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To detect possible differences in residual wavefront aberrations between standard and customized laser refractive surgery based on
mathematical modeling, the residual optical aberrations after conventional and customized laser refractive surgery were compared according
to the ablation profile with transition zone. The results indicated that ablation profile has a significant impact on the residual aberrations.
The amount of residual aberrations for conventional correction is higher than that for customized correction. Additionally, the residual
aberrations for high myopia eyes are markedly larger than those for moderate myopia eyes. For a 5 mm pupil, the main residual aberration
term is coma and yet it is spherical aberration for a 7 mm pupil. When the pupil diameter is the same as optical zone or greater, the
magnitudes of residual aberrations is obviously larger than that for a smaller pupil. In addition, the magnitudes of the residual fifth or
sixth order aberrations are relatively large, especially secondary coma in a 6 mm pupil and secondary spherical aberration in a 7 mm pupil.
Therefore, the customized ablation profile may be superior to the conventional correction even though the transition zone and treatment
decentration are taken into account. However, the customized ablation profile will still induce significant amount of residual aberrations.
[DOI: http://dx.doi.org/10.2971/jeos.2013.13061]
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1 INTRODUCTION
Conventional laser refractive surgeries aim to correct the
refractive errors of defocus and astigmatism based on the
Munnerlyn formula. In addition, customized laser refractive
surgery can be based on corneal topography or wavefront
aberrations for correcting refractive errors. Wavefront-guided
surgeries aim to address the total ocular wavefront aberrations in addition to the refractive errors [1, 2]. This paper concerns the comparison of postoperative wavefront aberrations
for conventional and wavefront-guided corneal ablation.
Different ablation profiles may achieve statistically significantly different outcomes depending on refractive, patient,
and laser platforms. Du et al. found that higher order aberrations were increased, but the increase of higher order aberrations after customized ablation treatment was less than that
after conventional ablation [3]. Schallhorn et al. indicated that
wavefront-guided myopia LASIK combined with a femtosecond laser flap significantly improved mean night driving visual performance and was significantly better than conventional LASIK using a mechanical keratome [4]. Awwad et al.
showed that wavefront-guided ablation was associated with
higher surgically induced astigmatism and larger astigmatic
axis shift on the VISX platform as compared to the LADAR
CustomCornea and the LADAR and VISX conventional platforms [5]. Zhang et al. reported that wavefront-guided LASIK
with iris-registration was efficient to reduce higher order aber-

rations especially spherical and coma aberrations, and to
improve postoperative visual acuity and contrast sensitivity
compared with the conventional LASIK [6]. For the consideration of effective optical zone, a study demonstrated that
CustomVue LASIK created larger corneal topographic effective optical zones than standard ablation [7]. The treatment
decentration in laser refractive surgery has been observed in
previous studies [8] and the results indicated that the centration errors had an important impact on the postoperative optical aberrations [9]. Therefore, decentration would be considered by Monte Carlo simulation. In our study, the use of a
simulation procedure to generate a probability distribution of
treatment decentrations was of great interest for several applications. Particularly, it may help understand the consequences
of laser refractive surgery. We developed a simulation procedure to generate random treatment decentrations that present
a distribution across a population based on from a recent clinical study [8].
Transition zone is important in modern laser algorithms for
refractive surgery [10]. It connects the optical zone to the
untreated cornea. The use of transition zone during LASIK
resulted in a low incidence of postoperative glare and halos [11, 12]. Arbelaez et al. showed that a multidynamic aspheric transition zone was included in a cornea ablation profile in order to minimize the amount of induced optical aber-
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2 MATERIALS AND METHODS
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In this study, 132 eyes of 74 potential laser refractive surgery
candidates for myopia correction were enrolled. Patients with
ocular disease, keratoconus, and previous ocular surgery
were excluded. The age of the patients ranged from 18 to
34 years (mean, 24.4±4.9). The mean preoperative spherical power for the moderate and high myopia groups was
-4.72±0.50D (range -4.00 to -5.75D) and -6.64±0.52D (range
-6.00 to -7.75D), respectively, in left eyes. Also, the mean
spherical power for the moderate and high myopia groups
was -4.69±0.52D (range -4.00 to -5.75D) and -6.68± 0.58D
(range -6.00 to -7.75D), respectively, in right eyes, with D
representing diopter. Figure 1(a) shows the distribution of
spherical power. In addition, the mean preoperative astigmatic power for the moderate and high myopia groups was
-0.73±0.57D (from plano to -2.25D) and -0.97±0.50D (from
-0.25 to -2.25D), respectively, in right eyes and -0.73±0.64D
(from plano to -3.5D) and -1.21± 0.93D (from -0.25 to -4.75D),
respectively, in left eyes, which is shown as a scatter plot of
the orthogonal components J0 and J45 in Figure 1(b). The
informed consent was obtained from all patients after an
explanation of the procedure and its potential benefits and
risks. The wavefront aberrations for all eyes were measured
using a Shack-Hartmann aberrometer [17] (WaveScan wavefront system, VISX, Inc., Santa Clara, CA) in the scotopic
condition. All measurements were repeated at least three
times for each eye, and the 3 best-matching measurements
were selected to be used. The wavefront aberration was
fitted to Zernike polynomials up to sixth order. Then, the
wavefront aberrations in a given diameter were computed
by scaled transformation of Zernike aberrations. The contact
lens wearers were excluded from this research.

FIG. 1 Frequency distributions (OD=right eyes; OS=left eyes). M represents moderate
myopia eyes, and H depicts high myopia eyes. A represents the spherical power of
refractive error determined by the subjective refraction. B represents the astigmatism
determined subjectively. N=132 eyes.

rations [13]. On the other hand, the pupil diameter exerted a
great impact on wavefront aberration RMS. Applegate et al. revealed that the higher order aberration RMS increased rapidly
with the pupil diameter increase in a normal population of
human eyes [14]. Furthermore, several researches described
the influence of pupil dilation on higher order aberrations after laser refractive surgery [15, 16]. For these reason, the effect
of transition zone and pupil size on the postoperative aberrations would be considered in this theoretical analysis study.
Until now the theoretical comparison of residual wavefront
aberrations after conventional and wavefront-guided refractive surgery with consideration of the both effect of decentration and transition zone has not been explicitly studied yet.
In this paper, based on the corneal ablation profiles including
transition zone, the residual wavefront aberrations with the
effect of decentration were calculated. Additionally, the influence of oblique incidence on the residual aberrations was also
taken into account.

2.2 Ablation profile for conventional and
customized laser refractive surgery
In general, myopia and astigmatism components are generally included in the refractive errors in human eyes, namely
myopia astigmatism. In the present study, when the anterior
corneal surface is a spherical surface after refractive surgery,
the ablation profile for conventional myopia astigmatism correction can be given by [18]:
r q
D ( x, y) = ( R2x − x2 + Ry − R x )2 − y2
q
q
− R2f − x2 − y2 + R2f − (O/2)2
q
+ R x − Ry − R2x − (O/2)2

(1)

Here, R x and Ry convey the radii of curvature of two principal meridians of the anterior corneal surface before refractive
surgery. R f depicts the postoperative radius of curvature. O is
the diameter of optical zone in x-axis.
Clinically, the values of R x , Ry , and R f for myopia astigmatism correction in individual human eyes can be computed
from the measured k value of cornea and the subjective refraction as [18].
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D ( x, y) = −

∑
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On the other hand, according to the phase-conjugate principle, the ablation depth in optical zone for wavefront-guided
myopia astigmatism correction can be given directly by wavefront information.
(2)

p and q

Here, n represents the refractive index of cornea in visible
light, and the value is 1.376 in this paper. Also, ( x, y) conveys
an arbitrary point in optical zone on cornea. Additionally, the
wavefront aberrations are expressed as a Zernike polynomial
expansion.
q q
W ( x, y) = ∑ c p Z p ( x, y)
(3)

OD(M)

OS(M)

OD(H)

OS(H)

0.4

0.2

0.0

-0.2

-0.4

p and q

-0.6

In this study, the ablation profile for transition zone should be
structured. If ρ depicts the blend coefficient of ablation profile
and R represents the radius of optical zone, the width of transition zone is Rρ. Here, the ablation profile for transition zone
can be denoted as follows [19]:
q
D ( x, y) = Da ( x, y) · Db ( x, y) R ≤ x2 + y2 ≤ R(1 + ρ) (4)
Here, Da ( x, y) indicates a blend function. Also, Db ( x, y) conveys the extended ablation depth in transition zone, which is
extended from the boundary value of optical zone.

2.3 Monte Carlo Simulating treatment
decentration
In this research, the Monte Carlo simulation was performed
for producing translation decentration. The decentration was
randomly selected from a probability distribution across a
population, which was obtained from a recent clinical study.
For the moderate myopia eyes, the mean transverse translation in left and right eyes in the Monte Carlo analysis was
0.28±0.10 mm (range 0.10 to 0.46 mm) and 0.25±0.11 mm
(range 0.07 to 0.47 mm), respectively (Figure 2). For the high
myopia eyes, the mean translation in left and right eyes was
0.29±0.10 mm (range 0.10 to 0.50 mm) and 0.24±0.12 mm
(range 0.08 to 0.51 mm), respectively.

2.4 Residual wavefront aberrations caused
by treatment decentration
When decentration occurs, the actual ablation depth can be
calculated by coordinate transformation. If a part of transition
zone moves into pupil, the actual ablation depth should include two parts. One is the part that moves into pupil, which
is computed from the transition zone, and then the other is a
part of optical zone, which can be obtained from the ablation
profile for optical zone. Then the Zernike coefficients can be
achieved by surface fitting. In this section, the lateral decentration of ablation profile is explicitly considered. The coordinate
transformation formula is given as follows:
x 0 = ( x − ∆x ) + (y − ∆y)
y0 = (y − ∆y) − ( x − ∆x )

(5)

Here, ∆x, ∆y represent the lateral displacement in x- and
y-axis, respectively. With coordinate transformation formula,
the ablation depth in whole ablation zone can be calculated
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FIG. 2 Transverse translation (centration error) in 132 eyes (OD=right eyes; OS=left
eyes). M represents moderate myopia eyes, and H depicts high myopia eyes.

from the ablation profile. In addition, the ablation depth is
multiplied by adjustment factors (κ) and then the effective
depth can be obtained. Finally, the effective depth can be converted into the actual corrected aberrations:
Wd ( x, y) = k · D ( x, y) · (n − 1)

(6)

The actual corrected Zernike coefficients can be given as follows:
q q
(7)
Wd = ∑ b p Z p ( x, y)
p and q

Based on the ablation depth for conventional or wavefrontguided refractive surgery, we can obtain the actual corrected
aberrations in a given pupil diameter. Then the Zernike coefficients of predicted residual aberrations after conventional
or customized refractive surgery with treatment decentration
can be calculated as follows:
Wr ( x, y) =

∑

p and q

q

q

a p Z p ( x, y) +

∑

q

q

b p Z p ( x, y)

(8)

p and q

p

Here, bq is the actual corrected Zernike coefficient with treatp
ment decentration, and aq is the coefficient of preoperative
aberrations.

2.5 Comparison of residual wavefront
aberrations
Based on the ablation profile for conventional and wavefrontguided refractive correction, the ablation depth for ablation
zone including transition zone could be calculated. The distribution of translation of ablation centre was generated using Monte Carlo method. Additionally, the treatment decentration was simulated by coordinate transformation. Then the
ablation depth was converted into the actual corrected aberrations. The residual aberrations were calculated as the differences between the original and actual corrected aberrations.
Finally, the residual Zernike coefficients after conventional
and customized laser refractive surgery were achieved by the
surface fitting. In this paper, the comparison of residual aberrations after conventional and customized refractive surgery
was performed for 5 mm, 6 mm and 7 mm pupil. Here, the
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diameter of optical zone is 6 mm. In addition, the blend coefficient is 0.35, and then the diameter of ablation zone is 8.1 mm.
In this section, the Zernike aberrations are expressed as the
magnitude/axis form.
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2.6 Comparison of optical quality
Stiles-Crawford effect (SCE) may have ability to compensate
for the higher-order aberrations of the postoperative eyes and
ameliorate the impacts of aberrations on visual performance
when pupils are large [20]. In addition, visual performance
after refractive surgery can be evaluated by an optical quality metric (VSMTF) based on modulation transfer function
(MTF) [21, 22]. Consequently, the SCE can be modeled optically as a filter placed in front of the eye and incorporated into
the point spread function and optical transfer function by introducing it into the pupil function. The visual Strehl ratio for
MTF (VSMTF) is defined as the same in reference [21].
R∞ R∞
CSF N ( f x , f y )MTF( f x , f y )d f x d f y
VSMTF = R ∞−∞R ∞−∞
(9)
−∞ −∞ CSF N ( f x , f y )MTF DL ( f x , f y ) d f x d f y
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Here, CSF N represents neural contrast sensitivity function,
whereas MTF conveys the two-dimensional modulation
transfer function influenced by both aberrations and SCE.
MTFD L is the diffraction-limited modulation transfer function. In this study, the MTF and VSMTF are calculated in a
linear scale over the range of 0–60 cycles per degree. The comparison of optical quality after conventional and customized
laser refractive surgery was performed for only 6 mm pupil.
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3.1 Population statistics of the wavefront
aberration

FIG. 3 Statistical summaries of Zernike coefficients for 132 eyes. The panel A corresponds to the OD (right eyes) and the panel B corresponds to OS (left eyes). Mean

Figure 3 shows the average of the signed Zernike coefficients
in a myopic population of 132 eyes (74 subjects) including
mean value and standard deviation. The means of higherorder aberration RMS for moderate and high myopia eyes are
0.28 µm and 0.26 µm, respectively, in left eyes and 0.26 µm
and 0.27 µm, respectively, in right eyes. However, spherical
aberration is systematically biased toward positive values,
and the mean coefficient for high myopia eyes is markedly
larger than that for moderate myopia eyes. For example, the
value of spherical aberration (C40 ) RMS is all maximal being of
0.039 µm and 0.075 µm, respectively, in left eyes and 0.029 µm
and 0.074 µm, respectively, in right eyes. The standard deviation of coma (C3−1 ) is maximal for moderate and high myopia
eyes in left and right eyes. The mean standard deviations are
0.137, 0.158, 0.140 and 0.137, respectively. Note that distributions of aberrations for left and right eyes have similar means
and variances.

values of signed aberration coefficients are indicated by red squares for moderate
myopia eyes and blue circles for high myopia eyes, with error bars indicating the
standard deviations of the population. All aberration coefficients are in micrometers.
Pupil diameter is 6 mm.

3.2 Comparison of residual aberrations
after conventional and customized
refractive surgery

The results in Figure 4 indicate that the residual aberration
RMS is relatively small, and the mean coefficients are lower
than 0.12 µm for all Zernike terms. However, the amount of
residual aberrations for conventional correction is distinctly
higher than that for customized correction. Especially, the
residual coma, trefoil and spherical aberration are markedly
larger than other aberration terms for conventional correction.
Furthermore, the amounts of the residual fifth or sixth order
aberrations are markedly lower than the second or third order aberrations. By comparison, the residual aberrations in left
eyes show substantially the same as those in right eyes. It is
worth noting that the main residual aberration term is coma.
This result can be accounted by the clinical treatment decentration.

Figure 4 shows the residual aberrations for a 5 mm pupil. The
panel A corresponds to the right eyes (OD) and the panel B
corresponds to the left eyes (OS).

Figure 5 shows the residual aberrations for a 6 mm pupil. The
panel A and panel B correspond to the right eyes (OD) and the
left eyes (OS), respectively.
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FIG. 4 Comparison of residual aberrations for conventional and customized correction with transition zone. The panel A corresponds to the right eyes (OD) and the panel B
corresponds to the left eyes (OS). Mean values are indicated by red and blue columns for moderate and high myopia eyes after customized laser refractive surgery, respectively,
with error bars indicating the standard deviations of the population. Also, mean values are indicated by green and violet columns for moderate and high myopia eyes after
conventional refractive surgery, respectively. The diameter of optical zone is 6 mm, but the pupil diameter is 5 mm. The blend coefficient is 0.35 and the diameter of ablation
zone reaches 8.1 mm.
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FIG. 5 Comparison of residual aberrations for conventional and customized correction with transition zone. The panel A corresponds to the right eyes (OD) and the panel B
corresponds to the left eyes (OS). The diameter of pupil and optical zone is 6mm. The blend coefficient is 0.35 and the diameter of ablation zone is 8.1 mm.

The results in Figure 5 indicate that the amount of residual aberrations for conventional correction is also distinctly
higher than that for customized correction. In addition, the
residual aberrations for high myopia eyes are markedly larger
than those for moderate myopia eyes. In this section, the
significant residual aberration terms are trefoil, coma, secondary astigmatism, spherical aberration, secondary coma
and secondary spherical aberration. By comparing conventional with customized correction, the residual aberrations for
customized correction show slightly lower than those for conventional correction. It is worth noting that the amounts of the
fifth and sixth order residual aberrations are relatively large,
especially secondary coma. The mean RMS of secondary coma
is larger than 0.12 µm; especially the value is 0.23 µm for high
myopia eyes in left eyes after conventional correction.

can be seen in Figure 6 that the amount of residual aberrations for high myopia eyes is markedly larger than that for
moderate myopia eyes. Additionally, the residual aberrations
for conventional correction are slight higher than those for
customized correction. Furthermore, the amounts of residual
the fifth and sixth order aberrations are relatively large (up
to 0.83 µm) and yet they markedly lower than those of the
third or fourth order aberrations. By comparing panel A with
panel B, the residual aberrations in right eyes show slightly
lower than those in left eyes. This result can be accounted by
the differences in simulated decentration and refractive errors
between the left and right eyes. It is worth noting that the
main residual aberration term is spherical aberration. This result can be attributed to that the power of transition zone is
less than that of optical zone, which will lead to the remains
of some refractive errors and inducing spherical aberration.

Figure 6 shows the residual aberrations for a 7 mm pupil. It
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FIG. 7 Scatter plots of optical quality for conventional and customized correction with transition zone. The panel A corresponds to the right eyes (OD) and the panel B corresponds
to the left eyes (OS). The diameter of pupil and optical zone is 6 mm.

3.3 Comparison of optical quality after
conventional and customized refractive
surgery
Figure 7 shows the optical quality for a 6 mm pupil after refractive surgery. The panel A corresponds to the right eyes
(OD) and the panel B corresponds to the left eyes (OS). The
results in Figure 7 indicate that the values of optical quality for customized correction are distinctly higher than those
for conventional correction. In addition, the optical qualities
for moderate myopia eyes are slightly higher than those for
high myopia eyes. For the moderate myopia eyes, the predicted VSMTF values in left and right eyes for conventional
correction will be lower 0.53±0.13 and 0.54±0.20 log unit than
those for customized correction, respectively. For the high myopia eyes, the values of predicted optical quality in left and
right eyes for conventional correction are lower 0.53±0.19 and
0.59±0.23 log unit than those for customized correction, respectively.

4 DISCUSSION
It is well known that the optical performance of human eye
is dynamic. However, a fixed ablation center must be selected in laser refractive surgery. Generally, the entrance pupil
center (EPC) is usually used as the ablation center in clinical practices and yet it changes with accommodation and
the change of illumination [23]. Pupil centroid offset values
are the factor most significantly correlated to the amount of
treatment decentration. Therefore, ablation decentration may
occur in laser refractive surgery due to pupil centroid shift
in different illumination levels and the cyclotorsional change
of the eye from seated to supine position. Ablation decentration plays an important role in inducing the optical aberrations and causing visual degradation. For example, ablation decentration >0.30 mm from the center of the entrance
pupil is associated with greater induction of total HOA, coma,
and spherical aberration after active eye-tracker-assisted myopic PRK, as compared with ablation decentration <0.15 mm.
In addition, ablation decentration has a more significant in-
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fluence on coma-inducing effects [24]. Bühren et al. found
that pupil diameter and decentration explained up to 95%
of the variance of VSOTF change after myopic photorefractive keratectomy (PRK) in a cat model [15]. Padmanabhan et
al. revealed that eyes with decentered ablations had a significantly higher magnitude of induced aberrations and lower
uncorrected visual acuity than eyes with well-centered ablations from wavefront-optimized ablation with an active eye
tracker [9]. Bühren et al. indicated that center errors resulted
in undercorrection of sphere and induction of astigmatism,
and decentration mainly induced coma among the higherorder aberrations after photorefractive keratectomy (PRK) in
a cat model [25]. Porter et al. reported that the mean shift in
pupil center was 0.29 mm in wavefront-guided laser refractive surgery [26]. On the other hand, static cyclotorsion and
dynamic cyclotorsion occurred during LASIK had been observed by Febbraro [27]. In our study, one limitation is that the
cyclotorsional errors during refractive surgery are not considered.
Monte Carlo simulation is a standard computational technique and it may help predict the postoperative aberrations,
for evaluating the consequences of refractive surgery in this
analysis. We developed a simulation procedure to generate
random translation decentration. Then, the amount of decentration of the eye was randomly selected from a probability
distribution across a population. This simulation technique is
not intended to a perfect representation of a single eye, but is
developed for a correct distribution of the treatment decentration across a population. In a previous study, the Monte-Carlo
method was employed for generating IOL decentration for
evaluating the theoretical optical performance of 3 intraocular lens (IOL) designs in the presence of IOL decentration. The
results indicated that this method was effective and practicable [28]. In addition, Canales et al. performed the simulation
of the eye consisting of generation of random wavefronts that
make up the ocular wave aberration statistics across a population by Monte Carlo method. They found that this method
could be used to predict the performance of sensing techniques and to evaluate the consequences of customized ophthalmic elements and refractive surgery [29]. Furthermore,
this approach was also used in predicting visual acuity from
wavefront aberrations [30].
Some previous researches compared the induced aberrations and visual performance between conventional and
wavefront-guided laser refractive surgery. Du et al. indicated
that a statistically significant difference was noted in the
increase of higher order aberrations after conventional and
customized ablation in myopic LASIK [3]. In a comparison
of night driving visual performance, the results showed that
wavefront-guided LASIK to correct myopia significantly
improved the mean performance and was significantly better
than conventional LASIK for the treatment of moderate
myopia [4]. In addition, wavefront-guided LASIK with
iris-registration was efficient to reduce higher order aberrations especially coma and spherical aberrations, and to
improve postoperative visual acuity and contrast sensitivity
by comparison with conventional LASIK [6]. For the corneal
topographic effective optical zone (EOZ) in eyes with spherical correction, wavefront-guided myopic LASIK increased

the postoperative EOZ, but standard LASIK decreased EOZ
[7]. It deserved to note that different laser platforms achieved
statistically significantly different visual performance and
induced higher-order aberrations [31]. Furthermore, pupil
size exerted a crucial impact on the wavefront aberration
RMS [32]. Additionally, the diameter of pupil and optical
zone is usually inconsistent in clinical practices. Our results
are sufficient to support the conclusion drawn by Bühren et
al. that the optical zone to pupil ratio had a significant impact
on higher-order aberrations induction after refractive surgery
[16]. Because an abrupt change in corneal curvature may
induce excessive epithelial and the haze may be confined
to the wound edge, the transition zone must be included in
the modern refractive surgery. Corneal postoperative optical
aberrations with a larger ablation zone including transition
zone were less pronounced than those associated with no
transition zone [33]. Additionally, our results demonstrated
that the ablation profile with transition zone may account
for a main portion of the increase of postoperative higherorder aberrations, especially coma and spherical aberrations
[34, 35]. Furthermore, the regularity in ablation area could be
improved by final smoothing, which may improve the optical
and functional outcomes of laser refractive surgery [36, 37].
In this study, the ablation profile of transition zone, treatment
decentration and pupil diameter were all the same in this
simulation analysis, and this may mirror the differences of
outcomes between conventional and customized correction.

5 CONCLUSION
For preoperative optical aberrations, the distributions showed
the similar means and variances in left and right eyes. In addition, the mean of residual spherical aberration for high myopia eyes was markedly larger than that for moderate myopia
eyes. According to the ablation profile with transition zone,
the residual optical aberrations after conventional and customized laser refractive surgery were compared. The results
indicated that the amount of residual aberrations for conventional correction was higher than that for customized correction. Additionally, the residual aberrations for high myopia
eyes were markedly larger than those for moderate myopia
eyes. For a 5 mm pupil, the main residual aberration term was
coma. However, the significant aberration term was spherical aberration for a 7 mm pupil. It was worth noting that
the magnitudes of the residual fifth or sixth order aberrations
were relatively large, especially secondary coma for a 6 mm
pupil and secondary spherical aberration for a 7 mm pupil,
namely, when the pupil diameter was the same as optical zone
or greater. Furthermore, the values of optical quality for customized correction are higher than those for conventional correction. Our results demonstrated that the customized ablation profile may be superior to the conventional correction.
However, the customized ablation profile may still induce significant amount of residual aberrations. Therefore, new ablation algorithm is needed to fix the spherical aberration induced from the conventional Munnerlyn shape and the eye
tracking during ablation is important to reduce residual aberrations. Clinically, it is not necessary to select the customized
ablation profile for those of human eyes with normal levels of
preoperative aberration.
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