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ABSTRACT

PURPOSE: To compare the visual outcomes of LASIK 
procedures in which fl aps were created with a femto-
second laser (IntraLase FS 60Hz, Abbott Medical Optics 
[AMO]) to procedures in which fl aps were created with a 
mechanical microkeratome (Moria Evo3 One Use-Plus, 
Moria SA).

METHODS: A retrospective analysis was performed on 
2000 eyes treated in 2008 for low myopia and astigma-
tism (sphere ��3.00 diopters [D]; cylinder ��0.75 D). 
The fi rst 1000 consecutive eyes that had LASIK fl aps 
created with a femtosecond laser were compared with 
the fi rst 1000 consecutive eyes that had fl aps created 
with a mechanical microkeratome. All eyes received 
wavefront-guided LASIK treatments performed with a 
VISX S4 IR Advanced CustomVue excimer laser (AMO). 
Refractive predictability, change in mean spherical 
equivalent refraction, postoperative uncorrected visual 
acuity (UCVA), and loss of best spectacle-corrected visual 
acuity (BSCVA) were compared at 1 day, 1 week, 1 
month, and 3 months following surgery.

RESULTS: The refractive accuracy was the same for both 
groups. At all time points measured, the percentage of 
eyes that achieved a postoperative UCVA of 20/20 or 
better was signifi cantly higher in the femtosecond la-
ser group than in the mechanical keratome group. Also, 
a higher percentage of eyes in the femtosecond laser 
group achieved a postoperative UCVA of 20/16 at 3 
months. Finally, a lower percentage of eyes in the fem-
tosecond laser group lost two or more lines of BSCVA at 
1 week and 1 month postoperative.

CONCLUSIONS: Creating LASIK fl aps with the fem-
tosecond laser resulted in faster visual recovery and 
better UCVA. [J Refract Surg. 2009;25:S668-S671.] 
doi:10.3928/1081597X-20090611-08

C ompared to a fl ap created with a mechanical micro-
keratome, a femtosecond laser fl ap offers several po-
tential advantages: more uniform fl ap thicknesses, 

customizable fl ap diameter and hinge position, smoother stro-
mal beds, and lower rates of fl ap creation complications. How-
ever, mechanical keratomes have a long track record of safety, 
and they cost signifi cantly less than a femtosecond laser.  

A few published reports have compared these two com-
peting techniques, but the results of these studies have been 
mixed.1-4 Some studies have shown equivalency between 
the femtosecond laser and the mechanical keratome where-
as other studies have reported improved visual results with 
the femtosecond laser.1-4 The current study was designed to 
determine whether use of different fl ap creation techniques 
yields differences in visual outcomes and visual recovery.

PATIENTS AND METHODS
Data for this study were taken from patient records extracted 

from the Optical Express 2008 clinical database. For both the 
mechanical microkeratome and femtosecond laser groups, the 
fi rst 1000 consecutive eyes that met the following conditions 
were included in the study: 1) preoperative myopia ��3.00 
diopters (D), 2) preoperative cylinder ��0.75 D, 3) target re-
fraction of emmetropia, 4) primary wavefront-guided abla-
tion, and 5) 3-month examination data available.

The femtosecond laser fl aps were created using an IntraLase 
FS-60 femtosecond laser (Abbott Medical Optics, Santa Ana, 
Calif), and the mechanical microkeratome fl aps were created 
using the disposable Moria Evo3 One Use-Plus (Moria SA, 
Antony, France). The femtosecond laser fl ap diameter varied 
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from 8.4 to 9.2 mm, with a programmed ablation depth 
between 100 and 120 µm (median=110 µm). The 130-µm 
head was used for the mechanical microkeratome. 
Patients were educated about both methods of fl ap 
creation and selected the one they preferred for their 
procedure. The wavefront-guided treatments were per-
formed using a VISX STAR S4 IR Advanced CustomVue 
excimer laser (AMO) with an optical zone of 6.0 mm 
and transition zone of 8.0 mm. Postoperative examina-
tions were conducted by Optical Express optometrists 
who were unaware of the method of fl ap creation.

Demographic and other preoperative parameters 
were analyzed to ensure that the groups were well 
matched. Refractive predictability, change in mean 
spherical equivalent refraction, postoperative uncor-
rected visual acuity (UCVA), and loss of best spec-
tacle-corrected visual acuity (BSCVA) were compared 
at 1-day, 1-week, 1-month, and 3-month follow-up. 
Visual acuity was measured at each visit using a pro-
jected eye chart.

Tabulations of data and statistics were performed 
with SAS 9.1 (SAS Institute Inc, Cary, NC) and Micro-
soft Offi ce Excel 7.0 (Microsoft, Redmond, Wash).

RESULTS
The two groups were well matched in terms of gender, 

sphere, cylinder, mean spherical equivalent refraction, 
and pupil size (Table 1). The mean preoperative sphere 
was �1.92 D for the femtosecond laser group and �1.88 
D for the mechanical microkeratome group; the mean cyl-
inder was �0.38 D for the femtosecond laser group and 
�0.37 D for the mechanical microkeratome group. A small 
difference in mean age was noted between groups (femto-
second laser: 37.2 years; mechanical keratome: 35.6 years), 

but this difference was not deemed clinically relevant.
Both groups achieved similar refractive predictabil-

ity results. The percentage of eyes with a postopera-
tive mean spherical equivalent refraction within 0.50 
D of the target was high in both groups and similar at 
all follow-up examinations (Fig 1). Both groups also 
achieved similar levels of refractive stability, with eyes 
in both groups remaining close to plano from the 1-day 
follow-up through the 3-month follow-up (Fig 2).

Although refractive results were similar, a signifi -
cant difference was observed in the percentage of eyes 
that achieved a postoperative UCVA of 20/20 or bet-
ter (Table 2). At 1-day follow-up, 88.6% of eyes in the 
femtosecond laser group achieved UCVA of 20/20, 
compared to 83.2% of eyes in the mechanical micro-
keratome group (P=.0005). Both groups showed im-
provement with continued follow-up, but a higher 
percentage of eyes in the femtosecond laser group 
achieved 20/20 UCVA at each time point (Fig 3). 

In addition to achieving faster visual recovery im-
mediately after surgery, eyes in the femtosecond laser 
group also achieved signifi cantly better 3-month 
UCVA (one-way analysis of variance, P=.0058). At 
3-month follow-up, 78% of eyes in the femtosecond 
laser group achieved UCVA of 20/16 or better, com-
pared to 70% of eyes in the mechanical microkera-
tome group (Fig 4). 

Fewer eyes in the femtosecond laser group experienced 
a loss of two or more lines of BSCVA in the early post-
operative period. At 1-week postoperative, only 0.9% of 
eyes in the femtosecond laser group had lost two or more 
lines of BSCVA, compared to 2.8% in the mechanical 
microkeratome group (Fig 5). By 3 months postoperative-
ly, however, both groups showed similar results. 

TABLE 1

Demographic and Preoperative Parameters in Eyes That Underwent LASIK Flap 
Creation With a Femtosecond Laser or Mechanical Microkeratome

Mean�Standard Deviation (Range)

Parameter
Femtosecond Laser

(n=1000 eyes)
Mechanical Microkeratome 

(n=1000 eyes) P Value*

Male/female (%) 31/69 28/72 .3796

Age (y) 37.3�10.8 (18 to 69) 35.6�10.0 (18 to 65) .0019

Sphere (D) �1.92�0.69 (�0.25 to �3.00) �1.88�0.69 (�0.25 to �3.00) .1748

Cylinder (D) �0.38�0.25 (�0.75 to 0.00) �0.37�0.26 (�0.75 to 0.00) .4142

MSE (D) �2.11�0.69 (�0.50 to �3.38) �2.07�0.69 (�0.50 to �3.38) .1332

Pupil size (mm) 6.3�1.1 (3.0 to 9.0) 6.3�1.0 (3.0 to 9.0) .2095

MSE = mean spherical equivalent refraction
*For continuous variables, a two-sample t test was used to measure significance. For categorical variables, a chi-square test was used. All assumptions were 
met for these respective tests.
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DISCUSSION 
As this study shows, the femtosecond laser signifi -

cantly improves both the speed of visual recovery as 
well as UCVA through 3 months postoperative. This 
improvement occurred despite similar refractive pre-
dictability in both the femtosecond laser group and 
mechanical microkeratome group. Thus, the improved 
UCVA was not due to residual refractive error in the 
mechanical microkeratome group.

The percentage of eyes that experienced a loss of 
two or more lines of BSCVA at 1 week postoperative 
was three times higher in the mechanical microkera-
tome group compared to the femtosecond laser group. 
Although this difference disappeared by 3 months 
postoperative, the initial disparity further indicates a 
faster visual recovery when fl aps are created with the 
femtosecond laser. 

Given that most patients prefer LASIK over surface 
ablation in part because LASIK offers a more rapid im-
provement in vision, the enhanced speed of visual re-

covery after a femtosecond laser procedure represents 
a signifi cant advantage. Speed of visual recovery also 
has implications for when patients can return to work 
after surgery, particularly for patients who have jobs 
that require excellent vision, such as aviators.

The results of previous studies comparing the out-
comes of femtosecond laser LASIK with mechanical 
keratome procedures have been varied. A study by 
Patel et al1 examined 21 patients who had a femto-
second laser fl ap created in one eye and a mechanical 
microkeratome fl ap created in the other eye, and they 
found that the method of fl ap creation did not affect 
visual outcomes. Similarly, Lim et al2 (n=55 eyes) and 
Kezirian and Stonecipher3 (n=375 eyes) concluded 
that use of a femtosecond laser failed to produce any 
statistically signifi cant difference in postoperative 
UCVA at 3 months postoperative. In contrast, Durrie 
and Kezirian4 (n=102 eyes) reported that the femtosec-
ond laser–created fl aps produced a statistically better 
UCVA. Several reasons for these different results are 

Figure 1. Efficacy. A high percentage of eyes achieved a mean spherical 
equivalent refraction within 0.50 D of the intended refraction at all time 
points following surgery.
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Figure 2. Refractive stability. Eyes in both the femtosecond laser group 
and mechanical microkeratome group achieved high levels of refractive 
stability from 1-day follow-up through 3-month follow-up.

TABLE 2

Percent of Eyes Achieving 20/20 Uncorrected Visual Acuity After LASIK With the 
Femtosecond Laser or Mechanical Microkeratome

Percentage of Eyes

Time point
Femtosecond

Laser
Mechanical 

Microkeratome Difference P Value*

1 day 88.6 83.2 5.4  .0005

1 week 92.6 85.9 6.7  �.0001

1 month 95.5 93.0 2.5  .0166

3 months 96.0 93.5 2.5  .0098

*Chi-square test.
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possible, including the relatively small sample sizes of 
these studies, which may be partially responsible for 
their lack of agreement.

Although the retrospective nature of the current 
study is a drawback, the study design also has several 
strengths. The large sample size (2000 well-matched 
eyes) allowed for statistically valid conclusions; lim-
iting the study to consecutive treatments minimized 
selection bias. Also, the limits on preoperative myo-
pia and cylinder reduced the confounding infl uence 
of unpredictable clinical results that can occur when 
treating higher levels of ametropia. In addition, all 
treatments were performed in 2008 using the latest 
technology and the same wavefront-guided ablation 
profi le, therefore the study is representative of modern 
clinical practice.

Because this study was intentionally confi ned to eyes 
with low preoperative myopia and cylinder, it cannot 
predict results for hyperopia or high myopia treatment. 
Nonetheless, clinical reasoning suggests that similar re-
sults would be expected for a wide range of ametropia.

Although it is not readily apparent why the femtosec-
ond laser improves visual outcomes, several possible 
explanations include the more predictable planar fl ap, 
more accurate repositioning of the fl ap at the end of the 
procedure, and/or improved smoothness of the stromal 
bed. Particularly for procedures that use complex ab-
lation patterns, such as wavefront-guided treatments, 
minimizing stromal bed imperfections and maximiz-
ing the predictability of the fl ap dimensions may help 
in achieving optimal results. 
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Figure 3. Percentage of eyes that achieved uncorrected visual acuity of 
20/20 or better was higher for the femtosecond laser group at all time 
points.
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Figure 4. A higher percentage of eyes in the femtosecond laser group 
achieved uncorrected visual acuity of 20/16 at 3-month follow-up.
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Figure 5. Loss of 2 or more lines of best spectacle-corrected visual acu-
ity was greater in the mechanical microkeratome group at 1-week and 
1-month follow-up.
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