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ABSTRACT 

To compare the refractive and visual outcomes and higher order aberrations in patients with low to moderate myopia 
who underwent customized photorefractive keratectomy (PRK) or  femtosecond laser in situ keratomileusis (Femto-
LASIK) this research performed. This study includes data of 120 consecutive eyes of 60 patients with myopia between -
3.00 D and -7.00 D with or without astigmatism in two surgery groups: PRK and Femto-LASIK. Refractive, visual, and 
aberration outcomes of the two methods of surgery were compared after 6 months of follow-up. After six months of 
follow-up, sphere and cylinder were found significantly decreased and there was no statistically significant difference 
between the two groups. The mean of uncorrected distance visual acuity in LogMar format for the PRK and Femto-LASIK 
groups was -0.03±0.07 and -0.01±0.08, respectively, which was not significantly different between the two groups. 
Higher orders and spherical aberrations increased in both groups significantly, while total aberrations decreased in both 
groups. After surgery, no differences were observed between the two groups in the amount of aberrations. In 
conclusion, Both PRK and Femto-LASIK are effective and safe in correcting myopia. In this study PRK induced more 
spherical and higher order aberrations than Femto-LASIK. 
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INTRODUCTION 

Laser in situ keratomileusis (LASIK) is one of the most 

commonly used refractive surgery methods at present (1, 

2). Myopia is the most prevalent refractive error in these 

surgeries (3). Flap creation methods have improved 

dramatically during recent years; from microkeratome 

instruments in past (2), to femtosecond laser technology 

in present (4, 5). In this new method, a flap is created by 

a solid-state focusable photodisruptive laser that 

generates femtosecond (10-15 seconds) pulses at a near-

infrared (1053 nm) wavelength and delivers these to the 

stromal tissue (6-10). Femtosecond lasers create uniform 

thickness flaps from the center to the periphery as 



 
 

Med Hypothesis Discov Innov Ophthalmol. 2015; 4(4)  
 

137 
PRK VERSUS FEMTOLASIK, CLINICAL OUTCOMES 

compared to previous methods (11, 12). Therefore, many 

investigators suggest that this method causes less 

damage to the corneal tissue (13), and the flaps it creates 

reduce higher-order aberrations effectively (12, 14, 15). 

A few studies showed no significant difference between 

Femto-LASIK and microkeratome in terms of safety or 

producing higher-order aberrations (5, 16). However, 

customized ablation methods improve post-operative 

contrast sensitivity in comparison with conventional 

methods (17, 18). They also induce fewer spherical 

aberrations, thereby decreasing halo or reducing 

difficulties in night driving for patients (18). The 

importance of correcting eye aberrations, especially 

spherical aberrations, is related to the retinal image 

quality because these aberrations reduce the quality of 

retinal images and subsequently reduce the quality of 

vision (19). Both customized LASIK and customized 

photorefractive keratectomy (PRK) can reduce 

aberrations and thus increase the patient’s satisfaction 

after surgery. While some surgeons still believe that 

surface ablation may induce better quality of vision and 

reduce higher-order aberrations in comparison to LASIK, 

(20, 21) and also reduce the probability of ectasia (22), 

many studies have revealed the importance and 

effectiveness of femtosecond techniques in producing 

the best flap and reducing higher-order aberrations and 

improving the outcomes of surgery (2, 23-25). However, 

the differences between femtosecond LASIK (Femto-

LASIK) and PRK have not been adequately assessed. In 

this study, we compared the difference in higher order 

aberrations, visual outcomes, and refractive outcomes 6 

months after refractive surgery in patients who 

underwent customized PRK and those who underwent 

customized Femto-LASIK. 

 

MATERIAL AND METHODS 

This study comprised 120 consecutive eyes of 60 patients 

(40 males and 80 females) who underwent refractive 

surgery. All patients provided informed consent. Patients 

who were eligible for the study were aged between 18 

and 35 years (mean, 26.53 ± 3.95 years), had myopia 

between -3.00 and -7.00 diopters (D), had astigmatism 

less than half of the myopia, had stable refraction for at 

least 6 months, did not wear soft contact lens for 1 week 

and hard contact lens for 3 weeks before the baseline 

examinations. Other inclusion criteria were as follows: 

corrected distance visual acuity (CDVA) 20/30 or better, 

healthy central and peripheral retina and normal 

intraocular pressure, and central corneal thickness of at 

least 500 microns. Patients with systemic or ophthalmic 

abnormalities other than refractive error were excluded. 

Patients were randomly divided into two groups: PRK 

and Femto-LASIK. We used random-block method based 

on a computer-generated program to classify patients 

according to age and sex. Selection of laser surgery 

method was done by the surgeon using a sealed 

envelope which was opened just before surgery. 

Preoperatively, uncorrected distance visual acuity 

(UDVA), CDVA, manifest refraction, slit-lamp 

examination, dilated fundoscopy, corneal topography, 

aberrometry (Orbscan IIz, Bausch & Lomb), applanation 

tonometry, and ultrasound pachymetry were performed 

in all patients. Higher-order, spherical, and total 

aberrations were measured at 5- and 6-mm pupil 

diameters for all patients. Both groups came for follow-

up examinations on 1 day, 5 days, and 6 months after 

surgery. In the PRK group, bandage contact lenses were 

removed on the fifth day. After 6 months, the following 

examinations were performed on the patients of both 

groups for evaluation of higher-order, spherical, and total 

aberrations: CDVA and UDVA measurements, manifest 

refraction analysis, biomicroscopic slit-lamp examination, 

corneal topography, and aberrometry. Refractive 

surgeries were performed with Technolas 217z laser 

platform (Bausch & Lomb). One single surgeon 

(Mohammad Ghoreishi) performed all surgeries in the 

Parsian Eye clinic, Isfahan. All the patients received 

tetracaine 1.0% three times before surgery for topical 

anesthesia. In the Femto-LASIK group, wavefront-

optimized LASIK was performed using Femto-Second LDV 

(Ziemmer FEMTO LDV, Femtosecond Surgical Laser) for 

flap creation (26, 27). The laser energy was on nanojoule 

and the frequency was higher than 1 MHz and the spot 

overlap was 0.7 mm. Laser parameters were put as 

bellow: side cut angle at 30-degree, hinge of 0.6 mm, flap 

depth of about 100 microns, and 9.5 mm flap diameter. 

The targeted postoperative refraction for all patients was 

emmetropia. 

Analysis Method 

Statistical analyses were performed using SPSS software 

(version 21, SPSS, Inc.). We used paired t test and 

independent t test to compare preoperative and 
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postoperative data within and between groups. A P value 

less than 0.05 was considered statistically significant. 

 

RESULTS 

The study enrolled 120 eyes of 60 myopic patients (40 

men, 80 women), of which 30 patients underwent PRK 

and 30 patients Femto-LASIK. Table 1 shows patients’ 

baseline characteristics. No statistically significant 

differences were observed in baseline characteristics 

between the PRK group and the Femto-LASIK group. 

Table 2 shows all aberrations in millimeters before the 

operation, and the values do not show statistical 

differences between the two groups. After 6 months, 

83.05% of patients in the PRK group and 78.68% of 

patients in the Femto-LASIK group gained 20/20 or 

better. 

 

Table 1. Baseline Characteristics by Groups 

Parameter Entire patients PRK Femto-LASIK P value 

Age:  Mean ± SD 26.53 ± 3.95 26.67 ± 4.46 26.39 ± 3.40 0.69 

Mean sphere (D) ± SD -4.77 ± 0.94 -4.62 ± 0.92 -4.90 ± 0.95 0.10 

Mean cylinder (D) ± SD -1.01 ± 0.75 -0.87 ± 0.63 -1.13 ± 0.84 0.57 

Mean CDVA ( LogMar) ± SD 0.00 ± 0.02 0.00 ± 0.01 0.00 ± 0.02 0.45 

CDVA = Corrected distance visual acuity; UDVA = uncorrected distance visual acuity 

Table 2. Baseline Aberrations Before Surgery 

Parameter Entire patients PRK Femto-LASIK P value 

Mean HOA 5 mm (µm) ± SD 0.26 ± 0.11 0.25 ± 0.11 0.27 ± 0.11 0.25 

Mean HOA 6 mm (µm) ± SD 0.42 ± 0.17 0.42 ± 0.18 0.42 ± 0.16 0.81 

Mean Sph. A 5 mm (µm) ± SD 0.02 ± 0.03 0.02 ± 0.04 0.01 ± 0.01 0.07 

Mean Sph. A 6 mm (µm) ± SD 0.04 ± 0.06 0.04 ± 0.06 0.03 ± 0.06 0.58 

Mean total A. 5 mm (µm) ± SD 4.75 ± 0.96 4.57 ± 0.91 4.92 ± 0.99 0.04 

Mean total A. 6 mm (µm) ± SD 6.88 ± 1.40 6.67 ± 1.35 7.07 ± 1.43 0.11 

HOA = Higher order aberration; Sph A.= spherical aberration; A= aberration 

Moreover, 42.37% and 29.5% of patients gained 20/16 or 

better in the PRK group and the Femto-LASIK group, 

respectively. Two eyes lost two lines (3.38%) in the PRK 

group, but there was no vision loss in the Femto-LASIK 

group. The mean postoperative BCVA in the PRK group 

was -0.05 and that in the Femto-LASIK group was -0.04 in 

logMAR values. Table 3 shows postoperative refractive 

results of the two groups after 6 months. A significant 

decrease in the magnitude of sphere and astigmatism 

occurred postoperatively toward the target refraction of 

emmetropia, but the difference was not statistically 

significant between the two groups. We compared 

aberration data before and after surgery in each group 

separately, and results are shown in Table 4. In the 

Femto-LASIK group, higher-order aberrations in the 5-

mm pupil and spherical aberrations in the 5-mm pupil did 

not show any significant differences. Total aberrations in 

the 5-mm and 6-mm pupils decreased significantly. In 

addition, higher-order aberrations and spherical 

aberrations in the 6-mm pupil increased significantly. 
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Table 4. Aberration Outcomes Six Months Postoperatively 

Parameter Femto-LASIK PRK 

 Before After P value Before After P value 

Mean HOA 5 mm (µm) ± SD 0.27±0.1 0.26±0.1 0.52 0.25±0.11 0.29±0.11 0.03 

Mean HOA 6 mm (µm) ± SD 0.42±0.16 0.51±0.19 0.01 0.42±0.18 0.57±0.23 0.00 

Mean Sph A. 5 mm (µm) ± SD 0.01±0.01 0.01±0.02 0.58 0.02±0.04 0.03±0.07 0.38 

Mean Sph A. 6 mm (µm) ± SD 0.03±0.06 0.06±0.06 0.00 0.04±0.06 0.10±0.14 0.00 

Mean total A. 5 mm (µm) ± SD 4.93±0.98 0.61±0.25 0.00 4.57±0.91 0.57±0.23 0.00 

Mean total A. 6mm (µm) ± SD 7.08±1.42 1.02±0.36 0.00 6.67±1.35 1.04±0.45 0.00 

HOA = Higher order aberration; Sph A.= spherical aberration; A= aberration 

 

Table 5. Mean of Aberrations After Six Months 

Parameter PRK Femto-LASIK P value 

Mean difference HOA 5 mm (µm) ± SD 0.04±0.14 -0.01±0.16 0.06 

Mean difference HOA 6 mm (µm) ± SD 0.14±0.26 0.09±0.27 0.26 

Mean difference Sph A. 5 mm (µm) ± SD 0.00±0.07 0.00±0.03 0.55 

Mean difference Sph A. 6 mm (µm) ± SD 0.06±0.13 0.03±0.08 0.12 

HOA = Higher order aberration; Sph A.= spherical aberration; A= aberration 

 

Table 6. Postoperative Aberrations 

Parameters PRK Femto-LASIK P value 

Mean HOA 5 mm (µm) ± SD 0.29±0.11 0.26±0.1 0.13 

Mean HOA 6 mm (µm) ± SD 0.57±0.23 0.51±0.19 0.10 

Mean Sph A. 5 mm (µm) ± SD 0.03±0.07 0.01±0.02 0.40 

Mean Sph A. 6 mm (µm) ± SD 0.10±0.14 0.06±0.06 0.81 

Mean total A. 5 mm (µm) ± SD 0.57±0.23 0.61±0.25 0.08 

Mean total A. 6 mm (µm) ± SD 1.04±0.45 1.02±0.36 0.06 

HOA = Higher order aberration; Sph A.=spherical aberration; A= aberration 

The difference in the magnitude of the postoperative 

increase in higher-order and spherical aberrations did 

not reach statistical significance in either group (Table 5). 

After 6 months of follow-up examinations, we compared 

the aberration data of the PRK group with that of the 

Femto-LASIK group. There were no significant differences 

between the two groups (Table 6). 
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DISCUSSION 

Our results confirmed the safety and effective power of 

both PRK and Femto-LASIK in correction of myopia. Many 

other studies reported the same result (8, 28-30). We 

followed up patients for 6 months because in the 

previous studies, refractive and visual results fluctuated 

during the first 3 months and led to different results. 

Therefore, we decided to follow up patients after 6 

months to gain more stable results. In this study, more 

eyes achieved UDVA 20/20 or better after PRK than after 

Femto-LASIK (Figure 1). 

 

Figure 1. Visual Acuity Outcomes After Six Months 
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Almahmoud et al. reported identical visual acuity of 

20/20 or better in the PRK and Femto-LASIK groups after 

3 months of follow-up (30). The percentage of patients 

with UDVA 20/20 or better in both groups was more in 

our study than in the study by Almahmoud et al. In the 

studies by  Slade et al. and Durrie et al., the results were 

the same in both groups at 3 and 6 months’ follow-up 

(31, 32). Slade et al. in their next study reported that 

Femto-LASIK eyes demonstrated better results than 

those in PRK eyes in the first 3 months; however, at the 

6-month follow-up, UCVA was similar in both groups 

(32). The difference was not statistically significant in our 

study, which was not in accordance with the findings in 

other investigations (32). It is clear that visual acuity after 

both methods of surgery led to the same results after 6 

months according to the previous studies of Femto-LASIK 

in comparison to other methods of surface ablation (30-

33). This is the main reason that investigators study 

contrast sensitivity and other subjective methods to 

discover more precise differences in the quality of vision 

instead of the quantity of vision. In our visual outcomes, 

the mean CDVA was better in the PRK group, but the 

mean CDVA in the previous studies was the same for the 

two groups after 3 months (30). In our study, 3.88% of 

the eyes in the PRK group lost two lines, while Femto-

LASIK eyes did not show any visual loss. However, in the 

PRK group, 16.94% of the eyes gained one line and 

42.37% gained two lines of visual acuity. In the Femto-

LASIK group, 14.75% eyes gained one line and 29.5% 

gained two lines (Fig. 1). In the study by Almahmoud et 

al., patients in the PRK group had myopia between -1.00 

and -8.00 D and those in the Femto-LASIK group had 

myopia between -1.00 and -9.50 D. The study also 

showed that no eyes lost any line in the PRK group, 

whereas 1.5% of the eyes lost one line in the Femto-

LASIK group, with no one showing more than one line 
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loss.  In addition, 23% of PRK eyes and 16% of Femto-

LASIK eyes gained one line (30).  

Thus, in the study by Almahmoud et al., similar to our 

study, visual outcomes were better in the PRK group. 

However, our patients gained more lines than their 

patients. Therefore, according to our study, 

improvement in visual acuity was better by both 

methods, which may be attributed to the different 

amounts of myopia in two studies. In the study by 

Debenito et al., the lost vision was the same in the LASEK 

and Femto-LASIK groups with equal risk of vision loss, 

and they proposed that both are safe methods (34). 

In the study by Slade et al., Femto-LASIK eyes had better 

visual outcomes.(32) The reasons for visual loss in the 

PRK group can be (a) corneal haze, which was not seen in 

our patients or (b) increased higher-order aberrations, 

which were not significantly different between the two 

groups in our study. As shown in Table 3, visual and 

refractive outcomes in this study were the same in the 

two groups and did not show significant differences. 

Slade et al. and Durrie et al. demonstrated the same 

results (31, 32). The study by Debenito et al., which 

included high myopia, indicated that visual and refractive 

outcomes after 3 months were better in the Femto-LASIK 

group but the differences were not clinically important. 

In the next study by Debenito, the 6-month results 

showed more similarity between the groups (34). Similar 

results were achieved in the previous studies that 

evaluated low to moderate myopia and lower cases (31, 

32).  It should be mentioned that we used customized 

ablation in both methods of surgery, which shows an 

impressive decrease in aberration; however, Slade et al. 

used the conventional method. 

 

Figure 2. Aberration Outcomes After Six Months 
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Clinical experience and previously published research 

have indicated that non-optimal postoperative visual 

outcomes after refractive surgery are associated with an 

increase in ocular aberrations (35). To the best of our 

knowledge, none of the studies compared aberrations in 

different pupil sizes. However, some of them chose 

special sizes of pupils (30, 36). In our study, higher-order 

aberrations in the 5-mm pupil size did not show 

significant changes in the Femto-LASIK group, but the 

aberrations increased in the 6-mm pupil size in both 

groups and were higher in PRK patients.  

Thus, the increase in higher-order aberrations is lesser in 

the Femto-LASIK group than the PRK group. Almahmoud 

et al. showed the same results for the 5-mm pupil size 

(30). In a survey by Durrie et al., higher-order aberrations 

decreased in both groups after 6 months, but the 

reduction was greater in the PRK group; however, it was 
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not significant (31). Durrie and associates chose one eye 

of a patient for PRK and the contralateral eye for LASIK, 

and this may explain the differences in two studies (31). 

Wallau et al. compared LASIK using microkeratome with 

PRK and after a 1-year follow-up, showed that higher-

order aberrations are extremely high in the LASIK eyes 

(36).  

In our study, spherical aberrations in the 6-mm pupil size 

increased, which was more prominent in PRK patients. 

Thus, PRK increased spherical aberrations more than 

Femto-LASIK, which was the same as the result reported 

by Almahmoud (30). Slade et al. did not report any 

differences, whereas spherical aberrations showed 

better results in the PRK group in the study by Wallau et 

al., which was similar to our study (36). 

Total aberrations decreased significantly in all patients, 

but the decrease was greater in Femto-LASIK eyes, thus 

confirming that Femto-LASIK was more effective in total 

aberration reduction. Slade et al. and Wallau et al. 

showed that total aberration reduction was more 

prominent in PRK eyes (36). In this regard, the Femto-

LASIK flap may account for fewer induced aberrations. In 

particular, the corneal wound healing response after PRK 

has been found to be greater and longer than after LASIK 

(37). However, our study did not show any statistical 

significant differences between the two methods. 

Reduction in total aberrations may produce an effect on 

patient symptoms after surgery, which should be 

investigated in future studies. In our study, Femto-LASIK 

achieved better aberration outcomes than the PRK 

method; however, most of the studies showed better 

results for the Femto-LASIK group after 3 months, but 

after 6 months, the results became closer for both the 

groups (24).  

 

CONCLUSION 

The results of this study indicate that the visual 

outcomes were slightly better in the PRK group, but 

aberrations showed better results in the Femto-LASIK 

group. 
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