
8-to-10-Year Follow-Up Results of Photorefractive 
Keratectomy and Risk Factors for Myopia Regression 
(Including Near Work Activity) in Southeast Iran

Introduction

Myopia and compound myopic astigmatism are the lead-
ing causes of reversible visual impairment, with increasing 
prevalence in the world (1). Laser refractive surgeries are 

the standard therapeutic modality for patients with myopia 

who do not choose optical corrections such as spectacles 

and contact lenses. Photorefractive keratectomy (PRK) and 

laser-assisted in situ keratomileusis are the two main cate-
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gories of laser refractive surgeries that are widely used (2).
PRK surgeries were first performed in the late 1980s and 

were considered a safe procedure; however, myopic regres-
sion would develop in some cases (3,4). This complication 
was mainly attributed to the wound healing response after 
the PRK procedure, but its exact mechanism is yet unclear 
(5,6). Many advancements in laser technology and photore-
fractive surgical procedures have been introduced in the past 
decades, and they have led to improved wound healing and 
reduced rates of myopic regression (7). Some of the more 
salient of these advancements are as follows: Higher-fre-
quency lasers with more intensive impulse rates, (8) transi-
tion from broad beam laser technology to flying spot laser 
technology, (9) application of a wider optical zone diame-
ter and transition zone, (10) application of aspheric ablation 
profiles and aberration-guided profiles, (8,11) introduction 
of an eye-tracking system to compensate for torsional eye 
movement in the supine position during PRK, (12) and ad-
ministration of mitomycin-C after laser ablation and corti-
costeroids (13).

Studying the long-term safety and efficacy of treatments 
is paramount in all medical interventions, including PRK. Sev-
eral long-term follow-up studies of PRK have been published 
from early PRK procedures, (14-17) but additional studies 
are required due to the lack of long-term studies after re-
cent technological and methodological evolution in the area 
of PRK. In this comprehensive study, we aim to evaluate the 
safety, efficacy, and predictability of PRK in a group of pa-
tients who underwent this procedure 8-to-10 years ago. Fur-
thermore, we aim to perform vector analysis for astigmatism 
using Alpin’s method.

In addition, we deploy regression analysis to evaluate po-
tential risk factors for myopic regression. Previous studies 
have evaluated the potential risk factors for myopic regres-
sion after PRK. These studies have revealed that a higher 
degree of refractive error, a smaller optical zone diameter, 
and a deeper ablation depth are associated with more ag-
gressive wound healing, haze formation, and, consequently, 
myopic regression (18-21). In this study, we aim to evaluate 
potential risk factors of corneal characteristics and some 
surgical parameters for myopia regression. Since it is a long-
term study, the risk factor of myopia progression should also 
be explored. Given the relationship between near-work ac-
tivity and myopia progression, (22) we incorporate hours of 
near-work activity per day after PRK as a covariate in the 
regression model.

Methods

In this retrospective design, we reviewed the medical records 
of 500 myopic individuals with or without astigmatism who 
had undergone PRK at least 8 years ago between 2015 and 

2017 in Motahari Ophthalmology Clinic, Shiraz, Iran. The 
study was conducted in accordance with the Declaration 
of Helsinki and approved by the local ethics committee (IR.
SBMU.RETECH.REC.1400.1193). The patients were called 
for a follow-up examination after 8 to 10 years. A total of 82 
patients participated in the study, and all of them submitted 
their informed consent. The main reasons for not attend-
ing the follow-up examination were a change in address and 
phone number, as well as time limitations. Other cases did 
not attend the follow-up sessions because they were satis-
fied with their vision.

All participants had a comprehensive ophthalmic exam-
ination including uncorrected visual acuity (UCVA), best-
corrected visual acuity (BCVA), dry and cycloplegic subjec-
tive refraction, tonometry, fundoscopy, and corneal imaging 
through Pentacam (Oculus Optikgeräte GmbH, Wetzlar, 
Germany) and Shack-Hartmann aberrometry (Bausch & 
Lomb Zywave, Rochester, New York). Patients with ecstatic 
corneal disease, corneal ulcer and trauma, and residual stro-
mal bed thickness <300 µm were initially excluded from 
the laser treatment. The patients with a history of other 
ocular surgeries or systemic conditions (e.g., diabetes and 
rheumatoid disease) were excluded from the study. Another 
complete ophthalmic examination was administered in the 
follow-up visits. Through an interview in the follow-up visit, 
the time spent on near-work activity was recorded for all pa-
tients. Near-work activity is characterized as any visual task 
performed from a habitual distance close to the eyes up to 
a distance of 70 cm away from the eyes. The assessment of 
near-work activity was based on self-reported data, partici-
pants’ respective jobs, and daily routines. Participants were 
categorized into two groups: Those with near-work activity 
>8 h/day and those with near-work activity <8 h/day. Partic-
ipants who performed office jobs and engaged in near-vision 
tasks for long hours were assigned to the near-work activity 
>8 h/day group. This group included accountants, bankers, 
computer technicians, engineers, educators, tailors, makeup 
artists, and similar occupations. On the other hand, partic-
ipants working in service sectors, where near-vision tasks 
were not prolonged, were included in the near-work activity 
<8 h/day group. This group included housekeepers, nurses, 
firefighters, divers, guards, and others.

It should be clarified that we assessed visual acuity in 
logMAR units and considered dry and cycloplegic subjective 
refraction both before and after PRK.

Surgical Technique
For the ablation procedure, local anesthetic drops were ap-
plied, and periorbital scrubbing was performed using povi-
done–iodine 10.0%. The eyes were irrigated with a balanced 
salt solution, but no alcohol was used. The Technolas Te-
neo 317 model 2 excimer laser and its ProScan software 
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(Technolas Perfect Vision, GmbH) were used to perform the 
ablations. By default, ProScan uses its built-in nomogram to 
determine the target refraction and ablation indices after the 
patient’s optical data are imported. However, some degree 
of overcorrection was applied depending on the patient’s 
age. For the spherical component of the target refraction, 
0.25 diopters (D) of overcorrection was applied in patients 
30 years or younger and 0.125 D of overcorrection in those 
older than 30 years. In case of astigmatism, 0.125 D of over-
correction was applied in patients aged 30 years or younger. 
Astigmatism, however, was not over-corrected in older pa-
tients.

Blunt spatula debridement was performed to remove the 
corneal epithelium. Next, laser ablation was administered. 
Static and dynamic cyclotorsion corrections compensated 
for eye movements throughout the ablation. All procedures 
were performed using the same technique by the four sur-
geons at the academic center. After ablation, a sponge soaked 
with mitomycin-C 0.02% and then squeezed was placed over 
the stromal bed for 25 s for patients with myopia >4.0 D (23 
patients). The eye was then irrigated with copious amounts 
of a chilled balanced salt solution. Eventually, a soft bandage 
contact lens with high oxygen permeability was placed over 
the cornea.

Post-operative Medication and Protocol
The protocol for post-operative medication was refined. 
Ciprofloxacin eye drops 0.3% was administered every 4 h for 
up to 7 days. The patients also received oral acetaminophen 
500 mg 3 times daily and betamethasone 0.1% (as the topical 
steroid anti-inflammatory drug) during the epithelial healing 
phase. The contact lens was removed 5 days after the surgery 
when corneal re-epithelialization was complete. If no corneal 
epithelial defect was detected after 5 days, patients were 
prescribed betamethasone 0.1% every 6 h for 2 weeks, after 
which it was tapered every 2 weeks to once daily for up to 6 
months. None of the patients had reported increased intra-
ocular pressure during betamethasone consumption, and at 
an 8-to-10-year follow-up visit. After complete re-epithelial-
ization, the patients were prescribed ciprofloxacin eye drops 
0.3 % every 4 h for 1 week and preservative-free artificial 
tears for 6 months. All patients were instructed to protect 
their eyes from ultraviolet (UV) light by wearing sunglasses. 
Corneal haze was assessed with a slit lamp.

The safety, efficacy, and predictability indices of PRK were 
evaluated in this study. Safety index was defined as BCVA-
post-PRK/BCVA-pre-PRK. Efficacy index was defined as 
UCVA-post-PRK/BCVA-pre-PRK. Moreover, predictability 
index was defined by comparing achieved refraction versus 
attempted refraction using linear regression analysis. The 
potential risk factors for myopic regression were evaluated, 
and the cut-off point for myopic regression was defined as 

spherical equivalent <−0.25 D from the plano. Potential risk 
factors of myopic regression that were considered in this 
study include age, pre-operative refractive error, mean ker-
atometry, central corneal thickness, white-to-white corneal 
diameter, ablation depth, optical zone diameter, and near 
work activity >8 h.

Astigmatism analysis using Alpin’s method was employed 
to evaluate the effectiveness of PRK correction for astig-
matism (23). The correction index represents the ratio of 
achieved astigmatic correction to the intended correction, 
where a value of 1.0 indicates perfect correction, values >1.0 
suggest overcorrection, and values <1.0 indicate undercor-
rection. The magnitude of error measures the difference 
between the achieved and target astigmatism correction, 
with values close to zero indicating optimal outcomes. The 
angle of error quantifies the misalignment between the in-
tended and actual correction axis, with larger values indi-
cating greater deviation. Finally, the index of success eval-
uates how closely the post-operative astigmatism matches 
the ideal correction, with values near zero reflecting better 
outcomes, values >0 suggesting overcorrection, and values 
<0 indicating undercorrection.

A correction index of ≥1.5 was classified as the over-cor-
rected group, whereas a correction index of ≤0.5 was clas-
sified as the under-corrected group. The two groups were 
compared based on post-operative cylindrical error, visual 
acuity, ablation depth, and optical zone diameter, as well as 
pre-operative refraction, corneal characteristics, and ocular 
higher-order aberrations for 5 mm pupil.

Statistical analysis was performed using SPSS version 25 
(IBM, Armonk, New York). Descriptive statistics were used 
to describe the data. The non-parametric Mann–Whitney U 
test was used to make comparisons between patients with 
and without myopic regression, and between patients with 
correction index of ≥1.5 (overcorrected for astigmatism), 
and correction index of ≤0.5 for astigmatism (undercor-
rected for astigmatism). Univariate regression analysis was 
performed to determine the association between myopic re-
gression and the potential risk factors. In addition, the mul-
tivariable logistic regression analysis that was run included 
possible risk factors with a relevant p<0.2 (p<0.05 was con-
sidered statistically significant).

Results

The demographic, refractive, corneal characteristics, opti-
cal zone, and central ablation depth of the studied indi-
viduals are provided in Table 1. A comparison was made 
in the mentioned parameters between 418 patients (130 
male and 288 female) with a mean age of 28.55±5.31 years 
at the time of PRK surgery who did not present for follow 
up visit, and 82 participants (25 male and 57 female) with a 
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mean age of 30±5.80 years at the time of PRK surgery who 
attended for the 8-to-10-year follow-up visit. There were 
no significant differences in the mentioned parameters be-
tween the two groups (all p>0.05). The distribution of op-
tical zone versus central ablation depth is shown in Figure 
1. In addition, the regression lines illustrating the relation-
ship between optical zone and ablation depth based on the 
severity of myopia in the studied subjects are presented in 
the accompanying figure.

There were significant improvements in visual parameters 
8 to 10 years after PRK (Table 2). The pre-operative spher-
ical equivalent was −3.61±1.80 D, and the post-operative 
spherical equivalent was −0.12±0.25 D in the 8-to-10-year 

Figure 1. Distribution of optical zone versus central ablation depth. The figure represents the re-
gression lines between optical zone and ablation depth based on the severity of myopia in the studied 
subjects.

Table 1. Patients’ baseline visual characteristics and surgical parameters

Parameter Patients did not present for follow-up visit Patients presented for follow-up visit p

Gender 418 (130 male and 288 female) 82 (25 male and 57 female) 0.65

Age 28.55±5.31 (18–40) 30.07±5.82 (20–40) 0.08

Spherical equivalent (D) -3.83±1.70 (-10.00–-0.50) -3.61±1.80 (-9.50–-1.00) 0.45

Astigmatism (D) -1.01±0.9 (-4.50–0.00) -0.95±0.80 (-3.00–0.00) 0.50

Mean keratometry (D) 43.81±1.32 (39.30–47.10) 44.05±1.24 (40.55–46.40) 0.30

Central corneal thickness (µm) 541.93±28.60 (477–650) 547.87±20.11 (505–600) 0.16

White-to-white corneal diameter (mm) 11.63±0.35 (10.60–13.20) 11.67±0.35 (10.90–12.50) 0.46

Optical zone (mm) 6.77±0.32 (6–7) 6.75±0.34 (6.00–7.00) 0.48

Central ablation depth (µm) 78.21±24.66 (23–139) 74.90±25.82 (26–133) 0.54

D: Diopter; mm: Millimeter; µm: Micrometer.

Table 2. Visual parameters of the patients 8-to-10 years after 
photorefractive keratectomy

Parameter Pre-operative Post-operative p

Spherical equivalent (D) -3.61±1.80 -0.12±0.25 <0.001*

Cylindrical refraction (D) -0.95±0.80 -0.46±0.28 0.002*

UCVA (LogMAR) 0.62±0.49 0.03±0.05 <0.001*

BCVA (LogMAR) 0.005±0.02 0.002±0.01 0.50

UCVA: Uncorrected visual acuity; BCVA: Best-corrected visual acuity; 
logMAR: Logarithm of minimum angle resolution. *P-values indicated with an 
asterisk mark show statistically significant values. (P<0.05).
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follow-up visits (p<0.001). No eye lost one line or more of 
BCVA compared to pre-operative values. Furthermore, 72% 
of eyes had UCVA equal to 0 logMAR (=20/20 Snellen), and 
100% had UCVA better than 0.2 logMAR (=20/30 Snellen) 
(Fig. 2). Besides, 74.4% of eyes showed spherical equivalent 
within ±0.25 D, and 73.2% showed astigmatic error within 
0.00–−0.50 D in the 8-to-10-year follow-up visits (Figures 
3 and 4). No eye showed a hyperopic or myopic spherical 
equivalent refractive error of >1 D and an astigmatism >1.25 
D in the 8-to-10-year follow-up visits (Figs. 3 and 4).

The mean attempted correction as spherical equiv-
alent was −3.61±1.80 D (range from −9.50 to −1.00 D), 
whereas the mean achieved correction after 8-to-10 years 
was −3.48±1.78 D (range: −9.25–−0.87 D), suggesting no 
statistically significant difference (p=0.2). Linear regression 
analysis of the achieved versus the attempted refraction 
correction revealed y = 0.97x + 0.23, (r2 = 0.976) (Fig. 5). 
Meanwhile, the linear regression model of the achieved ver-
sus the pre-operative spherical equivalent myopia yielded y 
= 0.98x + 0.05 (r2 = 0.98) (Fig. 6). The difference between 

Figure 2. Cumulative frequency of pre-operative corrected and uncorrected distance visual acuity 
and 8-to-10-year post-operative uncorrected distance visual acuity.

Figure 3. Distribution of spherical equivalent refractive categories 8-to-10 years after photorefractive 
keratectomy.
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the y-intercepts of the two models was related to the ini-
tial overcorrection in the attempted refraction. This result 
implies that after early overcorrection in attempted refrac-
tion, patients are very close to emmetropia in 8- to 10-year 
follow-up visits. The observed safety index, efficacy index, 

and predictability were 1, 0.95, and 0.97, respectively. In 
our follow-up of 82 cases, no signs of corneal haze were 
observed during slit-lamp biomicroscopy assessment. No 
patient reported glare or subjective haze 8-to-10 years 
postoperatively.

Figure 4. Distribution of refractive astigmatism before and 8-to-10 years after photorefractive keratectomy.

Figure 5. Linear regression analysis of attempted spherical equivalent refraction versus achieved 
spherical equivalent refraction. Each gray circle represents a treated eye. The black dashed line rep-
resents the generated trend line, whereas the black line represents the optimum setting at which the 
achieved correction would equal the attempted correction. Dots scattered above the black line are 
under-corrected eyes, and those scattered below the black line are over-corrected eyes.
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Myopic regression in this study was defined as a change 
in spherical equivalent <−0.25 D from the plano. Accord-
ingly, 22% of cases (four male and 14 female) showed my-
opic regression. Table 3 compares patients with and without 
myopic regression in terms of the pre-operative values of 
age, refractive components, cornea characteristics, ablation 
depth, optical zone diameter, and duration of near work ac-
tivity. The two groups showed differences in pre-operative 
spherical equivalent refractive error, white-to-white corneal 

diameter, and ablation depth. (All p<0.05).
The results of univariate and multivariate binary logistic 

regression analysis are provided in Table 4. In binary logis-
tic regression analysis, we considered age, pre-operative 
spherical equivalent refractive error, cylindrical error, mean 
corneal curvature, central corneal thickness, white-to-white 
corneal diameter, ablation depth, optical zone diameter, and 
near work activity. The level of myopia, ablation depth, and 
corneal white-to-white are three significant risk factors. The 

Figure 6. Linear regression analysis of pre-operative spherical equivalent refraction versus achieved 
spherical equivalent refraction. Each gray circle represents a treated eye. The black dashed line rep-
resents the generated trend line, whereas the black line represents the optimum setting at which the 
achieved correction would equal pre-operative the correction. Dots scattered above the black line are 
under-corrected eyes, and those scattered below the black line are over-corrected eyes.

Table 3. Comparison between the non-regressed and regressed groups

  Non-regressed group Regressed group p

Number of patients n=64 (21 M/43 F) n=18 (4 M/14 F) -

Age (year) 30±5.81 29±5.86 0.30

Post-operative spherical equivalent refractive error (D) -0.03±0.18  -0.47±0.14 < 0.001*

Pre-operative spherical equivalent refractive error (D) -3.32±1.75 -4.62±1.70 0.005*

Pre-operative Astigmatism (D) -0.99±0.83 -0.80±0.64 0.54

Mean front corneal curvature (D) 43.10±1.30 44.20±0.90 0.43

Central corneal thickness (µm) 547±20 551±21 0.40

White-to-white corneal diameter (mm) 11.75±0.38 11.46±0.34 0.008*

Ablation depth (µm) 68.31±25.20 90.66±20.52 0.01*

Optical zone diameter (mm) 6.78±0.33 6.67±0.40 0.14

Near work activity (hours) n=24 near work ≥8 h n=9 near work ≥8 h 0.50

  n=40 near work <8 h n=9 near work <8 h

*P-values indicated with an asterisk mark show statistically significant values. (P<0.05).
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odds of myopic regression are anticipated to grow about 1.4 
times larger for each 1 D increase in myopia level (p=0.04, 
CI: 1.00, 1.90) and 1.05 times larger for each 1 µm increase 
in ablation depth (p=0.04, CI: 1.00, 1.10). Besides, they are 
expected to decrease by a factor of about 0.02 with each 
additional millimeter of corneal white-to-white (p=0.03, CI: 
0.02, 0.90).

Astigmatism analysis demonstrated a significant reduc-
tion in cylindrical error following PRK. Preoperatively, the 
mean cylindrical error was −0.95±0.79 D (range: −3.00–
0.00 D), which improved postoperatively to −0.48±0.29 D 
(range: −1.25–0.00 D). Astigmatism analysis using Alpins’ 
method also demonstrated that PRK effectively reduced 
astigmatism, with a mean correction index of 1.02±0.78 
(median: 0.90), indicating a slight tendency toward overcor-
rection. The magnitude of error averaged 0.12±0.40 (me-
dian: 0.15), suggesting that while most cases were close 
to the intended correction, variability was present, with 
some under- and over-correction. The angle of error had 
a mean of 22.63±25.22° (median: 15.00°), with a range up 
to 115°, indicating that while many corrections were well-
aligned, some exhibited significant axis misalignment. The 
index of success had a mean of 0.02±0.78 (median: −0.10), 
demonstrating that, overall, PRK provided effective astig-
matism correction, with most cases achieving near-optimal 
outcomes. However, the wide range of correction index, 
magnitude of error, and index of success values highlights 
variability in individual responses.

A comparison between the over-corrected and under-
corrected groups, based on the correction index according 
to Alpin’s method, is presented in Table 5. The study in-
cluded 15 patients in the under-corrected group (correction 
index ≤0.50) and 12 patients in the over-corrected group 

(correction index ≥1.50). Post-operative UCVA was signifi-
cantly better in the under-corrected group (0.03±0.04 D vs. 
0.08±0.05 D, p=0.02). In addition, the pre-operative astig-
matism was significantly higher in the under-corrected group 
(−0.70±0.25 D) compared to the over-corrected group 
(−0.50±0.36 D, p=0.02). While other parameters, including 
age, post-operative astigmatism, corneal characteristics, and 
ocular HOAs, showed no significant differences between the 
two groups.

Discussion

In this retrospective study, we evaluated the 8-to-10-year 
outcomes of mechanical PRK performed between 2015 
and 2017 in 500 patients with myopia and myopic astig-
matism. The results showed that PRK is a very safe pro-
cedure with highly predictable and stable outcomes. Our 
long-term follow-up results showed that the safety, efficacy, 
and predictability indices were 1, 0.95, and 0.97, respectively. 
A recent meta-analysis study confirmed that surface laser 
refractive technologies have excellent safety, efficacy, and 
predictability at least in the short-term follow-up (2). The 
current study analysis showed that 72% of eyes had a vis-
ual acuity of 20/20, and 100% of eyes had a visual acuity of 
20/30 in the 10-year follow-up visit. The results also showed 
that 74.4% of eyes were within ±0.25 D, 100% of eyes were 
within ±1.00 D of spherical equivalent refractive error, and 
no eye required retreatment. Previous long-term studies 
have reported different rates of retreatment, ranging from 
2% of eyes in the study by Vestergaard et al. (24) to 24.5% in 
the study by Castro-Luna et al. (25) 

In our study, no incidence of corneal haze was observed 
after 10 years post-PRK. Long-term follow-up data gener-
ally indicate that most haze occurs within the 1st year after 

Table 4. Regression analysis of the risk factors for myopic regression following photorefractive keratectomy

  Odds ratio 95% CI p Odds ratio 95% CI p

Age (year) 0.96 (0.87, 1.05) 0.40 - - -

Gender (male or female) 0.09 (-0.11, 0.28) 0.30 - - -

Pre-operative spherical equivalent refractive error (D) 1.50 (1.10, 2.00) 0.01 1.4 (1.00, 1.90) 0.04*

Astigmatism (D) 0.70 (0.35, 1.5) 0.40 - - -

Mean front corneal curvature (D) 1.20 (0.80, 1.85) 0.40 - - -

Central corneal thickness (µm) 1.0 (0.98, 1.03) 0.40 - - -

White-to-white corneal diameter (mm) 0.08 (0.01, 0.50) 0.006 0.14 (0.02, 0.90) 0.03*

Ablation depth (µm) 1.10 (1.00, 1.08) 0.02 1.05 (1, 1.1) 0.04*

Optical zone diameter (mm) 0.60 (0.2, 2.50) 0.50 - - -

Near work activity (hours) 0.07 (-0.13, 0.27) 0.50 - - -

*P-values indicated with an asterisk mark show statistically significant values. (P<0.05). CI: Confidence interval.
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surgery, with few cases persisting over time (26). The inci-
dence of corneal haze after PRK has decreased with modern 
surgical techniques and post-operative management (27-29). 
Factors such as the degree of refractive error correction, 
(27) intraoperative use of MMC, (28) and adherence to post-
operative care protocols, including the use of topical corti-
costeroids and protection against UV exposure, play a crucial 
role in minimizing haze development. Our findings align with 
these trends, suggesting that, with appropriate management, 
the long-term risk of corneal haze remains minimal.

Some previous studies that have evaluated the long-term 
results of PRK surgery are chronologically discussed in this 
section.

O’Brart et al. (14) published the 20-year follow-up results 
of early PRK on 42 eyes. In that study, the mean pre-oper-
ative refractive error was −5.13±1.86 D. The mean post-
operative refractive error was −1.18±1.35 D at the 1-year 
follow-up and −1.72±1.69 D at the 20-year follow-up, and 
the efficacy index was 49% at the 20-year follow-up. Shalchi 
et al. (15) reported the 18-year follow-up results of 92 eyes. 
The mean pre-operative refractive error was −4.86±1.61 D, 
and the mean post-operative refractive error was −0.74±1.4 
D. Besides, 30% of patients were within ±0.50 D refractive 

error after 18 years, and the efficacy index was 58% at 18-
year follow-up, which was lower than the efficacy index in 
the current study. In these two studies, the laser technology 
and PRK procedure differed from those in the current study. 
Both studies used the UV200 excimer lasers (Summit Tech-
nology, Waltham, Massachusetts) to treat the eyes and used 
broad-beam laser and iris diaphragm technology. All treat-
ments were spherical and used a 5 mm or 6.00 mm optical 
zone diameter with no transition zone and no aspheric pro-
files. Furthermore, no adjunctive mitomycin-C was used in 
these two studies.

In another study, Cennamo et al. (29) published the re-
sults of a 20-year follow-up of 85 eyes: The mean pre-oper-
ative refractive error was −5.90±3.56 D, and the mean post-
operative refractive error was −1.60±2.10 D. The efficacy 
index was 63%, which was lower than in the current study, 
possibly due to differences in laser technology. In this study, 
the patients underwent PRK treatment for myopia with a 
193-nm excimer laser (Aesculap, Meditec, Jana, Germany) 
operating in a scanning mode with a 7 × 1 mm slit. Only the 
spherical equivalent was considered. The iris diaphragm was 
set to 5 mm in some cases and 6 mm or 7 mm in others, 
with a tapered transition zone considered in all cases. Fur-

Table 5. Comparison between over-corrected and under-corrected groups for astigmatism according to the correction index based on 
Alpin’s method

  Under-corrected group Over-corrected group p 
	 	 (correction	index	≤0.50)	 	(correction	index	≥1.50)

Number of patients 15 12

Age (year) 29.33±6.34 29.08±6.11 0.80

Post-operative Astigmatism (D) -0.56±0.22 -0.73±0.34 0.15

Post-operative Uncorrected distance visual acuity (D) 0.03±0.04 0.08±0.05 0.02*

Pre-operative Astigmatism (D) -0.70±0.25 -0.50±0.36 0.02*

Pre-operative spherical equivalent refractive error (D) -3.60±2.41 -3.80±1.00 0.18

Mean front corneal curvature (D) 44.19±1.42 44.25±0.87 0.98

Mean back corneal curvature (D) -6.35±0.21 -6.37±0.20 0.76

Central corneal thickness (µm) 552±16 552±21 0.98

White-to-white corneal diameter (mm) 11.63±0.33 11.67±0.40 0.96

Ablation depth (µm) 61.16±22.19 75.57±16.01 0.31

Optical zone diameter (mm) 6.63±0.43 6.88±0.20 0.28

Ocular horizontal coma (µm) 0.06±0.12  0.06±0.11 0.52

Ocular vertical coma (µm) 0.09±0.20 0.02±0.16 0.23

Ocular horizontal trefoil (µm) 0.007±0.10 -0.02±0.09 0.62

Ocular vertical trefoil (µm) -0.10±0.20 -0.03±0.13 0.66

Spherical aberration (µm) 0.05±0.09 0.01±0.07 0.13

Total root mean square higher-order aberration (µm) 3.12±2.06 3.55±0.96 0.40

*P-values indicated with an asterisk mark show statistically significant values. (P<0.05).
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thermore, the patients did not receive mitomycin or corti-
costeroid eye drops.

Zalentein et al. (16) reported the results of an 8-year 
follow-up of two PRK groups with a mean refractive error of 
−4.5±1.6 D. The first group consisted of 27 eyes that under-
went PRK with a broad-beam laser system (Visx Star, version 
2.5). The post-operative refractive error was −0.7±0.5 D, 
and 48% of eyes were within ± 0.5 D. The other group in-
cluded 34 eyes that underwent PRK with a scanning-slit laser 
system (Nidek EC-5000, Nidek Technologies, Pasadena, 
California). The mean post-operative refractive error was 
−0.4±0.4 D, and 73% of eyes were within ±0.5 D. The op-
tical zone diameter was between 5.0 mm and 6.5 mm. The 
results of the scanning-slit laser system were more similar to 
our results.

These studies represent the long-term outcomes of early 
PRK surgeries using older laser technology and PRK tech-
niques. The efficacy index in the current study is 0.95, which 
is higher than in previous long-term studies. This high effi-
cacy could be attributed to the more recent advancements 
in laser technology used for PRK procedures. The current 
study applied flying spot laser technology instead of earlier 
techniques of broad beam and scanning-slit systems. Further-
more, we applied a wider optical zone, aspherical ablation 
profile, and mitomycin-C after surface ablation, which led to 
more effective and predictable results than those of previous 
long-term studies. Recently, Castro-Luna et al. (25) published 
the results of a 10-year follow-up study on 509 eyes: The 
mean pre-operative refractive error was −7.18±1.13 D, and 
the mean post-operative refractive error was −1.22±1.54 D. 
The ablation procedure was conducted using Esiris excimer 
laser (Schwind eye tech-solutions GmbH, Kleinostheim, 
Germany). Mitomycin-C was administered in all cases of PRK 
with more than −6 D. The efficacy index was 83.3%, which is 
similar to the current study.

In the current study, myopic regression was defined 
as spherical equivalent <−0.25 D from the plano. Ac-
cordingly, 22% of patients had developed myopic regres-
sion. The results confirmed that a smaller white-to-white 
corneal diameter could be a risk factor for myopic re-
gression. We found that the odds of myopic regression 
shrink 0.14 times by each 1 mm increase in white-to-white 
corneal diameter, and patients with myopic regression 
exhibited approximately 0.3 mm smaller white-to-white 
corneal diameter. Previous studies have revealed that 
higher levels of myopia are correlated with smaller white-
to-white corneal diameters (30). The increased odds of 
myopic regression in smaller corneas may be due to the 
relationship between the level of myopia and the corneal 
white-to-white diameter. Myopic regression is attributed 
to the epithelial and stromal remodeling after PRK (5) It 

has been revealed that eyes experiencing myopic regres-
sion are highly susceptible to increased corneal epithelial 
thickness (31). Recent studies have shown the reverse re-
lationship between white-to-white corneal diameter and 
central corneal thickness (32). The increased odds of my-
opic regression in smaller corneas may also be attributed 
to the relationship between corneal thickness and the size 
of the corneal diameter. Further investigation is required 
in this regard.

In line with previous studies, we found that spherical 
equivalent refractive error and ablation depth are two risk 
factors for myopic regression (18-21). The results of our 
analysis showed that a 1 D increase in myopia and a 1 µm 
increase in ablation depth will raise the odds of myopic re-
gression by 1.4 and 1.05 times, respectively, Alió et al. (19) 
developed a model that predicted −2.00 D myopic regres-
sion for an ablation depth of 130 µm at 15 years after PRK. 
They reported that regression depended on both sphere and 
cylinder (18,19). Pokroy et al. (33) reported that the likeli-
hood of retreatment would increase significantly in case of 
astigmatism ≥3.5 D. In the current study, cylindrical power 
was not a risk factor for myopic regression, but all patients 
had an astigmatism power <3.00 D.

In the current study, the optical zone was ≥6mm, and it 
was not a risk factor for myopic regression. However, pre-
vious studies suggest that a smaller optical zone could be 
a risk factor for myopic regression (35-37). It has been re-
vealed that a 6 mm optical zone offers more effective results 
than a 5 mm optical zone does (36). Meanwhile, Shin et al. 
reported no significant difference in the refractive results 
of 6 mm and 6.5 mm optical zones. However, the 6.5 mm 
optical zone showed a smaller amount of higher-order aber-
rations, (7) which confirms our finding that optical zone ≥6 
mm is not a risk factor for myopic regression. In terms of 
gender, some studies have introduced the female gender as 
a risk factor for myopic regression, (38) but our findings do 
not support this perspective. We did not find any predispo-
sition according to gender.

The myopic shift after PRK reported in long-term stud-
ies is not only attributed to myopic regression but also to 
the tendency of myopia to progress in young adults (14,39) 
In a long-term study, O’Brart et al. (14) revealed that axial 
length increased by a mean of 0.84 mm between 6 months 
and 20 years after PRK in patients younger than 40 years 
old. In addition to genetic factors, the environmental fac-
tor of increased near-work activity is known as a potential 
risk factor for myopia progression in adults (22). In the 
current long-term study, this risk factor was evaluated us-
ing regression analysis. However, we did not find it to play 
a significant role in this context. In the literature review, 
we did not find any article specifically evaluating the risk 
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factor of near-work activity on myopia progression in pa-
tients who have undergone PRK. Weng et al. (40) studied 
the effect of monocular myopia ablation on axial length 
elongation. The results of this study showed the inhibitory 
effect of myopic laser ablation on axial length elongation 
compared to the fellow eye. It is believed that near-work 
activity may contribute to myopia progression by alter-
ing the accommodation response and inducing negative 
changes in spherical aberration (41). After PRK, a positive 
shift occurs in spherical aberration, (42) which can poten-
tially counteract the negative shift in spherical aberration 
caused by near-work activity. Further investigation is re-
quired to compare the rate of adult myopia progression 
in myopic patients who have undergone PRK with those 
in other myopic patient populations. It should be men-
tioned that in the current study, an initial overcorrection 
had been performed on patients under 30 years old, which 
could have brought about a compensatory effect on my-
opia progression over time.

This study confirmed that PRK effectively reduces 
astigmatism, significantly decreasing cylindrical error 
from −0.95±0.79 D to −0.48±0.29 D, in line with previ-
ous research (44). Alpins’ vector analysis further validated 
PRK’s effectiveness, showing a mean correction index of 
1.02±0.78, suggesting a slight tendency toward overcorrec-
tion. The observed error magnitude was 0.12±0.40, with 
an error angle of 22.63°±25.22°. The variability suggests 
that some cases experience significant axis misalignment or 
overcorrection. Kapadia et al. revealed that spherical ex-
cimer laser PRK is associated with considerable surgically 
induced astigmatism, likely due to ablation decentration, 
irregularities in the excimer laser beam, and differences in 
wound healing across the ablated zone (45). However, the 
use of aspheric ablation and a larger optical zone has led 
to highly effective PRK outcomes for astigmatism. Studies 
suggest that the trans-PRK technique yields better results 
than mechanical PRK, particularly for moderate to high 
astigmatism (46). In the current study, the mechanical PRK 
procedure was used, and the 8-to-10-year results indicate 
that PRK provides effective and stable outcomes for astig-
matism. No eyes required retreatment, and there was no 
significant decline in post-operative UCVA.

A comparison between undercorrected and over-cor-
rected astigmatism groups showed significant differences in 
post-operative UCVA, with better outcomes in the under-
corrected group (0.03±0.04 vs. 0.08±0.05). In addition, pre-
operative astigmatism was significantly higher in the under-
corrected group, suggesting that initial astigmatism levels 
influence surgical outcomes. Mimouni et al. (47) and Vaj-
payee et al. (48) similarly reported that higher pre-opera-
tive astigmatism is associated with undercorrection in post-

operative results. Other parameters, including age, corneal 
characteristics, ocular higher-order aberrations, optical 
zone (≥6 mm), and ablation depth, did not show significant 
differences between groups. Lombardo et al. (49) suggest 
that individual biomechanical and healing factors contribute 
to variations in long-term change of anterior cornea after 
PRK. They found that the central curvature of the anterior 
cornea remained stable over the long-term post-operative 
period, with no significant changes. Major changes were ob-
served only in the peripheral anterior cornea, which does 
not affect vision. Overall, PRK remains a reliable method 
for correcting astigmatism, with outcomes consistent with 
previous studies.

This study has some strengths and limitations. The 
strengths include its long-term follow-up period and its rel-
atively large sample size. In addition, this study evaluated 
a wide range of risk factors for myopic regression. On the 
other hand, since it was a retrospective study, the 1-year 
post-operative results of the patients were not available for 
comparison, which is a limitation of our study.

Conclusion

The current study substantiates that mechanical PRK is a 
highly safe, stable, and predictable surgery for correcting my-
opic spherical equivalent up to −10 D, and cylindrical error 
up to −3.00 D, over a 10-year follow-up period. We found 
that refractive error in all cases fell within ±1D, and no pa-
tient required retreatment. The potential risk factors for my-
opic regression to −0.25 D within 10 years post-operation 
were the pre-operative level of myopic spherical equivalent, 
ablation depth, and white-to-white corneal diameter. How-
ever, increased time spent on near-work activity was not a 
risk factor for myopia progression after PRK in this study. 
The current study found that under-corrected eyes for astig-
matism had a higher magnitude of pre-operative astigmatism 
compared to over-corrected eyes, and the same trend was 
observed in reverse.
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