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Purpose: To compare the effect of FS-LASIK and FS-SMILE on the corneal endothelial 
cell density (ECD) and morphology.
Patients and Methods: This is a prospective, cohort observational study that included 80 
eyes of two equal groups of patients. Forty eyes were subjected to the FS-LASIK, and 40 
eyes were subjected to the FS-SMILE. In both groups, patients, age ranged between 19 and 
37 years with myopia ranges from −0.75 to −9.00 diopters (D) and astigmatism up to 
−3.00D. The ECD, coefficient of variation (CV), and hexagonality (HEX) in both groups 
were compared over six months. Specular microscopy was used to evaluate the corneal 
endothelium throughout the study.
Results: In both groups, ECD showed a statistically significant decrease while CV showed a 
statistically significant increase in the first month postoperatively. The FS-SMILE had more 
impact on both ECD and CV until the third and six months, respectively. Hexagonality 
showed a significant decrease in both groups throughout the whole study. In both groups, no 
vision-threatening complications occurred, and no eyes developed any corneal complications 
over a six-month follow-up period.
Conclusion: Although the ECD, CV, HEX are statistically affected in both FS-LASIK and 
FS-SMILE groups, both procedures have no significant adverse effects on the ECD and 
morphology. The impact of the FS-SMILE group may be due to the deeper penetration of the 
femto laser in the corneal tissue compared to the FS-LASIK. The closer the femto laser to the 
endothelium, the more exposure to the shock waves and heat energy, although minimal but it 
can cause collateral damage to this layer. The effects of FS-SMILE surgery on corneal 
endothelial cells and morphology need further investigations.
Keywords: cornea, endothelium, FS-LASIK, FS-SMILE

Introduction
Refractive surgery is one of the commonest surgeries done worldwide. The most 
commonly used techniques to correct refractive errors include LASIK (laser in situ 
keratomileusis), femtosecond laser in situ keratomileusis (FS-LASIK), and the FS- 
small incision lenticule extraction (FS-SMILE). Laser in situ keratomileusis (LASIK) 
had been described in 1990 and has become a widely used procedure to correct 
myopia.1 It combines the creation of a corneal flap using a microkeratome and ablation 
of the underlying corneal stroma using an excimer laser. Later on, FS-LASIK was 
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introduced2 with no microkeratome to use but pulses of short 
duration (femtosecond laser) are used to create a thin-hinged 
corneal flap. An excimer laser is used for stromal bed abla-
tion and the flap is reposited back. Femto lasers are infrared 
light and this is the reason that it does penetrate in transparent 
tissues, in contrast with excimer, which is a UV light, that can 
not penetrate even in transparent tissues. In Small Incision 
Lenticule Extraction (SMILE), the procedure is performed 
entirely through a small incision rather than by creating and 
lifting a hinged flap. The risk of flap-related complications is 
reduced, the procedure is done without the use of an excimer 
laser, and the refractive error is corrected by removing a 
lenticule.3 The SMILE procedure is now becoming popular 
following the results of the first prospective trials.4–6 SMILE 
may bring some advantages over LASIK. These advantages 
are due to the minimally invasive cap incision nature of the 
procedure which results in maximal maintenance of the 
structural integrity, anterior corneal innervation, and induces 
less postoperative dry eye.7 Despite these advantages, the 
Femto-SMILE deeper corneal penetration and the closer of 
the shock waves to the corneal endothelial cells may increase 
the risk of endothelial affection as compared to the Femto- 
LASIK. Short and long- term effects of Femto-SMILE sur-
gery on corneal endothelial cells and its morphology need 
further investigation. The objective of this research is to 
compare the effect of Femto-LASIK and Femto-SMILE 
Laser eye surgeries on the corneal endothelial cells over 6 
months.

Patients and Methods
This was a prospective, cohort observational study that 
was performed in the Refractive Surgery Unit in The 
Eye Subspecialty Center (ESC), Heliopolis,11402, Cairo, 
Egypt. All procedures in this study adhered to the 
Declaration of Helsinki (2008) Ethical Principles for 
Medical Research Involving Human Subjects and 
approved by the Eye Subspecialty Center (ESC) ethics 
committee. Written informed consent was obtained from 
all the candidates. The study was performed in the period 
between July 2019 through March 2020.

The inclusion criteria were 40 healthy adults (80 eyes), 
age ranged between 19 and 37 years with myopia from 
−0.75 to −9.00 diopters (D) and astigmatism up to −3.00 
diopters (D). The refractive errors have not undergone any 
changes during the year preceding the procedure.

The exclusion criteria were diabetes mellitus, glau-
coma, systemic collagen or immune disease, uncontrolled 
systemic or ocular diseases, severe dry eyes, thin corneas, 

corneal scarring, keratoconus, viral eye infections, 
unstable refraction, history of tear replacement therapy, 
regular contact lens wear during the previous year, and 
those patients who used drugs that affected tear secretion 
and tear film stability such as corticosteroids and anti- 
glaucoma drugs. Patients with residual stromal bed ≤250 
microns were also excluded. Pregnancy and breastfeeding 
cases were postponed.

The pre-surgical assessment included refraction to 
check stability, Pentacam to measure the central corneal 
thickness, topography, keratometry, and the size of the 
pupil. Fundus examination was done for all candidates, 
and cycloplegic refraction was performed in young 
myopes. Contact lens wearers stopped using their lenses 
for two weeks before the pre-operative assessment to get 
the most accurate topography and keratometry measure-
ments. In this study, there were only two patients in each 
group who used to wear contact lenses but not daily for 
less than a year. Since postoperative dry eye can occur 
with any corneal refractive surgery procedure, slit lamp 
tear film assessment was done to identify patients who had 
dry eyes pre-operatively. Patients were selected for each 
procedure according to the degree of myopia, and astig-
matism, preoperative topography, and pachymetry. In 
patients with high degrees of myopia and small degrees 
of astigmatism, patients with critical pachymetry, patients 
with dry eyes in preoperative assessment, and those who 
were liable to trauma like athletics, FS-SMILE was pre-
ferred. Femto-SMILE preserves the corneal biomechanics 
as compared to flap creation in Femto-LASIK and pro-
duces less dryness postoperatively. Those with higher 
degrees of astigmatism were preferred to have Femto- 
LASIK to take advantage of the eye-tracking system and 
the iris registration system and to avoid the effect of 
cyclotorsion during correction of astigmatism. Irritable 
and uncooperative patients were also preferred to have 
Femto-LASIK due to the less suction time and the high- 
pressure system as compared to Femto-SMILE, thus 
decreasing the incidence of suction loss. Before the pro-
cedure, the eye was anesthetized with a topical anesthetic 
(Benoxinate hydrochloride 0.4%). During the procedure, 
the anesthetized eyes were thoroughly disinfected and 
covered with a sterile dressing. The eyelashes were 
moved aside, and the eyes once again anesthetized using 
the (Benoxinate hydrochloride 0.4%). An eyelid speculum 
was put into place. Both eyes of each patient had the same 
surgery.
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Surgical Methods
In case of FS-Lasik procedure, the (Refractive Suite from 
Allegretto wave light for Femto LASIK; Alcon 
Laboratories, Inc., Fort Worth, TX, USA) was used. This 
suite consists of two laser platforms (a femtosecond laser 
for flap creation and an excimer laser for stromal bed 
ablation). Femtolaser works using the principle of photo 
disruption: using infrared laser energy, the surgeon creates 
a pattern of tiny, overlapping spaces immediately under 
the surface of the cornea. The laser operates at extremely 
high speeds. These highly precise laser impulses split the 
corneal tissue at a molecular level with no heat creation or 
touching the nearby tissue. As the laser moves up and 
down across the eye, a complete corneal flap is formed. 
After the flap has been created, the surgeon lifts it with a 
spatula. The excimer laser is then used to shave away thin 
slices of the cornea correcting the refractive errors. Finally, 
the surgeon replaces the flap.

In FS- SMILE, the femtosecond laser scanning was per-
formed, and the corneal refractive lenticule was performed 
through the micro-incision using (ReLExfemtosmile; Carl 
Zeiss Meditec AG, Jena, Germany). The VisuMax FSL 
((Carl Zeiss Meditec, Jena, Germany) is used for refractive 
lenticule extraction without the use of an excimer laser or a 
microkeratome). This procedure was done by passing a dis-
sector through a small 2–3 mm incision to separate the 
lenticular interfaces and remove the lenticule, without the 
need to perform a flap. The cap was put back.

Specular microscopy (EM-3000 CBD/Tomey, AZ, 
Phoenix, USA), a fully automated device, was used to 
evaluate the corneal endothelium before surgery and 
throughout the study. In this procedure, the patient fixes 
his chin, each eye was examined separately, no eye drops 
were needed, as it’s a non-contact procedure, and the 
patient was asked to blink before capture. Fifteen shots 
were taken in series and the best image was automatically 
selected by the device software. Photos were taken at 7 
points; center and 6 peripheral points at 2, 4, 6, 8, 10, 12 
o’clock position on a 6 mm arc, then the software auto-
matically analyzed the data. All the measurements were 
taken by the same examiner in all sessions.

Postoperative management: Patients in both groups 
received antibiotic eye drops moxifloxacin hydrochloride 
ophthalmic solution 0.5% four times daily for a week, and 
prednisolone acetate ophthalmic solution 1% four times 
daily for a week, then it was tapered over the following 
month. Carboxymethylcellulose sodium eye drops were 

given four times daily for two months after the operation. 
The postoperative follow-up visits were scheduled to be 
after one day, one week, one, three, and six months. All 
patients were instructed to stop the eye drops 3 hours 
before the examination.

Statistics
Mean and the standard deviation were used to present 
quantitative data. Independent two samples mean was 
used to test the equality of means between the two treat-
ment groups. Proportions were used to present qualitative 
data with the Chi-square test as a test of significance.

Data of ECD, CV, and HEX from the preoperative 
level throughout the study were analyzed using repeated 
measure ANOVA with between-group factor (the type of 
operation). The full model was used, and when the inter-
action term proved statistically significant, simple effect 
rather than main effects were tested using post hoc 
Bonferroni correction. A p-value ≤ 0.05 was considered 
statistically significant. The Statistical Package for the 
Social Sciences (SPSS version 23.0; for windows, IBM 
Corporation 2015 release, Armonk, NY, USA) was used in 
data management and statistical analysis.

Results
The age in the FS-LASIK group was 29.28 ± 5.25 years 
and in the FS-SMILE group was 28.3 ± 4.97 years with no 
statistically significant difference (p=0.396). Eighteen eyes 
in the FS-LASIK group were males (45%) compared to 16 
eyes in the FS-SMILE group (40%) and twenty-two eyes 
in the FS-LASIK group were females (55%) compared to 
24 eyes in the FS-SMILE group (60%), which was statis-
tically insignificant (Chi-square =0.205, p=0.651). Table 1 
shows the demographic and postoperative data concerning 
the refractive status of all the patients.

Endothelial cell density (ECD) shows a statistically 
significant decrease in both FS-LASIK and FS-SMILE in 
the first month postoperatively. FS-SMILE shows a sig-
nificant decrease until the third month postoperatively 
(Tables 2,5,6 and Figure 1).

The Coefficient of variation (CV) shows a significant 
increase in both FS-LASIK and FS-SMILE groups in the 
first month postoperatively. FS-SMILE shows a significant 
increase in the CV in the six months postoperatively 
(Tables 3,5,7 and Figure 2).

Hexagonality (HEX) shows a significant decrease in 
both FS-LASIK and FS-SMILE cases throughout the 
whole study. FS-SMILE cases show a more significant 
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decrease in hexagonality specifically in the first month 
(Tables 4,5,8 and Figure 3).

In both groups, no vision-threatening complications 
occurred during the six-month follow-up period. No eyes 
developed corneal edema or any other corneal complications.

Discussion
The effectiveness, safety, and stability of using laser- 
assisted in situ keratomileusis (LASIK) for the correction 
of refractive errors have been well established but with the 
development and advances of the femtosecond laser and 
intrastromal techniques (SMILE), there was no require-
ment for flap lifting of LASIK.

The small incision lenticule extraction (SMILE) techni-
que has been suggested to offer some biomechanical advan-
tage over laser-assisted in situ keratomileusis (FS-LASIK) 
with excellent postoperative outcomes, fast recovery of post-
operative dry eye and quicker reinnervation of corneal 
nerves.8 Avoiding a flap lifting of a LASIK and preserving 
the strong9 anterior collagenous stromal lamellae of the cor-
nea may offer a biomechanical advantage for SMILE.10

Although both FS-LASIK and FS-SMILE procedures are 
used to treat myopia with or without astigmatism, and both 
are comparable in results, Femto SMILE features such as the 
deeper penetration of the corneal tissue, the closer shock 
waves, and the heat energy delivered to corneal endothelial 
cells may be considered as risk factors that may affect cor-
neal endothelial cell count and morphology.

Previous studies concerning the effect of FS-LASIK, and 
FS-SMILE on the corneal endothelial cells reported no sta-
tistically significant differences11,12,14 and no significant 
impairment of the corneal endothelium in short and long- 
term follow-up periods of the studies4–6,11–19 In our study, 
although we reported statistically significant changes in 
ECD, CV, and HEX in both FS-LASIK and FS-SMILE 
groups, with more affection in the FS-SMILE group, the 

Table 1 The Demographic and Postoperative Data Concerning 
the Refractive Status of the Patients

FS-LASIK 
(N=40)

FS-SMILE 
(N=40)

Age 29.28 ± 5.25 28.3 ± 4.97

Preoperative refraction sphere −4.06 ± 1.94 −5.18 ± 1.86

Postoperative refraction sphere 0.01 ± 0.29 −0.08 ± 0.3

Preoperative refraction cylinder −1.18 ± 0.92 −2.66 ± 2.75

Postoperative refraction 

cylinder

−0.18 ± 0.17 −0.16 ± 0.22

Table 2 Mean and SD of the ECD in Both FS-LASIK and FS- 
SMILE Groups Preoperatively and Postoperatively Through the 
Follow-Up Period

ECD FS-LASIK (N=40) 
Mean ± SD

FS-SMILE (N=40) 
Mean ± SD

Preoperative 2946.50 ± 151.28 3037.88 ± 160.81

Postoperative one month 2909.13 ± 147.43 2916.13 ± 180.52

Postoperative three months 2903.63 ± 150.30 2904.38 ± 176.43

Postoperative six months 2900.53 ± 150.47 2912.75 ± 169.60

Notes: The main effect of time is statistically significant (Greenhouse-Geisser 
F=154.823, p<0.001). The main effect of the type of operation is statistically 
insignificant (F=0.612, p=0.436). The interaction term is statistically significant 
(F=39.158, p<0.001). Because the interaction term is statistically significant, the 
simple effects were reported instead. 
Abbreviations: SD, standard deviation; ECD, endothelial cell density; FS-LASIK, 
femtosecond laser in situ keratomileusis; FS-SMILE, femtosecond small incision 
lenticular extraction.

Figure 1 Showing the endothelial cell density in both treatment modalities over the 
different points of follow-up. 
Abbreviations: FS-LASIK, femtosecond laser in situ keratomileusis; FS-SMILE, 
femtosecond small incision lenticular extraction.

Table 3 Mean and SD of the CV in Both FS-LASIK and FS-SMILE 
Groups Preoperatively and Postoperatively Through the Follow- 
Up Period

CV FS-LASIK (N=40) 
Mean ± SD

FS-SMILE (N=40) 
Mean ± SD

Preoperative 29.48 ± 2.87 28.38 ± 2.24

Postoperative one month 31.30 ± 2.98 32.48 ± 2.62

Postoperative three months 31.55 ± 3.29 32.93 ± 2.43

Postoperative six months 31.75 ± 3.27 33.03 ± 2.47

Notes: The main effect of time is statistically significant (Greenhouse-Geisser 
F=278.360, p<0.001). The main effect of the type of operation is statistically 
insignificant (F=1.282, p=0.261). The interaction term is statistically significant 
(F=36.821, p<0.001). Because the interaction term is statistically significant, the 
simple effects were reported instead. 
Abbreviations: SD, standard deviation; CV, coefficient of variation of the cell size; 
FS-LASIK, femtosecond laser in situ keratomileusis; FS-SMILE, femtosecond small 
incision lenticular extraction.
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values, and percentage of changes in both groups appeared to 
induce no significant harm to the corneal endothelial cells or 
its morphology (Tables 2-5).

In the FS-LASIK group, we had preoperative ECD of 
2946.5 ± 151.28/mm2, which turned to be 2900.53 ± 
150.47/mm2 six months postoperatively (−1,55% 
decrease) (Tables 2 and 5). In the FS-SMILE group, we 
had preoperative ECD of 3037.88 ± 160.81/mm2, which 
turned to be 2912.75 ± 169.60/mm2 six months postopera-
tively (−4,11% decrease) (Tables 2 and 5). The percentage 
of increase in CV1, CV3, and, CV6 postoperatively in the 
FS-LASIK group was less than in the FS-SMILE group 
(Tables 3 and 5). The percentage of decrease in HEX1, 
EX3, and, HEX6 in the FS-LASIK group was less than in 
the FS-SMILE group (Tables 4 and 5). A study was done by Munoz et al11 to assess the effects of 

femtosecond laser on the CED and percentage of HEX. They 
reported no statistically significant differences regarding 
mean ECD or HEX before and one year after FS-LASIK. 
In a study done by Tomita et al12 to compare two different 
femtosecond lasers used for flap creation during laser- 
assisted in situ keratomileusis (LASIK) surgery on the cor-
neal endothelium, there were no statistically significant dif-
ferences in the corneal morphology between pre and post 
LASIK results in each group. The use of either femtosecond 
lasers for lamellar flap creation did not have an adverse effect 
on ECD and/or endothelial morphology. In a study done by 
Klingler et al13 to compare the ECD and the morphology 
between flap creation with a femtosecond laser and flap 
creation with a mechanical microkeratome five years after 
laser in situ keratomileusis (LASIK), there were no 

Figure 2 Showing the coefficient of variation of the cell size in both treatment 
modalities over the different points of follow-up. 
Abbreviations: FS-LASIK, femtosecond laser in situ keratomileusis; FS-SMILE, 
femtosecond small incision lenticular extraction.

Table 4 Mean and SD of the HEX in Both FS-LASIK and FS- 
SMILE Groups Preoperatively and Postoperatively Through the 
Follow-Up Period

HEX FS-LASIK (N= 40) 
Mean ± SD

FS-SMILE (N=40) 
Mean ± SD

Preoperative 60.08 ± 2.93 61.68 ± 2.60

Postoperative one month 57.78 ± 3.42 57.33 ± 2.63

Postoperative three months 57.28 ± 3.37 56.83 ± 2.61

Postoperative six months 57.05 ± 3.20 56.70 ± 2.53

Notes: The main effect of time is statistically significant (Greenhouse-Geisser 
F=591.347, p<0.001). The main effect of the type of operation is statistically 
insignificant (F=0.019, p=0.892). The interaction term is statistically significant 
(F=42.611, p<0.001). Because the interaction term is statistically significant, the 
simple effects were reported instead. 
Abbreviations: SD, standard deviation; HEX, hexagonality of the endothelial cells; 
FS-LASIK, femtosecond laser in situ keratomileusis; FS-SMILE, femtosecond small 
incision lenticular extraction.

Table 5 Percent of Change of the ECD, CV, and HEX from 
Baseline Value Through the Follow-Up Period

FS-LASIK FS-SMILE

Mean SD Mean SD

ECD1 −1.26 1.01 −4.04 2.02
ECD3 −1.45 1.24 −4.42 2.00

ECD6 −1.55 1.23 −4.11 2.77

CV1 6.34 5.18 14.64 7.22
CV3 7.12 5.56 16.24 6.54

CV6 7.83 6.11 16.60 6.85

HEX1 −3.86 2.20 −7.04 2.17
HEX3 −4.69 2.11 −7.86 2.02

HEX6 −5.05 1.99 −8.05 2.00

Abbreviation: SD, standard deviation; ECD, endothelial corneal density; CV, 
coefficient of variation; HEX, hexagonality of the endothelial cells; FS-LASIK, fem-
tosecond laser in situ keratomileusis; FS-SMILE, femtosecond small incision lenti-
cular extraction.

Table 6 P-value in a Pairwise Comparison of the ECD Between 
Time Points for Each Treatment Modality

A Pairwise Comparison at Different 
Points of Time

FS-LASIK 
(N=40) 
P-value

FS-SMILE 
(N=40) 
P-value

Preoperative-one month postoperative <0.001 <0.001

Preoperative-three months postoperative <0.001 <0.001

Preoperative-six months postoperative <0.001 <0.001

One month postoperative-three months 

postoperative

0.276 <0.001

One month postoperative-six months 

postoperative

0.825 1.000

Three months postoperative-six months 

postoperative

1.000 0.600

Abbreviations: ECD, endothelial cell density; FS-LASIK, femtosecond laser in situ 
keratomileusis; FS-SMILE, femtosecond small incision lenticular extraction.
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differences in the ECD, CV, or the percentage of HEX 
between treatments at any examination. Five years after 
LASIK, the energy delivered to the cornea during flap crea-
tion with femtosecond laser did not affect the corneal 
endothelium when compared with flap creation with a 
mechanical microkeratome. In a study done by Lu et al14 to 
observe the ECD and morphology after FS-LASIK, one 
month after surgery, the ECD was 2815.34±297.07/mm2, 
which had a 2.64% decrease compared with preoperative 
ECD. Postoperatively, the ECD, HEX, and CV of the corneal 
endothelial cells did not change statistically. In our study, in 
the FS-LASIK group, we had preoperative ECD of 2946.5 ± 

151.28/mm2, which turned to be 2909.13 ± 147.43/mm2 
after one month (−1,26% decrease), Tables 1 and 4.

Cabral et al15 studied the ECD and the CV in 30 eyes 
of 15 patients with myopia ranging from −3.25 to −10.00 
D and astigmatism up to −3.50D who were treated with 
FS-SMILE. The ECD and the CV were measured preo-
peratively and at one day and three months postopera-
tively. No significant changes were observed regarding 
ECD and CV at any visit point. No eyes developed corneal 
edema or other complications.

Wang et al16 assessed the effects of small incision lenti-
cule extraction (SMILE) surgery on the corneal endothelium 
at one day, one week, and one month postoperatively on 47 
eyes who received SMILE surgery. The corneal endothelium 
was analyzed. There were no significant changes in the ECD, 
CV, HEX for one-month follow-up.

Zhang et al17 investigated the corneal endothelial changes 
one day, and one year after the SMILE procedure. They 
studied a total of 56 eyes of 30 patients with myopia ranging 
from −3.25 to −8.25 D and cylinder up to −3.50D who were 
treated by SMILE. The ECD, CV, and HEX were measured 
preoperatively and at one day, and one year postoperatively. 
There were no significant changes in the ECD, CV, or HEX at 
any visit point and no vision-threatening complications 
occurred during the follow-up period.

Kamiya et al18 studied the endothelial cell loss, of refrac-
tive lenticule extraction with the use of a 500 kHz femtose-
cond laser to correct myopia. The ECD was 2814 ± 199 cells/ 
mm2 preoperatively and 2762 ± 213 cells/mm2 six months 
postoperatively, the change was not significant. In our study, 

Table 7 P-value in a Pairwise Comparison of CV Between Time 
Points for Each Treatment Modality

A Pairwise Comparison at 
Different Points of Time

FS-LASIK 
(N=40) P-value

FS-SMILE 
(N=40) 
P-value 
value

Preoperative-one month postoperative <0.001 <0.001

Preoperative-three months 

postoperative

<0.001 <0.001

Preoperative-six months postoperative <0.001 <0.001

One month postoperative 

t-operative-three months post- 

operative

0.151 0.001

One month postoperative-six months 

postoperative

0.002 <0.001

Three months postoperative-six 

months postoperative

0.004 0.487

Abbreviations: CV, coefficient of variation of the cell size; FS-LASIK, femtosecond 
laser in situ keratomileusis; FS-SMILE, femtosecond small incision lenticular 
extraction.

Table 8 P-value in a Pairwise Comparison of HEX Between 
Time Points for Each Treatment Modality

A Pairwise Comparison at 
Different Points of Time

FS-LASIK 
(N=40) P-value

FS-SMILE 
(N=40) P-value

Preoperative-one month 

postoperative

<0.001 <0.001

Preoperative-three months 

postoperative

<0.001 <0.001

Preoperative-six months 

postoperative

<0.001 <0.001

One month postoperative-three 

months postoperative

<0.001 <0.001

One month postoperative-six 

months postoperative

<0.001 <0.001

Three months postoperative-six 

months postoperative

0.002 0.079

Abbreviations: HEX, hexagonality of the endothelial cells; FS-LASIK, femtosecond 
laser in situ keratomileusis; FS-SMILE, femtosecond small incision lenticular 
extraction.

Figure 3 Showing the hexagonality of the endothelial cells in both treatment 
modalities over the different points of follow-up. 
Abbreviations: FS-LASIK, femtosecond laser in situ keratomileusis; FS-SMILE, 
femtosecond small incision lenticular extraction.
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we had preoperative ECD of 3037.88 ± 160.81/mm2, and 
2912.75 ± 169.60/mm2 six months postoperatively, the 
change was significant (Tables 2 and 5). In both studies, no 
eyes developed any corneal complications during the follow- 
up period throughout the 6-month follow-up. Kamiya et al19 

studied the clinical results of small incision lenticule extrac-
tion (SMILE) for the correction of myopia and myopic 
astigmatism for one year using a 500 kHz femtosecond 
laser system. The corneal endothelial cell loss and the 
adverse events of the surgery had been assessed preopera-
tively, one week, and one, three, six, and twelve months 
postoperatively. No significant change in ECD occurred 
throughout the one-year follow-up period. The ECD changed 
from 2804±26cells/mm2 preoperatively to 2743±308 cells/ 
mm2 one year postoperatively. Most studies conducted in the 
literature were not comparative as they were only studying 
the effect of either the FS-LASIK or the FS- SMILE on the 
corneal endothelium.

In this study, although all the changes in ECD and mor-
phology were statistically significant in both groups, and the 
FS-SMILE group was more statistically affected, there were 
no adverse clinical effects, no vision-threatening complica-
tions, or any other corneal complications in both groups 
throughout a six-month follow-up. The ECD, CV, and HEX 
being more affected in the FS-SMILE group may be due to 
the deeper penetration of the FS-laser in the corneal tissue 
during the FS-SMILE when compared to FS-LASIK.

The percentage endothelial cell loss in both groups 
may seem of little value (Table 5), but in some patients 
with compromised endothelium, this difference might be 
crucial. Also, one should consider that this loss might 
increase with time or with other factors such as trauma 
and surgery. Although SMILE induced minimal effects on 
corneal endothelial cells, further studies are required with 
a larger number of cases, longer duration of follow-ups, 
lower preoperative ECD, and deeper lenticule extraction to 
confirm the long-term effect of femtosecond laser use on 
the corneal endothelium.

We may consider that the results of this study are 
limited by the relatively low number of cases (80 eyes) 
and the relatively short follow-up period (6 months). 
Therefore, further longer-term studies on a larger number 
of patients are needed to investigate the effects of these 
two procedures on the corneal endothelium.

Conclusion
In this study, FS-LASIK and FS-SMILE were performed 
successfully to correct myopia and myopic astigmatism. 

Although the endothelial cell density (ECD) and morphology 
were affected in both techniques, it was noticed statistically 
that the FS-SMILE had more impact on the ECD and mor-
phology as a short term find. The effect of FS-SMILE on the 
endothelium may be explained by the deeper level of high 
energy applied. This, however, did not result in any harmful 
effect on the cornea and seemed to stop after a few weeks 
without causing any harm after the 6 month follow-up period.
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