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Purpose: To evaluate femtosecond laser in flap and cap creation, detect some corneal 

biomechanical changes, and evaluate dry eye after laser in situ keratomileusis (LASIK), Femto-

LASIK, and small incision lenticule extraction (SMILE) with 3-year follow-up.

Patients and methods: Preoperative evaluation taken: full ophthalmic examination, Pentacam, 

ocular response analyzer, ocular surface disease index (OSDI), and tear breakup time (TBUT). 

LASIK flap was created using Moria microkeratome in 30 eyes (LASIK group) and using VisuMax 

femtosecond laser in 38 eyes (FS-LASIK group) and SMILE was done by VisuMax in 35 eyes 

(SMILE group). Postoperative evaluation: anterior segment optical coherence tomography to mea-

sure flap and cap thickness, ocular response analyzer to measure corneal hysteresis (CH) and corneal 

resistance factor (CRF), OSDI, and TBUT at 1, 3, 6, 12, 24, and 36 months after surgery.

Results: This study included 103 eyes of 103 patients. The mean deviation of central cap or flap 

thickness from intended was statistically higher in the LASIK group (P,0.001). Both CH and 

CRF showed significant reduction postoperatively but were significantly higher in the SMILE 

group during follow up (P,0.05). The mean OSDI scores were significantly elevated in all 

groups postoperatively (P,0.01) but were significantly lower in the SMILE group 3 months 

postoperatively (P,0.05). The mean TBUT was significantly decreased in all groups postop-

eratively (P,0.01) but was significantly higher in the SMILE group 6 months postoperatively 

(P,0.05).

Conclusion: Femtosecond laser is more accurate than microkeratomes. CH and CRF changes 

were least after SMILE. The three procedures led to significant dryness but for shorter duration 

with SMILE.
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Introduction
Due to its safety and accuracy, laser in situ keratomileusis (LASIK) has become the 

most popular procedure for the surgical management of myopia.1 During LASIK sur-

gery, creation of a corneal flap is the first and the most critical step, as it influences the 

visual outcome. Flap formation has progressed from using mechanical microkeratomes 

to using the femtosecond laser.2 In the past decade, the femtosecond laser has been 

used in a wide range of procedures, allowing tailoring of the parameters of the corneal 

flap, such as diameter, thickness, and hinge position, which are the main benefits of 

using the femtosecond laser. Accordingly, it may lessen the risk of flap complications 

such as irregular, buttonholed or incomplete flaps.3,4 Small incision lenticule extraction 

(SMILE) is a procedure during which the femtosecond laser creates an intrastromal lenti-

cule and then the surgeon extracts it through a small incision with no need for flaps.5
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Corneal biomechanical properties are crucial in refrac-

tive surgery to discover any corneal anomaly and to main-

tain good postoperative quality of vision.6 Some aspects 

of the corneal biomechanical properties are investigated 

using the ocular response analyzer (ORA), which mea-

sures corneal hysteresis (CH) and corneal resistance factor 

(CRF). CH reflects the corneal viscoelastic properties, 

and CRF measures the whole corneal rigidity.7 There is 

an alteration in corneal biomechanics following different 

refractive procedures.8 Dry eye is a common complaint 

among patients who have undergone refractive surgeries.9 

It is believed that the post-surgical development of dry 

eye is closely connected to the surgical cut of the cor-

neal nerve fibers that is done during corneal refractive  

surgery.10

In several studies, researchers have evaluated the safety, 

efficiency, and precision of the femtosecond laser in flap 

creation2 and compared femtosecond laser to mechanical 

microkeratomes.11 Also, the ReLEX or SMILE procedure 

has been studied for its efficacy and safety12 and compared 

to femtosecond laser assisted LASIK in previous studies.13,14 

Corneal biomechanical changes following different corneal 

refractive procedures have also been studied.15 The purpose 

of this work was to evaluate femtosecond laser in flap and 

cap creation, detect some corneal biomechanical changes, 

and evaluate dry eye after LASIK, FemtoLASIK, and SMILE 

with 3-year follow-up.

Patients and methods
In this study, we included 103 eyes of 103 patients (40 males, 

63 females) who were above 18 years of age, had myopia 

from -3.00 to -10.00, astigmatism less than 4 D, and had 

refractive stability for at least 1 year. While patients with 

complicated surgeries, past history of another eye surgery, 

eye trauma, ocular or systemic diseases, were excluded. 

This study was approved by the research ethics committee 

at Benha University. Written informed consent was obtained 

from all subjects before surgery, as per the Declaration 

of Helsinki.

We divided the patients into three groups:

•	 LASIK group: the LASIK group included 30 eyes of 

30 patients who underwent conventional LASIK surgery.

•	 FS-LASIK group: the femtosecond laser-LASIK group 

included 38 eyes of 38 patients who underwent LASIK 

surgery with the flap created by the femtosecond laser.

•	 SMILE group: the SMILE group included 35 eyes of 

35 patients who underwent SMILE surgery.

Preoperative evaluation
All the patients had a comprehensive ophthalmic examination, 

cycloplegic refraction, ocular surface disease index (OSDI) 

questionnaire, corneal imaging using a rotating Scheimpflug 

camera (Pentacam, Oculus, Germany); and corneal biome-

chanical properties were measured using Reichert ORA.

surgical procedure
At the beginning of the procedure, we instilled anesthetic 

drops in the eyes after the patients underwent sterile draping 

and preparation.

In the LASIK group, after selecting the suction ring 

according to Moria M2 nomogram which is based on the ker-

atometric value K1, the flaps were created using Moria blades 

with a planned thickness of 100 µm. Then, the laser abla-

tion of the stromal bed was done using the Meditec MEL90 

excimer laser (Carl Zeiss Meditech, Jena, Germany).

In the FS-LASIK group, 100 µm was the planned thick-

ness of the flap created using a 500 kHz femtosecond laser 

(Carl Zeiss Meditec VisuMax femtosecond laser system). 

Then, laser ablation using the Meditec MEL90 excimer laser 

(Carl Zeiss Meditech) was done.

In the SMILE group, having created the lenticule in the 

corneal stroma with a 500 kHz femtosecond laser (Carl Zeiss 

Meditec VisuMax femtosecond laser system), we extracted 

the lenticule through a small incision.

Postoperative care
Tobramycin 0.3% dexamethasone 0.1% (Tobradex) and 

moxifloxacin 0.5% (Vigamox) eye drops were administered 

topically three times daily for 2 weeks and tear substitute eye 

drops were used three times per day for at least 3 months. 

A full ophthalmic examination was done in all subjects 1, 3, 

6, 12, 24, and 36 months postoperatively.

imaging
At every postoperative visit, anterior segment optical coher-

ence tomography (AS-OCT) (Topcon 3D OCT-2000; Topcon 

Corporation, Tokyo, Japan) was utilized to measure the 

central flap thickness in LASIK and FemtoLASIK groups 

and the central cap thickness in the SMILE group. Corneal 

biomechanical parameters (CH and CRF) were measured 

using Reichert ORA.

OsDi
The OSDI questionnaire was used to quantify the dry eye 

symptoms before surgery and 1, 3, 6, 12, 24, and 36 months 
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postoperatively. In this questionnaire, patients were asked 

about dry eye symptoms that they had over a 1-week recall 

period. Each answer was scored on a 4-point scale from zero 

(representing no problems) to four (representing a substantial 

problem). Accordingly, we combined the responses to gen-

erate a composite OSDI score, higher OSDI scores indicate 

more severe symptoms.

Tear breakup time (TBUT)
A fluorescein impregnated strip moistened with non- 

preservative saline solution was placed in the lower conjunctival 

fornix. Using slit-lamp biomicroscopy with a cobalt blue filter, 

the time elapsed before the observation of the first tear film 

breakup after the patient blinked was recorded as the TBUT.

statistical analysis
We included only one eye per patient for statistical purposes. 

SPSS version 20.0 (IBM Corporation, Armonk, NY, USA) 

was used in the statistical analysis and results are stated as 

mean ± SD. To ensure the normal distribution of the data, 

we employed the Kolmogorov–Smirnov test. Comparison 

between the three groups was done using the ANOVA test, 

and a Bonferroni post hoc test was used. P-value #0.05 was 

considered statistically significant.

ethics statement
All procedures were in accordance with the ethical standards 

of the responsible committee on human experimentation in 

Benha University and with the Helsinki Declaration of 1964, 

as revised in 2013. Informed written consent was obtained 

from all participants.

Results
Our study included 103 eyes of 103 patients (40 males, 

63 females) divided in three groups, LASIK group, FS-

LASIK group, and SMILE group. No intraoperative or 

postoperative complication was noticed. No statistically 

significant differences were perceived between the three 

groups in relation to age, preoperative spherical equivalent 

(SE), central corneal thickness (CCT), keratometric readings, 

CH, CRF, and OSDI score (P.0.05) (Table 1).

Kolmogorov–Smirnov test showed probabilities of .0.05 

which means that data were normally distributed. A one-way, 

between-subject ANOVA test revealed significant differ-

ences between groups in the mean deviation of central flap 

and cap thickness from intended thickness at all follow-up 

visits (P,0.001) (Table 2). A Bonferroni post hoc test 

showed a significant difference in the mean deviation from 

intended central flap thickness between the LASIK group 

and the FS-LASIK group (P,0.001) and a significant dif-

ference between the LASIK group and the SMILE group 

(P,0.001). However, no statistically significant difference 

was noticed between the FS-LASIK group and the SMILE 

group (P.0.05), the femtolaser machine was more accurate 

than the microkeratome.

The mean preoperative CH and CRF were 10.82±0.53 

and 10.19±0.12 mmHg, respectively, in the LASIK group, 

10.71±0.47 and 10.22±0.20 mmHg respectively in the 

FS-LASIK group, and 10.58±0.39 and 10.21±0.19 mmHg 

respectively in the SMILE group. We found no statisti-

cally significant differences between groups preoperatively 

(P=0.473 for CH and 0.489 for CRF) (Table 1). Both CH and 

CRF decreased significantly postoperatively as compared to 

preoperative values in the three groups. Both CH and CRF 

were significantly higher in the SMILE group than the other 

two groups at all postoperative visits (P,0.05), so the extent of 

changes was less with SMILE (Table 2) (Figures 1 and 2).

The mean preoperative OSDI scores were 11.43±10.11 

in the LASIK group, 11.89±9.82 in the FS-LASIK group, 

and 11.96±9.28 in the SMILE group, and there was no 

significant difference among the three groups (P=0.935) 

(Table 1). The mean OSDI scores elevated to 18.51±14.73 

in the LASIK group, 18.29±15.24 in the FS-LASIK group, 

and 18.12±13.88 in the SMILE group at 1 month after 

surgery and were significantly higher than the preoperative 

level in the three groups (P,0.01). The mean OSDI scores 

at 3 months postoperatively were significantly lower in the 

Table 1 Preoperative selected characteristics

Variable LASIK 
group

FS-LASIK 
group

SMILE 
group

P-value

age (years) 23.84±4.75 23.84±4.75 24.43±5.91 0.520
gender (M/F) 12/18 14/24 14/21 –
se (D) -7.49±2.05 -7.14±1.97 -8.05±2.06 0.161
CCT (μm) 582.84±12.25 578.96±12.06 579.32±10.65 0.342
Mean K (D) 43.16±1.27 43.41±1.08 43.57±1.15 0.366
Ch (mmhg) 10.62±0.53 10.71±0.47 10.58±0.39 0.473
CrF (mmhg) 10.19±0.12 10.22±0.10 10.21±0.09 0.489
OsDi 11.43±10.11 11.89±9.82 11.96±9.28 0.935
TBUT 10.11±1.41 9.87±1.28 9.93±1.35 0.571

Note: Data are mean ± sD of 103 eyes of 103 patients.
Abbreviations: lasiK, laser in situ keratomileusis; Fs-lasiK, femtosecond 
laser-lasiK; sMile, small incision lenticule extraction; se, spherical equivalent; 
CCT, central corneal thickness; K, keratometric reading; Ch, corneal hysteresis; 
CrF, corneal resistance factor; OsDi, ocular surface disease index; TBUT, tear 
breakup time; M, male; F, female.
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SMILE group (12.03±9.87) when compared to the other 

two groups (16.42±12.09 for LASIK and 15.95±11.83 for 

FS-LASIK [P.0.05]), but there were no significant differ-

ences between the three groups afterward, so OSDI scores 

returned to preoperative values earlier in the SMILE group 

(Figure 3) (Table 2).

The mean preoperative TBUT was 10.11±1.41 s in the 

LASIK group, 9.87±1.28 s in the FS-LASIK group, and 

9.93±1.35 s in the SMILE group, and there was no significant 

difference among the three groups (P=0.571) (Table 1). 

The mean TBUT decreased to 6.21±1.27 s in the LASIK 

group, 6.32±1.39 s in the FS-LASIK group, and 6.68±1.43 s 

in the SMILE group at 1 month after surgery, and were sig-

nificantly lower than the preoperative level in the three 

groups (P,0.01). The mean TBUT 6 months postoperatively 

was significantly higher in the SMILE group (9.61±1.51 s) 

when compared to the other two groups (8.03±1.46 s for 

LASIK and 8.09±1.62 s for FS-LASIK) (P.0.05), so TBUT 

Table 2 Preoperative and postoperative data 

Variable LASIK  
group 
(30 eyes)

FS-LASIK 
group
(38 eyes)

SMILE 
group
(35 eyes)

Deviation of central flap or cap 
thickness from intended (μm)
1 month postoperative
3 months postoperative
6 months postoperative
12 months postoperative 
24 months postoperative
36 months postoperative

23.37±4.41
23.41±4.64
23.39±5.43
23.36±4.22
23.36±4.20
23.37±4.26

5.03±2.49*
5.13±3.12*
5.08±2.39*
5.11±2.32*
5.02±2.41*
5.03±2.44*

5.89±2.22*
6.07±2.88*
5.96±2.31*
5.88±2.29*
5.83±2.31*
5.82±2.33*

CH (mmHg)
Preoperative
1 month postoperative
3 months postoperative
6 months postoperative
12 months postoperative 
24 months postoperative
36 months postoperative

10.82±0.53
7.51±0.73‡

7.50±0.60‡

7.47±0.54‡

7.45±0.65‡

7.55±0.63‡

7.58±0.71‡

10.71±0.47
7.66±0.64‡

7.63±0.58‡

7.58±0.60‡

7.56±0.44‡

7.59±0.51‡

7.60±0.61‡

10.58±0.39
8.43±0.32‡,*,**
8.41±0.41‡,*,**
8.40±0.37‡,*,**
8.37±0.40‡,*,**
8.44±0.47‡,*,**
8.51±0.51‡,*,**

CRF (mmHg) 
Preoperative
1 month postoperative
3 months postoperative
6 months postoperative
12 months postoperative
24 months postoperative
36 months postoperative

10.19±0.22
7.15±0.50‡

7.13±0.44‡

7.12±0.76‡

7.11±0.57‡

7.18±0.54‡

7.17±0.68‡

10.22±0.20
7.24±0.73‡

7.22±0.81‡

7.21±0.65‡

7.18±0.59‡

7.26±0.71‡

7.25±0.69‡

10.21±0.19
8.35±0.41‡,*,**
8.32±0.56‡,*,**
8.30±0.48‡,*,**
8.29±0.32‡,*,**
8.35±0.42‡,*,**
8.38±0.59‡,*,**

OSDI
Preoperative
1 month postoperative
3 months postoperative
6 months postoperative
12 months postoperative
24 months postoperative
36 months postoperative

11.43±10.11
18.51±14.73‡

16.42±12.09‡

12.27±10.85 
11.71±10.43
11.53±9.54
11.49±9.97

11.89±9.82
18.29±15.24‡

15.95±11.83‡

12.05±11.43 
11.86±10.92
11.88±10.06
11.85±10.02

11.96±9.28
18.12±13.88‡

12.03±9.87*,**
11.51±10.15 
11.13±10.02
11.27±9.06
11.18±8.94

TBUT
Preoperative
1 month postoperative
3 months postoperative
6 months postoperative
12 months postoperative
24 months postoperative
36 months postoperative

10.11±1.41
6.21±1.27‡

7.38±1.19‡

8.03±1.46‡

9.27±1.25
9.43±1.60
9.72±1.39

9.87±1.28
6.32±1.39‡

7.56±1.43‡

8.09±1.62‡

9.31±1.38
9.57±1.54
9.81±1.61

9.93±1.35
6.68±1.43‡

7.92±1.52‡

9.61±1.51*,**
9.81±1.34 
9.88±1.37
9.91±1.23

Notes: Data are mean ± sD. ‡Statistically significant difference from the preoperative value, *statistically significant difference from the LASIK group, **statistically significant 
difference from the Fs-lasiK group. 
Abbreviations: lasiK, laser in situ keratomileusis; Fs-lasiK, femtosecond laser-lasiK; sMile, small incision lenticule extraction; Ch, corneal hysteresis; CrF, corneal 
resistance factor; OsDi, ocular surface disease index; TBUT, tear breakup time.
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returned to preoperative values earlier in the SMILE group 

(Figure 4) (Table 2).

Discussion
During the LASIK procedure, it is crucial to have a uniform 

flap with a narrow deviation from the intended thickness 

to leave an appropriate residual stromal thickness after 

ablation.16,17 The SMILE procedure is the latest advance 

in femtosecond laser assisted corneal refractive surgeries, 

during which the anterior lamellar cut is like the flap cut in 

LASIK and FemtoLASIK. Previous studies were carried 

out to assess and compare the FemtoLASIK and SMILE 

procedures.2,11,13 In this study, we evaluated the femtosecond 

laser for the creation of the flaps for LASIK and the caps for 

SMILE, so we studied the thickness of the flaps and caps, 

CH, CRF, OSDI, and TBUT.

Our results of the mean deviation from intended flap 

and cap thickness showed statistically significant differ-

ences between the LASIK group and the other two groups 

(P,0.001). These results are in line with those of Xia et al,11 

who compared the flaps created by the microkeratomes to 

the flaps created by femtosecond laser, and found that the 

femtosecond laser has an advantage in the flap thickness 

predictability. Also, in Zhang et al’s study,17 AS-OCT 

showed that the flaps formed by the WaveLight femtosecond 

laser were more precise, reproducible, and uniform than 

those formed by the Moria microkeratome. On the other 

hand, there were no statistically significant differences 

between the FS-LASIK group and the SMILE group in rela-

tion to the mean deviation from intended flap and cap thick-

ness (P=0.1241). Consistently, this was the case in Ozgurhan 

et al’s13 study, which compared the cap thickness of SMILE 

Figure 1 Preoperative (pre-op) and postoperative (post-op) corneal hysteresis (Ch) changes in the three groups.
Abbreviations: lasiK, laser in situ keratomileusis; Fs-lasiK, femtosecond laser-lasiK; sMile, small incision lenticule extraction.

Figure 2 Preoperative (pre-op) and postoperative (post-op) corneal resistance factor (CrF) changes in the three groups.
Abbreviations: lasiK, laser in situ keratomileusis; Fs-lasiK, femtosecond laser-lasiK; sMile, small incision lenticule extraction.
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Figure 3 Preoperative (pre-op) and postoperative (post-op) ocular surface disease index (OsDi) changes in the three groups.
Abbreviations: lasiK, laser in situ keratomileusis; Fs-lasiK, femtosecond laser-lasiK; sMile, small incision lenticule extraction.

and flap thickness of FemtoLASIK and concluded that the 

cap thickness in SMILE surgery does not differ from flaps 

formed using the same femtosecond laser platform.

CH and CRF are two of the corneal biomechanical char-

acteristics which refer to the corneal viscoelastic properties.18 

It is very important to note that CH and CRF do not express 

stiffness or the stress–strain behavior of corneal tissue.19 As CH 

and CRF are related to age, and previous studies settled that 

the CH is affected by the CCT,20 the patients in this study were 

selected to be of nearly the same age and have similar CCT. 

Both CH and CRF declined significantly postoperatively as 

compared to preoperative values in the three groups. Both CH 

and CRF presented statistically significant differences between 

the SMILE group and the other two groups at all postoperative 

visits during the 3-year follow-up period. We think that there 

are two possible explanations for different behavior of CH and 

CRF in the SMILE group; the anterior stroma and Bowman’s 

layer are not interrupted, and the interface healing may differ 

as there was no ablation. These results are in line with that of 

Wu et al,21 who studied CH and CRF after both the SMILE 

and FemtoLASIK procedures. They reported that both CH 

and CRF were significantly diminished after both procedures, 

however the deviations in the corneal biomechanical param-

eters were less after SMILE than after FemtoLASIK. Wang 

et al22 compared CH and CRF before and after SMILE and 

FemtoLASIK in different degrees of myopia. They found that 

there was no significant difference between the two groups in 

myopia less than -6 D. However, in eyes with myopia more 

than -6 D, the CH and CRF decreased significantly more in 

LASIK than in SMILE cases. In our study, we found significant 

differences between the three groups, and this may be attrib-

uted to the degree of myopia as the mean SE was -7.56 D. 

Kamiya et al23 studied some of the biomechanical character-

istics of the cornea after SMILE procedure, and they found 

Figure 4 Preoperative (pre-op) and postoperative (post-op) tear breakup time (TBUT) changes in the three groups.
Abbreviations: lasiK, laser in situ keratomileusis; Fs-lasiK, femtosecond laser-lasiK; sMile, small incision lenticule extraction.
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that the highest changes in the corneal biomechanics occurred 

during the first week postoperatively, and they became stable 

after that. The results of our study showed stability of both 

CH and CRF throughout the postoperative follow-up period.

Dry eye is prevalent among patients who undergo corneal 

refractive surgeries, the incidence of dry eye varies among 

patients. We used the TBUT test as an objective indicator and 

the OSDI score as a subjective indicator for dryness. We found 

a statistically significant increase in OSDI and decrease in 

TBUT at 1 month postoperatively when compared to the pre-

operative levels in the three groups. The mean OSDI scores 

returned to preoperative level at 3 months after surgery for 

the SMILE group (12.03±10.07), while it took 6 months to 

return to preoperative level in the LASIK group and the Fem-

toLASIK group (Figure 3). These results agree with those of 

Wang et al, who compared dry eye disease following SMILE 

versus FS-LASIK using TBUT and Salisbury Eye Evaluation 

Questionnaire (SEEQ). They found that TBUT was higher after 

SMILE than FS-LASIK at 3, 6, and 12 months post-operatively 

(P,0.001) and SEEQ scores were less after SMILE than FS-

LASIK at 1, 3, and 6 months post-operatively (P,0.001).24

Conclusion
Our results showed that femtosecond laser (Carl Zeiss Meditec 

VisuMax femtosecond laser system) is more accurate and more 

predictable than mechanical microkeratomes. CH and CRF 

changes are less after the SMILE procedure. The three procedures 

led to significant dryness, but for a shorter duration in SMILE.
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