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Abstract
Purpose  To evaluate the clinical results of primary topography-guided femtosecond laser-assisted in situ keratomileusis 
(TG-FS-LASIK) using the Pentacam-measured anterior corneal astigmatism axis (ACA) or manifest refractive astigmatism 
axis (MRA).
Methods  In this prospective cohort study, all eyes were treated with primary TG-FS-LASIK using the manifest cylinder. 
Thirty-two right eyes were treated using ACA with axis disparity > 5° in the experimental group, and 32 right eyes were 
treated using MRA with axis disparity ≤ 5° in the control group. Visual, refractive outcomes, and corneal higher-order aber-
rations were evaluated. Vector analysis of astigmatism was performed using Alpins method with the ASSORT software.
Results  The mean logMAR UDVA in the experimental group was − 0.12 ± 0.06, − 0.05 ± 0.08, and − 0.08 ± 0.08 at 1-week, 
1-month, and 3-month follow-up, whereas − 0.05 ± 0.06, − 0.12 ± 0.06, and − 0.14 ± 0.06 in the control group (p = 0.017, 
p < 0.001, and p = 0.003). At 3-month follow-up, 79% eyes achieved a UDVA of 20/16 or better, 9% gained one line of cor-
rected distance visual acuity, the mean manifest cylinder was − 0.375 ± 0.254 D, 84% showed a manifest cylinder within ± 0.50 
D, the mean magnitude of difference vector was 0.41 ± 0.35 D, the mean absolute angle of error (AE) was 7.36 ± 6.21°, 
and 41% exhibited an arithmetic AE within ± 5° in the experimental group, whereas 94%, 19%, − 0.203 ± 0.148 D, 100%, 
0.21 ± 0.15 D, 3.39 ± 3.68°, and 69% in the control group (all p < 0.05). The postoperative and preoperative corneal spherical 
aberrations were comparable in both groups (p > 0.05).
Conclusion  Primary topography-guided FS-LASIK using Pentacam-measured anterior corneal astigmatism axis exhibited 
slightly inferior clinical results to that using the manifest refractive astigmatism axis. Both methods achieved comparable 
postoperative and preoperative corneal spherical aberrations.
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Key messages

There is currently no gold-standard protocol for primary topography-guided excimer ablation, and corneal higher-
order aberrations can present as manifest refractive errors.

With disparity of the Pentacam-measured anterior corneal astigmatism axis (ACA) and manifest refractive 
astigmatism axis (MRA), primary topography-guided femtosecond laser-assisted in situ keratomileusis using ACA 
with a disparity >5° yielded slightly inferior clinical results to that using MRA with a disparity ≤5°.

The postoperative and preoperative corneal spherical aberrations were comparable in both groups.

Introduction

Manifest refractive astigmatism is widely used in refractive 
surgery plan. It represents the astigmatism related to the 
anterior corneal higher-order aberrations (HOAs), the ante-
rior and posterior cornea, internal optics, and cortical per-
ception [1]. The primary topography-guided excimer abla-
tion is designed to eliminate the anterior corneal HOAs for 
the virgin eye to get good visual quality. However, the con-
tribution of corneal HOAs to manifest refractive astigmatism 
is not fully understood. That equivalent astigmatism should 
be subtracted from the manifest refractive astigmatism when 
planning topography-guided excimer ablation to get good 
refractive predictability. Since astigmatism is a vector, how 
to accurately design the astigmatism magnitude and axis for 
surgery is the biggest challenge for refractive surgeons.

The confirmed FDA protocol for primary topography-
guided excimer ablation has strict patient inclusion criteria. 
Not all virgin eyes meet this protocol [2]. Several other plan-
ning algorithms, including topography-modified refraction 
(TMR) [3], the Layer Yolked Reduction of Astigmatism 
protocol [4], the Phorcides Analytic Engine [5], and mutual 
comparative analysis [6], have been developed. Currently, 
there is still no gold-standard protocol for this type of sur-
gery design.

With axis disparity of manifest astigmatism and ante-
rior corneal astigmatism, the anterior corneal astigmatism 
magnitude and axis are used under TMR protocol. But 
astigmatism is often overcorrected because of the ocular 
residual astigmatism (ORA) compensation [7]. Waller-
stein et al. [8] analysed the patients undergoing primary 
topography-guided laser in situ keratomileusis (LASIK) 
treated using refractive astigmatism magnitude. One group 
was treated with WaveLight Contoura-measured anterior 
corneal astigmatism axis (ACA), and the other group was 

treated with manifest refractive astigmatism axis. He found 
that no matter with small axis discrepancy (5° < axis dis-
parity < 20°) or with large axis discrepancy (21° < axis 
disparity < 45°), the primary topography-guided LASIK 
treated using Contoura-measured ACA showed inferior 
refractive and visual outcomes. So, we tried to use manifest 
cylinder and Pentacam-measured ACA to perform primary 
topography-guided LASIK for patients with small axis dis-
parity. The visual, refractive outcomes, and astigmatism 
correction were compared with patients treated using FDA 
protocol. The changes in corneal HOAs were also analysed 
and compared.

Patients and methods

Patient selection and grouping

This prospective cohort study enrolled 64 patients under-
going primary topography-guided femtosecond laser-
assisted in situ keratomileusis (FS-LASIK) at Shenyang 
Aier Eye Hospital. Of these, thirty-two patients were 
enrolled in the experimental group, and 32 were enrolled 
in the control group. Only right eyes were selected for 
the analysis. All patients’ eyes exhibited a preoperative 
corrected distance visual acuity (CDVA) of 20/20 or 
better. The manifest cylinder was used for treatment in 
all eyes. In the experimental group, the anterior corneal 
astigmatism axis measured by Pentacam (PentacamHR, 
Oculus Optikgeräte GmbH, Wetzlar, Germany) was used 
for surgery design. The enrolled patients exhibited an 
astigmatic axis disparity of 6° or more between the Pent-
acam-measured anterior corneal astigmatism and manifest 
refractive astigmatism. The normal manifest refraction 
was performed first. And then with the same magnitude 
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of sphere, the manifest cylinder and Pentacam-measured 
ACA were used to do the refraction again. If patients 
can get the same CDVA as that measured by manifest 
refraction, then they will be enrolled in the experimen-
tal group. In the control group, the manifest refraction 
was used for surgery design. These patients exhibited an 
astigmatic axis disparity of no more than 5° between the 
Pentacam-measured anterior corneal astigmatism and 
manifest refractive astigmatism.

The study protocol was approved by the Institutional 
Review Board/Ethics Committee. The study followed the 
tenets of the Declaration of Helsinki. All patients provided 

written informed consent for the study. Patients with a mani-
fest cylinder less than 0.75 D and anterior corneal astigma-
tism magnitude less than manifest cylinder were excluded. 
The standard inclusion criteria for FS-LASIK were also 
required: age older than 18 years, stable refraction for at 
least 2 years, central corneal thickness of more than 480 µm, 
a calculated postoperative residual stromal bed thickness of 
more than 280 µm, no established keratoconus or forme 
fruste keratoconus as evidenced by corneal topography, no 
significant dry eye, and no previous history of ocular disease 
or surgery and no autoimmune diseases or medications that 
could affect wound healing.

Table 1   Comparison of 
preoperative patient information 
between the experimental and 
control groups

CDVA corrected distance visual acuity, CCT​ central corneal thickness, D dioptre, MRSE manifest refraction 
spherical equivalent, HOA-AD maximum higher-order aberration ablation depth

Experimental group Control group p value

No. of patients 32 32
Age (years) 21.81 ± 4.16 22.47 ± 5.83 0.606
CDVA (LogMAR)  − 0.1 ± 0.06  − 0.12 ± 0.05 0.125
CCT (μm) 542.75 ± 28.08 550.31 ± 23.01 0.243
Manifest refraction
Sphere (D)  − 5.34 ± 1.49  − 5.14 ± 1.35 0.569
Cylinder (D)  − 1.16 ± 0.30  − 1.20 ± 0.31 0.610
Range  − 0.75 to − 2.25  − 0.75 to − 2.25
MRSE (D)  − 5.93 ± 1.47  − 5.74 ± 1.37 0.607
Pentacam-measured corneal topographic data
Anterior cylinder (D) 1.48 ± 0.53 1.56 ± 0.43 0.518
Anterior cylinder axis (°) 107.97 ± 80.36 109.03 ± 80.19 0.861
Posterior cylinder (D) 0.37 ± 0.13 0.40 ± 0.11 0.483
Posterior cylinder axis (°) 104.53 ± 82.64 109.91 ± 81.28 0.952
Ocular residual astigmatism
Cylinder (D) 0.57 ± 0.38 0.57 ± 0.28 0.84
Axis (°) 120.53 ± 71.11 89.78 ± 81.36 0.158
Contoura-measured topographic data at central 6.5 mm
HOA-AD (μm) 7.36 ± 1.23 7.12 ± 1.16 0.556
Cylinder (D) 1.69 ± 0.62 1.79 ± 0.49 0.454
Disparity between manifest and Contoura-measured topographic astigmatisms
Magnitude disparity (D) 0.62 ± 0.41 0.63 ± 0.31 0.924
Range (D) 0.03 to 1.57 0 to 1.25
Axis disparity (°) 8.72 ± 4.28 3.50 ± 3.06  < 0.001*
Range (°) 0 to 23 0 to 10
Disparity between manifest and Pentacam-measured topographic astigmatisms
Magnitude disparity (D) 0.45 ± 0.35 0.44 ± 0.27 0.920
Range (D) 0 to 1.30 0.05 to 1.2
Axis disparity (°) 9.25 ± 3.60 1.99 ± 1.47  < 0.001*
Range (°) 6 to 23 0 to 5
Disparity between Contoura- and Pentacam-measured topographic astigmatisms
Magnitude disparity (D) 0.24 ± 0.16 0.27 ± 0.19 0.459
Range (D) 0 to 0.64 0.01 to 0.7
Axis disparity (°) 2.41 ± 2.45 2.89 ± 2.17 0.408
Range (°) 0 to 9 0 to 8
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Preoperative examinations

Preoperative examinations included uncorrected distance vis-
ual acuity (UDVA) measurement, CDVA measurement, pupil 
size evaluation, intraocular pressure measurement, manifest/
cycloplegic manifest refraction, corneal pachymetry, slit-
lamp examination, dilated fundoscopy, corneal tomography 
(PentacamHR), and topographic analysis with the Topolyzer 
Vario (Alcon Laboratories, Inc., Fort Worth, TX ).

Surgical planning

The Contoura images were acquired with the WaveLight 
Topolyzer VARIO (Alcon Laboratories), as described pre-
viously [9]. By zeroing out the sphere and cylinder cor-
rection in the Contoura treatment planning software, the 
HOA ablation pattern was verified to be consistent with 
the Pentacam anterior elevation map, and the maximum 
corneal HOA ablation depth (HOA-AD) was recorded. 
After entering the manifest cylinder and designed cylinder 
axis, the spherical refraction was then adjusted according 
to the equalization of C4 and C12 as well as the nomogram 
recommendation (A_LI_D1_Nomogramm STD_10_2007 
Rev.0 Mar 2011) provided by Alcon Laboratories. All sur-
geries were performed by the same surgeon with the aim 
of plano correction for all eyes. The flap was created using 
the FS200 Femtosecond Laser (FS200, Alcon Laborato-
ries), with a thickness and diameter of 110 μm and 8.5 mm, 
respectively. The hinge position was superior. Myopic abla-
tion was accomplished using the EX500 Excimer Laser 
(WaveLight EX500, Alcon Laboratories). A 6.5-mm opti-
cal zone and 1.25-mm transition zone were used in all eyes. 

The antibiotics and steroids used postoperatively were the 
same as those described previously [10].

Postoperative examinations

Routine postoperative follow-up examinations were sched-
uled at 1  day, 1  week, 1  month, and 3  months. These 
included UDVA measurement, CDVA measurement, autore-
fractometry, non-contact tonometry, manifest refraction, slit-
lamp microscopy, and measurement of corneal HOAs using 
Pentacam. All follow-up examinations were performed by 
the same technician.

Data and statistical analysis

Safety and predictability were evaluated. Astigmatism was 
analysed with vector analysis using the Alpin’s method [11] 
incorporated in the Assort software (Version 5.64, ASSORT 
Pty. Ltd). The ocular residual astigmatism was calculated. 
The vectors evaluated for astigmatic corrections were target-
induced astigmatism (TIA), surgically induced astigmatism 
(SIA), angle of error (AE), difference vector (DV), and cor-
rection index (CI). The central 6-mm corneal total HOA, 
spherical aberration, vertical coma, and horizontal coma 
were analysed and compared.

SPSS for Windows (version 23; IBM, Armonk, NY) was 
used for all statistical analyses. The data were expressed 
as mean ± standard deviation. Snellen visual acuity values 
were converted to the logarithm of the minimum angle of 
resolution units (logMAR). The Kolmogorov–Smirnov test 
was used to evaluate data normality. Student’s t test or the 
Mann–Whitney U test was used according to the normal-
ity of parameters. The χ2 test was used to compare propor-
tions. Correlation analyses were performed using Pearson’s 
method. A p value of less than 0.05 was considered statisti-
cally significant.

Results

Of the 64 enrolled patients, thirty-two patients were enrolled 
in the experimental group, and 32 patients were enrolled in the 
control group. Only the right eye was selected for the analysis. 
The preoperative patient information is shown in Table 1.

Fig. 1   Refractive and visual outcomes at the 3-month follow-up in 
the experimental group and control group. (A) Cumulative Snellen 
UDVA at the 3-month postoperative follow-up. (B) Changes in lines 
of CDVA at the 3-month postoperative follow-up (safety). (C) Distri-
bution of postoperative MRSE (predictability) at the 3-month postop-
erative follow-up. (D) Changes in UDVA after surgery. (E) Attempted 
versus achieved MRSE at the 3-month postoperative follow-up in 
the experimental group. (F) Attempted versus achieved MRSE at the 
3-month postoperative follow-up in the control group. VA visual acu-
ity, CDVA corrected distance visual acuity, D dioptre, MRSE mani-
fest refraction spherical equivalent, UDVA uncorrected distance vis-
ual acuity, PCA group stands for the experimental group, MRA group 
stands for the control group. * statistical significance

◂

Table 2   The constituent ratio 
of uncorrected distance visual 
acuity at different follow-ups

Experimental group Control group

1 week 1 month 3 months 1 week 1 month 3 months

20/25 9% 9% 9% 3% 0% 0%
20/20 69% 38% 12% 47% 6% 6%
20/16 22% 47% 63% 50% 66% 47%
20/12.5 0% 6% 16% 0% 28% 47%
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Visual acuity and safety

At 3 months postoperatively, 91% of the eyes achieved a 
UDVA of 20/20 or better, 79% achieved a UDVA of at least 
20/16, and 16% achieved a UDVA of at least 20/12.5 in the 
experimental group, as compared to 100%, 94%, and 47% in 
the control group, respectively. There was a significant dif-
ference in the constituent ratio of UDVA between the groups 
(p = 0.007, F = 10.061) (Fig. 1A). None of the patients’ eyes 
lost one or more lines of CDVA, and 9% of the eyes in the 
experimental group and 19% in the control group gained 
one line of CDVA. The difference between the groups was 
significant (p = 0.042, F = 4.153) (Fig. 1B).

From the 1-week follow-up to the 3-month follow-up, the 
UDVA increased gradually in both groups. However, the 
UDVA in the control group was better than that in the exper-
imental group at each follow-up (all p < 0.05 by Mann–Whit-
ney U test) (Fig. 1D). The constituent ratio of UDVA at each 
follow-up in both groups is shown in Table 2.

Predictability

At 3 months postoperatively, the mean manifest refractive 
spherical equivalent (MRSE) was 0.43 ± 0.33 D, and an 
MRSE within ± 0.50 D was achieved in 72% of the patients 
in the experimental group, whereas the corresponding val-
ues were 0.25 ± 0.33 D and 81% in the control group. There 
was a significant difference in the mean MRSE between the 
groups (p = 0.033), but not in the constituent ratio of MRSE 
between the groups (p = 0.133, F = 2.253) (Fig. 1C). There 
was a positive correlation between the achieved MRSE and 
the attempted MRSE in both groups (Fig. 1E, F).

Astigmatism correction

There was no significant difference in the constituent ratio 
of preoperative astigmatism between the groups (p = 0.804, 
F = 2.318) (Fig. 2A, B). There was a positive correlation 

between SIA and TIA in both groups (experimental group: 
p < 0.001, r = 0.631; control group: p < 0.001, r = 0.867) 
(Fig. 2C, D). At 3 months postoperatively in the experimen-
tal group, the mean manifest cylinder was − 0.375 ± 0.254 
D, the mean absolute AE was 7.36 ± 6.21° (Fig. 2E), the 
mean magnitude of DV was 0.41 ± 0.35 D, the mean CI was 
1.12 ± 0.38, 84% of the patients exhibited a manifest cyl-
inder within ± 0.50 D (Fig. 2A), and 41% of the patients 
exhibited arithmetic AE within ± 5° (Fig. 2E). In the con-
trol group, the mean manifest cylinder was − 0.203 ± 0.148 
D, the mean absolute AE was 3.39 ± 3.68° (Fig. 2F), the 
mean magnitude of DV was 0.21 ± 0.15 D, the mean CI was 
1.04 ± 0.16, 100% of the patients showed a manifest cylinder 
within ± 0.50 D (Fig. 2B), and 69% of the patients exhibited 
arithmetic AE within ± 5° (Fig. 2F) (p = 0.002; p = 0.003; 
p = 0.003; p = 0.289; p < 0.001, F = 17.304; p < 0.001, 
F = 15.838, respectively).

Corneal HOAs

There were no significant differences in preoperative and 
postoperative corneal total HOA, spherical aberration, 
vertical coma, and horizontal coma between the groups 
(p > 0.05) (Table 3). At the 3-month follow-up, there was 
almost no change between postoperative and preoperative 
corneal spherical aberrations in both groups (p > 0.05) 
(Table 3). However, the postoperative corneal total HOA, 
vertical coma, and horizontal coma increased in both groups 
(p < 0.05).

Discussion

In the current study, the manifest cylinder and Pentacam-
measured anterior corneal astigmatism axis was used for 
the primary topography-guided FS-LASIK. The safety, pre-
dictability, and results of the vector analysis of astigmatic 
correction and corneal HOAs were analysed. The clinical 
results were compared with patients treated using manifest 
refractive astigmatism. We found that the UDVA values at 
the 1-week, 1-month, and 3-month follow-ups in the experi-
mental group were inferior to those in the control group. At 
3 months postoperatively, the proportion of patients with a 
UDVA of at least 20/16, mean MRSE, mean manifest cylin-
der, ratio of manifest cylinder less than 0.50 D, mean mag-
nitude of DV, mean absolute AE, and ratio of absolute AE 
within ± 5° in the experimental group were all inferior to 
those in the control group. These differences were statisti-
cally significant. In both groups, the postoperative corneal 
spherical aberration did not increase significantly when 
compared to the preoperative corneal spherical aberration.

The clinical results at the 3-month follow-up were used 
for comparison. Studies have reported that wound healing 

Fig. 2   Refractive outcomes and the results of the vector analysis of 
astigmatism correction at the 3-month follow-up in the experimental 
group and control group. (A) Distribution of preoperative and post-
operative astigmatisms at the 3-month postoperative follow-up in the 
experimental group. (B) Distribution of preoperative and postopera-
tive astigmatisms at the 3-month postoperative follow-up in the con-
trol group. (C) Target-induced astigmatism (TIA) versus surgically 
induced astigmatism (SIA) at the 3-month postoperative follow-up in 
the experimental group. (D) Target-induced astigmatism (TIA) ver-
sus surgically induced astigmatism (SIA) at the 3-month postopera-
tive follow-up in the control group. (E) Distribution of postoperative 
angle of error at the 3-month postoperative follow-up in the experi-
mental group. (F) Distribution of postoperative angle of error at the 
3-month postoperative follow-up in the control group. D dioptre, TIA 
target-induced astigmatism, SIA surgically induced astigmatism. PCA 
group stands for the experimental group; MRA group stands for the 
control group

◂
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tends to be stable at 3 months after corneal refractive surgery 
[12]. No significant epithelial remodelling was observed in 
the corneal central zone between 3 and 6 months postop-
eratively [13].

The magnitude of the anterior corneal astigmatism was 
once used for primary topography-guided excimer abla-
tion. However, astigmatism was often overcorrected after 
the surgery [7]. This protocol does not take into account 
the intraocular astigmatism. Wallerstein et al. [14] analysed 
the relationship between manifest refractive astigmatism 
and anterior corneal astigmatism. They found that in 87% 
of eyes with with-the-rule corneal astigmatism, the manifest 
refractive astigmatism magnitude was less than the anterior 
corneal astigmatism magnitude, and in 89% of eyes with 
against-the-rule corneal astigmatism, the manifest refractive 
astigmatism magnitude was greater than the anterior corneal 
astigmatism magnitude. Koch et al. [15] reported that 86.6% 
of corneas exhibited against-the-rule posterior corneal astig-
matism. This also explains the decreased manifest cylinder 
in most eyes with with-the-rule corneal astigmatism and the 
increased manifest cylinder in most eyes with against-the-
rule corneal astigmatism. They found that 9% of patients’ 
eyes exhibited posterior corneal astigmatism more than 0.5 
D. It may explain why astigmatism was overcorrected by 
the TMR protocol.

The method used to design the astigmatism axis is also 
important in primary topography-guided excimer ablation. It 
has been estimated that the cylindrical power will be under-
corrected by 3.3% for every degree of off-axis correction 
[16]. In the current study, the anterior corneal astigmatic axis 
measured by Pentacam was used for surgical planning. The 
reasons for this were as follows: first, the pupil size changes 
at different light conditions. The astigmatic axis varies at dif-
ferent optical zones. It is easy to identify the anterior corneal 
astigmatic axis at different areas within the central corneal 
8 mm by Pentacam refractive maps. It helps to guarantee 
the accuracy of the astigmatic axis correction, especially 
for patients with irregular corneal astigmatism. The area of 
Contoura-measured anterior corneal astigmatism is limited, 
ranging from central corneal 5 to 7 mm, with 0.50 mm at 
interval. Second, if the patient can achieve the best-corrected 
distant visual acuity using the anterior corneal astigmatic 
axis measured by Pentacam, surgeons can easily identify the 
laser ablation map with the anterior corneal elevation map. 
Third, it is convenient to check the magnitude and axis of 
posterior corneal astigmatism and its relation with anterior 
corneal astigmatism by Pentacam refractive maps. It helps 
to prevent astigmatic overcorrection.

Wallerstein et al. [8] analysed 369 patients undergoing 
WaveLight Contoura LASIK using the manifest cylinder 
and Contoura-measured anterior corneal astigmatism axis. 
They divided the patients into those with a small axis dis-
crepancy (axis disparity of 5–20°) and those with a large 
axis discrepancy (axis disparity of 21–45°) based on the 
relationship between manifest refractive astigmatism and 
Contoura-measured anterior corneal astigmatism. We 
refined the grouping based on Wallerstein’s study [8]. The 
basic idea for the surgery design is that with comparable 
preoperative manifest astigmatism and comparable ocular 
residual astigmatism, whether the anterior corneal higher-
order aberrations ablation using this surgery plan will cause 
too much ocular residual astigmatism compensation. And 
the lenticular astigmatism of the enrolled patients is very 
small and similar in both groups. The roughly calculated 
values were 0.35 ± 0.22D in the experiment group and 
0.29 ± 0.18D in the control group. There was no statistical 
difference between the two groups (p = 0.277). We assumed 
that the dynamic changes of the small lenticular astigma-
tism would not affect the postoperative astigmatism. We 
tried to use manifest astigmatism magnitude and Pentacam-
measured anterior corneal astigmatism axis for surgery 
design. The axis disparity between Pentacam-measured 
anterior corneal astigmatism and manifest refractive astig-
matism is small (within 23°) in the experimental group. 
We tried to find whether this surgery design could get as 
good visual, refractive outcomes, and astigmatism correc-
tion as that treated with FDA protocol. The clinical results 

Table 3   Comparison of corneal higher-order aberrations

The absolute value of the aberration was used for the statistical analysis.
*Statistical significance.

Experimental group Control group p value

Total higher-order aberration (μm)
Pre-operation 0.385 ± 0.099 0.361 ± 0.073 0.317
3 months after opera-

tion
0.596 ± 0.148 0.551 ± 0.145 0.299

p value  < 0.001*  < 0.001*
Spherical aberration (μm)
Pre-operation 0.231 ± 0.089 0.230 ± 0.077 0.980
3 months after opera-

tion
0.265 ± 0.118 0.240 ± 0.088 0.409

p value 0.305 0.636
Vertical coma (μm)
Pre-operation 0.147 ± 0.109 0.142 ± 0.074 0.848
3 months after opera-

tion
0.297 ± 0.184 0.284 ± 0.196 0.823

p value 0.003* 0.001*
Horizontal coma (μm)
Pre-operation 0.106 ± 0.066 0.089 ± 0.069 0.409
3 months after opera-

tion
0.176 ± 0.111 0.148 ± 0.103 0.378

p value 0.02* 0.014*
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in the experimental group were slightly inferior to those 
treated with FDA protocol. With comparable postoperative 
corneal higher-order aberrations in both groups, the visual 
and refractive outcome differences may mainly come from 
not so accurate astigmatism correction in the experimental 
group. First, the astigmatism magnitude we used for surgery 
plan is not so precise. In order to reduce the astigmatism 
overcorrection under TMR protocol, the manifest cylinder 
was used for surgery plan. The anterior corneal higher-order 
aberrations will induce certain magnitude of astigmatism 
[17, 18]. We ignored that for this kind of patients in the 
experimental group. The ignored part will be compensated 
by the ocular residual astigmatism. Second, the astigmatism 
axis we tried to use for surgery plan is not so accurate. The 
absolute AE is higher in the experimental group than that 
in the control group. That will also add the errors for astig-
matism correction.

The limitation of the current study is that patients exhibiting 
lenticular astigmatism were excluded. This needs to be further 
studied for primary Contoura topography-guided corneal sur-
gery. In addition, the impact of corneal HOAs on the disparity 
in manifest cylinder was ignored. Although the method used 
in the current study is convenient, it is not accurate in primary 
topography-guided corneal refractive surgery planning.

In conclusion, with axis disparity between the Pentacam-
measured anterior corneal astigmatism and manifest refrac-
tive astigmatism, primary topography-guided FS-LASIK 
using the Pentacam-measured anterior corneal astigmatism 
axis with a disparity > 5° exhibited slightly inferior clinical 
results to that performed using the manifest refractive astig-
matism axis with a disparity ≤ 5°. The postoperative and pre-
operative anterior corneal spherical aberrations were similar 
3 months after surgery in both groups. For complex corneal 
total HOAs, complex intraocular astigmatism, and their 
interactions with each other, as well as their interactions 
with lower-order aberrations, a more precise algorithm for 
primary topography-guided excimer ablation is still needed 
for best clinical results.
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