia as 
much as those structural parameters that we followed in this 
study. 

Corneal pachymetry is perceived as the basic numerical 
parameter for the assessment of the postoperative stability of 
the cornea after the LASIK treatment and for the comparison 
between the observed groups. Postoperatively, the average 
value of corneal pachymetry in our study was 491.55 µm for 
the group treated with the OZ 6.5 mm, while for the group 
treated with the OZ 7.0 mm, the average value of corneal 
pachymetry was 493.04 µm. According to the empiric con-
clusions of Ambrósio et al. 7, the treshold value of corneal 
pachymetry for the development of the ectatic process is 424 
± 50.93 µm which is significantly lower than the values mea-
sured in both groups after the LASIK treatment. 
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The lower limit of the residual corneal volume of 22.4 ± 
2.0 mm3, within the measurement radius of the central 7.0 
mm corneal area, was based on the statement of the same 
author – Ambrósio et al. 7, who defined the parameter (Cor-
neal Thickness Spatial Profile–CTSP) as the critical value for 
the development of the ectatic process. The average value of 
the postoperative corneal volume in our study, determined in 
the group treated with the OZ 6.5 mm was 23.33 ± 1.30 
mm3, and in the group treated with the OZ 7.0 mm 22.98 ± 
3.37 mm3. This is significantly beyond the above mentioned 
limit of 22.4 mm3, which is significant for the development 
of the ectatic process. 

Corneal thickness progression after the LASIK treat-
ment, with the value of 31.4% for the optical zone radius of 
6.0 mm, was marked as the critical value for the develop-
ment of the postoperative ectasia, based on the  statement of 
Ambrósio et al. 7. Throughout the research, it was determi-
ned that the average postoperative value of corneal thickness 
progression was 24.02 ± 7.04%, for the group treated with 
the OZ radius of 6.5 mm, and for the group treated with the 
OZ 7.0 mm, the corresponding value was 25.37 ± 8.70% 
(which is, in case of both observed groups, significantly 
below the above mentioned critical value of 31.4 %). 

In some of their earlier studies, our Clinic's authors 5, 6 
determined the average consumption of 0.43 ± 0.18 mm³ in 
the group treated with the OZ 6.5 mm per one diopter correc-
tion, and in the group treated with the OZ 7.0 mm, the abla-
ted volume was  0.61 ± 0.31 mm³ per one diopter correction 
of myopia.  

Throughout our research, we were guided by the state-
ments of Ambrósio et al. 7, regarding the critical value of the 
postoperative volume of 22.41 mm³ within the measurement 
diameter of 7.0 mm, as the critical value for the changes in 
the corneal structure. In no case was it determined that the 
measurement of the residual corneal volume with Oculyzer 
device, six months after the LASIK procedure, exceeded this 
treshold value. 

The comparison of the corneal thickness progression af-
ter the LASIK correction between the groups treated with the 
OZ radius of 6.5 mm and the group treated with the OZ radi-
us of 7.0 mm, showed no significant difference as well. 

Having in mind a relatively short period of follow-up 
(only 2 years) the possibility for the appearance of postope-

rative ectasia cannot be absolutely excluded but it can be 
concluded that the enlargement of the OZ radius of 0.5 mm 
does not make a significant difference to the postoperative 
increase of the corneal thickness progression. 

As recommended by the American Academy of 
Ophthalmology, and based on the available literature data, thro-
ughout our clinical work we were guided by the reference to the 
minimal value of the preoperative corneal pachymetry of 500 
µm 8, 9, while the average value of corneal pachymetry in our pa-
tients was 545.86 ± 33.94 µm, ranging from 503 µm to 599 µm. 
Twa et al. 2 in the abovementioned research on the characteris-
tics of corneal ectasia after myopic LASIK treatment states that 
the average corneal pachymetry within the group of patients 
who developed ectasia  was 512 µm (in the range of 498–530 
µm), and that the limit value of ≤ 400 µm is considered to be a 
significant value of the postoperative corneal pachymetry for the 
development of ectasia. In our patients the average value of pos-
toperative corneal pachymetry observed groups was 492 µm, 
which indicates that the preoperative corneal pachymetry values 
in our study were significantly higher than this value. 

Preoperative assessment of the cornea structure, based 
on Scheimpflug camera recording and processing by means 
of the Oculyzer device software system, and the assessment 
of the ablation profile with the Allegreto Wave Light Q 400 
laser software system, adhering to the corneal topography 
criteria 5, 10, provides a reliable estimate of the postoperative 
cornea structure. When structural characteristics, together 
with the ablation profile assessment and the stromal tissue 
consumption, during LASIK correction of myopia, indicate 
the stable postoperative cornea structure, diameter enlarge-
ment of the treated optical zone improves the optical outco-
me of LASIK treatment. 

Conclusion 

Our experience indicates that, in patients with the 
adequate capacity of corneal stroma, the diameter enlarge-
ment of the optical zone from the standard 6.5 mm to 7.0 mm 
does not impair the cornea structural stability parameters af-
ter the LASIK treatment and after six months of monitoring, 
while the optical outcome is improved, and that, therefore, it 
is advisable to enlarge the diameter of the optical zone when 
there are potential opportunities for such a procedure. 
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