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Purpose: To compare corneal aberrometry, densitometry, and refractive outcomes of single-step Transepithelial Photorefractive
Keratectomy (Trans-PRK) with and without epithelial thickness customization.

Patients and Methods: This was a prospective, interventional, randomized controlled study. Patients undergoing Trans-PRK using
the WaveLight EX500 laser with StreamLight software (Alcon Laboratories, Forth Worth, TX, USA) were randomly assigned to
control (55 um standard epithelial thickness) or customized (thinnest point of epithelial thickness for each patient) groups. MS-39
(CSO, Italy) anterior segment optical coherence tomography was used to measure the epithelial thickness. Inclusion criteria were
spherical equivalent <6 diopters (D), astigmatism <4D, and CDVA 20/25 or better. The assessments were at baseline and 6 months
post-op: visual acuity, refraction, aberrometry, and corneal densitometry.

Results: 108 eyes were enrolled, [control group (n=56) and customized group (n=52)]. Mean epithelial ablation thickness in the
customized group was 54.81+3.56pum (p=0.470 vs control group). Both groups experienced significant postoperative increases in
higher-order aberrations (HOA) and spherical aberrations, with no significant intergroup differences. Mean HOA RMS (um) of the
frontal cornea and total cornea increased by 0.27, and 0.29, respectively, in the control group, and 0.26 and 0.28, respectively, in the
customized group (p<0.001 for all). Mean change in spherical aberrations in the frontal cornea and total cornea was 0.23pum (p<0.001)
and 0.25pm (p<0.001), in the control group, and 0.19um (p<0.001) and 0.20pum (p<0.001), in the customized group. Mean corneal
densitometry in anterior cornea decreased by 0.63GSU (p=0.021) and 1.18GSU (p<0.001) in the control and customized groups. In the
posterior cornea, it increased by 1.67GSU (p=0.004) and 0.38GSU (p=0.006).

Conclusion: No significant differences in refractive and aberrometry outcomes between control and customized Trans-PRK groups,
with corneal densitometry changes not affecting visual acuity.
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Introduction
Transepithelial photorefractive keratectomy (Trans-PRK), initially introduced by Ali6 et al in the early 1990s,' gained

considerable recognition following research conducted by Aron-Rosa et al* and Gimbel et al***

This technique was
introduced as an alternative to conventional PRK, and involves ablation of the corneal epithelium and stroma in a single
step using an excimer laser, effectively eliminating the need for mechanical or chemical debridement.* Notably, Trans-
PRK has shorter surgical time, reduced postoperative pain, accelerated wound healing, and faster recovery in comparison

to conventional PRK, while maintaining comparable visual and refractive outcomes.”® Similarly, studies have
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demonstrated that Trans-PRK is a safe, effective, and predictable alternative to LASIK (laser-assisted in-situ
keratomileusis).”® It eliminates the need for creating a corneal flap and provides greater stability in postoperative corneal
biomechanics.

The discovery of non-uniform thickness in the epithelium has significant implications for corneal refractive surgery.
The average central thickness of the epithelium is 53.4 um, with variations observed in different regions. The inferior
region is found to be 5.7 um thicker than the superior region, and the nasal region is 1.2 pm thicker than the temporal
region.” ! The utilization of a standard epithelial ablation protocol may result in excessive stromal ablation in specific
eyes or corneal regions, irrespective of the epithelial mapping. Conversely, in other eyes or corneal areas, insufficient
epithelium removal may occur.'” Therefore, understanding epithelial thickness is crucial because it affects the surgical
planning and outcomes. Anterior Segment Optical Coherence Tomography (AS-OCT) provides consistent and reliable
information on epithelial thickness.'®> By incorporating this information, surgeons can make more informed decisions
regarding the surgical procedure, including determining the appropriate depth of ablation and managing post-operative
outcomes.

The aim of this study was to compare corneal aberrometry, corneal densitometry, and visual and refractive outcomes
of single-step Trans-PRK using the WaveLight EX500 excimer laser with the StreamLight software (Alcon
Laboratories), with and without epithelial thickness customization.

Materials and Methods
Study Design and Patients

A prospective, interventional, and randomized controlled study was performed to evaluate surgical outcomes of single-
step Trans-PRK with and without epithelial thickness customization. The study participants were enrolled from
October 2021 to November 2022 at Miranza Begitek clinic at Donostia-San Sebastian, Spain. The study adhered to
the principles of the Declaration of Helsinki and institutional review board approval was granted (code: STREAM21) by
Instituto de Microcirugia Ocular (IMO Miranza Barcelona). Moreover, the purpose of the study and policy on the
protection of personal data were explained in detail to all participants, and informed consent was obtained.

Consecutive patients undergoing Trans-PRK that met the following criteria were included: simple and compound
myopic astigmatism, spherical equivalent (SE) less than 6 diopters (D), astigmatism less than 4 D, older than 20 years of
age, and a corrected distance visual acuity better than or equal to 0.8 decimal (20/25 Snellen equivalent). Patients with
ophthalmological pathologies or previous surgeries were excluded from the study. Patients were randomized into two
groups: the control group, with a 55 pm standard epithelial ablation, and the customized group, with epithelial thickness
ablation customized to the thinnest point of epithelial thickness for each patient for the entire optical zone measured by
MS-39 anterior segment optical coherence tomography (CSO, Italy) device.

Baseline and Postoperative Assessment
All patients underwent examination at preoperative and 6-month postoperative visits, including: uncorrected distance
visual acuity (UDVA) and corrected distance visual acuity (CDVA); subjective refraction with (only at preoperative visit)
and without cycloplegia with Snellen chart (decimal notation) in photopic conditions. Anterior and total corneal
aberrations as well as corneal densitometry were measured using the Pentacam AXL device (Oculus Optikgerite
GmbH, Wetzlar, Germany) without room light in scotopic conditions. Corneal densitometry for quantitative evaluation
of corneal light backscattering was measured over concentric annular areas (0—2 mm, 2—6 mm, 6—10 mm, 10—12 mm,
and total diameter) the anterior layer (anterior 120 um), central layer (from the first 120 um to the posterior 60 um), and
posterior layer (posterior 60 pm), and total corneal depths. Densitometry values were expressed in standardized grayscale
units (GSU). The GSU scale is calibrated by proprietary software, which defines a minimum light scatter of 0 (maximum
transparency) and maximum light scatter of 100 (minimum transparency).'*

Data collected from anterior and total corneal aberration measurements included the root mean square (RMS) of total
and higher-order aberrations (HOA), the vertical and horizontal coma, and the spherical aberration at 6 mm corneal
diameter.
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Surgical Protocol

The Trans-PRK were carried out using the WaveLight EX500 excimer laser equipped with StreamLight software (Alcon
Laboratories, Forth Worth, TX, USA). In both groups, the procedure began with wavefront-optimized epithelial ablation,
followed by a brief 10-second pause (as recommended by the manufacturer) to allow for corneal cooling before
transitioning to stromal treatment, which was performed over a 6.5 mm optical zone to complete the procedure.®'
For the control group, a standardized epithelial ablation depth of 55 um was applied across all patients. In the customized
group, the epithelial ablation depth was adjusted based on the thinnest point of epithelial thickness, which had been
measured by MS-39 (CSO, Italy) anterior segment optical coherence tomography. To prevent haze, a 0.02% mitomycin-
C (MMC) solution was topically administered on the stromal bed for a duration of 40 seconds when the central stromal
ablation exceeded 65 um.l6 Finally, a soft bandage contact lens (LC Balafilcon A, PureVision, Bausch & Lomb,
Rochester, New York, USA) was placed for three to four days until epithelialization was achieved. Meanwhile, patients
received ciprofloxacin eye drops (Oftacilox, Alcon Cusi, S.A)., four times daily, and artificial tears. Then, the patients
initiated treatment with fluorometholone 0.1% eye drops, applying them four times daily and gradually reducing the
frequency over a period of four weeks.

Statistical Analysis

The data were collected in a Microsoft Excel (Microsoft, Redmond, USA) spreadsheet and were analyzed using SPSS
22.0 software (SPSS Statistics, Version 22.0, IBM Corp., Armonk, NY, USA). For such analysis, only one eye per patient
was selected (right eye) in order to avoid the bias associated to the inclusion of both eyes from the same patient in the
analysis. Quantitative variables were described using mean and standard deviation (SD). Difference between group
means was evaluated by Mann—Whitney U and Wilcoxon signed-rank test. A value of p<0.05 was considered statistically

significant.

Results

Demographics

One-hundred and eight eyes of 108 patients were enrolled: 56 eyes (51.85%; mean age 36.90+6.90 years) in the control
group and 52 eyes (48.15%; mean age 34.90+8.35 years) in the customized group. There was no statistically significant
difference (p=0.470) in mean epithelial ablation thickness in both groups (55 pum and 54.8143.56 um in the control and
customized group, respectively). Baseline sphere, cylinder, and spherical equivalent, as well as frontal and total corneal
HOA, were similar between groups. There was a statistically significant difference (p=0.001) in baseline CDVA between
groups. Patient characteristics at baseline are detailed in Table 1.

Table | Patient Demographic and Baseline Ocular Characteristics

Characteristics Control Group | Customized Group | P value
n=56 n=52

Age

Years 36.90+6.90 34.90+8.35 -

Gender (Female)
% 59 56 -

Epithelial thickness

Ablation, pm 55 54.81+3.56 0.470
MMC applied
% 55 77 -
(Continued)
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Table | (Continued).

Characteristics Control Group | Customized Group | P value
n=56 n=52

Sphere

Diopters, D —3.29+1.53 —3.38%1.52 0.707

Cylinder

Diopters, D —0.69+1.09 —0.50+0.67 0.370

Spherical equivalent

Diopters, D —3.64+1.37 —3.63x1.56 0.853

CDVA

Decimal 0.99+0.05 1.07£0.16 0.001*

HOA (RMS)

Frontal cornea, ym 0.390.11 0.370.11 0.347

Total cornea, ym 0.38+0.14 0.3610.12 0412

Notes: Data is expressed as mean * SD unless otherwise indicated. *P < 0.05 was considered

statistically significant.

Abbreviations: CDVA, corrected distance visual acuity; D, diopters; HOA, high order aberra-
tions; MMC, mitomycin-C; RMS, root mean square; SD, standard deviation.

Visual and Refractive Outcomes
Postoperatively, mean UDVA (decimal notation) was 1.09+0.18 in the customized group and 1.07+0.23 in the control

group with no significant difference between the groups (p=0.760). Postoperative UDVA of 20/20 or better was seen in

85% of the eyes in the customized group and 77% of the eyes in the control group, compared to 88% and 8§9%,

respectively, with preoperative CDVA of 20/20 or better (Figure 1).
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Figure | Visual outcome- Standard graphs: (A) and (B) represents cumulative distribution of visual acuity; (C) and (D) represents changes in lines of visual acuity.
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Figure 2 Refractive outcome- Standard graphs: (A) and (B) represents attempted vs achieved spherical equivalent line regression; (C) and (D) represents the ranges of
percentage of postoperative spherical equivalent; and (E) and (F) represents the percentage of postoperative cylinder.

The gain/loss of VA lines was similar in both groups. CDVA remained the same in 29 eyes (57%) in the customized
group and in 27 eyes (48%) in the control group. There was a gain of VA lines in 23 eyes (44%) in the customized group
and 29 eyes (52%) in the control group. No eyes lost lines of CDVA (Figure 1).

Figure 2 shows the refractive outcomes in both groups; similar refractive accuracy regarding spherical equivalent and

astigmatism was observed between both groups.

Corneal Aberrometry

Regarding frontal corneal aberrations, there was a significant postoperative increase in HOA in both groups (p<0.001),
from 0.39+0.11 pm to 0.66+0.18 um and from 0.37+0.11 um to 0.63+0.18 pum in the control and customized group,
respectively. This increment was mainly due to an increase in spherical aberration in both groups, from 0.25+0.07 um to
0.48+0.14 pm (p<0.001) and from 0.26£0.10 um to 0.454+0.13 pm (p<0.001) in the control and customized group,
respectively. Likewise, there was an increase in horizontal coma only in the customized group, from —0.02+0.12 um to
0.07+0.24 pm (p=0.003). On the contrary, there was a decrease in vertical coma in the control group, from —0.01
+0.17 pm to —0.07+0.25 pm (p=0.013) (Table 2).
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Table 2 Patient Pre- and Postoperative Aberrations of A) Frontal and B) Total Cornea

Control Group P value Customized Group P value P value
(n=56) (n=52) Control vs Customized
Pre-op Post-op Pre vs Post Pre-op Post-op Pre vs Post | Pre vs Pre | Post vs Post

A) Frontal Cornea Aberrations

Total (RMS, ym) 1.65+0.71 1.77+0.65 0.091 1.47+0.58 1.61+0.50 0.070 0.079 0.197
HOA (RMS, um) 0.39+0.11 0.66+0.18 <0.001* 0.37+0.11 0.63+0.18 <0.001* 0.347 0.464
Z 3,-1 (um) —0.01%0.17 | —0.07+0.25 0.013* 0.02+0.16 0.00+0.27 0.750 0.406 0.059

(vertical coma)

Z 3,1 (um) 0.00£0.14 | —0.02+0.25 0.987 —0.02+0.12 | 0.07+0.24 0.003* 0.304 0.130
(horizontal coma)

Z 4,0 (um) 0.25+0.07 | 0.48+0.14 <0.001* 0.26+0.10 | 0.45+0.13 <0.001* 0.890 0.495
(spherical aberration)

B) Total Corneal Aberrations

Total (RMS, um) 1.45+0.74 1.69+0.64 0.010%* 1.24+0.59 1.51+0.54 0.060 0.049* 0.157
HOA (RMS, ym) 0.38+0.14 0.67+0.20 <0.001* 0.36+0.12 0.64+0.20 <0.001* 0.412 0.369
Z 3,-1 (um) —0.05+0.17 | —0.11+0.27 0.016* —0.01£0.17 | —0.03+0.29 0.778 0.334 0.068

(vertical coma)

Z 3.1 (um) 0.00+0.14 | —0.02+0.26 0.766 —0.02+0.11 | 0.08+0.26 0.004* 0.274 0.069

(horizontal coma)

Z 4.0 (um) 0.20+0.08 0.45£0.15 <0.001* 0.22+0.11 0.42+0.14 <0.001* 0.724 0.557

(spherical aberration)

Notes: Data is expressed as mean + SD unless otherwise indicated. *P < 0.05 was considered statistically significant.
Abbreviations: HOA, high order aberrations; RMS, root mean square.

Regarding total corneal aberrations, changes were similar to those observed in frontal cornea. There was an increase
in HOA and spherical aberrations in both groups. HOA increased from 0.38+0.14 pm to 0.67+0.20 um (p<0.001) and
from 0.36+£0.12 um to 0.64+0.20 um (p<0.001) in the control and customized group, respectively. Spherical aberration
increased from 0.20+0.08 pm to 0.45+0.15 pm (p<0.001) and from 0.22+0.11 pum to 0.42+0.14 pm (p<0.001),
respectively. A decrease in vertical coma in the control group from —0.05+0.17 pm to —0.11£0.27 pm (p=0.016) and
an increase in horizontal coma in the customized group from —0.02+0.11 pm to 0.08+0.26 um (p=0.004) were noticed
(Table 2).

Corneal Densitometry

Table 3 and Figure 3 show baseline and postoperative densitometry values for both groups. In the anterior cornea, the
mean corneal densitometry (CD) decreased by 0.63 GSU (p=0.021) in the control group and 1.18 (p<0.001) in the
customized group. In posterior cornea, the mean CD increased by 1.67 GSU (p=0.004) and 0.38 GSU (p=0.006),
respectively.

The customized group showed marginally higher CD values in 02 mm and 2-6 mm regions in anterior, central,
posterior, and total cornea. In the control group, a small (not clinically significant) but statistically significant decrease in
the 6-10 mm concentric area of the anterior cornea (120 pm) was observed, along with a decrease in total anterior
densitometry. Conversely, there was a small significant increase in all concentric areas of the posterior cornea (60 pum)
and in the total posterior densitometry. Interestingly, there were no significant changes observed in the central cornea
(Table 3). However, in the customized group, all concentric areas of the anterior cornea, except for 10—12 mm, exhibited
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Table 3 Patient Pre- and Postoperative Corneal Densitometry Values

Control Group P value Customized Group P value P value
(n=56) (n=52) Control vs Customized
Pre-op Post-op Pre vs Post Pre-op Post-op Pre vs Post Pre vs Pre Post vs Post

Corneal densitometry (GSU)

Anterior (120 pm)

0-2 mm 22.09£2.75 21.86+2.82 0.204 24.60£2.03 23.45£2.50 0.001* 0.000* 0.001*
2-6 mm 19.52+2.29 19.11£2.10 0.072 21.76+1.80 20.25+1.93 <0.001* 0.000%* 0.002*
6—10 mm 20.08+4.04 19.24+3.91 0.004* 20.99+3.87 20.13+4.08 0.001* 0.073 0.126

10-12 mm 29.37+9.84 28.29+7.13 0.109 28.72+7.31 27.76+6.80 0.089 0.755 0.694

Total 21.74+3.08 21.11+2.64 0.021* 23.16+2.87 21.98+2.95 <0.001* 0.004* 0.173

Central

0-2 mm 13.96+1.22 14.16£1.36 0.334 14.87+1.14 15.25%1.17 0.088 0.000* <0.001*
2-6 mm 12.42+0.87 12.74£1.01 0.102 13.14£0.95 13.48+1.04 0.082 0.000* 0.001*
6—10 mm 13.71£2.94 13.86£3.01 0.870 14.09+£2.78 14.37£2.93 0.184 0.210 0.209

10-12 mm 19.13£5.25 18.76+3.82 0.480 19.89+4.21 19.33+£4.06 0.059 0414 0.583

Total 14.21+1.80 14.33+1.69 0.919 14.87+1.80 15.04+1.78 0.623 0.057 0.079

Posterior (60 pm)

0-2 mm 10.57+3.47 12.48+2.31 0.003* 13.55+1.04 13.77+1.03 0.095 0.000* <0.001*
2-6 mm 9.66+2.77 11.45+1.92 0.002* 12.08+0.81 12.44+0.85 0.002* 0.000* 0.004*
6—10 mm 11.56+3.14 13.12+3.08 0.009* 13.35%2.31 13.81+£2.34 0.01I* 0.001* 0.173
10-12 mm 15.22+3.66 16.63+3.52 0.002%* 17.08+3.35 17.61£3.59 0.083 0.007* 0.203
Total 11.36+2.82 13.03+£2.28 0.004%* 13.59+1.50 13.97+1.47 0.006* 0.000%* 0.061

Total Thickness

0-2 mm 15.53+2.32 16.17+1.98 0.213 17.67+1.29 17.49+1.35 0.229 0.000* <0.001*
2-6 mm 13.87+1.88 14.43+1.53 0.374 15.651.11 15.40%1.15 0.029* 0.000* 0.001*
6—10 mm 15.11+3.21 15.41+3.20 0.726 16.15+2.91 16.11+3.04 0.664 0.024* 0.126
10—-12 mm 21.24+5.8I 21.23+4.38 0.777 21.89+4.64 21.56+4.45 0.215 0.527 0.798
Total 15.78+2.35 16.16+2.05 0.652 17.21+1.95 16.99+1.96 0.128 0.001* 0.080

Notes: Data is expressed as mean + SD unless otherwise indicated. GSU 0O=total transparency. *P < 0.05 was considered statistically significant.
Abbreviation: GSU, grey scale units.

a significant decrease. In the posterior cornea, there was a slight increase in densitometry in the 2—6 mm, 6—10 mm, and
total diameter areas. The central cornea did not show significant change, while in the total thickness aberrometry, only the
2—6 mm region showed a small significant reduction (Table 3).

Discussion
To the best of our knowledge, this is the first study that compares the refractive, HOA, and corneal densitometry
outcomes of single-step Trans-PRK using the WaveLight EX500 excimer laser with StreamLight software (Alcon
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Laboratories, Forth Worth, TX, USA) with and without epithelial thickness customization. Trans-PRK eliminates the
need for mechanical epithelial scraping or chemical debridement using dilute ethanol.* This could result in a less painful
postoperative period, quicker re-epithelialization, and the avoidance of any complication related to traditional epithelial
debridement.*®!” As mentioned before, understanding the epithelial thickness is crucial in corneal refractive surgery as it
has an impact on surgical planning and outcomes.”''"'® Theoretically, performing customized Trans-PRK by measuring
the individual’s epithelial thickness could lead to improved outcomes. In that regard, the study aimed to evaluate the
surgical outcomes of Trans-PRK with and without epithelial thickness customization. Instead of relying on the standard
55 pum thickness, a patient-specific approach was employed (54.814+3.56 um) to observe if this led to better results.

Laser refractive surgery involves removing part of the corneal stroma, which reduces corneal thickness. The alteration
in corneal shape primarily manifests as displacements of the front and back surfaces of the cornea. Meanwhile, changes
in the refractive capacity can mainly be observed through wavefront aberrations induced following conventional laser
refractive surgery. Essentially, the displacement can be translated into aberrations.'

The current study assessed corneal aberrations as an indicator of corneal optical quality. Both the control and
customized groups exhibited a significant increase in HOA and spherical aberrations postoperatively on total and frontal
corneal aberrometry, as expected from the findings of previous studies.”? Zhang et al documented a comparable
preoperative total corneal HOA value of 0.40 um, which aligns with our findings of 0.38+0.14 um and 0.360.12 pm.’

Preoperative vertical and horizontal coma as well as spherical aberration in our study were also consistent with the
findings of Zhang et al. In contrast, our study demonstrated a significantly lower total corneal HOA at 6 months after the
surgery, with values of 0.67+0.20 um and 0.64+0.20 pm for the control and customized groups, respectively, compared
to 1.04 um in their study. A similar difference is also observed in terms of postoperative spherical aberration and vertical
coma. This can be explained by the difference in degree of preoperative myopia, as in our study we included patients who
had a mean spherical equivalent of —3.64+1.37D and —3.63+1.56 D vs —7.59+0.84 D in Zhang et al’s study. Another
possible explanation is that prior to laser ablation, a wet sponge was used to wipe the corneal surface to prevent uneven
wetting, and thus, uneven ablation. However, both studies showed similar levels of horizontal coma at the 6-month
mark.”

When anterior corneal aberrations were compared to total corneal aberrations, we found that the mean change of
HOA RMS in frontal cornea was similar to the mean change of HOA RMS in total cornea for both groups (0.27 pm vs
0.29 pum, respectively, in control group and 0.26 pm vs 0.28 pm, respectively, in customized group). Similar findings
were observed for vertical and horizontal coma, as well as spherical aberration.

In a finite element model of the human eye, the biomechanical effects-induced aberrations after conventional laser
refractive surgery were primarily a combination of defocus and primary spherical aberrations.'” This pattern aligned with
the findings related to the anterior corneal surface. Notably, the aberrations introduced by the posterior corneal surface
were less impacted compared to those from the anterior surface. Nevertheless, there was evidence of a partially
compensatory mechanism between the wavefront aberrations induced by the posterior corneal surface and those induced
by the anterior corneal surface. This observation suggests that the refractive shift generated by the excimer laser occurs
on the anterior surface of the cornea, so the pattern of changes in the HOAs is similar between frontal surface and total
corneal thickness, as observed in our study.
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The results of this study suggest that Trans-PRK surgery induces changes in corneal aberrations regardless of whether
epithelial thickness customization is performed. However, it is important to note that the customized group showed an
increase in horizontal coma, while the control group exhibited a decrease in vertical coma. These aberration changes have
implications for visual quality and should be considered in the post-operative management and optimization of Trans-
PRK outcomes.

Corneal densitometry (CD) values, used to assess corneal transparency and optical density, can change significantly
after corneal refractive surgery including PRK,*' affecting the overall visual quality.'**? Accordingly, by monitoring and
analyzing CD, healthcare professionals can gain valuable insights into the impact of corneal refractive surgery on corneal
health and visual outcomes.*” Corneal densitometry allows us to assess corneal haze following PRK.?' In Trans-PRK, the
cornea is exposed to laser ablation for a longer period of time than in conventional PRK, which hypothetically can cause
corneal inflammation and scarring, reducing corneal transparency. Significant differences in corneal densitometry
following Trans-PRK were observed in our study: the control group had lower postoperative densitometry in the central
regions (0—2 mm and 2—6 mm regions). However, this did not affect postoperative UDVA, which did not show significant
differences between both groups.

Currently, there are no universally established benchmarks for CD due to variations influenced by factors such as
ethnicity and age.”? One significant study conducted in Belgium provides insights into CD measurements, reporting
a total CD value of 19.74 GSU for the entire 12-mm area.'* In our study, preoperatively, the control group exhibited
a mean total CD of 15.7842.35 GSU, while the customized group showed a mean total CD of 17.21+1.95 GSU.
Additionally, the Belgian study found that the anterior cornea displayed the highest CD, which aligns with the findings of
our study. Previous studies have mentioned that CD typically increases after PRK.***** However, in our study, only the
posterior cornea showed an increase in CD, which contrasts with the findings of Montorio et al, where an increase in CD
in the anterior cornea was observed with no significant change in CD in posterior layers.”* Notably, Montorio et al’s
study was performed on patients that underwent PRK more than 22 years before the study. Instead, the present study
revealed a decrease in the CD values of the anterior cornea and an increase in the posterior cornea. This phenomenon can
be explained by several factors related to the corneal structure and healing processes. Firstly, the anterior cornea
experiences a more pronounced healing response due to the larger wound area caused by Trans-PRK. This leads to
increased epithelial-stromal interactions and the presence of myofibroblasts, which aid in tissue remodeling.> The
anterior stroma’s structure, with undulating and interwoven collagen bundles, supports this healing process, helping
maintain or even improve transparency.”® In contrast, the posterior cornea, especially in higher myopic corrections, may
respond less favorably. Differences in the behavior of keratocytes between the anterior and posterior cornea make the
posterior keratocytes more susceptible to transformation into myofibroblasts, which can increase light scatter.”> This
transformation may explain the worsening posterior CD values after surgery. The posterior cornea’s orthogonally
arranged collagen lamellae, which are less cohesive, may be more vulnerable to disorganization, further contributing
to increased light scatter.”” Additionally, the natural decrease in the corneal refractive index from anterior to posterior
plays a role in these observations.”® The anterior stroma scatters twice as much light as the posterior, making
improvements in anterior densitometry more noticeable. Conversely, the posterior stroma, with its lower scatter and
structural differences, may recover transparency more slowly, leading to a decline in CD values.”

Secondly, swelling patterns also differ between the anterior and posterior stroma. Swelling primarily occurs in the
posterior-anterior direction,?” with the anterior cornea experiencing the least swelling due to its lower hydrophilicity.>*
This resistance to swelling in the anterior stroma may help preserve its transparency post-surgery. Factors like the extent
of attempted correction (especially in higher myopic treatments), patient age, and the structural differences between
anterior and posterior stroma likely contribute to these empirical observations.”> Overall, the differential healing
capacities and structural organization of the cornea account for the improved anterior CD values and worsened posterior
CD values after Trans-PRK.

To further explain the improvement in anterior CD values, it is important to consider the role of MMC, which was
used in cases where central stromal ablation exceeded 65 pm. MMC primarily affects the anterior keratocytes, reducing
scar formation and potentially enhancing transparency in the anterior stroma.'® This could explain the significant
improvement in anterior CD values after Trans-PRK. However, because MMC does not impact the deeper posterior
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layers of the cornea, the worsening of posterior CD could be unrelated to its use. Lastly, it is possible that these effects,
particularly the increase in posterior CD, could decrease over time as the cornea continues to heal. Further long-term
studies are needed to evaluate the impact of refractive surgeries on both anterior and posterior CD values and to assess
whether the changes observed in the posterior cornea are temporary or sustained over longer follow-up periods.

Contrary to the initial hypothesis that a customized Trans-PRK approach would result in superior outcomes compared
to the standard thickness profile of 55 pum, the observed variations in epithelial thickness did not lead to statistically
significant differences in the outcomes between the two groups regarding corneal densitometry, higher-order aberrations,
and visual and refractive outcomes.

Conclusions

Overall, the study aimed to provide in-depth insights into the impact of epithelial customization approach on various
outcome parameters, shedding light on its effectiveness in corneal refractive surgery. The results indicate that both
control and customized groups experienced similar changes in corneal aberrations, suggesting that the surgical technique
itself may have a more dominant influence on these parameters. However, corneal densitometry changes differed between
the two groups, without affecting visual acuity. After Trans-PRK, anterior corneal densitometry improves due to
a stronger healing response and structural differences in the anterior stroma. In contrast, posterior densitometry worsens,
likely due to the cornea’s less cohesive lamellar structure and increased light scatter. These structural factors contribute to
the differential healing between anterior and posterior cornea. These findings emphasize that single-step Trans-PRK with
and without customization of the thickness of epithelial ablation is safe, effective, and repeatable, highlighting the need
for further research and optimization to enhance surgical outcomes and patient satisfaction.
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