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Introduction
In many studies refractive surgery using an excimer laser 

is considered secure and efficient, with very good results [1,2]. 
However, prolongation of the ablation process will lower the ability 
of the patient to fixate thoroughly and increases the possibility of 
making the eye dry. One important feature of different lasers is the 
variety in their repetition rates [3]. Increasing pulse repetition rate 
without making impairment in eye-tracker latency, ablation depth of 
single pulse, and size of the spot, can help us to lower the treatment 
time [4]. Thus, it seemed rational to raise the repetition rate of the 
excimer lasers. Raising the repetition rate might cause significant 
changes in the ablation effect of the laser because of photochemical 
or photo-thermal changes that occur during the ablation process, 
such as ablation depth per pulse [5]. Increasing the repetition rate 
may lead to a raise in the transmission of mean laser power to the 
corneal surface, and this might result to a much higher temperature 
on the corneal surface during the ablation [4]. Measuring ocular 
aberrations, higher order aberrations (HOAs), after refractive 
surgery procedures, a correlation between reduced image quality  

 
and these aberrations, especially spherical aberrations and coma 
was found in many studies [6].

It is demonstrated that corneal and ocular aberrations (wave 
front aberrations) are significantly increased after laser refractive 
surgery and this increase correlates with the increase in loss of low-
contrast visual acuity and glare visual acuity [7]. Flying spot lasers 
by smaller spot sizes are introduced to improve the predictability 
and ability to correct lower- and HOAs. The use of smaller laser spots 
allows correction of specific substructures of aberrations, which is 
especially important in custom corneal surgery [8,9]. However, the 
smaller spot size increases treatment time if the excimer laser is 
not working at a high repetition rate. The interest in reducing the 
duration of refractive surgery procedures has risen the tendency 
to use excimer lasers with high repetition rates [10]. The purpose 
of this study is to evaluate and compare the visual outcomes and 
higher order aberrations in two excimer laser systems (Technolas 
217z, and Technolas 317) with different repetition rates of 100 and 
500Hz.

Abstract

Propose: The aim of this study was to evaluate and compare the results of two devices with different repetition rates (100Hz Vs. 500Hz) in 
Photorefractive keratectomy (PRK) surgery.

Methods: In this research, we studied post-operative outcomes of PRK surgeries performed with two different repetition rates (100 and 500Hz). 
One-hundred-ten patients underwent PRK, 110 eyes with Technolas 217z100 and 110 eyes with Technolas 317. After 6 months uncorrected distant 
visual acuity (UCDVA), best-corrected distant visual acuity (BCDVA), refraction and wave-front aberrometry were compared between two groups.

Results: Ninety-four eyes (85.45%) in the 100Hz group and 98 eyes (89.09%) in the 500Hz group had a UCDVA of 20/20 or better at the last 
follow-up examination. The mean SE attempted correction was -3.68D±1.66 in 100Hz group and -3.80D±1.46 in 500Hz group respectively. About 
high order aberrations (HOAs), The mean of vertical coma, was 0.031±0.241µm in group 100Hz, and -0.062±0.285µm in group 500Hz. Mean post-
operative vertical coma was significantly different between two groups (P=0.033). The vertical trefoil, horizontal trefoil and horizontal coma were not 
significantly different between the groups (P>0.05).

Conclusion: Both excimer laser systems were effective, improving the UCDVA in comparison with the pre-operation UCDVA. The results showed 
that Technolas 217z100 (100Hz repetition rate) in PRK surgeries might have better visual quality outcome.
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Material and Methods
Study design

This study comprised 220 eyes of 110 patients amongst 123 
subjects who were visited and examined in ophthalmology clinic. 
These 110 patients underwent PRK surgery using scanning spot 
100Hz laser and scanning spot 500Hz pulsed ArF laser (110 eyes 
in each group) and were followed between May 2016 and October 
2016. The study approval was gained from the ethical committee 
and written informed consents were obtained from all patients 
before surgery. Inclusion criteria of the study was; age between 
21 to 45 years, Best preoperative corrected distance visual acuity 
(BCDVA) of 0.00 log MAR or better, no previous eye surgery, 
spherical equivalent (SE) not more than -8, astigmatism not more 
than -4, no existing pathology in cornea and fundus (which can 
result in decreased corrected visual acuity or any disturbance in 
outcomes of the operation), and patients with myopia or myopia-
astigmatism as refractive errors. Exclusion criteria were subjects 
not cooperating for follow up and patients suffering diabetes 
mellitus or autoimmune diseases. The patients and the person who 
analysed the data were not informed about the repetition rate used 
for the groups.

Surgical method
All procedures were performed by one surgeon. Eyes 

were anesthetized by instilling two drops of topical Tetracaine 
hydrochloride 0.5% two minutes apart before the procedure. 
During the procedure, the eyes were first irrigated with balanced 
salt solution and after exposure to alcohol 20% for 20 seconds, the 
epithelium was removed with a hockey knife and photoablation 
was performed. At the end, patients received Mitomycin 0.02% for 
30 seconds then a bandage soft contact lens was placed over the 
cornea surface. After the surgery patients were prescribed topical 
ciprofloxacin and betamethasone drops 4 times daily for 7 days. 
The bandage soft contact lens was kept in place until full corneal re-
epithelialization. After re-epithelialization, patients were treated 

with fluorometholone sodium 2% (FML) 4 times daily for 4 weeks. 
No additional steroid drops were prescribed for patients.

Follow up setting
Postoperative follow-up after 6 months included; uncorrected 

distant visual acuity (UCDVA), BCDVA, refraction and wave front 
aberrometry. Using the wave-front aberrometer, elements such as 
vertical trefoil, horizontal trefoil, vertical coma, horizontal coma 
and spherical aberration were measured. UCDVA, BCDVA and 
manifest refraction were measured and compared between the 
groups after 6 months.

Statistical analysis
Data were analyzed by SPSS version 21 and the results 

were presented as mean±SD. To analyze the quantitative data 
independent sample T test was used. For the qualitative data we 
used chi-square test. A P value less than 0.05 was considered 
statistically significant.

Results
The study was performed on 110 patients, 37(33.63%) men 

and 73(66.37%) women. Mean age of the patients was 32.58±7.03 
years (mean±SD) (range 22 to 45 years). The preoperative and 
postoperative sphere, cylinder and spherical equivalent refractive 
error are shown in Figure 1 & 2. The mean SE attempted correction 
was -3.68D±1.66 in 100Hz group and -3.80D±1.46 in 500Hz group. 
The results revealed that SE were significantly different pre and 
post-operation (P>0.001) but not between the groups (P=0.594). 
The mean spherical aberration (SA) was -0.166±0.164 µm (range 
-0.57 to 0.16µm) in the 100Hz group and -0.191±0.226µm (range 
-0.64 to 0.21µm) in the 500Hz group. SA was not significantly 
different between groups (P=0.433). The surgical induced 
astigmatism (SIA) and target induced astigmatism (TIA) were 
not significantly different between two groups (P=0.371 and 
P=0.118) and the abundance of these variables was in the range of 
1.056±0.87D and 1.027±0.88D, respectively. 

Figure 1: The preoperative sphere, cylinder and spherical equivalent refractive error.
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Figure 2: The postoperative sphere, cylinder and spherical equivalent refractive accuracy.

Visual outcomes
The mean UCDVA improved significantly in all eyes in both 

groups (preoperative, counting fingers to 8/20). Ninety-four 
eyes (85.45%) in the 100Hz group and 98 eyes (89.09%) in the 
500Hz group had a UCDVA of 20/20 or better at the last follow-
up examination. The BCDVA remained unchanged or improved in 
all eyes in both groups. In the 100Hz group, 98 eyes (89.09%) had 

unchanged BCDVA and 12 eyes gained 1 to 2 lines. In the 500Hz 
group, 103 eyes (93.63%) had unchanged BDCVA and 7 eyes gained 
1 to 2 lines. Magnitude of error of astigmatic correction was not 
significantly different between the groups (P=0.22) and it was 
mainly in the range of -1 to 0.5D (Figure 3). The logMAR calculation 
showed no significant change in the UCDVA and BCDVA pre and 
post-operatively between both groups (P<0.05).

Figure 3: The ranges of the absolute angle of error of astigmatic correction in both groups.

Astigmatic correction outcomes
The predictability for both lasers were defined by the correction 

spherical equivalent at 6 months. The mean post-operation vertical 
trefoil in 100Hz group was 0.044±0.128 µm and in 500Hz group was 
0.054±0.122µm. The mean of vertical coma, which was significantly 

different between groups (P-value=0.03), was 0.031±0.241µm and 
-0.062±0.285µm, respectively in groups 100Hz and 500Hz. The 
vertical trefoil, horizontal trefoil and horizontal coma were not 
significantly different between two groups as mentioned in Table 1. 
Figure 4 & 5 shows the postoperative corneal aberration between 
the ranges in group 100Hz and 500Hz respectively. 
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Figure 4: Postoperative corneal aberration in group 100Hz PRK (the reported number is the percentage of data between the ranges).

Figure 5: Postoperative corneal aberration in group 500Hz PRK (the reported number is the percentage of data between the ranges).

Table 1: Corneal wave front aberration parameters after photorefractive keratectomy in both groups.

Groups

Variables 
(mean±SD)

Technolas 217z 
(100Hz)

Technolas 317 
(500Hz) P-Value

V-trefoil 0.128±0.044 0.122±0.054 0.641

H-trefoil 0.257±0.025 0.0227±0.006 0.629

V-coma 0.249±0.031 0.285±0.062 0.033

H-coma 0.0146±0.029 0.15±0.001 0.196

The absolute angle of error was mainly in the range of 0 to 
15 degree in both groups and there was no significant difference 
between two groups (P=0.076) (Figure 6). In addition, arithmetic 
angle of error was in the range of -10 to 15 degree in all eyes; as 

the same, there was no significant difference between two groups 
(P=0.56). There was no difference between using the 100Hz and 
500Hz excimer laser because the index of success of astigmatism 
surgery was not significantly different between groups (P=0.136).
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Figure 6: The magnitude of error of astigmatic correction of the 100Hz and 500Hz groups.

Discussion
The results showed both excimer laser systems were safe 

and effective in PRK surgeries. Also, the Technolas 217z100 
system (100Hz repetition rate) have less mean of vertical coma 
in aberrometry. Refractive surgery using excimer lasers has been 
developed in order to achieve repeatable, safe, predictable and 
acceptable results. Newer laser platforms have been introduced 
over decades. Recent generation of excimer lasers acquire higher 
repetition rates, smaller laser spot size, and better delivery system 
[11]. Flying-spot technology has been introduced regarding avoid 
corneal thermal loading [12], however increasing the ablation 
rate over a threshold induces the probability of eliminating the 
advantage of flying-spot technology [11]. This study examined and 
compared the visual outcome and higher order aberrations (HOAs) 
after PRK surgery with 2 excimer lasers with different repetition 
rates. In one study by Fahim et al. [13] the preoperative UCDVA 
was count fingers, 1month and 3months after surgery, in all eyes, 
the mean UCDVA improved to 0.04±0.06 Log MAR (9/10) and 
0.0±0.0 Log MAR (10/10), respectively. At 12 months after surgery, 
mean UCDVA had a significant increase, compared to preoperative 
UCDVA (P=0.010) [13-19]. In our study, pre and post-operative 
UCDVA significantly improved in both groups and there was no 
significant difference between the improvements of two groups. 
These results suggest that although the astigmatic change was 
slightly overcorrected in both groups, astigmatic correction was 
similarly effective in both groups. Our study found both repetition 
rates acceptable in efficacy, safety, and predictability. Our results 
were in line with previous research; most of these studies were 
done using different methods of excimer lasers and they did not 
compare the different repetition rates in PRK procedures [20-27]. 
Earlier generation excimer lasers were established for lower order 
aberrations, while HOAs were not considered [3,11,18]. In the 
current study, there were two eyes with high myopia, which were 

not significantly improved after PRK surgery. The number of the 
patients should be considered as a limitation in this study and we 
suggest larger sample size studies. However, some other studies 
reveal great results of PRK surgery for high myopia and HOAs [18].

From the previous studies we know the effect of excimer laser 
photo refractive surgery on increasing HOAs. The quality of optical 
performance of these corneas are low and less than acceptable rang. 
The induction of higher order aberrations (HOAs) is a problem that 
increases in relation to amount of correction after excimer laser 
procedures [19]. In a study Fahim et al. [13] assessed level of higher 
order aberrations root mean square (HOA RMS) before the surgery 
and 12months after the surgery. Preoperative and postoperative 
values of comma and trefoil showed no significant difference, 
but spherical aberration increased significantly 12months after 
surgery. In a study done by Michael Mrochen.et al the results 
showed that PRK-induced aberrations were significantly greater 
than the preoperative aberrations (a major increase in coma- and 
spherical- like aberrations) [7]. In a study authors demonstrated 
that, for spherocylindrical correction, 2mm or smaller beam is 
adequate (Zernike second order), but for correction of up to fourth 
order Zernike modes a 1mm or smaller beam is needed, and a 
0.6mm or smaller beam is adequate for correction of up to sixth 
order Zernike modes [28]. The use of a smaller laser spots (Current 
scanning lasers with a beam diameter of 1mm or less) theoretically 
allows eliminating most of the higher order aberrations, which is 
important in custom corneal surgery [10,28]. Smaller laser spots 
will be able to create finer depth variation by producing proper 
ablation patterns [28]. However, using smaller spot size in ablation 
will increases surgical time, so performing excimer laser with 
higher repetition rate seems to be a logical solution to adjust the 
treatment time [10]. In this study we compared HOAs induced by 
these two types of excimer lasers and resulted in no statistically 
significant difference in RMS variables except for vertical-coma 
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which was greater in 500HZ excimer laser group. However, SA was 
not significantly different between the groups.

Conclusion
Both excimer laser systems were effective, improving the 

UCDVA in comparison with the pre-operation UCDVA. Meanwhile, 
although the absolute and arithmetic angles of error were not 
significantly different in both groups, the results showed that 
Technolas 217z100 (100Hz repetition rate) in PRK surgeries might 
be more effective and efficient.

Ethical Standards
Ethical approval

All procedures performed in the studies involving human 
participants were in accordance with the ethical standards of the 
institutional and national research committee and with the 1964 
Helsinki declaration.
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