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ABSTRACT 
Introduction : Cornea laser vision correction is becoming an increasingly popular 
option for managing refractive errors. Femtosecond assisted-laser in situ 
keratomileusis (FS-LASIK) creates corneal flap with femtosecond laser while using 
excimer laser to ablate the stroma. Small Incision Lenticule Extraction (SMILE) has 
emerged as a new choice which involves dissecting lenticule without flap creation. Both 
procedures modify anterior corneal curvature and induce higher-order aberrations 
(HOAs) thus altering visual performance. 
Purpose : To compare HOAs  root mean square (RMS), coma, trefoil and spherical 
aberration (SA) after FS-LASIK dan SMILE in myopic patients. 
Methods : This was a nonrandomized matched comparison of 20 low to moderate 
myopic and myopic astigmatism subjects who underwent FS-LASIK and SMILE. 
Wavefront aberrometry in 6 mm diameter was done in 1 month postoperatively. 
Results : There were no significant differences in preoperative clinical charachteristics 
between FS-LASIK and SMILE with mean spherical equivalent (SE) were -3,40 ± 1,491 
and -3,45 ± 1,349, mean HOAs RMS were 0,37 ± 0,114 and 0,36 ± 0,156, respectively. 
Postoperative HOAs RMS was significantly higher both in FS-LASIK 0,60±0,265 
(p=0,016) and SMILE 0,06±0,144 (p=0,001). Comparison of postoperative HOAs 
RMS was not statistically significant between FS-LASIK (0,23±0,250) and SMILE 
(0,23±0,140), but coma was higher after SMILE (0,20±0,169; p=0,280) and SA was 
elevated in FS-LASIK (0,07±0,252, p=0,715). 
Conclusion : There was no significant changes of  HOAs in FS-LASIK compared with 
SMILE in patients with low to moderate myopic and myopic astigmatism. 
Keywords : myopia, higher-order aberrations,femtosecond LASIK, small incision 
lenticule extraction 
 
 

INTRODUCTION 
     Cornea laser vision correction is 
becoming a more popular option for 
managing refractive errors to reduce 
dependence of spectacles. Femtosecond 
laser-assisted laser in situ keratomileusis 
(FS-LASIK) technically involved two 
important steps such as flap creation by 
femtosecond laser and continued with 
stromal photoablation by excimer laser, 
whilst small incision lenticule extraction 
(SMILE) has emerged in 2011 as a new 
choice in laser vision correction procedure 
owing to its lenticule extraction without flap 

creation. Laser vision corrections aim to 
improve visual acuity by correcting lower-
order aberration (LOAs) but the procedures 
tend to induce higher-order aberrations 
(HOAs) thus degrading one’s visual 
performance.1-3 

     Patients satisfaction after laser vision 
correction was determined by the accuracy 
of LOAs correction and minimal induction 
of HOAs. Two times increament  of HOAs 
induction postoperatively will cause 
subjective visual symptoms in 40% 
patients .4-6 The occurrence of postoperative 
HOAs is induced by various factors, such as 
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variations in pupil size due to fluctuations in 
accommodation, tear film deterioration due 
to changes in the anterior curvature of the 
cornea; misalignment eye position 
intraoperatively; and excimer laser ablation 
rate. Previous studies have shown better 
visual results after the SMILE procedure 
compared to FS-LASIK, but studies 
comparing HOAs between procedures have 
mixed results. Aim of this study was to 
examine whether the induction of HOAs 
was more minimal after SMILE compared 
to FS-LASIK.7-13 

 

 
SUBJECTS AND METHODS 
     This study was an observational cross-
sectional analytic study using medical 
record data of patients who underwent FS-
LASIK and SMILE at the LASIK Center 
Cicendo National Eye Center (CNEC) in 1 
February 2019 - 28 February 2020. Data 
were collected in March 2020 after 
obtaining approval from the Ethics 
Committee of the Faculty of Medicine, 
Padjadjaran University and CNEC. 
 
 
Subjects 
     The inclusion criteria in this study were 
patients aged 18-35 years who were eligible 
to undergo corneal laser vision correction 
with a spherical value of -2.00 to -6.00 
Diopters (D) with an astigmat ≤ -2.00 D, 
and had a stromal residual thickness ≥ 280 
um, preoperative best corrected visual 
acuity (BCVA) value 1.0, as well as positive 
corneal epithelium wettability during 
preoperative and 1 month postoperatively. 
Subjects will be excluded if no wavefront 
aberrometry analysis results obtained, ones 
with ocular abnormalities such as corneal 
scars, cataracts and posterior segment 
abnormalities, intraocular pressure ≥ 21 
mmHg with central corneal thickness ≤ 500 
μm, root mean square (RMS) preoperative 
HOAs 2x higher than normal. The criteria 
for drop out are if subjects have intra and 
postoperative complications, the value of 
uncorrected visual acuity (UCVA) <1.0 at 1 
month of visit, and if the patient loss to 

follow up. 
     After confirming the availability of data 
from medical records on the wavefront 
aberrometer, matching process has done 
based on age, sex, degree of refractive 
abnormalities with spherical equivalent 
(SE) ± 0.05 D, preoperative RMS, and tear 
film stability. 
 
Preoperative Procedures 
     Preoperative examination includes 
history taking, visual acuity examination, 
manifest refraction, BCVA, anterior and 
posterior segment examination, intraocular 
pressure, anterior segment tomography 
(Pentacam® HR, Oculus GMBH), corneal 
topography (Keratron ™, Opticon), and 
examination of ocular aberration wavefront 
aberrometry (iDesign® Advanced 
Wavescan Studio, Johnson & Johnson 
Vision) to assess RMS HOAs, coma 
aberration, trefoil and spherical aberration. 
 
Surgical Interventions 
     All FS-LASIK and SMILE procedures 
were performed by 1 experienced surgeon 
(SH), in topical anesthesia using 2% 
tetracaine hydrochloride eye drops, and 
using an eye speculum and sterile drape. 
     FS-LASIK was performed by making a 
flap using VisuMax 500kHz (Carl Zeiss 
Meditec) with a flap thickness of 120 um, 
9.0 mm in diameter, with the hinge located 
superiorly, then stromal ablation was 
perfomed with an VISX STAR S4 IR® 
laser (Johnson & Johnson Vision Vision) 
with active track, optical zone parameters ≥ 
6 mm and ablation zones 8 mm. As for the 
SMILE procedure, lenticules are made 
using a femtosecond laser with the 
following parameters; 120-140 um 
thickness, 6.0 - 6.5 mm optical zone, 
circumferential small incision of the 2-3 
mm cornea in the superotemporal or 
superonasal quadrant, lenticule cap was 
separated with the cannula of the sector and 
carrying out lenticule extraction with 
microforcep. 
     Postoperatively all patients were given 
antibiotic and steroid eye drops at a dose of 
6 times a day and drops of artificial tears 
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without preservatives 1 drop every hour. 
Patients were followed up in  1 day, 1 week 
and 1 month. Patients with UCVA 1.0 at 1 
month postoperatively were examined for 
corneal epithelium wettability and 
wavefront aberrometry for further analysis. 
 
Statistical Analytics 
     Data analysis was performed with SPSS 
for Windows 20.0. Data normality were 
done with Shapiro Wilk test. The numerical 
data significance was with the t test, 
Wilcoxon test and Mann Whitney test, 
while for categorical data were analysed 
with Fisher and Chi Square test. 
 
 
RESULTS 
     A total of 40 subjects met the study 
inclusion and exclusion criteria. There were 

19 subjects from the FS-LASIK group, but 
1 subject had no ocular aberration data on 
the wavefront aberrometer and 1 subject 
had a preoperative (RMS) HOAs of 1.29 
µm. While from the SMILE group there 
were 21 subjects and only 1 subject with 
incomplete data. After the subjects were 
matched, we got a total of 14 subjects from 
each group, but in 8 subjects there were 
complaints of dry eye, thus there were 20 
subjects included in this study. 
     General characteristics of study subjects 
are shown in table 1. Median age of study 
subjects was 20 years (range 18-29 years) in 
the FS-LASIK group, and a median of 19 
years (range 18-30 years) in the SMILE 
group. As many as 60% of research subjects 
were male in each group. Twelve people 
(60%) had the goal to eliminate the 
dependence on the use of spectacles. 

 
 
 
Table 1. Subjects Characteristics  
Characteristics FS-LASIK 

(n=10 eyes) 
SMILE 
(n=10 eyes) 

p 

Age 
   Median 

 
20 

 
19 

0,739 

Sex 
   Male  (%) 
   Female (%) 

 
6 (60%) 
4 (40%) 

 
6 (60%) 
4 (40%) 

1,000 

Purpose 
   Eliminate spectacle dependence 
   Jobs application requirements 
 

 
7 (70%) 
3 (30%) 

 
5 (50%) 
5 (50%) 

0,650 

FS-LASIK = femtosecond laser-assisted laser in situ keratomileusis, SMILE = small incision lenticule extraction 
 
 
 
 
 
     Preoperative characteristics of FS-
LASIK and SMILE including spherical 
equivalent (SE), pupil diameter, central 
corneal thickness (CCT), flap thickness, 
ablation depth, stromal bed residual (RSB), 
and RMS higher-order aberrations (HOAs) 
are shown in the table 2. There were no 
statistically significant differences in the 
values of SE (p = 0.938; p> 0.05), CCT (p 
= 0.309; p> 0.05), OZ (p = 0.353; p> 0.05), 
ablation depth (p = 0.773; p> 0.05), and 
RSB (p = 0.167; p> 0.05), and the value 
Preoperative RMS HOAs (p = 0.897; p> 

0.05) in both groups. The same was true for 
the corneal epithelium wettability 
categorical data group (p = 1,000; p> 0.05). 
Pupil diameter (p = 0.897) and flap 
thickness (120.0 ± 8.165 and 126.0 ± 9,661; 
p = 0.218) showed no significant 
differences in the two groups, while at the 
same time stated clinical data were quite 
homogeneous. 
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     Table 3 describes the magnitude of 
changes in HOAs after the FS-LASIK 
procedure on a 6 mm pupillary simulation. 
From this table there was a statistically 
significant increase in RMS HOAs (p = 
0.016; p <0.05), coma aberration (p = 0.019; 
p <0.05) and trefoil (p = 0.037; p <0.05) 
after the FS-LASIK action. Changes in 
HOAs after the SMILE action on a 6 mm 
pupillary simulation are presented in table 
4, then differences in RMS HOAs (p = 
0.001; p <0.05), coma aberration (p = 0.005; 
p≤0.05), and trefoil (obtained) p = 0.005; 
p≤0.05) which is statistically significant. 
     Comparison of HOAs induction between 

FS-LASIK and SMILE in 6 mm pupillary 
simulation is presented in Table 5. A 
statistically insignificant difference was 
found in the changes in HOAs induction 
between FS-LASIK and SMILE, although 
the induction of RMS HOAs (0.23 ± 0.140) 
and spherical aberration (Spread aberration) 
0.04 ± 0.119) after the SMILE procedure is 
smaller compared to after the FS-LASIK 
procedure (p> 0.05). From the statistical 
analysis, the results of coma aberration 
(0.20 ± 0.169) and trefoil (0.16 ± 0.150) 
induced on SMILE were greater than FS-
LASIK (p> 0.05). 

 
 
 
 
Table 2. Preoperative Characteristics 
Characteristics FS-LASIK 

(n=10 eyes) 
SMILE 
(n=10 eyes) 

p 

SE 
   Mean ± SD 
   Range 

 
-3,40 ± 1,491 
-5,38-(-1,13) 

 
-3,45 ± 1,349 
-5,50-(-1,63) 

0,938 

Pupil Diameter 
   Median 
Flap Thickness 
   Median 
CCT 
   Mean ± SD 
   Range  
OZ 
Median 
Ablation Depth 
   Mean ± SD 
   Range  
RSB 
   Mean ± SD 
   Range  
HOAs RMS 
   Mean ± SD 
   Range 

 
6,0 
 
120,0 
 
552,90 ± 31,473 
503,0-602,0 
 
6,42 
 
46,74 ± 19,511 
18,20-75,90 
 
383,60 ± 39,469 
325,0-453,0 
 
0,37 ± 0,114 
0,17-0,58 

 
6,50 
 
120,0 
 
539,40 ± 25,941 
507,0-600,0 
 
6,34 
 
49,12 ± 16,736 
30,40-80,60 
 
360,70 ± 31,252 
306,0-399,0 
 
0,36 ± 0,156 
0,20-0,57 

0,853 
 
0,218 
 
0,309 
 
 
0,353 
 
0,773 
 
 
0,167 
 
 
0,897 

    
SE = spherical equivalent, CCT = central corneal thicknes, OZ = optical zone, RSB = residual stromal bed, RMS HOAs = 
root mean square higher-order aberrations 
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Table 3. HOAs after FS-LASIK (6 mm) 
Variable FS-LASIK (n=10 eyes) p 

Preoperative 
 

Postoperative 

RMS HOAs 
Mean ± SD 
Range 

 
0,37±0,114 
0,17-0,58 

 
0,60±0,265 
0,25-1,206 

0,016* 

Coma 
Mean ± SD 
Range 

 
0,06±0,035 
0,01-0,12 

 
0,19±0,160 
0,04-0,51 

0,019* 

Trefoil 
Mean ± SD 
Range 

 
0,06±0,035 
0,01-0,12 

 
0,12±0,081 
0,05-0,32 

0,037* 

SA 
Mean ± SD 
Range 

 
0,01±0,041 
-0,06-0,06 

 
0,08±0,275 
-0,42-0,41 
 

0,391 

RMS HOAs = root mean square higher-order aberrations, 
SA = spherical aberration, SB = simpang baku 

 
 
DISCUSSION 
     Corneal laser vision  correction 
aims to eliminate the dependence of 
the use of glasses by correcting the 
defocus and refractive refractive 
abnormalities that are included in the 
LOAs component. This goal is 
achieved by altering the anterior 
surface of the cornea to induce 
postoperative HOAs. This study 
compared the induction of HOAs 
between myopia patients and myopia 
astigmatism which performed FS-
LASIK and SMILE actions that had 
been matched with the subjects of the 
study covering 10 eyes in each group. 
     Table 4.3 shows that the value of 
RMS HOAs, coma aberration and 
trefoil after the FS-LASIK action had 
a statistically significant increase (p = 
0.016, p = 0.019, p = 0.037; p <0.05). 
This is in accordance with the study by 
Wang et al., Who explained that the 
magnitude of RMS HOAs in the 
anterior cornea increased to 0.656 ± 
0.305 at 1 month postoperative FS-
LASIK.14 Comma Aberrations occur 
when an off-axis beam beam from one 

pupil edge is focused before another 
beam beam coming from the opposite 
edge. Some factors that cause an 
increase in coma aberration after FS-
LASIK are the location of the hinge 
located superior, the stromal bed 
irregularity formed by the top-hat 
beam profile of the excimer laser used 
in this study and the wound healing 
process involving proliferation of 
keratocytes and the formation of 
collagen deposition which mainly 
occurs along the edge of the flap.6,15,16 
 
Table 4. HOAs after SMILE (6 mm) 

Variable SMILE (n=10 mata) p 
Preoperative 
 

Postoperative 

RMS HOAs 
Mean ± SD 
Range 

 
0,36±0,156 
0,20-0,57 

 
0,59±0,200 
0,27-0,86 

0,001* 

Coma 
Mean ± SD 
Range 

 
0,06±0,021 
0,02-0,09 

 
0,26±0,159 
0,08-0,66 

0,005* 

Trefoil 
Mean ± SD 
Range 

 
0,06±0,034 
0,02-0,11 

 
0,22±0,155 
0,05-0,59 

0,005* 

SA 
Mean ± SD 
Range 

 
0,02±0,033 
-0,05-0,06 

 
0,06±0,144 
-0,17-0,36 
 

0,328 

RMS HOAs = root mean square higher-order aberrations, 
SA = spherical aberration, SB= simpang baku 
 
     The spherical aberration was 
increased postoperatively 0.08 ± 
0.275 (p = 0.391) after FS-LASIK, 
this is due to the wavefront-guided 
method applied in this study, so that 
even though using a myopia 
photoablation profile that forms an 
oblate in the cornea, the wavefront-
guided method this ablation process 
will also work on the edge of the 
optical zone so that it will reduce the 
induction of positive spherical 
aberration. Spherical aberration can 
also occur due to the occurrence of 
dry eye syndrome due to damage to 



 
 

6 

the subbasal nerve due to the 
formation of the flap in the FS-
LASIK. In this study the flap diameter 
done on all subjects was 9 mm, but 
due to the presence of positive corneal 
epithelial wettability during the 1 
month control visit, the possibility of 
aberration induction due to dry eye 
syndrome could be ruled out. 6,16,17 
     Table 4.4 shows that the value of 
RMS HOAs, coma aberration and 
trefoil increased statistically 
significantly after the SMILE 
procedure (p = 0.001, p = 0.005, p = 
0.005; p <0.05). The study by 
Sekundo et al explained that there was 
an increase in RMS HOAs d to 0.27 
μm postoperatively. the increase in 
RMS HOAs in this study was greater 
at 0.59 ± 0.20 μm, this is because the 
Sekundo study had a lower RMS 
HOAs baseline. In contrast, this study 
had a smaller increase in 
postoperative coma aberration of 0.26 
± 0.159 μm. Increased coma 
aberration in the SMILE procedure is 
due to lenticule concentration. This is 
due to the absence of an eye tracking 
system in the SMILE procedure. 
Coma aberration in the Sekundo et al 
study was higher because the study 
assessed the safety, predictability and 
sharp efficacy of vision in patients 
who were first performed by SMundo 
by Sekundo, different from the 
operators in this study who had 
experienced SMILE procedures. 
Increased spherical aberration (p = 
0.328) can also be caused by OZ 
(6.34) which is slightly smaller than 
the pupillary diameter in the SMILE 
group subjects (median = 6.50). But 
while changing the anterior corneal 
curvature, making the SMILE 
lenticule maintains the corneal prolate 
form.9,18-21 

Table 5. Comparison of HOAs 
Induction after FS-LASIK and 
SMILE (6 mm) 

Variable Groups p 
FS-LASIK 
(n=10 eyes) 

SMILE 
(n=10 eyes) 

∆ RMS HOAs 
Mean ± SD 
Range 

 
0,23±0,250 
0,13-0,52 

 
0,23±0,140 
0,07-0,45 

0,983 

∆ Coma 
R Mean ± SD 
Range 

 
0,13±0,148 
0,03-0,43 

 
0,26±0,159 
0,01-0,63 

0,280 

∆ Trefoil 
Mean ± SD 
Range 

 
0,07±0,097 
0,02-0,31 

 
0,16±0,150 
0,04-0,53 

0,075 

∆ SA 
Mean ± SD 
Range 

 
0,07±0,252 
-0,38-0,35 

 
0,04±0,119 
-0,12-0,31 
 

0,715 

RMS HOAs = root mean square higher-order 
aberrations, SA = spherical aberration, SB = 
simpang baku 
 
 
     Comparison of HOAs induction 
that occurred after the FS-LASIK 
procedure with SMILE in this study 
obtained results that were not 
significantly different (FS-LASIK 
0.23 ± 0.250, SMILE 0.23 ± 0.140; p 
= 0.983). This is consistent with the 
study of Ye et al., Which explained 
that SMILE and wavefront-guided 
FS-LASIK induce fewer HOAs than 
conventional LASIK methods, and 
there are no significant differences 
between the two procedures except 
induction of higher coma aberration 
in the SMILE procedure. Similar to 
the study by Shetty et al who 
explained that the RMS HOAs were 
increased in the wavefront-guided 
FS-LASIK and SMILE procedures 
(each 0.11 μm; p> 0.05) despite 
having the characteristics of 
postoperative improvement in 
different Zernike polynomials. In the 
SMILE procedure, the increase in 
coma aberration occurs higher, 
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whereas after the FS-LASIK 
procedure the spherical aberration 
induction is higher. Although each 
Zernike polynomial has a different 
effect on visual performance, it has a 
comparable contribution when 
summing the RMS formula, so that 
the phenomenon of aberration 
induction will compensate one 
another. 4,6,22,23 
     The induction of spherical 
aberration after the SMILE procedure 
occurred smaller than that of FS-
LASIK although it was not 
significantly different at 0.04 ± 0.119 
(p = 0.715; p> 0.05). This is caused by 
the anterior surface of the cornea 
which is more prolific after the 
SMILE procedure, so that the light 
beam entering from the center is 
focused at a point that is more anterior 
than the focal point of the beam 
entering from the peripheral, this is 
called a negative spherical aberration. 
In contrast to the anterior corneal 
surface which will become more 
oblate after photolablation in the FS-
LASIK procedure which will further 
induce positive spherical aberration, 
even though it has been compensated 
by the wavefront-guided ablation 
method. In addition, the study by Lu 
et al. Described that ocular aberration 
would occur 2.5 times greater in 
patients with dry eye syndrome, and 
there was a dynamic increase in 
spherical aberration 10 seconds after 
blinking. In the SMILE procedure the 
flap is not made and has a smaller 
lenticule stromal diameter when 
compared to the flap diameter in the 
FS-LASIK (9 mm), then after the 
SMILE procedure as much as 40% 
subbasal nerve webbing will not be 
damaged so that complications of dry 
eye syndrome and induction spherical 

aberration occurs smaller.9,24,25 
     Based on the data presented in table 
4.5, it appears that the tendency of 
comma and trefoil aberration 
induction is greater in the SMILE 
group, namely 0.20 ± 0.169 and 0.16 
± 0.150. The SMILE procedure 
depends on the operator's expertise 
and is not equipped with an eye 
tracking system so that it relies 
entirely on subjective fixation and 
good cooperation from the patient, 
this allows for inaccurate 
concentration and dissent lenticule 
concentration. However, the high 
induction of coma aberration when 
compared with the FS-LASIK group 
the results were not statistically 
significant (p = 0.280, p = 0.075), 
because in the FS-LASIK procedure 
the hinge factor, stromal bed 
irregularity and wound healing in the 
flap also contributed to inducing 
coma aberration . Trefoil abrasion is 
the most common form of HOAs in 
the normal adult population, trefoil 
values will coincide with the RMS 
value of HOAs. Trefoil has the least 
significance of visual performance 
degradation compared to other 
aberrations.16,24,27,28 
     The limitation of this study is that 
the data was taken retrospectively 
from the patient's medical record and 
could not be carried out a 
randomization process. (TBUT) and 
Schirmer tests. However, there is an 
advantage of this study, that all FS-
LASIK and SMILE actions are 
performed by one and the same 
experienced operator, and have been 
matched to obtain the same 
preoperative clinical criteria. 
      
 
 



 
 

8 

CONCLUSION 
     The conclusion of this study is that 
there was no significant difference 
between the induction of HOAs after 
the SMILE procedure compared with 
FS-LASIK. Future studies need to be 
carried out prospectively in groups of 
myopia and low-moderate 
astigmatism by controlling 
confounding variables quantitatively 
and quantitatively. Further studies 
assessing the relationship between 
variables, such as spherical 
equivalents and clinical parameters of 
corneal laser refractive surgery with 
HOAs induction in the myopia group 
and low-moderate myopia 
astigmatism compared with the high 
myopia group need to be done 
because they might give different 
significance results. 
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