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Abstract

Background Visual quality after corneal refractive surgery is linked to the postoperative effective optical zone (EO2).
This study aims to compare long-term changes in the EOZ following small incision lenticule extraction (SMILE) and
femtosecond laser-assisted in-situ keratomileusis (FS-LASIK) for moderate and high myopia.

Methods This study included 42 patients (72 eyes) who underwent either SMILE (36 eyes) or FS-LASIK (36 eyes). A
custom software program based on the tangential curvature difference map of the Pentacam HR (Oculus Optikgerate
GmbH) was used to define the EOZ at 3 and 7 years postoperatively. The EOZ, its chronological changes compared

to the programmed optical zone (POZ), and the corneal wavefront aberrations following SMILE and FS-LASIK were
analyzed. Correlations between the EOZ changes and relevant parameters were evaluated.

Results Three years postoperatively, EOZ following SMILE and FS-LASIK were 5.13+0.27 mm and 4.70+0.24 mm
(P<0.001), respectively. Seven years postoperatively, EOZ following SMILE and FS-LASIK decreased to 5.03+0.28 mm
and 4.63+0.23 mm (P<0.001), respectively. At postoperative 7 years, the percentages of EOZ/POZ were negatively
correlated with Q-value changes (8 =-5.120, P=0.009) following SMILE and positively correlated with the cylinder
correction (8=1.184, P=0.004) following FS-LASIK. The induced spherical aberrations in the SMILE group were less
than those in the FS-LASIK group (P < 0.05) and were negatively correlated with the EOZ/POZ (8 =-16.653, P<0.001).

Conclusions The EOZ following SMILE was larger than that following FS-LASIK in the long postoperative term for
moderate and high myopia. Furthermore, a continual reduction in the EOZ was noted after both surgical modalities.
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Background

Keratorefractive surgeries correct myopia by diminishing
corneal thickness and altering its curvature [1]. Despite
being lauded for their safety, efficacy, predictability, and
stability in correcting myopia and myopic astigmatism,
[2, 3] these surgeries may still engender postoperative
night vision disturbances such as glare, halos, ghosting,
and blur, [4, 5] especially when the corrected corneal
diameter is smaller than the resting pupil [6, 7]. The cor-
neal area that achieves the intended correction postop-
eratively, also known as the effective optical zone (EOZ),
or functional optical zone, [8] indicates the visual quality
following keratorefractive surgeries, making it clinically
pivotal to understand the changing patterns and influ-
encing factors of the EOZ. In addition, a greater degree
of myopia would necessitate a more substantial removal
of the corneal tissue, potentially leading to a constricted
EOZ and posing a formidable challenge for the algo-
rithmic design within the constraints of limited corneal
thickness.

In recent years, small incision lenticule extraction
(SMILE) and femtosecond laser-assisted laser in situ ker-
atomileuses (FS-LASIK) have emerged as the predomi-
nant keratorefractive surgical modalities globally [1, 9].
Previous studies have demonstrated that the EOZ fol-
lowing SMILE is comparatively larger than that following
FS-LASIK, which may be attributed to divergent biome-
chanical responses and wound healing processes between
the two procedures [10—12]. However, these studies only
compared the EOZ during a short postoperative period,
with potential long-term changes in the EOZ remaining
an enigma. Furthermore, the majority of studies did not
include patients with high myopia. Given that myopic
regression predominantly occurs in the context of high
myopia correction and over the long term after both sur-
gical interventions, [13-15] we postulate that the wound
healing processes and biomechanical responses, purport-
edly culpable for regression, [16] persist beyond the short
postoperative period. Consequently, the EOZ is antici-
pated to undergo corresponding alterations. The lon-
gitudinal examination of EOZ changes is thus poised to
deepen our understanding of the enduring corneal modi-
fications post keratorefractive surgery.

The current study aimed to compare the long-term
changes in the EOZ following SMILE and FS-LASIK
for moderate and high myopia using a new calculation
method that we published recently [17] and investi-
gate factors affecting the EOZ changes. It is anticipated
that our findings will yield valuable insights, propel-
ling the refinement of surgical algorithms, the discern-
ment of optimal surgical approaches, and, ultimately, the
enhancement of postoperative visual acuity in the realm
of myopia correction via corneal refractive surgeries.
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Methods

Ethics approval

This prospective study was carried out following the
tenets of the Declaration of Helsinki and was approved
by the Ethics Committee of the Eye & ENT Hospital of
Fudan University in 2010 (KJ2010-18). Written consent
was obtained from all enrolled patients for inclusion in
this study.

Patients

Patients who visited the Eye & ENT Hospital of Fudan
University from January 2013 to December 2013 and
met the selection criteria were enrolled in this study. The
inclusion criteria are as follows: (1) age over 18 years; (2)
spheres between —4.00 diopters (D) and —9.50 D with
cylinders up to -5.00 D; (3) stable refractive status for
at least 2 years; and (4) corrected distance visual acu-
ity (CDVA) better or equal to 20/20. Exclusion criteria
include (1) a history of other ocular diseases or ocular
surgery or trauma, and (2) a history of the systemic dis-
ease including autoimmune disease, atopic disease, and
other diseases that may affect the visual outcomes of the
surgery.

Examinations including uncorrected distance visual
acuity (UDVA), CDVA, manifest refraction, slit lamp
biomicroscopy, intraocular pressure, axial length, and
corneal tomography (Pentacam HR, Optikgerite, Wetz-
lar, Germany, version 6.10r59) were conducted preopera-
tively, 3 years postoperatively, and 7 years postoperatively.

Surgical techniques

All surgeries were performed by the same surgeon (XZ)
between January 2013 and December 2013. The SMILE
procedures were performed using a 500 kHz VisuMax
femtosecond laser system (Carl Zeiss Meditec, Jena, Ger-
many) with a pulse energy of 130 nJ. The thickness of the
cap was 120 um and the lenticule diameter ranged from
6.10 to 6.70 mm. For FS-LASIK procedures, a flap with a
diameter of 8.5 mm and thickness of 100 um was created
using the same femtosecond laser system. Then a MEL
80 excimer laser (Carl Zeiss Meditec) was used for stro-
mal ablation, with a pulse energy of 185 nJ and a planned
ablation zone from 6.25 to 6.70 mm. Other surgical
details have been described in our previous study [18].

EOZ evaluation

A custom software program that could accurately dis-
tinguish the borderline of the area of corneal curvature
change in the tangential curvature difference map of Pen-
tacam HR was utilized to objectively evaluate the post-
operative EOZ (Fig. 1) [17]. The calculated results would
be presented as the total area of the EOZ and then con-
verted into diameters using the following formula: diam-
eters of EOZ=2 x (area of EOZ/ 7t )'/2.
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Fig. 1 Assessment of the effective optical zone (EOZ). The difference map of tangential corneal curvature (left); and the EOZ of the tangential curvature
difference map marked as the area within the black dashed borderline showing the borderline between yellow and green (right). This figure is taken from

the article of the same author team [17]

The programmed optical zone (POZ) was defined
as the diameter of the extracted lenticule for SMILE
and the planned excimer ablation zone for FS-LASIK.
Changes in the EOZ were calculated as the percentage of
(POZ-EOZ)/POZ.

Corneal wavefront aberrations measurements

Corneal wavefront aberrations were also measured using
the Pentacam HR for a central zone of 6 mm. The root
mean square (RMS) of coma (Z;' and Z;~!), RMS of
spherical aberration (Z,%), and RMS of total higher order
aberrations (HOAs, from third up to sixth order) were
evaluated.

Statistical analysis

R version 4.1.0 (http://cran.r-project.org) was used for all
statistical analyses. Continuous variables were expressed
as mean*standard deviation (SD). The normal distribu-
tion of the variables was analyzed using Shapiro-Wilk
tests. The difference between EOZ and POZ was ana-
lyzed using a paired ¢ test, and comparisons between
post-LASIK and post-SMILE EOZ changes were con-
ducted using a student ¢ test. The relationship between
EOZ changes and relevant parameters including the abla-
tion ratio (ablated thickness/ central corneal thickness)
was investigated using Pearson correlation analysis and
simple linear regression. Statistical significance was set as
a P value of less than 0.05.

Results

Forty-two patients (72 eyes) with complete follow-ups
were included in this study. Among them, 36 eyes (mean
spherical equivalent (SE): -7.29+1.15 D) underwent

SMILE, and the other 36 eyes (mean SE: -7.49+1.70
D) underwent FS-LASIK. Preoperative characteristics
and surgical parameters of the patients are summarized
in Table 1. No adverse events or complications were
observed intraoperatively or postoperatively.

Refractive outcomes

Seven vyears postoperatively, the safety index (mean
postoperative CDVA/mean preoperative CDVA) was
1.09£0.15, and the efficacy index (mean postoperative
UDVA/mean preoperative CDVA) was 0.94+0.22 for
the SMILE group. For the FS-LASIK group, the corre-
sponding values were 1.124+0.16 and 0.99+0.24, respec-
tively. The 7-year postoperative UDVA was 20/20 or
better in 69.4% of SMILE-treated eyes and 61.1% of FS-
LASIK-treated eyes, respectively. In addition, 94.4% and
97.2% of the eyes in the SMILE and FS-LASIK groups
achieved CDVA equal to or better than the preoperative
level, respectively at the 7-year follow-up. At the same
follow-up time, the postoperative SE was —0.47%0.61 D
and —0.55%0.55 D in the SMILE and FS-LASIK groups,
respectively. In the SMILE and FS-LASIK groups, the
percentage of eyes that obtained within £1.00 D of the
attempted SE was 77.8% and 80.6%, respectively. The
average refractive regression was —0.31£0.35 D and
—0.35£0.34 D in the SMILE (P<0.001) and FS-LASIK
(P<0.001) groups from 3 to 7 years of follow-up. Detailed
refractive outcomes are summarized in Fig. 2. No signifi-
cant differences in the safety index, efficacy index, post-
operative UDVA, postoperative CDVA, postoperative SE,
or refractive regression were found between the SMILE
and FS-LASIK groups (all P>0.05).
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Table 1 Preoperative and surgical parameters of the enrolled

patients®

Parameter SMILE FS-LASIK P

Preoperative

characteristics

Patients (eyes, n) 22,36 20,36

Sex (male/female, n) 3/19 5/15 0.349

Age (years) 29.86+747 (18 31.28+£755(22 0426
to 44) 10 46)

Sphere (D) -6.76+125(-875t0 -7.04+1.70 0.549
-4.50) (-9.50 to -4.00)

Cylinder (D) -1.06+0.76 (-3.25 -0.91+0.95 0.404
t0 0.00) (-5.00 to 0.00)

Spherical equivalent -7294+1.15(-9.25t0 -7.49+1.70 03811

(D) -5.38) (-9.88t0-4.13)

CCT (um) 544.83+27.55 (486  541.11+29.58 0.681
10 599) (498 to0 610)

Surgical parameters

Correction sphere (D)  -723+1.24(-950t0 -7.63+1.83 0.381
-5.00) (-10.75 t0 -4.00)

Correction cylinder (D) -1.02+0.70 (-3.00 -0.91+0.90 0.507
t0 0.00) (-4.75 t0 0.00)

Correction spherical -774+1.14(-9.75t0 -8.09+1.84 0.540

equivalent (D) -6.00) (-11.13 t0 -4.00)

Programmed optical 6.45+0.15 (6.1 to 6.41+0.23(5.75 0.741

zone (mm) 6.6) 10 6.75)

Ablation depth orlenti- 137.14+12.52 (114 131.47+20.24 0.358

cule thickness (mm) to 164) (77 to 168)

Ablation ratio 025+0.03(021to  024+0.04(0.15 0.143
0.30) 10 0.30)

CCT=central corneal thickness; D =diopters; FS-LASIK =femtosecond laser-assisted laser
in situ keratomileusis; SMILE = small incision lenticule extraction.

“Values are presented as mean + standard deviation (range) unless otherwise noted.

Postoperative EOZ

Postoperative EOZ changes are shown in Fig. 3; Table 2.
Three years postoperatively, the EOZ diameter was
5.1310.27 mm and 4.70+£0.24 mm in the SMILE and FS-
LASIK groups (P<0.001), respectively. The correspond-
ing EOZ reduction percentages were 20.49% * 3.89%
and 26.64% £ 2.97% in the SMILE and FS-LASIK groups
(P<0.001). Seven years postoperatively, the EOZ in the
SMILE group decreased to 5.03£0.28 mm (P=0.019),
which is still significantly larger than that in the FS-
LASIK group (4.63+0.23 mm, P<0.001). The EOZ also
significantly decreased from 3 to 7 years postoperatively
(P=0.029) in the FS-LASIK group. The corresponding
reduction percentages were 20.49% =+ 3.89% and 26.64%
+ 2.97% in the SMILE and FS-LASIK groups (P<0.001),
respectively.

Corneal wavefront aberrations

The inductions of corneal aberrations for the total cor-
nea are presented in Supplementary Table 1. Significantly
more spherical aberrations were induced by FS-LASIK
than SMILE at both postoperative 3 years (FS-LASIK:
0.40+0.22 pum, SMILE: 0.24+0.17 um, P=0.002) and
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postoperative 7 years (FS-LASIK: 0.38+0.19 um, SMILE:
0.22+0.16 pm, P=<0.001). No significant differences in
the induction of coma and HOAs were observed between
post-SMILE and post-FS-LASIK (all P>0.05) at both
postoperative 3 and 7 years. There was no significant
changes in the coma, spherical aberrations, or HOAs
from postoperative 3 to 7 years following both SMILE
and FS-LASIK (all P>0.05).

Correlation analyses

The results of the correlation analyses are summarized
in Table 3. Seven years postoperatively, no significant
correlations between the EOZ percentage and the sur-
gical parameters, including the sphere correction and
POZ, were found in both groups (all P>0.05). A signifi-
cant positive correlation was found between the EOZ
percentage and the cylinder correction in the FS-LASIK
group (8=1.184, P=0.004), indicating a higher degree of
astigmatism corrected would lead to a larger EOZ in the
long postoperative term following FS-LASIK. However,
such a relationship was not found in the SMILE group
(5 = -1.452, P=0.142). Among the corneal topographic
parameters, only changes in the Q-value (AQ-value) were
found to be negatively correlated with the EOZ percent-
age (B = -5.120, P=0.009) in the SMILE group. In addi-
tion, the EOZ percentage was negatively correlated with
the induced spherical aberrations in the SMILE group
(f = -16.653, P<0.001). No significant correlations were
found between the EOZ percentage, the topographic
parameters, and the wavefront aberrations in the FS-
LASIK group (all P>0.05).

Since it was found that the EOZ in both groups
decreased from 3 to 7 years postoperatively, we further
performed correlation analyses between the changes in
the EOZ percentage from postoperative 3 to 7 years and
the relevant parameters (Table 4). In the SMILE group,
the sphere correction (5=0.597, P=0.024), cylinder cor-
rection (B = -1.115, P=0.025), and AQ-value (3=6.908,
P=0.002) were found to be significantly correlated with
the EOZ reduction. In the FS-LASIK group, the cylinder
correction (5 = -1.447, P<0.001) and AQ-value (3=6.576,
P=0.012) were also found to be correlated with the EOZ
reduction. Moreover, the ablation ratio (8 = -33.360,
P<0.001) and corneal wavefront aberrations (all >0,
P<0.05) were also significantly correlated with the EOZ
reduction in the FS-LASIK group.

Multivariant analyses were also performed to inves-
tigate the effect of the surgical parameters on the EOZ
changes from 3 to 7 years postoperatively. For the SMILE
group, neither the sphere correction (5=0.444, P=0.127)
nor the cylinders (8 = -0.729, P=0.189) were significantly
correlated with the EOZ change. For the FS-LASIK
group, after adjusting the effect of the ablation ratio, the
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Fig. 3 Changes in the effective optical zone (EOZ) in the SMILE and FS-LASIK groups. The percentage of EOZ (EOZ/POZ) decreased from postoperative 3
to 7 years in both the SMILE (P=0.019) and FS-LASIK (P=0.029) groups

Table 2 Long-term effective optical zone following SMILE and

Table 3 The correlation between the EOZ and relevant

FS-LASIKa parameters 7 years postoperativelya

Parameter SMILE FS-LASIK P Parameter B (P value)

Postoperative 3 years SMILE FS-LASIK
EOZ area (mm?) 20.72+2.16 1740177 <0.001 Surgical parameters

EOZ diameter (mm) 5.13+0.27 4704024 <0.001 Correction spheres 0.868 (0.101) 0.328 (0.303)
Changes in EOZ (%) 20.49+3.89 26.64+297 <0.001 Correction cylinders -1.452 (0.142) 1.184 (0.004)
Postoperative 7 years POZ 2.275 (0.679) -4.138 (0.058)
EOZ area (mm?) 19.92+2.20 16.89+1.69 <0.001 Ablation ratio 13.070 (0.619) 12.274(0.349)
EOZ diameter (mm) 503+0.28 463+0.23 <0.001 Corneal topographic parameters

Changes in EOZ (%) 22.05+4.02 2770+3.28 <0.001 Preoperative Steep Keratometry 0.639 (0.249) 0.563 (0.079)
Difference® AKm 1.341 (0.137) 0.508 (0.202)
EOZ area (mm?) -0.80+£0.98 -0.51+£1.04 0371 AQ-value -5.120 (0.009) -1.982(0.148)
EOZ diameter (mm) -0.10+0.12 -0.07+0.14 0612 Corneal wavefront aberrations

Percentage (%) -1.57+£1.90 -1.15+£2.10 0.583 Coma -1.654 (0.309) 1.448 (0.248)
EOZ=effective optical zone; FS-LASIK=femtosecond laser-assisted laser in situ Spherical Aberration -16.653 (<0.001) -2.863 (0.279)
keratomileusis; SMILE = small incision lenticule extraction. HOAs 2,057 (0237) 1331(0419)

YValues are presented as mean + standard deviation unless otherwise noted.

bDifference = values at postoperative 7 years - values at postoperative 3 years.

Pvalue less than 0.05 is marked in bold.

“Correlations were analyzed between the percentage of EOZ/POZ and relevant

parameters.

Pvalue less than 0.05 is marked in bold.
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Table 4 The correlation between changes in the EOZ from
postoperative 3 to 7 years and relevant parametersa

Parameter B (P value)

SMILE FS-LASIK
Surgical parameters
Correction spheres 0.597(0.024)  0.190 (0.368)
Correction cylinders -1.115(0.025) -1.447(<0.001)
POZ 0.072 (0.978) 2401 (0.138)
Ablation ratio -12.156 (0.350) -33.360(<0.001)
Corneal topographic parameters
Preoperative Steep Keratometry 0.325(0.243) -0.724 (0.002)
AKm -2.501 (0.069)  -1.260 (0.309)
AQ-value 6.908 (0.002) 6.576(0.012)
Corneal wavefront aberrations
Coma -2.762(0.231)  4.096 (0.010)
Spherical Aberration 3.965 (0.259) 10.350 (0.002)
HOAs 0.741(0.779)  3.893(0.004)

“Changes in the EOZ are calculated as a percentage reduction of EOZ from 3 to 7 years
postoperatively (EOZ/POZ 3 years postoperatively - EOZ/POZ 7 years postoperatively).

Pvalue less than 0.05 is marked in bold.

cylinder correction (f=1.144, P=0.002) was indepen-
dently correlated with the EOZ changes.

Discussion

Long-term visual outcome evaluation has always been
essential for refractive surgeries, particularly for the cor-
rection of moderate and high myopia. The EOZ serves as
a critical safety parameter and provides an objective mea-
sure of postoperative visual acuity. In the current study,
we specifically compared the long-term changes in the
EOZ following two trending corneal refractive surgeries,
SMILE and FS-LASIK. This endeavor aims to enhance
our comprehension of the enduring postoperative cor-
neal alterations and to offer clinical guidance for deci-
sion-making in the context of moderate to high myopia
correction.

The current study found that the long-term efficacy and
safety of the two surgeries for moderate and high myopia
were comparable, corroborating results from prior stud-
ies with shorter follow-up periods [10, 12, 19-21]. Liu et
al. [22]. found that 7 years postoperatively, 94.2% of eyes
had a UDVA of 20/20 or better following LASIK for high
myopia, and the refractions of 90.4% of eyes were within
1+1.00 D of the target refraction. Ikeda et al. [23]. reported
that 12 years after LASIK for moderate and high myopia,
75% of the eyes were within +1.0 D. For long-term results
of SMILE for moderate and high myopia, Damgaard et
al. [24]. demonstrated that the UDVA was 20/20 or bet-
ter in 51.9% of eyes after 7 years, and 81.2% were within
+1.00 D of the target refraction. Our results are gener-
ally in agreement with previous studies with similar out-
comes, [14, 25] thereby substantiating that SMILE and
FS-LASIK are both effective, safe, and predictable in the
long postoperative period for moderate and high myopia.
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However, both surgeries can result in small long-term
regression for high myopia affecting the UDVA, which
was suspected to be caused by long near-work time after
the surgery [26].

The results of the study showed that the FS-LASIK
group had significantly smaller EOZ diameter and EOZ/
POZ in comparison to the SMILE group at both the
3-year and 7-year follow-up. Specifically, the EOZ diam-
eter was 4.70+£0.24 mm (73.36%) and 4.63+0.23 mm
(72.30%) for the FS-LASIK group at the 3-year and 7-year
follow-up, respectively, contrasting with the SMILE
group’s EOZ diameter of 5.13+0.27 mm (79.51%) and
5.03+£0.28 mm (77.95%) at the same follow-up. These
outcomes are in concordance with a substantial body
of prior research that also found a larger EOZ following
SMILE than FS-LASIK [11, 12, 27-30]. In regards to high
myopia, He et al. [10]. demonstrated that the EOZ follow-
ing SMILE and FS-LASIK 6 months postoperatively were
5.62+0.31 mm and 5.35+0.28 mm, respectively; and the
corresponding values described by Liu et al. [12]. were
5.2410.27 mm and 5.03£0.31 mm, respectively. The val-
ues in our study tended to be smaller than those in the
literature, a discrepancy potentially ascribed to variations
in follow-up durations, methodologies for EOZ assess-
ment, and the characteristics of the patient population
enrolled. The difference in the EOZ following the two
surgeries is likely a consequence of the divergent healing
processes and biomechanical responses resulting from
distinct methods of corneal tissue removal, [31], partic-
ularly in the peripheral corneal regions. [32-34] Addi-
tionally, a larger EOZ was observed following hyperopic
SMILE than hyperopic LASIK was also found [35]. Our
long-term study underscores the superiority of SMILE
over FS-LASIK concerning objective visual quality, rein-
forcing previous short-term studies.

An intriguing observation from our study is the grad-
ual reduction in the effective optical zone (EOZ) from
the 3-year to the 7-year postoperative mark in both the
SMILE and FS-LASIK groups. Following SMILE and FS-
LASIK, the EOZ diameter decreased by 0.10£0.12 mm
(1.57%) and 0.07£0.14 mm (1.15%), respectively, with no
statistically significant inter-group disparity. This result
contradicts previous findings that the EOZ remained sta-
ble between 1 and 6 months after the surgery [10, 27, 28].
The discrepancy may be elucidated by the utilization of
software in our study, enabling precise and objective EOZ
quantification, thereby detecting subtle variations in EOZ
measurements [17]. In addition, the four-year interval
between the two follow-up assessments in our research
is markedly extended compared to prior studies, allowing
gradual postoperative corneal reshape. Several studies
have reported significant alterations in corneal refractive
power after SMILE and LASIK over the years, [15, 24, 36]
which is consistent with this observation. It should be
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noted that the changes in the EOZ diameter in our study
are very small, and the percentages are also less than 2%
over 4 years. It is imperative to ascertain whether such
a reduction could clinically impact patients’ postopera-
tive visual performance, and the etiology of this gradual
decline merits exploration in future studies.

The current study primarily investigated the surgi-
cal and topographic parameters that may be associated
with the EOZ and its reduction over time. Only the cyl-
inder correction was significantly correlated with both
the EOZ/POZ at 7 years postoperatively and changes in
the EOZ from 3 to 7 years in the FS-LASIK group, indi-
cating that more astigmatism correction would result in
a larger EOZ and less decrease over time. Despite not
being statistically significant, a similar relationship was
also observed in the SMILE group. Liu et al. [37]. com-
pared the EOZ following SMILE between no astigmatism
and high astigmatism groups, suggesting that the EOZ
was substantially larger in the high astigmatism group,
consistent with our findings. Ding et al. [38]. and Wang
et al. [39]. also reported that eyes with greater astigma-
tism gained a larger EOZ in the short-term postoperative
period. They found that the EOZ of eyes with high astig-
matism was oval compared with others. Based on the
evidence, we proposed that similarly to SMILE, eyes with
high astigmatism led to a larger EOZ and less decrease
in EOZ as a result of better corneal contour preserva-
tion [40]. EOZ/POZ and its decrease from 3 to 7 years
postoperatively were found to have a significant correla-
tion with Q-value changes in the SMILE group. A similar
trend was demonstrated in the FS-LASIK group, which is
in accordance with previous short-term observations [27,
38, 40]. As fewer changes in the Q-value indicate better
preservation of corneal asphericity, [40, 41] these results
also imply that eyes better keeping the corneal contour
could gain a larger EOZ over time and experience less
decrease. The present study did not find significant cor-
relations between the EOZ and other parameters includ-
ing the sphere correction and POZ. Concerning these
parameters, there is no clear consensus in previous stud-
ies [17] and further large-scale studies are required.

Corneal wavefront aberration is also a crucial param-
eter of objective visual quality. Our study found that
postoperative changes in spherical aberrations are sub-
stantially greater in the FS-LASIK group than in the
SMILE group, which is in line with previous studies [12,
18]. This is also consistent with our observations that the
EOZ was substantially larger after SMILE than after FS-
LASIK. In line with the literature, we also discovered a
significant negative correlation between the EOZ and
spherical aberration after SMILE [11, 12]. Surprisingly,
significant correlations between the aberrations and the
reduction of EOZ from postoperative 3 to 7 years were
revealed in the FS-LASIK group but not in the SMILE
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group. This finding intimates that the reduction of the
EOZ in the long term after FS-LASIK may have a clinical
influence on the visual quality of patients with moderate
and high myopia. However, we did not encompass other
visual quality parameters in this study, which warrants
investigation in the future.

Our study has limitations. The sample size of our study
is small, limited by the completion of a 7-year follow-up.
In addition, the subjective visual quality of the patients
is not examined, thereby limiting the exploration of the
clinical implications of EOZ alterations. Further stud-
ies that take these issues into account will need to be
undertaken.

Conclusions

The study determined that in cases of moderate to high
myopia, the EOZ was larger, and the induction of spheri-
cal aberration was less pronounced following SMILE as
opposed to FS-LASIK at both the 3-year and 7-year post-
operative evaluations. Additionally, a gradual decline
in the EOZ was observed from the 3-year to the 7-year
postoperative period following both surgeries. Changes
in the EOZ might be correlated with the cylinder cor-
rection and the Q-value changes, but the quantified
relationships warrant further large-scale research. These
long-term data would serve as references for the individ-
ualization of surgical algorithms tailored to moderate and
high myopia.

Abbreviations

CDVA corrected distance visual acuity
EOZ effective optical zone
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SD standard deviation

SE spherical equivalent
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