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Abstract: In this work we try to understand the real effect of increase in aberrations after Femto-
LASIK surgery on the patient’s final visual quality, specifically when the visual acuity measurement 
is considered. A clinical study with 37 eyes of 20 patients that underwent myopic Femto-LASIK 
surgery and different personalized eye model simulations were carried out. In clinical study, corre-
lations between pre- and postoperative parameters with visual acuity were analysed. Eye simula-
tions (based on real data) provided simulations of vision quality before and after surgery. Our main 
results showed a significant increase in aberrations was obtained after surgery; however, no differ-
ences were found between the preoperative corrected distance visual acuity (CDVA) and the post-
operative uncorrected distance visual acuity (UDVA). This absence of differences in visual quality 
could be explained by performing different simulations on three eyes that would cover most of the 
possible clinical situations. Simulations were implemented considering a pupil size of 2.5 mm and 
the personalized data of each patient. Results showed that final visual acuity (VA) change are de-
termined by the final high-order aberrations (HOAS) and their increase after surgery but measured 
under photopic conditions. In conclusion, customized analysis of higher-order aberrations in sco-
topic pupils better predicts patient visual acuity after Lasik surgery. 
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1. Introduction 
One of the most revolutionary breakthroughs in the world of refractive surgery has 

been the use of the laser in situ keratomileusis (LASIK) technique. LASIK surgery is 
widely used in the correction of refractive errors and involves the creation of an anterior 
lamella or flap, followed by stromal photoablation using an excimer laser [1]. The creation 
of this flap is an important step in the surgical procedure and can be performed by a me-
chanical microkeratome or more recently using a femtosecond laser (FS laser). The FS la-
ser aims to improve the predictability of refractive surgery and avoid its complications 
[2,3]. It is well known that LASIK surgery induces high-order aberrations (HOA) that can 
produce night vision problems, such as halos, glare and deterioration of contrast function 
[4,5]. The main eye element involved in the generation of such aberrations is the first cor-
neal surface [6–8], with the contribution of the second corneal surface being minimal and 
not significant as many authors reported [9]. Scientific literature has shown that myopic 
LASIK refractive surgery treatment produces a change in corneal asphericity, making it 
more positive [10], and this change is directly correlated with an increment of the spheri-
cal aberration. Furthermore, other high-order aberrations such as coma are increased after 
LASIK surgery [8,11]. 

An important criterion to assess the success of the surgery is the efficacy index de-
fined as the ratio of mean postoperative uncorrected distance vision (UDVA) to the mean 
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preoperative corrected distance vision (CDVA). LASIK surgery has been demonstrated to 
be a safe and effective surgery. Thus, when comparing preoperative CDVA and postop-
erative UDVA, both values are similar and close to 1 [11–14] on the decimal scale. These 
results are to some extent contradicted by the fact that high-order aberrations are signifi-
cantly increased after surgery. An impairment of visual acuity should be expected result-
ing in an efficacy index clearly below unity. 

This study aims to understand the real effect of the aberrations increment after LASIK 
surgery on the final patient visual quality, specifically when the visual acuity measure-
ment is considered. For this purpose, a clinical study and different personalized eye model 
simulations are performed. In clinical study, correlations between pre- and postoperative 
parameters with visual acuity are analyzed. Similarly, eye simulations (based on topo-
graphic and biometric data of real patients) provide an insight of the quality of vision 
before and after surgery. 

2. Methods 
2.1. Clinical Study 
2.1.1. Patients 

In total, 37 eyes of 20 patients that underwent myopic Femto-LASIK surgery were 
included in this retrospective study. First examination was carried out in the following 24 
or 48 h after surgery. A second examination was performed between 1 week and 1 month 
after surgery and finally a third examination between 6 months and 1 year after the sur-
gery. Patients attended the refractive surgery service of the Alicante Oftalica Clinic center 
between February 2019 and March 2021. All procedures complied with the principles of 
the Declaration of Helsinki. Informed consent was obtained from each patient before sur-
gery. Only patients with myopia with or without astigmatism, older than 18 years and 
whose pre- and postoperative data were available were included. Patients with hypero-
pia, whose post-surgery check-ups were not between 1 week and a year after the opera-
tion, and with some previous eye surgeries were excluded. Clinical data were collected 
from the last examination realized between 6 months and 1 year. 

2.2. Clinical Data 
Preoperatively, corrected distance visual acuity (CDVA), axial length and corneal to-

mography were measured. In addition, postoperative uncorrected distance visual acuity 
(UDVA) was also measured. A detailed examination of the anterior and posterior segment 
was performed using a slit lamp before and after surgery. 

A rotating Scheimpflug imaging technology (Pentacam®) [15] was used to obtain the 
corneal tomography. Pre- and postoperative corneal thickness, corneal radius (front and 
back), asphericity, root mean square of high order aberrations up to the 6th order (RMS 
HOAS), spherical aberration (SE) and root mean square of coma (RMS coma) were meas-
ured. All Zernike coefficients were initially calculated for a pupil diameter of 6.0 mm. 

2.3. Statistical Analysis 
Statistical analysis was performed with the SPSS computer program [16]. The 

Shapiro–Wilk test for sample size lower than 50 was used to check the normality of the 
data (significance level p < 0.05). The Student’s t-test or Wilcoxon test was used for paired 
groups in the variables that followed a normal or no normal distributions, respectively. 
Spearman’s correlation coefficient (not all variables had normal distribution) was ob-
tained to know correlations between the preoperative spherical equivalent and the differ-
ence in asphericity, spherical aberration, RMS coma and RMS HOAS. 

2.4. Simulations 
Based on previous works [17,18], a customized model of the eye was implemented 

incorporating topographic and biometric data of the patient (topographies of the first and 
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second surface of the cornea, corneal thickness (CT), anterior chamber depth (ACD) and 
the axial length (AL)) obtained from Pentacam. First step was to build an individual eye 
model using the preoperative Pentacam data of the patient, particularly, the heights of the 
first and second cornea surfaces were fitted to a Zernike polynomials series in a 6 mm 
diameter and inserted in a Zemax file as “Zernike standard sag” surfaces, while CT, ACD 
and AL were considered to positioning the second corneal surface, the lens, and the retina, 
respectively. For the refractive index value of the different mediums and the retina curva-
ture, a generic eye model was followed [19]. 

With respect to the lens, we used a four parameters lens model (biconic first surface 
and spherical second surface (see Figure 1)). The values of the four variables (R1, R2, α, and 
R3) were optimized based on the patient refractive error. This process implied to insert an 
ideal Gaussian thin lens with the patient subjective refractive correction in front of the 
cornea of the model and demanding minimal RMS spot size. In the optimization process, 
radii are allowed to vary within a realistic range of values [20], and the entrance pupil 
diameter is fixed to 2.5 mm. In this way, we have assembled a customized eye model that 
adequately represents the patient’s eye under photopic conditions (2.5 mm). Conditions 
under which VA is clinically measured and on which we focused in our simulations. 

 
Figure 1. Customized eye model used in simulations. 

For the evaluation of the post-surgery eye we extracted, from the preoperative model, 
the ideal Gaussian thin lens and substitute of the elevation maps of the two cornea sur-
faces by the post operative ones took account of the new CT. 

From the eye models, point spread function (PSF) and an E-Snellen optotype vision 
simulation corresponding to VA = 1 were obtained. The optical performance of all simu-
lations was obtained after combining ray tracing and Fourier optics (Zemax, LLC Wash-
ington, USA and MATLAB, The MathWorks, Natick, MA, USA). 

In this study three clinical cases were simulated and analyzed. The criteria for selec-
tion of these eyes was to cover the most of possible clinical situations. Consequently, Eye 
1 was chosen to explain those cases in which preoperative CDVA and postoperative 
UCVA were very similar, but an impairment of VA was expected due to the increase of 
aberrations after surgery. Eye 2 explained what occurs when postoperative UCVA is bet-
ter than preoperative CDVA even if postoperative aberrations were increased. Finally, 
Eye 3 was chosen to explain those cases with preoperative CDVA better than postopera-
tive UCVA and with higher postoperative high-order aberrations. 
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3. Results 
3.1. Clinical Study 

Table 1 shows the mean clinical parameters measured pre- and postoperatively. Pa-
tients were aged between 22 and 41 years (31.60 ± 5.12 years) with a preoperative sphere 
of −2.61 ± 1.36 D (range [−5.25, 0] D), cylinder of −0.62 ± 0.82 (range [−2.75, 0] and a corre-
sponding preoperative sphere equivalent of −2.92 ± 1.14 D (range [−5.25, −0.75] D. The 
axial length of the patients ranged between 23.48 and 26.51 mm (mean of 25.16 ± 0.72 mm). 
Differences before and after surgery between parameters as anterior corneal radius, as-
phericity or pachymetry were significant (p < 0.05). In addition, the change in posterior 
corneal radius was also significant, but this difference cannot be considered clinically rel-
evant because the mean difference was around 0.02 mm. 

Table 1. Comparison of preoperative and postoperative LASIK values. The ranges, mean and stand-
ard deviation in visual acuity, corneal radii, asphericity and pachymetry are presented, as well as 
the result of the statistical analysis (p-value). Statistically significant values are highlighted in bold. 

 Preoperative Data Postoperative Data  
 Range [min, max] Mean ± SD Range Mean ± SD p-Value 

pre-CDVA  [0.85, 1.25] 1.03 ± 0.09 ------------ ------------  
post-UDVA ------------ ------------ [0.7, 1.25] 1.04 ± 0.16 0.860 * 
Ranterior (mm) [7.29, 8.87] 7.92 ± 0.33 [7.41, 9.48] 8.36 ± 0.37 <0.001 

Asphericityanterior [−0.57, −0.01] −0.29 ± 0.11 [−0.21, −0.71] 0.22 ± 0.27 <0.001 
Rposterior (mm) [5.87, 6.84] 6.38 ± 0.24 [5.88, 6.92] 6.40 ± 0.25 0.001 

Asphericityposterior [−0.57, −0.01] −0.35 ± 0.17 [−1.13, −0.10] −0.31 ± 0.17 0.004 
Pachimetry (µm) [489, 635] 554.38 ± 29.31 [434, 571] 506.22 ± 30.34 <0.001 

SD, standard deviation; CDVA, corrected distance visual acuity; UDVA, uncorrected distance visual 
acuity; Ranterior, anterior corneal radius; Rposterior, posterior corneal radius. * p = 0.860 corresponds to 
the differences between pre-CDVA and post-UDVA. 

As seen in Table 1, differences between the preoperative CDVA and the postopera-
tive UDVA were not significant. This result agreed with the cumulative percentages of 
eyes reaching specific levels of UDVA and in the change of Snellen lines obtained after 
surgery (Figure 2 left). There was a higher percentage of patients with VA = 1 after than 
before surgery and 80% of eyes improved one line or maintained the visual acuity (Figure 
2 right). 

As shown in Table 2, anterior corneal surface generated most of the total aberrations 
of the cornea. Therefore, values obtained for the anterior corneal surface and total cornea 
were very close. HOAS RMS significantly increased a mean value of 0.24 µm after surgery 
reaching values higher than 0.5 µm (p < 0.001). SA and RMS coma also increased signifi-
cantly by 0.07 µm and 0.016 µm on average, respectively (p < 0.05). Even though the 
change of spherical aberration was significant, the second corneal surface contribution 
cannot be considered clinically relevant because only a minimal variation of 0.01 µm in 
SA was found. 
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Table 2. Comparison of preoperative and postoperative of root mean square high-order aberrations 
(RMS HOAS), spherical aberration (SA) and RMS coma measured in microns (µm). The ranges, the 
mean and the standard deviation of the anterior and posterior cornea surfaces and total cornea are 
presented as well as the result of the statistical analysis (p-value). Statistically significant values are 
highlighted in bold. All measures have been made for a pupil diameter of 6 mm. 

ϕ = 6 mm Preoperative Data Postoperative Data  
Anterior cornea surface 

 Range [min, max] Mean±SD Range Mean±SD p-value 
HOAS RMS (µm) [0.27, 0.85] 0.40 ± 0.11 [0.31, 1.42] 0.64 ± 0.26 <0.001 

SA (µm) [0.06, 0.43] 0.26 ± 0.09 [0.07, 0.62] 0.33 ± 0.13 <0.001 
Coma RMS (µm) [0.02, 0.43] 0.18 ± 0.10 [0.01, 1.04] 0.34 ± 0.25 <0.001 

Posterior cornea surface 
 Range [min, max] Mean±SD Range Mean±SD p-value 

HOAS RMS (µm) [0.15, 0.26] 0.20 ± 0.03 [0.14, 0.32] 0.20 ± 0.04 0.201 
SA (µm) [−0.21, −0.02] −0.14 ± 0.03 [−0.22, −0.02] −0.15 ± 0.04 0.003 

Coma RMS (µm) [0.00, 0.15] 0.06 ± 0.03 [0.01, 0.19] 0.07 ± 0.04 0.981 
Total cornea 

 Range [min, max] Mean±SD Range Mean±SD p-value 
HOAS RMS (µm) [0.23, 0.50] 0.36 ± 0.07 [0.24, 1.34] 0.60 ± 0.24 <0.001 

SA (µm) [0.03, 0.38] 0.21 ± 0.08 [0.04, 0.54] 0.27 ± 0.13 0.020 
Coma RMS (µm) [0.04, 0.37] 0.16 ± 0.08 [0.03, 0.99] 0.33 ± 0.22 <0.001 

SD, standard deviation; RMS HOAS, root mean square high-order aberrations; SA, spherical aber-
ration. 

 
 

Figure 2. Cumulative percentages of eyes reaching specific levels of visual acuity without correction 
after LASIK surgery. Preoperative CDVA and postoperative UDVA are compared (left). Changes 
in Snellen lines when postoperative UDVA and preoperative CDVA are compared (right). 

3.2. Correlations 
Correlations between the preoperative SE and the change in asphericity, SA, RMS 

coma and HOAS RMS were significant (Table 3). Aberrations increased as preoperative 
SE was higher (see Figure 3A–D). Asphericity and SA showed the highest correlations (r 
= −0.880, p < 0.001 and r = −0.693, p < 0.001, respectively). 

However, the significant increase in aberrations after surgery did not lead to signifi-
cant differences between the preoperative CDVA and postoperative UDVA. No worsen-
ing of vision quality was observed after surgery. Why this behavior? Why was the signif-
icant increase in aberrations not influencing the final visual quality? To answer and un-
derstand these questions, simulations using real patient data were proposed. 
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Table 3. Correlations of preoperative SE with the difference between pre- and post-surgery values 
obtained for asphericity, SA, RMS coma and RMS HOAS. Statistically significant values are 
highlighted in bold. 

ϕ = 6 mm SEpre-dif_Asphericity SEpre-dif_SA SEpre-dif_RMS Coma SEpre-dif_RMS HOAS 
Correlation coef. −0.880 −0.693 −0.427 −0.429 

Sig. (bilateral) <0.001 <0.001 0.011 0.010 

3.3. Simulation 
As commented in the methodology section, 3 eyes of 3 patients were selected for this 

study. These eyes were carefully chosen in order to cover the most range of possible real 
cases. Eye 1 would attempt to explain why preoperative CDVA and postoperative UCVA 
were very similar if an increase of aberrations after surgery occurred. Eye 2 could help to 
understand why the postoperative UCVA is better than preoperative CDVA even if post-
operative aberrations were increased. Finally, Eye 3 would provide an explanation for 
cases with preoperative CDVA better than postoperative UCVA and with higher postop-
erative high order aberrations. 

For this purpose, from elevation maps of each eye, simulations were performed for 
pupil entrance of 6 mm and 2.5 mm. For each pupil size, the PSF function and vision sim-
ulation of an E-Snellen optotype corresponding to a VA = 1 were obtained. 

3.4. EYE 1 
A 34-year-old man with a preoperative refraction of -3.5D and a CDVA = 1. After 

surgery, the UCVA achieved was 1. 
Postoperative topography showed more surface irregularities for the 6 mm pupil size 

than for the 2.5 mm pupil size (see Figure 4 up). PSF function was essentially a point before 
and after surgery for 2.5 mm. However, for the 6 mm pupil size, the PSF function was 
impaired and the vision simulation optotype became worse compared to the optotype 
corresponding to the 2.5 mm pupil size (Figure 4 middle). The aberrations of this eye cor-
roborated these simulations (see Table 4). For the 2.5 mm pupil size, the contribution of 
aberrations was insignificant (in fact HOAS RMS diminished by 0.02 µm after surgery), 
while for the 6 mm pupil size HOAS RMS increased by 0.284 µm after surgery, basically 
due to an increase of 0.049 µm of the spherical aberration. This result showed that if a 
photopic pupil size (for instance 2.5 mm) was considered, it was possible to explain why 
the preoperative CDVA and postoperative UDVA remained the same, and the patient 
maintained the same quality of vision after surgery (see Figure 4 down). 

Table 4. Preoperative and postoperative RMS HOAS, SA and RMS coma values of Eye 1 for 2.5 mm 
and 6 mm pupil sizes. 

 ϕ = 2.5 mm ϕ = 6 mm 
 Preoperative Postoperative Preoperative Postoperative 

HOAS RMS (µm) 0.054 0.034 0.456 0.74 
SA (µm) 0.018 −0.004 0.278 0.327 

Coma RMS (µm) 0.019 0.013 0.151 0.172 
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Figure 3. (A–D) Dispersion diagrams. Correlation between the preoperative SE and the difference 
between preoperative and postoperative values of asphericity (A), SA (B), RMS coma (C) and HOAS 
RMS (D). 
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Figure 4. For Eye1, (up) pre- and postoperative topographies. Pupil size of 2.5 mm centred in apex 
is indicated with black circle; (middle) pre- and postoperative PSF functions for 2.5 mm and 6 mm 
pupil sizes; (down) pre- and postoperative vision simulated optotype for 2.5 mm and 6 mm pupil 
sizes. 

3.5. EYE 2 
A 22-year-old woman with a preoperative refraction of −2.75 D and a CDVA = 1. After 

surgery, the UDVA was 1.25. 
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In this case, for the pupil size of 2.5 mm, there was a slight improvement in the HOAS 
RMS and coma. However, a significant increase in aberrations was obtained when a pupil 
size of 6 mm was considered (see Table 5). These results provided better postoperative 
PSF function and simulated optotype vison for a pupil size of 2.5 mm than 6 mm (Figure 
5 middle and down). Therefore, these results could explain a better value for the postop-
erative UDVA than for the preoperative CDVA. 

Table 5. Preoperative and postoperative RMS HOAS, SA and RMS coma values of Eye 2 for 2.5 mm 
and 6 mm pupil sizes. 

 ϕ = 2.5 mm ϕ = 6 mm 
 Preoperative Postoperative Preoperative Postoperative 

HOAS RMS (µm) 0.064 0.057 0.206 0.571 
SA (µm) −0.001 −0.011 0.06 0.091 

Coma RMS (µm) 0.053 0.008 0.243 0.374 

3.6. EYE 3 
A 31-year-old woman with a preoperative refraction of −1.75 D and a CDVA = 1. After 

surgery, she presented a UDVA = 0.7. 
As seen in Table 6, for this eye and with a pupil size of 6 mm, HOAS RMS were 

clearly increased after surgery (1.207 µm), basically due to an increase in coma (0.849 µm 
of increase). Large differences in quality vision were observed. (Figure 6 middle and 
down). This worsening was also observed for 2.5 mm pupil size. Topography after sur-
gery showed irregularities within the 2.5 mm zone that could be caused by poor corneal 
healing or biomechanical characteristics (see Figure 6A). A lower HOAS RMS increase of 
0.088 µm was obtained, but this increase in aberrations could explain the differences be-
tween PSF functions before and after surgery and the poorer quality of vision obtained 
(see Figure 6B,C). Consequently, a decrease in clinical VA would be also expected after 
surgery if a pupil size of 2.5 mm is considered. 

Table 6. Preoperative and postoperative RMS HOAS, SA and RMS coma values of Eye 3 for 2.5 mm 
and 6 mm pupil sizes. 

 ϕ = 2.5 mm ϕ = 6 mm 
 Preoperative Postoperative Preoperative Postoperative 

HOAS RMS (µm) 0.037 0.125 0.36 1.207 
SA (µm) 0.003 −0.017 0.214 0.066 

Coma RMS (µm) 0.021 0.11 0.195 1.044 
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Figure 5. For Eye 2, (up) pre and postoperative topographies. Pupil size of 2.5 mm centred in apex 
is indicated with black circle; (middle) pre and postoperative PSF functions for 2.5 mm and 6 mm 
pupil sizes; (down) pre- and postoperative vision simulated optotype for 2.5 mm and 6 mm pupil 
sizes. 
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Figure 6. For Eye 3, (A) pre and postoperative topographies. Pupil size of 2.5 mm centred in apex is 
indicated with black circle; (B) pre and postoperative PSF functions for 2.5 mm and 6 mm pupil 
sizes; (C) pre- and postoperative vision simulated optotype for 2.5 mm and 6 mm pupil sizes. 

  

A 

B 

C 
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4. Discussion 
Our clinical results showed that differences between preoperative and postoperative 

values of anterior corneal radius, asphericity or pachymetry were significant (p < 0.05), as 
reported in previous studies [4,12,14,15,21–23]. Despite the change of the posterior corneal 
radius was also significant, it could not be considered clinically relevant because the mean 
difference was about 0.02 mm [10]. The anterior corneal surface was the most relevant 
surface in the generation of the aberrations after surgery. HOAS RMS, SA and RMS coma 
were significantly increased after surgery (p < 0.05) in agreement with published studies 
[6,7,9,24]. The contribution to global aberrations from the second corneal surface was not 
clinically significant as previous reported results [4,12,25]. Study of correlations showed 
that asphericity, SA, RMS coma and HOAS RMS increased as the pre-surgery spherical 
equivalent was higher consistent with previously published studies [23,26–28]. 

Optical aberrations are associated with bad quality of vision, with one of the main 
causes being a large mesopic pupil diameter (>6 mm) [29,30]. Several studies have shown 
that Femto-Lasik technique is an effective technique[12–15] and these results imply that 
no differences are expected between the preoperative CDVA and the postoperative 
UDVA after Femto-Lasik surgery. Our study corroborated this statement. However, if a 
significant increase of aberrations after surgery was obtained, more differences between 
the preoperative CDVA and the postoperative UDVA would be expected, and a lower 
efficacy index should be obtained. This absence of differences in vision quality was con-
firmed with our clinical results as cumulative percentages of eyes with better postopera-
tive UDVA showed (Figure 2). As this study established, two factors are key to under-
standing the lack of correlation between vision quality and increased aberrations: the pu-
pil size and a personalized analysis of each case. 

Although several studies have been conducted to assess the aberrations induced by 
different LASIK techniques, there are no consensus results regarding the changes in indi-
vidual aberration terms[26]. As indicated by Al-Zeraid et al., the differences between pre-
vious reports may be related to the different levels of preoperative aberrations and the 
pupil analysis diameter used. So far, no literature has been found to question why there 
is no direct correlation between objective worsening of visual quality and clinical measure 
of visual acuity after surgery. As commented above, the pupil size commonly used to 
obtain aberrations is 6 mm[12–15]; however, VA is measured under photopic conditions 
as stablished the ETDRS study protocol[30]. At these illumination levels, normal pupils 
have lower diameters than 6 mm. Assuming an average photopic pupil size of 2.5 mm 
and recalculating the value of the aberrations for this diameter, it is possible to explain 
why the preoperative CDVA and postoperative UDVA are correlated. For this purpose, 
three eyes, which represent most of the possible relationships between preoperative 
CDVA and postoperative UCVA, were simulated. Eye 1 had the same preoperative CDVA 
and postoperative UDVA an equal to 1, in Eye 2 the VA after surgery became better than 
before surgery (CDVA = 1 and UDVA = 1.25 respectively) and in Eye 3 there was a wors-
ening of VA after surgery (preoperative CDVA = 1 and postoperative UDVA = 0.7). 

Our simulations showed that for the pupil size of 6 mm, the three eyes increased 
HOAS after surgery and vision quality was impaired (Figures 4–6) following the general 
trend of the clinical study. However, clinical measurement of VA did not correlate with 
this result because postoperative UDVA was not always worse than preoperative CDVA. 
This correlation between clinical VA measurement and HOAS was found when a 2.5 mm 
pupil size was considered. The results justified that for Eye 1 the preoperative CDVA and 
postoperative UDVA were practically identical, for Eye 2 the postoperative UDVA was 
better and for Eye 3 worse (Figures 4–6). As seen in Tables 4–6, for the 2.5 mm pupil size, 
in Eyes 1 and 2, HOAS diminished after surgery, whereas in Eye 3 it increased. 

Most of eyes from clinical base data (33) obtained a postoperative VA 1 or close to 
one and only 4 eyes obtained VA lower than 0.8. In these 4 eyes, the postoperative HOAS 
was higher than 0.06 µm. We have seen that a postoperative VA equal to or better than 
preoperative VA is associated with a maintenance or improvement of postoperative 
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HOAS aberrations for a pupil size of 2.5 mm (i.e., Eyes 1 and 2). In addition, in those eyes 
which HOAS were higher than 0,06 µm and the increase of HOAS after surgery was 
higher than 0,03 µm (i.e., Eye 3), a lower postoperative VA were expected. However, the 
amount of this decrease in VA depends on the specific distribution of the aberrations. 

To corroborate these conclusions, correlations were studied for 2.5 mm pupil size. 
Table 7 showed that only correlation between SE and SA was significant, but as seen in 
Figure 7A, this correlation was not clinically relevant because the values were very low 
and always close to 0. In addition, differences in coma and RMS HOAS were not signifi-
cant (see Table 7 and Figure 7B, C). This lack of correlations explains why HOAS were not 
influencing the final patients vision quality and any differences between preoperative 
CDVA and postoperative UDVA were found. Moreover, this result reinforces the idea 
that it is necessary a personalized analysis for each patient to find the correlation between 
the HOAS and the final vision quality (as the three analysed cases have shown). 

Table 7. Correlations for 2.5 mm pupil size of preoperative SE with the difference between pre- and 
post-surgery values obtained for SA, RMS coma and RMS HOAS. Statistically significant values are 
highlighted in bold. 

ϕ = 2.5 mm SEpre –Dif SA SEpre-Dif. RMS Coma SEpre-Dif. HORMS 
Correlation coef −0.363 −0,175 −0.314 
Sig. (bilateral) 0.032 0.316 0.066 

This study has shown that considering a photopic pupil size (lower than 3 mm) in 
the analysis of aberrations is key to better understanding the patients final vision quality. 
In most cases there are not correlation between the change of visual acuity before and after 
surgery when only the change of HOAS for 6 mm of pupil size is considered. Visual acuity 
is measured under photopic luminance, and the postoperative VA are determined by the 
final HOAS and the increment of them after surgery, but for 2.5 mm of pupil size. Our 
results indicated that HOAS higher than 0.06 µm are likely to produce VA values lower 
than 1 and, if in addition, the increment of the HOA after surgery is higher than 0.03 µm, 
a worsening of AV (Eye 3). Although our study has only been simulated on three eyes, 
the results could be extrapolated to most real cases since the effect of high-order aberra-
tions (basically SA and coma) will produce the same effect on the final quality of vision. 
Although the simulation could be improved by considering total aberrations of the eye 
for a better personalized lens model, this assumption does not invalidate our results be-
cause we have focused on photopic conditions. We have considered a diameter of 2.5 mm 
in the entrance pupil plane which would correspond to a smaller beam size in the lens 
plane. Therefore, our model provides a sufficiently good behavior of the photopic condi-
tions. In addition, the need of total ocular aberrations will lead to clinical drawbacks be-
cause the use of aberrometers is not widespread in clinical practice. Specifically, refractive 
surgery usually only takes into account the corneal measurement. Consequently, our 
study can be useful to a wider audience since corneal aberrations are easier to obtain. 

In conclusion, the personalized analysis of higher order aberrations for photopic pu-
pil sizes will better predict the patient’s final visual acuity post-Lasik surgery. 
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Figure 7. (A–C) Dispersion diagrams for 2.5 mm pupil size. Correlation between the preoperative 
spherical equivalent and the difference between preoperative and postoperative values of SA (A) 
and RMS coma (B) and HOAS RMS (C). 
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