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creation of a corneal resection plane. Once the flap has been created, 
the device creates a side cut at the level of the resection plane, moving 
anteriorly through the corneal stroma and epithelium. Any cavitation 
bubbles created during the photo disruption generally remain at the 
resection plane and disappear after several minutes.

The initial experience in the United States with the IntraLase 
FS laser began in May 2000 and showed excellent results with no 
postoperative complications [2,3]. Meanwhile, several studies showed 
an improved flap predictability and refractive outcomes compared 
with that of the mechanical microkeratome [6-8]. The use of this 
technology helped to reduce or eliminate many of the minor or even 
severe complications associated with the flap creation [2,4,6-9].

However, the question remains whether there are definitive 
clinical benefits of using a femtosecond laser over a mechanical 
system for corneal flap creation. In an attempt to answer this 
question, a prospective clinical study was carried out to investigate 
the predictability of the flap thickness. The analysis included the 
evaluation of the corneal endothelial cell loss and of all refractive 
outcomes for both groups.

Methods and Patients
In this study, corneal flaps created from 60 kHz femtosecond laser 

(IntraLase FS Laser, AMO, Abbott Park, Ill, USA) were compared to 
those created from a mechanical microkeratome (Amadeus II, Ziemer 
Group, Port, Switzerland). A total of 651 myopic eyes were selected for 
the procedure with 311 patients formed the femtosecond laser group 
and 341 patients in the microkeratome group (Table 1). In patients 
where bilateral treatment was performed, only data from the right 
eyes were used. The mean age of patients in the femtosecond laser 
group was 35 ± 8.5 years (range: 20-60 years) (median: 35) and 35 
± 8.6 years (range: 21-62 years) (median: 35) for the microkeratome 
group. There was no statistically significant difference in age (p = 0.41) 
between the two groups. One-hundred-sixty-two patients (52.1%) in 
the femtolaser group and 187 patients (54.8%) in the microkeratome 

Abstract
Purpose: To assess the consistency of flaps created by a 
femtosecond laser compared to a mechanical microkeratome as 
part of LASIK procedure.

Methods: Clinical outcomes were analyzed in 652 myopic eyes 
after LASIK surgery. Minimum follow-up time was 6 months. 
Mean age of patients was 35 ± 8.6 years (median: 34 years). Pre-
operative mean refractive spherical equivalent was −3.71 ± 2.68 
in the femtosecond laser group (range −9.75 to −1.50 D) and 
−3.40 ± 2.56 in the mechanical microkeratome group (range −9.88 
to −1.25 D). Flaps were created either using a 60 kHz IntraLase 
Femtosecond Laser, with an intended flap thickness of 120 μm, or 
with a Ziemer Amadeus II microkeratome equipped with 140 µm 
head. Pre- and postoperative assessment was performed using 
confocal corneal laser-scanning microscopy. For all procedures the 
same excimer laser was used.

Results: Mean visual acuity comparing baseline and first day after 
surgery improved in both groups significantly and remained stable 
over the follow-up period of 6 months. Difference in mean visual acuity 
was not statistically significant between the groups during the follow up 
period (p > 0.05). The mean flap thickness in the femtosecond laser 
group was 119 ± 4.6 μm (range 111 to 129 μm) and 143 ± 21.9 μm 
(range 93 to 178 μm) in the microkeratome group.

Conclusion: Creation of LASIK flaps using a femtosecond laser 
provides a higher degree of precision and safety during the 
procedure but shows more inhomogeneity in the cut quality related 
to a temperature fluctuation in the surgery room.

Introduction
The mechanism of flap creation with the IntraLase femtosecond 

laser has already been described extensively in the literature [1-5] over 
the years. Femtosecond laser systems produce energy pulses (600 to 800 
femtosecond) at an infrared wavelength of 1053 nm. The ultra-short 
impulses are focused at a spot size of a few micrometers in diameter at 
a preset depth within the stroma, leading to photo disruption and to a 
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digital confocal corneal laser-scanning microscope. During the laser-
scanning ophthalmoscopy of the anterior segment a high-quality 
microscope lens was used to provide a laser focus of 1 µm in diameter. 
The system provides a high-resolution, high-speed, digital confocal 
image of the cornea. All images were acquired by continuous through-
focusing [10]. 

This technique allows a rapid and reliable visualization and 
evaluation of all the microstructures of the cornea, including the 
epithelium, the corneal nerves and the keratocytes, as well as the 
endothelium and bulbar conjunctiva [11]. Flap thickness was 
measured by determining the distance between the surface epithelium 
and the interface structure of the image.

Results
Visual acuity

The mean visual acuity improved significantly from baseline to 
1 day after surgery and remained stable over the follow-up period in 
both groups. No differences were found between the groups during 
the follow up (p > 0.05). In the femtosecond laser group, 94% (292 
eyes) of all treated eyes were within ± 0.5D of the intended manifest 
spherical equivalent refraction at the first month, improving to 95% 
(295 eyes) at the third month and 97% (302 eyes) at the sixth month. 
In the microkeratome group, at first month 96% (327 eyes) of all 
treated eyes were within ± 0.5D, 97 %, (331 eyes) at third month and 
95% (324 eyes) at the sixth month.

Flap thickness

Predictability of the flap thickness was found to be more precise 
for the femtosecond laser group compared to the microkeratome 
group. The mean flap thickness in the femtosecond laser group 
was 119 ± 4.6 µm (range 111 to 129 µm). In the microkeratome 
group thickness were found to be 143 ± 21.9 µm (range 93 to 178 
µm) (Figure 1). The difference between intended flap thickness and 
measured flap thickness was 4.1 ± 2.56 µm (range 0 to 10 µm) in the 

were male. There was no statistically significant difference regarding 
the sex in each group or between the two groups (p > 0.05). The 
preoperative mean refractive spherical equivalent was −3.71 ± 2.68 
D in the femtosecond laser group (range −9.75 to −1.50 D) and −3.40 
± 2.56 D in the microkeratome group (range −9.88 to −1.25 D). The 
mean astigmatic values were −0.99 D in the femtosecond group (range 
−5.00 to 0.00 D) and −1.07 D in the microkeratome group (range −6.00 
to −0.50 D). There was no significant difference between the groups 
regarding the mean preoperative spherical equivalent or astigmatism 
(p > 0.05). All contact lens use (soft and rigid gas permeable) was 
terminated 2 weeks before preoperative evaluation began.

For all patients enrolled, a complete ophthalmological examination 
was performed including the determination of uncorrected distal 
visual acuity (UDVA), best corrected refraction, best-corrected distal 
visual acuity (CDVA), cycloplegic refraction, intraocular pressure 
(IOP) measurement, corneal topography and pachymetry, and slit 
lamp examination to assess any apparent pathology of the eye. The 
OCP uses 1310 nm wavelength light waves, which allows noncontact 
online measurements of pachymetry before, during and after excimer 
laser procedure. For measurement, the eye is illuminated with low 
coherent light of a super-luminescence diode. This light is reflected and 
scattered on the surface of the eye and at the posterior corneal surface 
at the interface of the cornea and aqueous humor. In addition to the 
light beam directed onto the cornea, a second parallel light beam with 
a changeable length of path is produced, which is a reference beam. 
In the interferometer, the reflected beam and reference beam are 
superposed. The superimposed beams are detected in a photo diode 
and converted into an electronic signal it is said in an interference 
pattern. This electronic signal is evaluated with respect to the length 
of path of the reference beam and the travel time. Using the refractive 
index of the tissue, the pachymetry is calculated. Use of online optical 
coherence pachymetry (OCP) served to obtain pachymetric values 
for all patients before surgery and after the creation of the flap. After 
surgery corneal morphology and pachymetry were analyzed using 
confocal laser microscopy. All patients were evaluated preoperatively, 
at 1 day, 1 week and 1, 3 and 6 months after surgery.

All flaps created with the femtosecond laser were designed to 
deliver equivalent geometric dimensions 120 μm flap thickness, 8.5 
mm flap diameter, 45-degree superior hinge angle. In order to achieve 
equivalent corneal stromal surface exposure, a 70-degree side-cut 
angle with a laser raster pattern spot/line separation of 8/8 m with a 60 
KHz repetition rate, as well as a stromal energy of 0.85 μJ with a side-
cut energy of 0.85 μJ was used. For the microkeratome group, flaps 
were created using a 140 μm head and 8.5 or 9.5 mm ring depending 
on the corneal radius and the manufacturer’s recommendations.

Ablation was performed using the Technolas 217P100 excimer 
laser (Bausch & Lomb, Rochester, NY, USA). Surgery was based on 
the patients’ manifest refraction using our predefined nomogram 
adjustment for all eyes. The optical treatment zones were 6.0 to 7.0 
mm depending of the scotopic pupil diameter it is said the optical 
treatment zone was 0.5 mm larger than the scotopic pupil diameter. 
The same optical zone diameter was used for the patients receiving 
bilateral surgery.

Laser-scanning microscopy and pachymetry

Corneal confocal digital in vivo laser microscopy was performed 
using the Heidelberg Retina Tomograph (HRT II. Heidelberg 
Engineering GmbH, Germany) selected as the basic device for a 

Intralase Group Amadeus Group p*

Mean ± SD Range Mean ± SD Range
Number of eyes 311 341 --

Age(years) 35 ± 8.5 20-60 35 ± 8.6 21-62 0.41
Male/female ratio 162/149 (52.1%) 187/154 (54.8%) > 0.05

Spherical equivalent (D) −3.71 ± 2.68 −9.75 to −1.50 −3.40 ± 2.56 −9.88 to −1.25 > 0.05
Cylinder (D) –0.99 −5.00 to 0.00 −1.07 −6.00 to −0.50 > 0.05

*Analyzed by Student t test.

Table 1. Preoperative characteristics of two groups.

 

Figure 1: Central flap thickness in femtosecond laser and microkeratome 
groups following LASIK, measured by Optical Coherence Pachymetry. (Dotted 
lines: Target; solid horizontal lines: mean result; solid vertical lines: maximum/
minimum values; boxes: range representing ± 1 standard deviation).
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femtosecond laser group and 18.1 ± 11.78 µm (range 1 to 47 µm) 
in the microkeratome group. The difference between intended and 
measured flap thickness was significantly lower for the femtosecond 
laser group (p < 0.001).

Safety

No differences regarding safety were found between the two 
groups. Results of measured BCVA and line gain or loss are listed in 
table 2. In the femtosecond laser group no eye demonstrated any loss 
of line during the time interval of assessment. In the microkeratome 
group, some line loss was found for all time periods recorded (Figure 
2); however the visual acuity results and the number of eyes losing 
or gaining lines was not or different between the groups at any time 
during follow-up (p = 0.36).

Complications

No statistical differences were found in complication rates between 
the two groups. Complications were observed in the femtosecond 
group in 6 cases. 3 eyes developed striae and 3 eyes diffuse lamellar 
keratitis was observed. Complications in the microkeratome group 
occurred in 10 cases: 4 eyes developed striae, in 3 eyes a diffuse 
lamellar keratitis and 1 occurrence each of epithelial ingrowth, flap 
dislocation and an incomplete flap. In both groups the diffuse lamellar 
keratitis was treated with Dexamethason eye drops. The inflammation 
was disappeared within 5 days. Regarding the striae, only in two cases, 
one in each group, a flap re-lifting with hydration and consecutive 
PTK was necessary. In both cases the complaint disappears completely. 
The epithelial ingrowth was removed mechanically while the flap 
dislocation was re-lifted and put it again in the right position. 

Confocal microscopy analysis

The preoperative corneal images were captured from a depth 
equivalent to the postoperative interface. Comparing both groups 
the postoperative images were focused to the level of the intracorneal 
interface. Corneal images in both groups did not reveal any significant 
signs of keratocyte activation. A more extensive degree of corneal 
edema was visible in the interface in the microkeratome group with 
a mean of 9.2 ± 4.9 µm at the first postoperative day (Figure 3A) in 
comparison to the femtolaser group showing a mean of 4.4 ± 3.7 µm, 

(Figure 3B). This difference was statistically significant in terms of 
edema thickness (P < 0.001).

Room temperature

The focus stability of the IntraLase femtosecond laser is strongly 
dependent on the room temperature. For each procedure the room 
temperature was noted. There was temperature fluctuation during a 
surgery day thus there was possible to detect the differences between 
different surgery room temperature. An interesting finding of this 
study was the fact that the external (surgery room) temperature 
also had an impact on the delivery of femtosecond laser energy to 
the tissue. With increasing room temperature the femtosecond laser 
spot seems to tend to lose homogeneity. Thus the confocal laser 
microscopy analysis revealed a more extended interface edema when 
the femtosecond laser was applied at 22°C (Figure 4A) compared to 
19°C of room temperature (Figure 4B).

Suction time

Mean suction time was 61.8 ± 3.6 seconds in the femtosecond 
laser group and 24.7 ± 2.1 seconds in the microkeratome group. The 
difference in suction time was statistically significant (p < 0.001). A 
longer suction time was required for the femtosecond laser.

 

Figure 2: Changes in Corrected Distance Vision Visual Acuity (CDVA) in 
femtosecond laser and microkeratome groups after 6 months.

 

A

B

Figure 3: Confocal micrograph of edema in the corneal interface. (A) 
Amadeus microkeratome group; (B) femtosecond laser group.

Femtosecond laser Group 1st Month 3rd Month 6th Month
CDVA % unchanged 55% (171 eyes) 34% (106 eyes) 57% (177 eyes)
Gained ≥1 line 30% (93 eyes) 43% (123 eyes) 33% (103 eyes)
Gained ≥2 lines 15% (47 eyes) 14% (46 eyes) 10% (31 eyes)
Line loss, reduced VA 0% 0% 0%
Microkeratome Group 1st Month 3rd Month 6th Month
CDVA % unchanged 50% (171 eyes) 57% (194 eyes) 32% (109 eyes)
Gained ≥ 1 line 6% (20 eyes) 22% (75 eyes) 34% (116 eyes)
Gained ≥ 2 lines 6% (20 eyes) 4% (14 eyes) 8% (27 eyes)
Lost ≥ 1 line 33% (113 eyes) 13% (44 eyes) 8% (27 eyes)

Lost ≥ 2 lines 6% (20 eyes) 4% (14 eyes) 8% (27 eyes)

Table 2: Summary of CDVA and line loss or gain for the time period from 1st to 
6th month after surgery for both groups of the study.
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Discussion
This prospective study compared surgery outcomes obtained by 

using two devices for flap creation, the Intralase FS Femtosecond Laser 
and the standard compression head Ziemer Amadeus microkeratome. 
The flap creation with the femtosecond laser showed a higher 
predictability and reproducibility when compared to the mechanical 
microkeratome. Both methods had low and comparable complication 
rates. A further advantage of the femtosecond laser compared with 
the microkeratome was that the precision and safety of the corneal 
incision was independent of the preoperative corneal curvature. The 
interface edema has a higher degree in the microkeratome than in the 
femtosecond laser group. The hypothesis is, that the cutting procedure 
of the microkeratome with a steel blade is more invasive that the 
femtosecond laser, what leads to a higher liquid accumulation in the 
extra cellular matrix space, it is said to a higher interface edema.

An interesting correlation was found between the room 
temperature and the amount of interface edema. As evidenced by 
confocal microscopy of the cornea after surgery, the femtosecond 
laser generates more extensive edema at higher room temperatures. 
The difference of the edema thickness when the flaps were created 
using both methods was found to be statistically significant. 

 

A

B

Figure 4: Confocal micrograph of edema in the corneal interface after 
femtosecond laser surgery. (A) Procedure performed at 22°C room 
temperature; (B) procedure performed at 19°C room temperature.

The reason is theorized to be associated with deterioration of 
homogeneity of the focal spot size outside the recommended surgery 
room temperature which is at 19°C. An increase in the focal spot 
size due to reduced beam quality results in a lower probability and 
stability for an optical breakdown. As a consequence the resulting 
disruptive effect might vary from pulse to pulse leading to an 
incomplete resection plane. More bridges between the stromal bed 
and the flap can occur and this might require a more powerful manual 
manipulation within the interface, resulting in a higher stress on the 
flap necessary to separate it from the corneal bed and thus creating 
a consecutive higher edema. Based on our findings we propose that 
the ideal operating room temperature should be between 17°C and 
22°C. This is in our knowledge the first description of variations in 
the effect of femtosecond laser application related to the operation 
room temperature. On the other side the temperature has only a very 
small impact on the steel blade of the microkeratome, thus there was 
not detected an edema thickness fluctuation in the interface as seen 
with the femtosecond laser. It seems that the temperature has not an 
influence on the microkeratome procedure regarding the cut quality 
and consecutively interface edema.

The IntraLase femtosecond laser is capable of consistently 
creating thinner corneal flaps with a lower standard deviation of 
flap thickness compared to the mechanical microkeratome. The 
femtosecond laser therefore offers the surgeon an opportunity to 
preserve a thicker residual stromal bed. The edge angle of the flap in 
the Amadeus group is a reciprocal function of the corneal diameter 
and corneal curvature, due to the design of the microkeratome. 
In contrast, the Intralase femtosecond laser [12] generates a fixed 
sidecut. Confocal microscopy revealed less postoperative edema 
after the femtosecond laser procedure. In contrast to other studies 
[13], we did not find a difference between the two groups relative 
to activation of keratocytes in the early postoperative period. The 
reason for this difference could be that the 60 kHz laser used in our 
study generates a smoother interface compared to the 15 kHz model 
used in the other study [13]. Unlike a mechanical microkeratome 
that does not perform the lamellar keratectomy under the hinge 
of the flap, the femtosecond laser creates a 360-degree lamellar 
dissection including the corneal area under the hinge. In addition, 
the femtosecond laser creates a lamellar resection of uniform 
thickness. This type of resection may produce a more symmetrical 
biomechanical response, with reduced potential effects due to 
variations in flap size or location. A small, predictable edge may 
also be important in maximizing stromal exposure for excimer laser 
ablation thus reducing any asymmetry during ablation [8].

Modern femtosecond laser systems with a higher pulse frequency, 
lower pulse energy and a shorter treatment time have meanwhile 
become available. The bubble formation caused by photodisruption 
can be significantly reduced in newer femtosecond lasers, leading to 
smoother cutting surfaces. The IntraLase has introduced a unit with 
a pulse frequency of 60 kHz that can reduce the treatment time to 
less than 25 seconds per eye. Regarding the intraocular perfusion 
the suction time is important, which is significantly longer than that 
with the mechanical microkeratome. Nevertheless we did not see any 
damage to the optic nerve or any evidence of retinal pathology due to 
the procedures in either group.

Conclusion
Based on the results of this study the femtosecond laser provides 

the refractive surgeon with a high degree of precision and safety. All 
flaps created with this laser system showed a high degree of confidence 
in relation to flap thickness predictability. This is of clinical relevance 
particularly for high myopic and thin cornea patients. A statistical 
difference between the two groups in this study in terms of visual 
acuity, predictability and safety was not found.

An increase to more than 22°C in the operating room during 
the procedure may lead to loss of spot homogeneity in the IntraLase 
femtosecond laser.
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