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Abstract
Purpose: To compare clinical outcomes between mechanical debridement photorefractive keratectomy (m-PRK) and trans-epithelial photore-
fractive keratectomy (t-PRK) in myopic patients.
Methods: Eighty eyes of 40 myopic patients with age between 18 and 55 years were included in this study. In each patient, one eye was
randomly assigned for t-PRK, using the Amaris laser's ORK-CAM software and the other eye for m-PRK, using a spatula. Stromal ablation was
done by Schwind Amaris 750S. Uncorrected and best corrected visual acuity (BCVA), refractive outcomes, epithelial healing, pain, and
discomfort were compared between the groups on day 1, 3, 7 and month 1, 3, and 6.
Results: Preoperative spherical equivalent (SE) were �3.97 ± 2.08 diopter (D) and �3.98 ± 2.06 D in m-PRK and t-PRK eyes, respectively
(P ¼ 0.981). Operation time was significantly shorter in the t-PRK group than m-PRK (P < 0.001). Postoperative pain was experienced
significantly higher in the t-PRK group measured by 11-point numeric scale of pain questionnaire on the first postoperative day (P < 0.001).
Photophobia, tearing, and vision fluctuation were also significantly higher in the t-PRK group postoperatively. However epithelial defect size and
re-epithelialization time were lower in the t-PRK group (P ¼ 0.012 and P < 0.001, respectively). Postoperative parameters including SE,
uncorrected distance visual acuity (UDVA), corrected distance visual acuity (CDVA), and contrast acuity did not show any significant difference
between the two groups during all intervals.
Conclusions: Although epithelial defect size and epithelial healing time were lower in t-PRK, postoperative pain, photophobia, and vision
fluctuation were significantly less in the m-PRK group in the first postoperative days. There was no statistically significant difference between
the groups after one week, and both mechanical and trans-epithelial techniques were shown to be safe and effective.
Copyright © 2019, Iranian Society of Ophthalmology. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Photorefractive keratectomy (PRK) has commonly been
used as an effective and safe technique for refractive surgeries
and is well tolerated by the patients.1e3 In PRK, the corneal
epithelium should be removed before stromal ablation.4 There
are several methods for epithelial debridement including me-
chanical, chemical, rotating brush, and using Excimer laser.
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Previous studies demonstrated that all of these epithelial
removal techniques are effective for surgical correction of
refractive errors.5e9 Mechanical debridement seems to be the
most common technique for epithelial debridement. Although
mechanical technique is effective, it has some problems,
especially for surgeons without enough experience. Using
alcohol may also have some toxic effects on corneal stem
cells.10 Increased epithelial debridement time can increase
patient anxiety and increase stromal dehydration caused by
evaporation.11

Trans-epithelial PRK removes corneal epithelium and
stroma in a single step with one ablation profile. In this
technique, laser removes the corneal epithelium using a preset
thickness of a normal cornea epithelium (55e65 mm) based on
previous reports.12 In theory, this technique gives a smoother
corneal surface than that achieved with mechanical ablation of
the epithelium.13

In this study, we aimed to compare clinical, refractive, and
visual outcomes of trans-epithelial and mechanical epithelial
debridement in a contralateral eye study.

Methods

Patients with myopia and myopic astigmatism who were
referred for refractive surgery entered this study. The study fol-
lowed the principles of the Declaration of Helsinki. Every
participant was appropriately notified at the beginning of the
study, briefed on the risks and benefits, and signed written
informed agreement. We obtained full Institutional Review
Board (IRB) approval from the Ethics Committee of Mashhad
University of Medical Sciences (code: 960156). Inclusion
criteria were age between 18 and 55 years, myopia less than 8.00
diopters (D) and 4.00 D or less astigmatic error, fixed refraction
for at least 1 year, and preoperative corrected distance visual
acuity (CDVA) of 20/32 or better. Exclusion criteria for this study
were any presence of ocular pathologies, visual function dis-
turbances, any corneal dystrophies or abnormalities, keratoconus
or keratoconus suspect, any previous ocular surgery, glaucoma or
glaucoma suspect, diabetes mellitus, auto-immune diseases,
pregnancy, breast feeding, and moderate to severe dry eye. We
excluded all cases with mesopic pupil diameter more than
6.5 mm. Contact lens wear was stopped at least 3 weeks before
refraction and topographic assessment.

All participants had PRK in both eyes, and the eyes were
randomly assigned for mechanical epithelial debridement (m-
PRK) and the contralateral eye for trans-epithelial (laser
epithelial) debridement (t-PRK). This designation was irre-
spective of the ocular dominance, refraction, or aberrations.
All patients caught right eye treatment first with m-PRK or t-
PRK. The patients and the examiners were blind to the type of
surgery. The goal refraction was emmetropia for all eyes and
all patients.
Preoperative assessment
Before surgery, a careful eye examination was accom-
plished, including uncorrected distance visual acuity (UDVA),
CDVA, slit-lamp examination, non-contact tonometry (Topcon
non-contact tonometer, CT-11 P, Tokyo, Japan), indirect
ophthalmoscopy, manifest refraction, cycloplegic refraction,
keratometry (Topcon KR1 Auto-kerato-refractometer, Tokyo,
Japan), corneal topography (Tomey TMS-4n corneal topog-
raphy, USA), Pentacam HR (OCULUS, Germany), contrast
acuity (Vector Vision CSV 1000, Haag-Streit, Harlow, UK),
aberrometry (Ocular Wavefront Analyzer, Schwind Eye e
Tech - Solutions GmbH, Germany), and Schirmer I tear test.
Visual acuity measurements were converted to logMAR for
analysis.
Surgical technique
All surgeries were accomplished with Amaris excimer laser
750S (SCHWIND eye-tech-solutions, Kleinostheim, Ger-
many) by one surgeon (S.Z.G.). In the Amaris excimer laser,
the laser energy has two values. The first value is for epithelial
removal at which level laser ablates more tissue per pulse, and
the second value is for stromal ablation.

Before starting surgery, the eyelids were disinfected with
betadine 5% solution for 3 min, and the eyes were draped.
Then the cornea was anesthetized with tetracaine 1% eye
drops. After controlling fixation and head position of the pa-
tient by the surgeon and Schwind system, the operation was
started.

Before stromal ablation, one of two epithelial debridement
methods was randomly assigned to the first eye. The contra-
lateral eye had the opposite technique. Patients and all who
were participants in measurement and analysis process were
masked for all features. For m-PRK, the cornea was marked
with an 8.5 mm trephine. After irrigation of ocular cornea with
balanced salt solution (BSS), the epithelium was cleared with
a hockey-stick spatula. In trans-epithelial laser ablation
method, The ORK-CAM software module (SCHWIND eye-
tech-solutions, Kleinostheim, Germany) computes the mass
of epithelium to be removed into the refractive ablation profile
automatically and compensates for the minimal differences
between stromal and epithelial tissue. Immediately after
epithelial debridement in both methods, stroma was ablated
with laser. Ablation zone was selected 6.5 mm for all eyes.
Laser frequency was 750 HZ with 193 nm wavelength. After
stromal ablation, cornea was chilled with balanced solution for
30 s. For all surgeries, a sponge soaked with 0.02% MMC
(Mitomycin C Kyowa, Biochem Pharmaceutical Industries,
India, under license of Kyowa Hakko Co. Ltd., Japan) was
employed over the ablated area for 5 s for each diopter of
ablation. A bandage contact lens (PureVision, Bausch &
Lomb, Rochester, NY) was placed following BSS irrigation of
the ocular surface.
Postoperative evaluation and follow-ups
Postoperatively, the patients were given levofloxacin 5 mg/
ml (Oftaquix, Santen Pharmaceutical, Japan), betamethasone
0.1% (Betasonate, Sina Daru, Iran) eye drops every 6 h, and
preservative free artificial tears (Artelac Advanced, Bausch &



Table 1

Preoperative data.

Parameter m-PRK t-PRK P value

Sphere (D) �3.30 ± 2.27 �3.31 ± 2.26 0.990

Cylinder (D) 1.34 ± 1.23 1.25 ± 1.20 0.752

SE (D) �3.97 ± 2.08 �3.98 ± 2.06 0.981

UDVA (logMAR) 0.78 ± 0.38 0.79 ± 0.36 0.905

CDVA (logMAR) 0.027 ± 0.08 0.024 ± 0.07 0.873

K1 (D) 45.02 ± 1.57 45.01 ± 1.68 0.990

K2 (D) 43.43 ± 1.47 43.52 ± 1.50 0.778

IOP (mmHg) 15.55 ± 4.29 15.65 ± 3.97 0.914

CCT (mm) 524.48 ± 25.81 525.25 ± 27.28 0.896

Schirmer I (mm) 11.95 ± 2.04 12.40 ± 2.19 0.345

All values are presented in Mean ± Standard Deviation. m-PRK: Mechanical

debridement photorefractive keratectomy; t-PRK: Trans-epithelial laser abla-

tion photorefractive keratectomy; SE: Spherical equivalent; UDVA: Uncor-

rected distance visual acuity; CDVA: Corrected distance visual acuity; K1:

Steep keratometry; K2: Flat keratometry; IOP: Intraocular pressure; CCT:

Central corneal thickness.

Table 2

Postoperative findings.

m-PRK t-PRK P value

Operation time (s) 44.45 ± 12.14 33.95 ± 7.55 0.000

Epithelial defect size at 24 h (mm) 6.4 ± 0.9 5.8 ± 1.3 0.012

Epithelial defect size at day 3 2.54 ± 1.01 0.56 ± 0.99 <0.001
Epithelial defect size at day 5 0.54 ± 0.79 0.00 <0.001
Complete re-epithelialization

time (Day)

5.10 ± 0.81 3.28 ± 0.60 0.000

Pain Score at day 1 2.52 ± 2.21 5.12 ± 2.49 0.000

Pain Score at day 3 1.78 ± 03 3.08 ± 2.36 0.010

Pain Score at week 1 0.65 ± 1.05 1.65 ± 1.98 0.060

IOP (mm Hg) at month 6 17.48 ± 3.48 17.32 ± 3.68 0.852

Schirmer I (mm)

Month 1 7.40 ± 1.86 7.20 ± 1.62 0.610

Month 3 7.75 ± 1.70 7.70 ± 1.40 0.886

Month 6 10.17 ± 1.78 10.52 ± 1.93 0.403

m-PRK: Mechanical debridement photorefractive keratectomy; t-PRK: Trans-

epithelial laser ablation photorefractive keratectomy; IOP: Intraocular

pressure.
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Lomb, France) every 3 h. After complete re-epithelialization,
the bandage contact lens was removed. Levofloxacin was
stopped after one week. Betamethasone was used for one
month and then fluorometholone 0.1% (Flucort, Sina Darou,
Iran) eye drop was started every 6 h and tapered over 2
months. Preservative free artificial tears were ordered repeat-
edly in the first month and then diminished according to the
ocular surface statue.

Patients were examined daily until the epithelial defect was
completely healed. Size of epithelial defect was recorded daily
for both eyes. Because all epithelial defects were roughly
circular, the defect was measured horizontally daily, and this
measurement was correlated with the horizontal diameter of
the patient's cornea. The defect size was expressed as a per-
centage of the horizontal diameter of the cornea.14 We used an
11-point numeric scale of pain questionnaire to express post-
operative pain severity in each eye on a scale of 0e10, where
0 represented no pain and 10 represented the worst pain.15 We
also used Eye Sensation Scale questionnaire to record severity
of pain, foreign body sensation, photophobia, tearing, and
visual fluctuation in each eye. In this scale, response category
choices were none, mild, moderate, severe, and extreme.16,17

Full refractive and visual evaluation was performed at week
1 and month 1, 3, and 6 postoperatively. Schirmer I test was
performed to evaluate tear quantity. Contrast acuity was
measured at contrasts of 10% and 100% according to Tanabe
et al. by Vector Vision CSV-1000LanC10%.18 Sub-epithelial
corneal haze was identified by slit-lamp bio microscopy, and
subjectively graded according to Hanna's method. It was
classified from 0 to 4 as follows: 0, absolutely clear; 0.5, a
faint corneal opacity seen only by oblique indirect illumina-
tion; 1, a low dense opacity seen difficulty with direct and
diffuse illumination; 2, easily visible opacity; 3, denser
opacity that considerably reduced the visualization of intra-
ocular structures such as the iris and lens; 4, an opaque
cornea.19
Statistical analysis
Statistical testing was done using SPSS for Windows soft-
ware (version 16, SPSS, Inc.). Variables were presented as the
mean± standard deviation. Kolmogorov-Smirnov test was used
to determine correlation of each variable, after which we used
paired sample t-test to compare dependent variables and Man-
Whitney test for independent ones. Differences were assumed
statistically significant when the P value was 0.05 or less.

Results

40 patients (13 males and 27 females) with mean age of
31.22 ± 8.7 years (range, 20e55 years) were included. Pre-
operative data is shown in Table 1. There were no significant
differences between two groups.

Intra and postoperative clinical findings are summarized in
Table 2. Operation time was significantly shorter for the t-PRK
group. Epithelial defect size was significantly smaller in the t-
PRK group, and re-epithelialization time was considerably
shorter in the t-PRK. Schirmer I test showed that reduction of
tear secretion was similar in the two groups. Although patients
reported more dry eye symptoms in t-PRK eye, there was no
significant difference between the two groups.

The 11-point numeric scale pain questionnaire and Eye
Sensation Scale showed that pain, photophobia, tearing,
foreign body sensation, and visual fluctuation were signifi-
cantly more severe for the t-PRK group during the first post-
operative week (P < 0.001). Patients reported more discomfort
with t-PRK eye for one week. Although it continued for the
second week, it was not statistically significant. Table 3 shows
results of Eye Sensation Scale at postoperative day 1, 3, and 7.
Fig. 1 shows comparison of pain results between the two
groups.

There was no significant difference between residual sphere
and cylinder in either group at all postoperative intervals.
Refractive changes over time are shown in Fig. 2. Mean
refractive astigmatism were 1.34 ± 1.23 D in m-PRK and
1.25 ± 1.20 D in t-PRK, preoperatively. These values changed
to 0.32 ± 0.48 D for m-PRK and 0.26 ± 0.41 D for t-PRK at



Table 3

Eye Sensation Scale results.

Parameter Mean rank Day 1 P value Mean rank Day 3 P value Mean rank Day 7 P value

m-PRK t-PRK m-PRK t-PRK m-PRK t-PRK

Pain 29.89 51.11 <0.001 33.22 47.78 0.004 35.35 45.65 0.023

Tearing 30.18 50.82 <0.001 30.62 50.38 <0.001 36.36 44.64 0.071

Foreign body sensation 30.19 50.81 <0.001 31.11 49.89 <0.001 35.16 45.84 0.021

Visual fluctuation 31.94 49.06 0.001 29.19 51.81 <0.001 33.52 47.48 0.003

Light sensitivity 32.21 48.79 0.001 29.49 51.51 <0.001 32.18 48.82 0.001

m-PRK: Mechanical debridement photorefractive keratectomy; t-PRK: Trans-epithelial laser ablation photorefractive keratectomy.

Fig. 1. Postoperative pain assessment in the mechanical debridement photorefractive keratectomy (m-PRK) and trans-epithelial laser ablation photorefractive

keratectomy (t-PRK). m-PRK: Mechanical debridement photorefractive keratectomy; t-PRK: Trans-epithelial laser ablation photorefractive keratectomy.

Fig. 2. The mean spherical equivalent changes of the mechanical debridement

photorefractive keratectomy (m-PRK) and trans-epithelial laser ablation pho-

torefractive keratectomy (t-PRK). m-PRK: Mechanical debridement photore-

fractive keratectomy; t-PRK: Trans-epithelial laser ablation photorefractive

keratectomy.
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the sixth month, postoperatively (P ¼ 0.310). There were no
significant differences between groups at all intervals during
follow-up periods.

UDVA increased from mean value of 0.34 ± 0.16 logMAR
(around 20/40) at first week to 0.06 ± 0.09 logMAR (around
20/20) at the sixth month in m-PRK and from 0.33 ± 0.14
(around 20/40) to 0.05 ± 0.08 (around 20/20) in t-PRK eyes.
The difference was not statistically significant (P ¼ 0.358).
Fig. 3 shows these changes.

The efficacy index (mean postoperative UDVA/mean pre-
operative CDVA) was similar in both groups. Table 4 shows
the efficacy index changes for the six-month follow-up,
postoperatively.

For the safety of the procedures (mean postoperative
CDVA/mean preoperative CDVA), please refer to Table 5.
There is no significant difference between the two groups.

Contrast acuity measurements at contrasts of 10% and 100%
in the two treatment groups at 6-month follow-up visit did not
show any statistically significant difference. At contrast of 10%,
visual acuity was 0.16 ± 0.11 logMAR (around 20/32) in m-
PRK and 0.15 ± 0.10 in t-PRK (P ¼ 0.832). At contrast of
100%, it was 0.06 ± 0.08 (around 20/20) and 0.05 ± 0.07 for
m-PRK and t-PRK, respectively (P ¼ 0.673).

Postoperative corneal haze was evaluated in all follow-up
sessions. There was no clinically severe haze in either
group, and the haze was not significantly different between the
two groups after 6 months (P ¼ 0.726). At month 6, 7.5% of
both the m-PRK and t-PRK group had grade 1 corneal haze.
We did not see any corneal haze of grade 2 or more. Fig. 4
shows the percentage of corneal haze in its grade at month 6
after surgery.

Discussion

In the literature, there are studies that compared different
methods of epithelial debridement in PRK. These studies



Fig. 3. The mean uncorrected visual acuity (UCVA) changes of the mechanical debridement photorefractive keratectomy (m-PRK) and trans-epithelial laser

ablation photorefractive keratectomy (t-PRK) during follow-up. m-PRK: Mechanical debridement photorefractive keratectomy; t-PRK: Trans-epithelial laser

ablation photorefractive keratectomy.

Table 4

Efficacy index for mechanical debridement photorefractive keratectomy (m-

PRK) and trans-epithelial laser ablation photorefractive keratectomy (t-PRK)

groups during follow-up.

Treatment group Week 1 Month 1 Month 3 Month 6

m-PRK 0.69 ± 0.14 0.84 ± 0.14 0.92 ± 0.15 0.99 ± 0.06

t-PRK 0.70 ± 0.13 0.83 ± 0.12 0.93 ± 0.14 0.99 ± 0.06

P value 0.686 0.732 0.725 0.980

m-PRK: Mechanical debridement photorefractive keratectomy; t-PRK: Trans-

epithelial laser ablation photorefractive keratectomy.

Table 5

Safety index for mechanical debridement photorefractive keratectomy (m-

PRK) and trans-epithelial laser ablation photorefractive keratectomy (t-PRK)

groups during follow-up.

Treatment group Week 1 Month 1 Month 3 Month 6

m-PRK 0.80 ± 0.06 0.89 ± 0.08 0.99 ± 0.06 1.02 ± 0.04

t-PRK 0.80 ± 0.05 0.92 ± 0.11 1.00 ± 0.06 1.02 ± 0.05

P value 0.962 0.156 0.663 0.593

m-PRK: Mechanical debridement photorefractive keratectomy; t-PRK: Trans-

epithelial laser ablation photorefractive keratectomy.

Fig. 4. Corneal haze percentage at month 6. m-PRK: Mechanical debridement

photorefractive keratectomy; t-PRK: Trans-epithelial laser ablation photore-

fractive keratectomy.
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reported various results. In this contralateral eye study, both
groups had similar preoperative features. We used Amaris
excimer laser (Schwind-tech-solutions) for trans-epithelial
PRK. All the operations were done by one surgeon because
surgeon's experience and operation speed could affect results
particularly in the mechanical-debridement method. In addi-
tion to pain, vision, and refractive statues that were assessed in
other similar studies, we evaluated other important post-
operative outcomes including epithelial defect, contrast acuity,
and tear quantity during 6 months follow-up examination. We
found that both techniques are safe, effective, and have pre-
dictable results.

Our study showed less operation time in t-PRK method.
This is the same as what resulted from other previous stud-
ies.20e22 Theoretically, decreased operation time might reduce
the probability of stromal dehydration, disappearance of
anterior stromal keratocytes, and patient anxiety during sur-
gery.23 Epithelial defect and re-epithelialization time were also
lower in t-PRK eye. This was probably the cause of smooth,
regular, and uniform epithelial debridement in trans-epithelial
technique.24 In our study, re-epithelialization was completed
maximally up to 7 days in all eyes in both groups except one
m-PRK eye that had complete re-epithelialization on day 10,
postoperatively.

Lee et al.9 evaluated corneal healing after PRK using me-
chanical and laser scrap techniques and reported that there is
no significant difference in the corneal wound healing
response between these two techniques. In another study by
Lee et al.,22 epithelial healing and clinical outcomes in PRK
following mechanical and trans-epithelial techniques were
evaluated using Visx Star S3. There were no significant dif-
ferences in spherical equivalent (SE), uncorrected visual
acuity (UCVA), and best corrected visual acuity (BCVA);
however, epithelial healing was better in the mechanical
(alcohol) group despite our findings.

We measured the postoperative pain by using question-
naires validated in several previous studies.15,21,22 Patients
reported more pain in t-PRK treated eye at first week post-
operatively. Tearing, photophobia, foreign body sensation, and
visual fluctuation were also worse in t-PRK eye. This is in
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agreement with Kanitkar et al. who showed pain after ethanol-
assisted mechanical PRK was lower than trans-epithelial
technique.25 However, other studies like Fadlallah et al.15

found that mean subjective postoperative pain score at 48 h
was less in the t-PRK group. In another study, Celik et al.21

found that patients treated by m-PRK eyes reported more
pain based on the 11-point numerical rating scale and Visual
Analog Scale (VAS).

Our result showed that epithelial defect size and epithelial
healing time were more in the m-PRK group. However, pa-
tients in the t-PRK group reported more pain and discomfort
based on questionnaires. Therefore, it might indicate that pain
in the t-PRK group has another mechanism than mechanical
stimulation of mechano-nociceptors due to lack of epithelium
and the bare corneal nerve dendrites.26 We believe that more
pain reported in the t-PRK group might be due to the poly-
modal nociceptors stimulation in this treatment. Only 20% of
corneal nerves which are mechano-nociceptors become acti-
vated with mechanical stimulus during m-PRK. However, poly
modal-nociceptors (70% of corneal nerve) are not only acti-
vated by mechanical energy but also respond to heat, and they
begin to fire at temperatures over 39e40 �C.19,26,27 Epithelial
debridement by laser in the t-PRK group could generate more
heat and stimulate poly modal nociceptors that are much more
than mechano-nociceptors in quantity.27 We also think that
other pain mediators are released with t-PRK mechanism, and
it takes more time to be washed out completely in comparison
with m-PRK. The corneal wound healing response is a com-
plex process involving cytokine-mediated interactions be-
tween the epithelial cells, keratocytes of the stroma and
corneal nerves.26e28 Considering all these facts, trans-epithe-
lial PRK might release more or different cytokines that could
stimulate corneal nerve.

Visual acuity became better during six-month follow-up
visits, and we did not find any significant difference between
the two groups. Postoperative SE, UDVA, and CDVA between
the two groups did not show any significant differences in 6-
month follow-up similar to what was shown in Fadlallah
et al. and Celik et al. studies.15,21 However, in a study by
Clinch et al.,20 they showed that at all postoperative intervals,
the mechanical group had better refractive results.

We also compared postoperative tear quantity and contrast
acuity between t-PRK and m-PRK. Visual acuity measure-
ments at contrasts of 10% and 100% at month 6 post-
operatively,18 showed that postoperative contrast acuity results
are lower in comparison with preoperative values; however,
there was no significant difference between two groups before
and after surgery. This is what was compared between these
two epithelial debridement techniques for the first time.

Similar to other studies, our finding shows that dry eye
increased or happened after PRK.29,30 There was a significant
decrease in Schirmer I results, postoperatively. Although pa-
tients reported more dry eye symptoms in t-PRK eye, Schirmer
I test showed no significant differences between the two eyes
at any follow-up visit.

Both mechanical and trans-epithelial epithelial debridement
are reliable and safe methods for correcting myopia using
PRK. Our study has shown that mechanical method is more
comfortable for patients in the first postoperative days; how-
ever, trans-epithelial method caused faster corneal epithelial
healing.
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