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Abstract
·AIM: To assess and compare the flap morphology using

anterior segment optical coherence tomography (AS-OCT) in
laser keratomileusis (LASIK) with Femto LDV
femtosecond lasers versus Hansatome mechanical
Microkeratome.

·METHODS: AS-OCT (Visante) was used to compare 1

month postoperatively the morphology of the flaps created
with Femto LDV femtosecond lasers or Hansatome
Microkeratome. The intendedfiap thickness was 110滋m and
160滋m respectively. The thickness of twenty-five points
across each flap, which were 0mm, 1.5mm, 2.5mm, and
3.5mm to the corneal vertex on the horizontal, vertical, 45°
and 135° meridian respectively, was evaluated.

· RESULTS: One month postoperative, the central flap

thickness in the Femto LDV group was 107.43 ± 4.70滋m,
while 125.90 ± 17.50滋m in the Hansatome group. The
difference between the actual and the expectedfiap thickness
was 5.61± 3.84滋m and 31.52± 12.27滋m, respectively. The
Hansatome group had presented a statistically significant
result ( <0.001). Flap morphology showed a more regular
planar shape in the Femto LDV group and a meniscus shape
in the Hansatome group.

·CONCLUSION: AS-OCT is a direct and fast procedure to

assess the flap morphology. The morphology by AS-OCT

showed that the flaps created with Femto LDV femtosecond
laser were more accurate and regular than the flaps created
with Hansatome microkeratome.
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INTRODUCTION

C urrently, laser keratomileusis (LASIK) is the
most commonly performed corneal refractive surgery[1].

The most critical step in successful LASIK surgery is the
creation of the corneal flap. We have used mechanical
microkeratomes to form the flap over the past 20 years.
Despite considerable progress has been made with the
mechanical microkeratomes, complications such as
incomplete flaps, free flaps, buttonholes, and irregular flaps
continue to plague refractive surgeons [2-4]. With the
progressive understanding of corneal morphology, the
pursuit of more safer and predictable flaps has led to a
bladeless method of flap preparation[5-7].
Recently, several new femtosecond laser systems were
introduced. These include the IntraLase femtosecond laser
(IntraLase Corp.), the Femto LDV (Zeimer Group), and the
VisuMax (Carl Zeiss Meditec) [8]. Since the introduction of
the IntraLase femtosecond laser for ophthalmic applications,
there are several studies have compared this laser with
mechanical microkeratomes [9-12]. However, little has been
published, on the different outcomes between Femto LDV
femtosecond laser and microkeratomes. Therefore, the study
we present was designed to evaluate the performance of this
newer system.
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The classical method of measuring corneal flap thickness
involved subtracting the residual stromal thickness,
determined using ultrasound pachymetry during surgery,
from the preoperative corneal thickness [13]. However, that
method was not precise enough, and a more direct method
of measuring corneal flap thickness became necessary. One
direct method is anterior segment optical coherence
tomography [14,15] (AS-OCT, Visante, Carl Zeiss Meditec),
which measures flap thickness using real-time images and
can be used to measure flap thickness after LASIK. In this
study, we used this method to evaluate the flap morphology
created by Femto LDV femtosecond laser and mechanical
microkeratome, Hansatome (Bausch & Lomb), assessing the
accuracy and regularity of the corneal flaps.
We also compared the refractive outcomes at one month
postoperative. Perhaps these clinical outcomes would be the
most convincing evidence to confirm whether the Femto
LDV femtosecond laser have advantages over the
microkeratome in the flap-making procedure.
PATIENTS AND METHODS
Patients This nonrandomized clinical trial involved 50
eyes of 25 patients who were identified as good candidates
for LASIK by examinations. All procedures was reviewed
and approved by the Ethics Committee of Zhongshan
Ophthalmic Center of Sun Yat-sen University. Informed
consent was obtained from the subjects after the procedures
were explained to them.
The Femto LDV group comprised 24 eyes of 12 patients,
and the Hansatome group comprised 26 eyes of 13 patients.
All patients had exhibited a stable preoperative corneal
topography without evidence of keratoconus, corneal
thickness that allowed a minimum residual untreated
posterior corneal thickness of 250滋m, documented stable
refraction for at least 1 year, and best spectacle-corrected
visual acuity (BSCVA) of at least 20/20.
Methods The Femto LDV system delivers nanojoule pulse
energy to the eye and uses megahertz repetition rates. The
femtosecond laser, using photodisruption to create a corneal
cut within the corneal tissue, was programmed to flap
thickness of 110滋m and flap diameter of 8.5mm. For the
microkeratome group, the flap was created by Hansatome
with an intended flap thickness of 160滋m and flap diameter
of 8.5mm. All flaps had a superior hinge. The corneal
ablations were performed with the Technolas 217 laser

system (Bausch & Lomb) and all eyes were targeted at the
refraction of plano.
The AS-OCT images of cornea were taken by the same
experienced examiner 1 month after surgery. The
measurement was repeated 3 times per patient to increase
the accuracy with this method. The thickness of twenty-five
points across each flap, which were 0mm, 1.5mm, 2.5mm,
and 3.5mm to the corneal vertex on the horizontal, vertical,
45毅 and 135毅 meridian respectively, was evaluated. The
corneal vertex is defined as 0, the negative on the left and
positive on the right (Figure 1).
The other examinations were performed at 1 month after
LASIK, including manifest refraction, uncorrected visual
acuity (UCVA), best-corrected visual acuity (BCVA),
slit-lamp examination and so no.
Statistical Analysis Statistical analysis was performed
with SPSS software (version 17.0, SPSS, Inc.). The results
were analyzed with -test or ANOVA. A value of 0.05
was taken as the threshold of statistical significance.
RESULTS
Table 1 showed all parameters are not statistically different
between the 2 groups preoperatively.
There was no flap complication in either group. The
AS-OCT provided images of complete flap cross section
with precise architecture and reduced movement artifacts
and distortion[16].
Flap Accuracy One month postoperative, the central flap
thickness in the Femto LDV group was 107.43 依4.70滋m,
while 125.90依17.50滋m in the Hansatome group. The mean
difference between the actual and the expected fiap
thickness was 5.61依3.84滋m and 31.52依12.27滋m, respectively.
There was no significant difference in the Femto LDV
group, while the Hansatome group presented a statistically
significant result ( <0.001). The central thickness of
femtosecond laser flap was significantly more accurate than
the microkeratome flap ( <0.01).
Flap Regularity The morphology of the flap showed by
the AS-OCT was different between the Femto LDV and
Hansatome. The Femto LDV flap had a more regular planar
shape (Figure 1). The thickness at the 25 measurement
points was scattered around the value of 110.0mm. The
maximum difference between the actual and the expected
fiap thickness at 25 different measurement points was only
13.0滋m. The Hansatome flap was showed with a meniscus

Table 1  Preoperative characteristics in the Femto LDV femtosecond laser group and Hansatome 
microkeratome group  
Variable Femto LDV Group (n=12, 24 eyes) Hansatome Group (n=13, 26 eyes) 
Age (y) 26.27±5.34 26.93±4.78 
Spherical error (range, D) -5.98±2.47 (-2.50 to -9.50) -5.34±1.73 (-2.50 to -8.75) 

Cylindrical error (range, D) -0.86±0.75 (0 to -2.50) -0.67±0.55 (0 to- 1.75) 

Spherical equivalent (range, D) -6.28±1.98 (-4.25 to -10.0) -5.91±1.46(-3.25 to -9.25) 

 

Corneal flap in Lasik with femtosecond lasers versus mechanical microkeratome
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shape (Figure 2), which was thin in the center and gradually
increased toward the periphery. The thickness at the 25
measurement points have changed significantly ( <0.001).
There was no significant asymmetry between the temporal
and nasal thickness or the inferior and superior thickness
measurements in either group ( >0.05).
Figure 3 to Figure 6 provided the mean thickness of the 25
measurement points in different meridians as previously
described. We could determine the different morphology of
the flap created by Femto LDV femtosecond laser or
Hansatome microkeratome.
Refractive Outcomes At one month postoperatively,
91.7% of Femto LDV eyes had a UCVA of 逸20/20, as
compared to 88.5% of Hansatome eyes( 0.05). There was

no loss of BCVA in either group. Accuracy within 依0.50D
of plano was 87.5% for Femto LDV eyes and 84.6% for
Hansatome eyes. Table 2 showed the refractive outcomes
between the 2 groups postoperatively. There was no
statistically significant difference between all these
parameters.

Figure 1 The image of the Femto LDV femtosecond
laser flap shows a planar shape and regular
morphology in horizontal meridian.

Figure 2 The image of the Hansatome microkeratome
flap shows a meniscus shape in horizontal meridian.

Figure 3 Mean measurements of the Femto LDV and
Hansatome in the horizontal meridian.

Table 2 Postoperative refractive outcomes in the Femto LDV Femtosecond laser group and Hansatome 
microkeratome group 

Variable Femto LDV Group (n=12, 24 eyes) Hansatome Group (n=13, 26 eyes) 

UCVA ≥ 20/20 91.7% 88.5% 
Spherical error (range, D) -0.02±0.09 (-0.5 to 0.5) -0.08±0.12 (-0.75 to 0.25) 
Cylindrical error (range, D) -0.03±0.11 (0 to -0.5) -0.05±0.13 (0 to- 0.75) 
Spherical equivalent (range, D) -0.05±0.26D (-0.75 to 0.5) -0.13±0.23 (-0.75 to 0.25) 

 

Figure 6 Mean measurements of the Femto LDV and
Hansatome in the 135毅 meridian.

Figure 4 Mean measurements of the Femto LDV and
Hansatome in the vertical meridian.

Figure 5 Mean measurements of the Femto LDV and
Hansatome in the 45毅 meridian.
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DISCUSSION
Previously, the accuracy of flap creation were evaluated
exclusively by the central flap thickness [17] . However, the
architecture of the entire flap would be the proper way to
estimate the morphology. AS-OCT is a direct and fast
procedure that has been shown to be useful in the analysis
of postoperative flap thickness. AS-OCT has the advantage
of showing a cross-section of the cornea so that the flap can
be seen and measured directly after surgery. Although the
boundaries between the corneal flap and stroma become
ambiguous, especially in the central portion of the cornea,
the repeatability analysis in the previous study had showed
that AS-OCT flap thickness measurement was reliable for
the entire extension of the flap [18]. In order to improve the
accuracy of this method, the images were taken by the same
experienced examiner and the measurement was repeated 3
times per patient. Kim [18] also found that measuring
corneal flap thickness using AS-OCT became difficult after
1 month, consequently, we used this system to evaluate the
precision and morphology of the flap at one month after
LASIK.
Flap preparation, which is the most critical step in LASIK,
can be performed with a femtosecond laser or a mechanical
microkeratome. Previous studies have reported the standard
deviation of flap thickness with microkeratomes in the range
of 依20 to 依40滋m [19,20]. The aim of more predictable and
accurate flaps led to the development of a bladeless method
of flap creation with the femtosecond laser. Guy [21]

have founded that the standard deviation of flaps to be 依29滋m
with the Hansatome microkeratome (Bausch & Lomb) and
依14.5滋m with the IntraLase femtosecond laser. Femto LDV
femtosecond laser is a relatively newer system, and the
nature of cutting processes is different from IntraLase [22]. In
this study, we sought to evaluate whether there was
difference between Femto LDV and Hansatome in flap
creation using AS-OCT.
The accuracy of the central flap thickness is a key safety
consideration for LASIK. In this study, the intended flap
thickness was 110滋m with Femto LDV and 160滋m with
Hansatome. A recent study has reported the Femto LDV
achieved a mean central flap thickness of 130依9滋m with an
intended fiap (thickness) of 130滋m porcine [23].
Similar to other clinical research, we found a slightly thinner
than intended central flap thickness (107.43依4.70滋m) with
Femto LDV [24,25]. On the other hand, in our study of
Hansatome, the mean central flap thicknesses using the
160滋m head was 125.90依17.50滋m, which presented a large
thinner actual flap thickness than would be predicted by the
manufacturer. Previous studies also showed that actual flap
thickness was thinner than predicted [26,27]. The lack of
precision in central flap thickness would be an important
drawback of this instrument, because it would be difficult

for the surgeon to evaluate the amount of residual corneal
thickness exactly, which was prepared for laser ablation,
especially for correction of high myopia.
Although the central flap thickness is very important, the
impact of peripheral flap should not be ignored. The
AS-OCT images showed that the general morphology of the
Femto LDV flaps in all meridians across section were planar
and symmetrical in all eyes. The mean flap thickness
changed slightly from the central vertex toward the
periphery. The thickness at the 25 measurement points was
scattered around the setting value of 110.0滋m. In contrast,
the flap shape is typically thinner in the center and thicker in
the periphery with Hansatome. Figure 2 showed this
meniscus shape which might increase the incidence of
buttonhole perforation. We speculated that the more planar
flap morphology would increase the safety of flap formation
and, might improve the ablation outcomes.
The Femto LDV femtosecond laser may have advantages
over the Hansatome in the flap-making procedure.
Theoretically, a better flap architecture would contribute to
a superior clinical result, because the precision of the flap
was increased, the stability of the fiap was improved, the
epithelial injury was decreased and so on [21,28]. However, the
clinical relevance of femtosecond laser remains
controversial [25,29-31]. In our study, the Femto LDV failed to
have significant superiority over Hansatome in refractive
outcomes such as UCVA, spherical errors and cylindrical
errors (Table 2). The potential reasons might be a limited
follow-up time and a small sample. Furthermore, though the
microkeratome provided a meniscus-shaped flap, there was
no significant asymmetry between the temporal and nasal or
the inferior and superior thickness measurements. In
addition, our surgeons are good at using microkeratome for
many years. A larger controlled prospective trial may be
warranted to confirm this finding. Moreover, additional
clinical parameters are needed, such as corneal aberration,
contrast sensitivity value, corneal sensation and so on.
In summary, the AS-OCT flap morphology measurement is
reliable for the entire extension of the flap. Although the
similar refractive outcomes with these two systems are
present, the Femto LDV femtosecond laser provides precise
flaps with predictable thickness and a relatively uniform
morphology. We believe that the superior flap accuracy and
regularity using femtosecond laser would be a key factor to
improve the safety and predictability of LASIK in future.
Although postoperative AC-OCT provides a relatively
accurate measurement of the corneal flap, in-operative
ultrasound corneal pachymetry is still indispensable to
LASIC surgery, because it indicates real-time index of flap
thickness.
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