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Objective: In the present study, we compared LASIK flap thickness predictability created by a 

FS laser versus a Moria microkeratome in Mongolian patients. Methods: A total of ninety-six 

candidates for the LASIK procedure were stratified into two groups: FS laser-assisted and MK 

flap creation. Flap thickness was determined at five points. The side-cut angle was measured 

in three directions at the margin interface. LASIK flap assessment was performed one month 

postoperatively by Spectralis anterior segment optical coherence tomography. Results: Ninety-

five participants (190 eyes) were recruited; 190 eyes were stratified to the FS group and 78 

eyes to the MK group. The FS group had relatively even flap configurations, and the MK group 

had meniscus-shaped flaps. Regarding CR-sphere and cylinder, there was significant difference 

between 2 groups. The mean cylinder was -1.216 ± 0.924 in FS group while it was -0.730 ± 

0.738 in MK group. Similarly, the mean sphere was -3.635 ± 2.031 in FS-LASIK group and 

-2.984 ± 1.502 in MK-LASIK group. The side-cut architecture varied among the two groups. 

OCT-C and OCT1Temporal values were significantly different between two groups. Conclusion: 
Improving the predictability of LASIK flap thickness and morphology is significantly important.
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Introduction 

Laser in situ keratomileusis (LASIK) is 

most popular corneal refractive procedure 

in the world with fast-growing updates 

in operative techniques, devices as well 

as instrumentation [1-3]. The surgical 

outcome of the LASIK highly depends on 

the consistency and predictability of the 

corneal flap thickness. There are two flap 

creation procedure for LASIK [4-8]. Moria 

microkeratome is based on the oscillating 

blade principle. However, there are several 

challenges in this procedure such as free 

caps, button holes, incomplete cuts [9, 10]. 

Another one is femtosecond (FS)-assisted flap 

creation. Here, the cleavage line is created 

through the cornea at a predetermined depth 

by photo-ionization of optically transparent 

tissues with a resultant acoustic shock wave 

and gas bubble formation, disrupting treated 

tissues. Currently, there are many FS-laser 

systems (IntraLase, VisuMax, Femto LDV) 

for measuring postoperative flap thickness 
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depending on subtraction from the preoperative planned residual 

stromal bed. It has been reported also that FS-LASIK has lower 

incidence of complications and greater options in flap thickness 

as well as better contrast sensitivity. For example, in the study of 

Issa et al, FS-LASIK was performed at 98 patients and resulted 

with no complication and high level of safety [11]. On the other 

hand, there are some reports indicated diffuse lamellar keratitis 

after FS-LASIK [12]. 

Improving the predictability of LASIK flap thickness 

and morphology is significantly important, because above 

mentioned measurements are rough and mostly inaccurate. Xia 

et al compared FS-LASIK with mechanical microkeratome for 

myopia and astigmatism. This non-randomized study included 

120 eyes and flap thickness, visual acuity, manifest refraction, 

contrast sensitivity function (CSF) curves and other parameters 

were measured at 1wk; 1, 3, 6mo after surgery. The authors 

concluded that both procedures were safe and effective to 

correct myopia, with no statistically significant difference in the 

UDVA, CDVA during 6mo follow-up [13]. Another comparing 

study of Moshirfar et al revealed, on the other hand, that the 

total complication rates between the 2 groups were similar. 

Moreover, microkeratome group had significantly more epithelial 

defects intraoperatively while FS-LASIK group had significantly 

more diffuse lamellar keratitis cases postoperatively [14].

As mentioned above, the outcome of FS-LASIK and 

microkeratome procedures are reported contrarily in many studies 

and reason is still unclear till today. Therefore, in the current study, 

we aimed to assess LASIK flap thickness predictability created by 

a FS laser versus a Moria microkeratome in Mongolian patients. 

Materials and Methods 

Subjects and Study design 
We conducted the hospital based cross-sectional study. A 

total of 95 participants (13 men and 81 women) who underwent 

conventional LASIK for the correction of myopia and myopic 

astigmatism, and who regularly returned for postoperative 

examination were included in this retrospective study design. The 

sample size in the study offered 90.1% statistical power at the 

5% level in order to detect a 0.10 difference in the logarithm of 

the minimal angle of resolution (Decimal) of visual acuity, when 

the standard deviation (SD) of the mean difference was 0.25, 

and offered 98.1% statistical power at the 5% level in order to 

detect a 0.5 D-difference, when the SD of the mean difference 

was 1.0 D. Patients who had following criteria had included: 

unsatisfactory correction with spectacles or contact lenses, 

sufficient corneal thickness, endothelial cell density ≥ 1800 cell/

mm2, no history of ocular surgery, severe dry eye, progressive 

corneal degeneration, cataract, glaucoma. 

LASIK was performed on both eyes of each patient successively 

using an identical method.  The corneal flap was created using an 

M2 (Moria; 2 eyes), MI 7 (Med- Logics, Inc) microkeratome. After 

the flap was created Laser ablation was then performed using 

Visx Star S4 (AMO) excimer laser. The interface between the 

flap and stromal bed was irrigated with balanced salt solution 

containing 0.6-mg/ml gentamicin and 0.4-mg/ml dexametazone. 

After surgery, low-dose steroid (0.1% Flumetholone) 3 weeks, 

antibiotic (Gatifloxacin 0.5%) 5 days, and 0.3% hyaluronic acid 

(Hyalein, Santen) eyedrops were prescribed postoperatively. 

Postoperative examinations were performed 1 day; 1 week; 

1, 3, and 6 months; 1 year; and every year after that up to 5 years 

after surgery. Uncorrected visual acuity (UCVA), best-corrected 

visual acuity (BCVA), manifest refraction, cycloplegic refraction 

measured by Autorefractometer Tomey. After surgery, low-dose 

steroid (0.1% Flumetholone, ) 3 weeks, antibiotic (Gatifloxacin 

0.5%) 5 days, and 0.3% hyaluronic acid (Hyalein, Santen) 

eyedrops were prescribed  postoperatively.

Statistical Analysis
For comparing proportion of categorical variables, chi-square 

and Fisher exact tests were used. The normality of all data 

samples was checked by the Kolmogorov-Smirnov test. For mean 

value between two-groups, unpaired t-test was carried out. The 

results are expressed as mean and standard deviation (SD). The 

value of p < 0.05 was considered statistically significant. The 

statistical analysis was done in STATA 14 software. 

Ethical Statements
The study protocol was approved by the Ethical Committee 

of the Mongolian National University of Medical Sciences (No: 

2021/3-06).
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Results 

Study participants baseline characteristics are showing in 

Table 1. This study included 190 eyes of 95 participants. FS-

assisted LASIK surgery was done in 190 eyes of 95 participants 

(13 males and 81 females). There were no statistically significant 

differences between the two groups with respect to age.

Table 1. General characteristics of study participants.  

Variables 

FS-LASIK MK-LASIK Total P-value

n = 49 
(98 eyes)

n = 46 
(92 eyes)

n = 95 
(190 eyes)

Mean ± SD Mean ± SD Mean ± SD
Age, years 30.31 ± 6.32 32.16 ± 6.20 31.19 ± 6.30 0.155
Age group N (%) N (%) N (%)
20-29 23 (46.9) 14 (31.1) 37 (39.4) 0.164
30-39 26 (53.1) 31 (68.9) 57 (60.6)
Gender 
Male 4 (8.2) 9 (20.0) 13 (13.8) 0.173*
Female 45 (91.8) 36 (80.0) 81 (86.1)
*Fisher’s exact test 

Table 2 demonstrates planned and actual flap thickness in 

both femtosecond laser-assisted LASIK and microkeratome-

assisted LASIK. In the FS-assisted LASIK group, mean UCVA was 

0.110 ± 0.074, while it was 0.144 ± 0.090 in MK-LASIK group. 

The mean CCT was 517.56 ± 28.81 and 537.6 ± 23.59 μm in 

the FS and MK groups, respectively. The mean preIOP was similar 

between two groups (13.45 ± 2.58 mmHg in the FS; 13.61 ± 

2.49 mmHg in the MK group). Regarding CR-sphere and cylinder, 

there was significant difference between 2 groups. The mean 

cylinder was -1.216 ± 0.924 in FS group while it was -0.730 

± 0.738 in MK group. Similarly, the mean sphere was -3.635 

± 2.031 in FS-LASIK group and -2.984 ± 1.502 in MK-LASIK 

group. 

Table 2. Planned and actual flap thickness in both femtosecond laser-assisted LASIK and microkeratome-assisted 
LASIK

Variables

FS-LASIK MK-LASIK Total

P-value
n = 49 

(98 eyes)

n = 46 

(92 eyes)

n = 95 

(190 eyes)

Mean ± SD Mean ± SD Mean ± SD

UCVA 0.110 ± 0.074 0.144 ± 0.090 0.127 ± 0.083 0.005
BCVA 0.897 ± 0.123 0.959 ± 0.087 0.927 ± 0.118 0.000
MR sphere -4.09 ± 1.89 -3.39 ± 1.52 -3.75 ± 1.75 0.005
Cylinder -1.127 ± 0.958 -0.671 ± 0.688 -0.907 ± 0.867 0.000
CR sphere -3.635 ± 2.031 -2.984 ± 1.502 -3.32 ± 1.819 0.012
CR cylinder  -1.216 ± 0.924 -0.730 ± 0.738 -0.98 ± 0.871 0.000
CCT 517.56 ± 28.81 537.6 ± 23.59 527.26 ± 28.19 0.000
IOP 13.45 ± 2.58 13.61 ± 2.49 13.53 ± 2.53 0.689
UCVA-Uncorrected Visual Acuity; BCVA-Best Corrected Visual Acuity; MR-Manifest Refraction; CR-  Cycloplegic Refraction; CCT Central Corneal Thickness; 
IOP-Intra-ocular Pressure

Tsetsegjargal Baasanjav et al.



128          www.cajms.mn

Table 3. Actual flap thickness in five locations across the horizontal meridian in FS-LASIK and MK-LASIK groups

Variables

FS-LASIK MK-LASIK Total

P-value
n = 49 

(98 eyes)

n = 46 

(92 eyes)

n = 95 

(190 eyes)

Mean ± SD Mean ± SD Mean ± SD
PO1 VA 0.908 ± 0.151 0.934 ± 0.099 0.92 ± 0.129 0.169 
PO1 sphere 0.442 ± 0.479 0.521 ± 0.447 0.48 ± 0.464 0.243
PO1 cylinder  -0.443 ± 0.439 -0.296 ± 0.367 -0.37 ± 0.411 0.013
PO1 IOP 9.29 ± 1.68 9.47 ± 1.43 9.38 ± 1.56 0.464 
PO1 VA 0.954 ± 0.116 0.981 ± 0.062 0.97 ± 0.095 0.095
PO1 sphere 0.161 ± 0.460 0.188 ± 0.412 0.173 ± 0.428 0.673 
PO1 IOP 9.11 ± 1.58 9.42 ± 1.30 9.27 ± 1.45 0.141
OCT-C 118.33 ± 10.98 124.09 ± 13.08 121.15 ± 12.36 0.001
OCT1 Temporal 115.83 ± 10.33 118.95 ± 9.86 117.36 ± 10.20 0.035 
OCT2 Temporal 113.71 ± 12.29 115.87 ± 7.76 114.77 ± 10.36 0.149 
OCT1 Nasal 115.75 ± 17.26 116.56 ± 7.60 116.15 ± 13.41 0.673 
OCT2 Nasal 115.58 ± 15.71 118.61 ± 10.24 117.06 ± 13.37 0.118

The actual flap thickness in five locations across the horizontal 

meridian in FS-LASIK and MK-LASIK groups was given in Table 

3. In FS-LASIK group, the postoperative mean manifest sphere 

(PO1msph) was 0.161 ± 0.460, while in MS-LASIK group it was 

0.188 ± 0.412. The difference in postoperative sphere between 

the two groups was statistically insignificant (p value =0.673). On 

the other hand, the postoperative cylinder was -0.443 ± 0.439 

PO1-Post Operative Day 1; VA- Visual Acuity; OCT-C Ocular Computer Tomography-Central

in FS-LASIK group while in MS-LASIK group it was to -0.296 

± 0.367. The difference in postoperative cylinder between the 

two groups was statistically significant (p value =0.013). When 

comparing two groups, OCT-C and OCT1Temporal values were 

significantly different. In FS-LASIK group, OCT-C was 118.33 ± 

10.98 while in MS-LASIK group it was 124.09 ± 13.08 p value 

=0.001).

Discussion 

Laser in situ keratomileusis (LASIK) is the most common 

corneal refractive procedure. During LASIK eye surgery, flap 

creation is the most critical step, because the precise creation 

of the corneal flap is mandatory for successful LASIK. If the flap 

is too thin, then there may have complications such as a free or 

buttonhole flap. In opposite, if flap is too thick then it may result 

in iatrogenic keratectasia and refractive regression. 

In Moria microkeratome-assisted flap creation, an oscillating 

blade is used to create corneal flaps. However, this procedure 

has been considered to have a low level of precision in creating 

corneal flaps. Clinical studies revealed that a standard deviation 

of flap thickness between 18 and 24 μm [15]. On the other hand, 

in the FS-LASIK procedure, it has been showed that a standard 

deviation of flap thickness is within ±20 μm of the intended 

result [16, 17]. 

There are numerous studies that highlighted the utility of 

optical coherence tomography (OCT) in the valuation of LASIK 

flaps created by either MK or FS laser [18, 19]. Consequently, 

variable results have been obtained when comparing the clinical 

outcomes of patients who underwent FS-LASIK or MK-LASIK 

[20-22]. In this prospective study, we have been investigated 

the predictability of flap thickness and its configuration by 

two different methods. We analyzed LASIK flap characteristics 

and measurements by optical coherence tomography (OCT). 

Regarding to the UCVA, in the FS-assisted LASIK group, mean 

UCVA was 0.110 ± 0.074, while it was 0.144 ± 0.090 in MK-

LASIK group (p>0.005). The mean CCT was 517.56 ± 28.81 

and 537.6 ± 23.59 μm in the FS and MK groups, respectively 

(p=0.000). The mean preIOP was similar between two groups 

(13.45 ± 2.58 mmHg in the FS; 13.61 ± 2.49 mmHg in the MK 
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group). Regarding CR-sphere and cylinder, there was significant 

difference between 2 groups. The mean cylinder was -1.216 ± 

0.924 in FS group while it was -0.730 ± 0.738 in MK group. 

Similarly, the mean sphere was -3.635 ± 2.031 in FS-LASIK 

group and -2.984 ± 1.502 in MK-LASIK group. Moreover, 

the postoperative cylinder was -0.443 ± 0.439 in FS-LASIK 

group while in MS-LASIK group it was to -0.296 ± 0.367. The 

difference in postoperative cylinder between the two groups was 

statistically significant (p value =0.013). 

Furthermore, the side-cut architecture varied among the two 

groups. When comparing two groups, OCT-C and OCT1Temporal 

values were significantly different. In FS-LASIK group, OCT-C was 

118.33 ± 10.98 while in MS-LASIK group it was 124.09 ± 13.08 

p value =0.001). 

There are numerous studies emphasized the difference 

in flap morphology between FS- and MK-assisted LASIK. The 

architecture of FS-assisted flaps is uniform despite the difference 

of the FS machines, while MK-assisted LASIK flaps yield a 

meniscus-shaped architecture. 

The limitations of the current study include the relatively 

small number of enrolled patients. Second, the present study is 

single-centered retrospective study, thus probably had a selection 

bias due to the place of sampling. Further study of flap thickness 

predictability, contrast sensitivity as well as the postoperative 

visual fluctuations on a larger number of patients are required to 

corroborate the present findings.

Conclusion 

Improving the predictability of LASIK flap thickness and 

morphology is significantly important. In the present study, we 

compared LASIK flap thickness predictability created by a FS laser 

versus a Moria microkeratome in Mongolian patients. Regarding 

CR-sphere and cylinder, there was significant difference between 

2 groups. The mean cylinder was -1.216± 0.924 in FS group 

while it was -0.730 ± 0.738 in MK group. Similarly, the mean 

sphere was -3.635±2.031 in FS-LASIK group and -2.984±1.502 

in MK-LASIK group. The side-cut architecture varied among the 

two groups. OCT-C and OCT1Temporal values were significantly 

different between two groups. 
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