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Abstract

Backgtound: Photorefractive keratectomy (PRK) is used for a wide range of refractive errors such as low to
moderate myopia, hyperopia and astigmatism. While many improvements have been made in laser application and
accuracy as well as the modes of corneal flap removal, and although the results are somewhat predictable,
regression of refractive errors is still a common complaint among the patients undergoing refractive surgery with
Excimer Laser. We aimed to determine related factors of regression following photorefractive keratectomy (PRK) in
different types of refractive errors.

Methods: This cross-sectional study included patients who had undergone PRK more than 6 months previously
and investigated refractive error regression and related factors. The participants were those who had PRK eye surgery
for the first time from 2013 to 2016 using Technolas 217z100. A refraction value of spherical equivalent > 0.75 D after
cycloplegic refraction was defined as refractive error regression.

Results: A total of 293 eyes on 150 subjects were studied. The preoperative refractive error of the eyes were as follows:
5.5% were myopic, 1% were hyperopic, 4.8% had astigmatism, 76% had myopic astigmatism and 12.6% had hyperopic
astigmatism. Regressed and non-regressed eyes were assessed using the generalized estimating equations for the
probabilistic variables of demographic characteristics, topography and eye refraction. The variables of simulated
keratometry astigmatism (simK) (OR = 2.8; p = 0.04), 5 mm irregularity (OR = 3.56; p = 0.01) and sphere value (OR = 1.98;
p = 0.01) were significantly related to refractive error regression. There was no significant relationship between the
regressed and non-regressed eyes of the same person (p≥ 0.05).

Conclusion: There was a positive relationship between the increase of 5 mm irregularity, simK, sphere value before
surgery and refractive error regression. Age, sex and type of refraction error of the patient and the expertise of the PRK
surgeon could change the general results; therefore, not all cases should be dealt with identically.
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Background
Current advances in refractive surgery have caused dra-
matic changes in ophthalmology. Excimer laser photore-
fractive keratectomy (PRK) is accepted as an effective and
desirable method of treating refractive error [1, 2]. PRK is
used for a range of refractive errors, including low to
moderate myopia, hyperopia and astigmatism [2, 3]. While
many improvements have been made in laser applications
and accuracy as well as the mode of corneal flap removal,

regression of refractive error is still a common complaint
among patients undergoing refractive surgery with
excimer laser. Recent estimates showed that 3.8% to 20.8%
of patients require retreatment after myopia correction.
Generally, the need for retreatment after surgery with an
excimer laser is 6.8% [4–9]. This is why some patients are
not satisfied with this type of surgery.
The factors associated with the need for retreatment

after LASIK surgery include a small optical zone [10–12],
flap thickness [13], high correction [14], keratometry
readings [15], significant astigmatism [6, 10, 16], age
over 40 years [16]. In PRK, they include the use of Mi-
tomycin [17], refractive correction > − 5.00 D, smaller
optical zone (< 6.00 mm) and unstable fixation during

* Correspondence: s.sabour@sbmu.ac.ir
1Department of Clinical Epidemiology, School of Public Health, Safety
Promotion and Injury Prevention Research Center, Shahid Beheshti University
of Medical Sciences, Chamran Highway, Velenjak, Daneshjoo Blvd, Tehran, I.R,
Iran
Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Naderi et al. BMC Ophthalmology  (2018) 18:198 
https://doi.org/10.1186/s12886-018-0879-y

http://crossmark.crossref.org/dialog/?doi=10.1186/s12886-018-0879-y&domain=pdf
http://orcid.org/0000-0002-1928-992X
mailto:s.sabour@sbmu.ac.ir
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


laser ablation [18]. It can be said that the stability of
PRK is less satisfactory than with LASIK surgery [19, 20].
Determining the factors associated with regression in PRK
surgery can help select the best case for this type of
surgery and reduce the financial burden of the patient.
The number of studies have comprehensively that have

examined the factors relating to regression of refractive
error after PRK is insufficient. The current study was
carried out to identify the factors associated with refractive
error regression in individuals who had undergone PRK
because of refractive error. The prevalence of refractive
error regression was examined using the variables of sex
and age as well as the medical specialty of the surgeon.
The relationships between the factors related to refractive
error regression in each subgroup were assessed to deter-
mine the moderating effects.

Methods
The study protocol was approved by the Department of
Epidemiology, School of Public Health, at Shahid Beheshti
University of Medical Sciences and was conducted at
Kermanshah University of Medical Sciences. The cross-
sectional study was designed to examine the results of
PRK at the Lasik Clinic of Imam Khomeini Hospital in
Kermanshah province. The medical records of each pa-
tient who had undergone PRK for correction of myopia,
myopic astigmatism, astigmatism, hyperopia and hyperopic
astigmatism were investigated. The procedures had been
done by surgeons having different specialties from 2013 to
2016.
A code was employed to prevent identification of the

patient for each record. About 2400 patients (roughly
4600 eyes) had undergone PRK with Technolas 217z100
(Bausch & Lomb) over the course of 3 years. The partici-
pants were patients who had undergone PRK at least 6
months in the past. Their medical records were randomly
selected and they were invited to undergo supplementary
examinations. If an individual had not undergone a
follow-up examination or there were defects in the data
in his/her medical record, another person was randomly
selected. This study received ethical approval from the In-
stitutional Review Board of Shahid Beheshti University of
Medical Sciences.

Photorefractive keratectomy surgery
In PRK, the eye is first anesthetized and the cornea is
exposed to alcohol 20% for 15 s. A disk of epithelium
with a diameter of 8–9 mm is removed with a sponge.
The excimer laser then is applied according to the
nomogram that the surgeons have prepared with respect
to patient age and amount of refraction. The surgeons
applies the nomogram in all cases of myopia, then adds
0.25 D to the myopia value to prevent under-correction.
The procedure is performed for astigmatism and hyperopia

according to the nomogram. After excimer ablation, a
sponge soaked with MMC 0.02% is placed on the stroma
(according to amount and type of refractive error at 10 s
per 1.0 D of correction). The eye is rinsed with balanced sa-
line solution (30 cc) to dilute and remove residual MMC
and a bandage contact lens is placed over the cornea.
Postoperatively, all patients receive a topical antibiotic,

corticosteroids and artificial tears. The patients are pre-
scribed chloramphenicol 0.5% drops (four times daily for
5 days), betamethasone 0.1% drops (four times a day for 1
week, decreasing to 3 times a day for 3 weeks) and artifi-
cial tears (Artelac; Bausch & Lomb) four times a day for 9
weeks. The bandage contact lens is removed when epithe-
lial healing is complete (5 to 7 days postoperative).

Regression
Cases of regression refers to eyes recording a spherical
equivalent cycloplegic refraction of greater than 0.75 D
after 6 months upon examination using an auto kerato-
refractometer (Topcon 8900; Japan). The information
contained in the patients’ preoperative medical records
(eye topography variables, eye refraction variables and
demographic variables), surgical records (eye movement
rate, optical zone size and surgeon specialty) and the
post-surgery information, including the cycloplegic refrac-
tion value, were included in the data analysis. Eye refraction
variables included the type of refractive error, refractive error
value and, in case of astigmatism, eye astigmatism axis.
Preoperative refractive error was considered to be my-

opia, hyperopia, astigmatism, myopic astigmatism and
hyperopic astigmatism. The demographic variables chosen
were age, sex and level of education (which is indicative
of rate of study, computer use and following postopera-
tive medical advice). These were used as quantitative,
qualitative-nominal and qualitative-ordinal variables,
respectively. An Orbscan IIz device (Bausch & Lomb;
USA) was used to draw the thickness, posterior Diff, ir-
regularity (3 and 5 mm) and simK on the topographic
map. Orbscan IIz was used to detect corneal irregular-
ities with radii of 3 and 5 mm and the average high and
low corneal points as irregularities. To calculate simK,
the Orbscan Ilz found the highest and lowest points on
two perpendicular axes and converted the difference
between them into the unit of power (D). It also calculated
the posterior Diff as the distance between the highest
point of the cornea and the BFS surface (ideal spherical
surface of the cornea). The thickness (of the central part
of the cornea) was measured in microns.
The variables in the surgery files were eye movement

rate, optical zone size and surgeon specialty. The eye
tracker device recorded the changes in eye movement from
the steady state during surgery as positive or negative on
the coordinate axes. The optical zone is the area on the cor-
nea which is determined based on pupil size and is
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influenced by the excimer laser. It is classified into groups
of 5.5, 6 and 6.5 mm diameters. The surgeon chose one de-
pending on the situation. Surgeon specialty was classified
qualitatively-nominally into four groups: ophthalmologists
and strabismus, cornea and retina subspecialists. The con-
founding effect of age and sex was considered, particularly
the moderating role of sex, age and surgeon specialty, was
dealt with using stratified analysis.
Power and Sample Size Calculation (version 3.1.2) was

used to calculate the sample size at a significance level
of < 5% and a power of 80% taking into consideration
the 60% prevalence of females in the study. To detect an
OR value of 2.5 (clinically important) between exposure
and refractive error regression after PRK, a total sample
size of 195 eyes was required. Given the 25% probability
of data loss and non-compliance of the participants to
determine the refraction, 50 eyes were added to the sam-
ple size in order to preserve the validity of the results.
To increase the power of the study, the surgery files of
150 patients were randomly selected and each was in-
vited to undergo another examination. Of the 2400 who
underwent PRK surgery, 1535 were women. For this rea-
son, the proportion of males and females was preserved
as much as possible.
The variables of irregularity (3 and 5 mm) and posterior

Diff were applied quantitatively and continuously (in mm)
and simK was applied quantitatively and continuously (in
D). The change in eye movement was recorded by the eye
tracker device and its absolute value was used in the ana-
lysis. Refractive error regression as the main outcome was
divided into regressed and non-regressed groups at a cut-off
value of 0.75. To determine the effect of an increase in the
sphere and astigmatism value before surgery on regression,
their refractive errors were considered as absolute values.
The preliminary survey assessed about 2400 people.

After removal of persons with incomplete case files (67),
pregnant women (16) and those who had not been re-
ferred for follow-up examinations (272), 2045 eligible

people entered the study (Fig. 1). Out of these, 150 were
randomly selected.

Statistical analysis
The statistical analysis was done using SPSS, version 24.
Depending on the distribution of the variables, the quanti-
tative variables were described as mean, standard deviation,
median, range of change. Qualitative and ordinal variables
were described as numerical values and related percentages.
The variables of thickness, 3 and 5 mm irregularity, simK,
posterior Diff and age were assessed as regressed or
non-regressed with regard to the sample size and variable
distribution using Mann-Whitney test and t-test. General-
ized estimating equations (GEEs) were used to determine
the neighbor effect of refractive error regression between
the right and left eyes and assess the relationship between
all variables and refractive error regression. The moder-
ating role of sex, type of refractive error, age group and
surgeon specialty were assessed using stratified analysis.

Results
The participants totaled 150 patients representing 293
eyes. Seven patients were assessed for one eye each and
the remaining 143 had both eyes assessed (286). The
participants were 61% female and 39% male. Using the
definition of refractive error regression, 56 eyes demon-
strated regression. The regression frequency was about
19%. Of the 56 regressed eyes, 16 belonged to 16 patients
(one regressed eye per individual) and 40 eyes belonged to
20 patients (both eyes were regressed). The prevalence of
regression was 21.1% among females and 15.9% among
males. The prevalence of regression for each specialty was
20.7% among general ophthalmologists, 21.6% among
strabismus subspecialists, 14.7% among retina subspe-
cialists and 16.4% cornea subspecialists. The prevalence
of regression was 17.4% in the under 30 year age group
and 21.4% in the over 30 year age group. The prevalence
of regression for myopia was 5.9%, hyperopia was 1.3%,

Fig. 1 Flow chart of the study population
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astigmatism was 4.2%, myopic astigmatism was 78.1%
and hyperopic astigmatism was 10.5%. The preoperative
refractive error in the eyes that had undergone PRK
were as follows: 5.5% myopia, 1% hyperopia, 4.8% astig-
matism, 76% myopic astigmatism and 12.6% hyperopic
astigmatism. The characteristics of the patient in terms
of other qualitative variables are shown in (Table 1).
The mean age of those who had undergone PRK was

31.4 ± 7.7 years. The characteristics of the subjects in
terms of other quantitative variables are shown in Table 2.

The comparison between the variables in both the
regressed and non-regressed groups showed a significant dif-
ference in the mean 3 mm irregularity (x= 1.16 vs. x= 0.99,
p= .001), 5 mm irregularity (x= 1.61 vs. x= 1.36, p= 0.001)
and simK (x= 1.69 vs. x = 1.06, p= 0.001) (Table 3). In the
eyes with astigmatism, there was no significant relation-
ship between refractive error with type of astigmatism
axis (WTR, oblique and ATR; p > 0.05).
The astigmatism value, 5 mm irregularity, simK and

sphere value in the individuals with both eyes regressed
and those with both eyes non-regressed showed no sig-
nificant difference between medians for the left and right
eyes (Table 4). Comparison was made of the variables of
astigmatism, thickness, 5 mm irregularity, simK and sphere
value in right eyes showing regression after PRK for in-
dividuals with non-regressed left eyes and vice versa.
The only significant difference was observed between the
median 5 mm irregularity in the right eye (2.20 vs. 1.80,

Table 2 Preoperative characteristics in 293 eye that undergo
PRK surgery

Factor Minimum Maximum Mean Std. deviation

Age (y) 20 60 31.4 7.7

Irregularity 3 (mm) 0.4 2.4 1.02 0.33

Irregularity 5 (mm) 0.80 4.90 1.41 0.44

Diff posterior (mm) 0.01 0.04 0.02 0.01

SimK (D) 0.1 3.8 1.2 0.7

Thickness (μm) 453 610 543.6 32.8

Eye movement (mm) 0 24 3.9 2.9

Sphere value (D) 0 12 3.4 2.3

Astigmatism value (D) 0 4.75 1.3 0.94

PRK Photorefractive keratectomy, Diff posterior: steepest posterior point
difference from Best fit sphere, simulated k astigmatism: keratometry
astigmatism, D Diopter, y year

Table 3 Comparison of preoperative characteristics of the eyes
with and without regression

Characteristics Mean P value

No regression
(n = 237)

Regression
(n = 56)

Age (y) 31.4 31.8 0.72

Thickness(μm) 535.7 529.7 0.21

Irregularity 3 (mm) 0.99 1.16 0.001

Irregularity 5 (mm) 1.36 1.61 0.001

Diff posterior (mm) 0.02 0.02 0.34

SimK (D) 1.06 1.69 0.001

Eye movement (mm) 3.80 4.56 0.07

Sphere value (D) 3.07 5.17 0.001

Astigmatism value (D) 1.09 2.05 0.001

PRK Photorefractive keratectomy, Diff posterior: steepest posterior point
difference from Best fit sphere, Sim k astigmatism: simulated keratometry
astigmatism, P value: Independent T test

Table 1 Preoperative characteristics in 293 eyes that undergo
PRK Surgery

Factor Frequency Percent

Female 180 61.4

Men 113 38.6

Education degree

Under diploma 47 16

Diploma 91 31.1

Bachelor 115 39.2

Post graduate 40 13.7

Optical zone

5.5 (mm) 7 2.1

6.00 (mm) 20 6.8

6.50 (mm) 267 91.1

Refraction type

Myopia (D) 16 5.5

Hyperopia (D) 3 1

Astigmatism (D) 14 4.8

Myopic astigmatism (D) 223 76.1

Hyperopic astigmatism (D) 37 12.6

Surgeon specialty

Ophthalmologist 135 46.1

Deviation specialty 51 17.4

Retina specialty 34 11.6

Cornea specialty 73 24.9

Astigmatism category (D)

Astigmatism category (0–2) D 243 82.9

Astigmatism category (2–4) D 47 16

Astigmatism category (4–6) D 3 1

Sphere category (D)

Sphere category (0–2) D 93 31.7

Sphere category (2–4) D 110 37.5

Sphere category (4–6) D 50 17.1

Sphere category (6–8) D 22 7.5

Sphere category (8<) D 18 6.1

Total 293 100

PRK photorefractive keratectomy, D Diopter
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p = 0.03) and in the left eye (1.60 vs. 1.20, p = 0.08)
(Table 5).
The GEEs showed that simK (OR = 2.8, p = 0.04),

5 mm irregularity (OR = 3.56, p = 0.01) and sphere value
(OR = 1.98, p = 0.01) were significantly related to refract-
ive error regression after considering the potential con-
founding variables. Refractive error regression was not
influenced by the variables of the other eye of the indi-
vidual and there was no significant relationship between
the regressed and non-regressed eyes of one individual
(Table 6).
The results of stratified analysis on the moderating role

of sex, age group, type of refractive error and surgeon
specialty showed that the regression of refractive error
in females was related to the 5 mm irregularity (OR = 4.2,
p = 0.02) and simK (OR = 3.6, p = 0.04). There was a sig-
nificant negative relationship between thickness and re-
fractive error regression in males (OR = 0.97, p = 0.02).
The 5 mm irregularity and simK showed a much weaker
relational power and was not statistically significant. As
the sphere value increased in females and males, a signifi-
cant relationship with refractive error regression was ob-
served (Table 7).

The relationship between the variables and the regres-
sion of refractive error was examined for the myopic
astigmatism and hyperopic astigmatism groups. It was
found that results of the simK and 5 mm irregularity dif-
fered between groups (Table 8). The relationship be-
tween these variables was also examined by age group. It
was found that only the 5 mm irregularity in the under
30 age group (OR = 3.98, p = 0.03) had a significant rela-
tionship with refractive error regression. In both groups,
a significant relationship with refractive error regression
was found with an increase in sphere value.
The refractive error regression versus surgeon specialty

was also examined. For ophthalmologists, only the 5 mm ir-
regularity (OR = 2.7, p = 0.04) and simK (OR = 7.8, p = 0.03)
had a significant relationship with refractive error regres-
sion. No significant relationship was found between these
variables and refractive error regression for strabismus, cor-
nea and retina subspecialists. A positive relationship was
observed between the increase in sphere and astigmatism
values and regression of refractive error for all specialties.
The relationship between variables was examined accord-

ing to type of refractive error. For myopic astigmatism, only
the 5 mm irregularity (OR = 5.11, p = 0.02) and simK

Table 4 Relationship between Refractive error regression after PRK Surgery and preoperative variables in people with both eyes
regressed and both eyes non-regressed

Variables People whose both eyes were non regressed after surgery People whose both eyes were regressed after surgery

Right eye
N = 107

Left eye
N = 107

Test Right eye
N = 20

Left eye
N = 20

Test

Mean ± SD Mean ± SD P value§ Mead(min-max) Mead(min-max) P value®

Thickness (μm) 536.7 ± 32.6 537.6 ± 34.7 0.84 537.5 (499–572) 531 (501–575) 0.49

Irregularity5(mm) 1.33 ± 0.31 1.36 ± 0.38 0.55 1.35 (1.00–2.70) 1.25 (0.9–2.6) 0.45

Astigmatism(D) 0.99 ± 0.70 1.07 ± 0.73 0.43 1.62 (0–3.75) 1.87 (0–4.25) 0.43

Sphere (D) 3.17 ± 1.69 3.12 ± 1.70 0.84 6.25 (0.25–12) 7.87 (0–11.50) 0.41

SimK (D) 0.97 ± 0.49 1.04 ± 0.51 0.30 1.25 (0.25–2.90) 1.50 (0.50–2.90) 0.92

PRK Photorefractive keratectomy, Sim k astigmatism: simulated keratometry astigmatism, P value: §: Independent sample t. test ®; Mann –Whitney U independent
sample test

Table 5 Relationship between refractive error regression after PRK surgery and preoperative variables in 16 patients who had one
regressed and one non-regressed eyes

Variables People whose right eyes were regressed after surgery but their
left eyes were not surgery

People Whose left eyes were regressed after surgery but their
right eyes were not

Right eye
N = 7

Left eye
N = 7

Test Right eye
N = 9

Left eye
N = 9

Test

Mead(minmax) Mead(minmax) P value§ Mead(min-max) Mead(min-max) P value§

Thickness (μm) 526 (466–573) 520 (474–588) 0.94 505 (470–558) 514 (461–562) 0.72

Irregularity 5 (mm) 2.20 (1.70–4.90) 1.80 (1.20–2.10) 0.03 1.20 (1.00–2.30) 1.60 (1.10–2.40) 0.08

Astigmatism (D) 3.00 (1.50–4.75) 2.25 (1.00–3.75) 0.36 1.5 (1.25–2.75) 2.25 (0.50–4.25) 0.14

Sphere (D) 0.50 (0–5.00) 0.50 (0–4.25) 0.79 2.25 (0.25–7.00) 2.00 (0.50–8.25) 0.82

SimK (D) 2.50 (0.6–3.80) 2.7 (0.9–3.00) 0.94 1.30 (0.80–2.10) 1.75 (0.70–2.90) 0.21

PRK Photorefractive keratectomy, Sim k astigmatism simulated keratometry Astigmatism, D Diopter, P value: §: Mann –Whitney Uindependent sample test
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(OR = 4.4, p = 0.02) had significant relationships with
refractive error regression. For hyperopic astigmatism,
no significant relationship was found between these
variables and refractive error regression. In both types,
a significant relationship was observed between an in-
crease in the probability of refractive error regression
and an increase in sphere value.

Discussion
The current study found a relationship between simK
and 5 mm irregularity and refractive error regression
after PRK. An increase in these variables increased the
likelihood of refractive error regression after PRK. These
results emphasize that the overall results cannot be gen-
eralized to all patients. For example, unlike for females,
no males showed a significant relationship between the
5 mm irregularity and simK and refractive error regres-
sion. Although the relational power of thickness and re-
gression was stronger in males than in females, there
was a significant negative relationship between thickness
and refractive error regression. In the assessment of fac-
tors related to refractive error regression versus age
group, the 5 mm irregularity was the only variable that
had a positive and significant relationship with regression.
This underlines why the age, sex and type of refractive

error of the individual are important during decision-
making.
In addition, the specialty of the surgeon performing

PRK showed a relationship with the regression of refract-
ive error. Only general ophthalmologists showed an effect
for simK and 5 mm irregularity. The other subspecialties
showed no effect. As in previous studies, there was a posi-
tive relationship between an increase in sphere value and
astigmatism. An increase in refractive error increased the
likelihood of refractive error regression [6, 13, 18].
No significant relationship was found between refract-

ive error regression and education level, type of refract-
ive error, surgeon specialty, type of astigmatism axis or
posterior Diff. Studies also have reported no significant
relationship between age, sex and the thickness and re-
gression of refractive error after PRK [6, 18], although
some studies have shown age as a risk factor for regres-
sion of refractive error after LASIK surgery [13]. In the
present study, although the surgeon specialty showed no
significant association, it could be said that surgical deci-
sions such as patient selection, surgical technique and
nomogram selection for PRK is very important [6, 21].
No relationship was found between the rate of eye

movement and regression of refractive error. These re-
sults are inconsistent with the findings of Mohammadi
et al. [18] The reason for this discrepancy in the results
may be that, in Mohammadi et al., the eye movement
rate was qualitatively affected by the surgeon observation
and view, but the present study used the range of change
(the eye movement rate as recorded by the eye tracking
device).
As in previous studies, no relationship was found between

the optical zone and refractive error regression [21, 22]. This
is inconsistent with the results of Mohammadi et al [18] As
in Pokroy et al., the present study observed a relationship
between the preoperative refractive error high and the re-
gression of the refractive error. The greater the preoperative
refractive error, the greater the likelihood of refractive error
regression [10].
Although PRK is safe and effective, it is usually recom-

mended for patients with mild to moderate refractive

Table 6 Generalized Estimating Equations of independent
variable of regression after PRK

Factor OR (%95 C. I) P value

Age (years) 1.01 (0.95 to 1.06) 0.69

Sex (male vs. female) 1.28 (0.29 to 1.91) 0.79

Thickness (μm) 0.99 (0.98 to 1.03) 0.12

Irregularity 5 (mm) 3.56 (1.32 to 9.22) 0.01

SimK (D) 2.80 (1.01 to 8.20) 0.04

Astigmatism value (D) 2.01 (0.98 to 4.92) 0.06

Sphere value (D) 1.98 (1.59 to 2.54) 0.01

Right or Left 1.07 (0.69 to 1.87) 0.80

Adjusted odds ratio: age, sex, thickness, irregularity 5 mm, simulated
keratometry astigmatism, Astigmatism value, Sphere value

Table 7 Comparing the results of GEE analysis in women and men to examine the role of gender moderating

Factor Male (n = 113) Female (n = 180)

P value OR (%95 C. I) P value OR (%95 C. I)

Age (years) 0.25 1.04 (0.81 to 4.05) 0.71 0.98 (0.90 to 1.06)

Left or right eye 0.75 0.88 (0.30 to 2.35) 0.67 1.18 (0.53 to 2.64)

Thickness (μm) 0.02 0.97 (0.94 to 0.99) 0.66 0.99 (0.98 to 1.03)

Irregularity 5 (mm) 0.09 4.00 (0.85 to 19.48) 0.02 4.14 (1.17 to 14.58)

SimK (D) 0.54 1.71 (0.39 to 10.8) 0.04 3.61 (1.05 to 12.43)

Astigmatism value (D) 0.10 4.78 (0.72 to 33.01) 0.23 1.81 (0.86 to 4.84)

Sphere value (D) 0.01 1.90 (1.39 to 2.60) 0.01 2.30 (1.66 to 3.18)

Odds ratio: age, thickness, irregularity 5 mm, simulated keratometry astigmatism, astigmatism value, sphere value, D Diopter
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error [23–25]. This study was focused on the factors re-
lated to refractive error regression after PRK and had
some weaknesses in terms of the use of variables indicat-
ing refractive error regression. One weakness was the
lack of assessment of the relationship between epithe-
lium tissue repair disorder and hyperplasia of epithelium
tissue in refractive error regression after PRK [26–28].
Because of insufficient information about the amount

and administration of medication as well as dryness of the
eyes after surgery [29, 30], it was not possible investigate
the relationship between these variables and refractive
error regression after PRK. Technological advances in
corneal imaging have made the precise measurement of
anterior and posterior corneal curvature and corneal
thickness possible [31]. The careful use of this data can
help in the planning of refractive surgery such as PRK.
Insufficient information about employment, history of

eye infection and visual activities such as computer use
and reading time per day prevented investigation of a re-
lationship between these variables and refractive error
regression after PRK. The similarities between the study
population and the population targeted by PRK in other
communities in terms of gender and age groups mean
that the results could be generalized to all except preg-
nant women, who were excluded from the study.

Conclusion
The current study showed that, in general, a relationship
exists between the variables of 5 mm irregularity, simK
and sphere value before surgery and the regression of re-
fractive error; however, the variables of age, sex and type
of refractive error and surgeon specialty could change
the general results. Therefore, not all individuals should
be treated alike. It is recommended that general ophthal-
mologists consider these variables before intervention in
order to determine the best candidates for PRK. It is rec-
ommended that insurance companies takes measures to
prevent the waste of financial resources on candidates
for PRK with a high risk of post-surgery refractive error

regression. In addition, the health system should propose
a protocol for advising candidates of PRK based on age,
sex and other characteristics to the type of surgery that
will minimize the likelihood of regression.
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Table 8 Comparing the results of GEE analysis in eyes hyperopic astigmatism and myopic astigmatism

Factor Myopic astigmatism Hyperopic astigmatism

P value OR (%95 C. I) P value OR (%95 C. I)

Sex (male vs. female) 0.80 1.18 (0.31 to 4.39) 0.65 1.61 (0.19 to 13.41)

Age (years) 0.80 0.98 (0.89 to 1.09) 0.75 0.98 (0.89 to 1.08)

Left or right eye 0.50 0.79 (0.40 to 1.56) 0.96 0.95 (0.15 to 6.09)

Thickness (μm) 0.13 0.98 (0.97 to 1.03) 0.51 0.98 (0.93 to 1.03)

Irregularity 5 (mm) 0.02 4.04 (1.24 to 13.13) 0.74 1.43 (0.16 to 12.98)

SimK (D) 0.02 5.11 (1.26 to 20.58) 0.66 0.69 (0.13 to 3.60)

Astigmatism value (D) 0.58 1.33 (0.48 to 3.59) 0.17 4.37 (0.51 to 37.44)

Sphere value (D) 0.01 2.41 (1.72 to 3.36) 0.01 2.16 (1.51 to 3.11)

Odds ratio: age, thickness, irregularity 5 mm, simulated keratometry astigmatism, astigmatism value, sphere value, D Diopter
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