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Purpose: This study aimed to investigate the influence of preoperative angle kappa on postoperative effective optical zone (EOZ) in 
KLEx patients with intraoperative angle kappa adjustment.
Methods: This retrospective study included 174 eyes from 89 myopic patients who underwent the KLEx procedure with intraopera
tive angle kappa adjustments. Preoperative angle kappa (µ) was approximated as the chord distance between the pupil center and 
corneal vertex. The cohort was divided into two groups: large angle kappa (µ > 0.2 mm, n = 84) and small angle kappa (µ ≤ 0.2 mm, 
n = 90). EOZ parameters, including EOZ reduction ratio (RR=EOZ/planned optical zone, %), major and minor axis, decentration, and 
eccentricity, were measured at one month postoperatively. Linear regression analyses were performed to assess the relationships 
between preoperative angle kappa and postoperative EOZ parameters.
Results: Postoperatively, RR, major and minor axis, decentration and eccentricity did not differ significantly between groups. 
Univariate linear regression revealed significant but modest negative correlation of angle kappa with RR and minor axis (adjusted 
R² = 0.05 and 0.03; P = 0.003 and 0.02, respectively). Further, multivariate regression incorporating preoperative spherical equivalent 
demonstrated that angle kappa was not a significant predictor of EOZ parameters.
Conclusion: In conclusion, our study showed that preoperative angle kappa had minimal effect on EOZ parameters in KLEx surgery 
when appropriate intraoperative adjustments for angle kappa were implemented.
Keywords: KLEx, angle kappa, effective optical zone

Introduction
Kerato-lenticule extraction (KLEx) surgery has emerged as an effective, stable and safe refractive procedure in the past 
decade, distinguished by its minimal invasiveness, better postoperative corneal biomechanics and dry eye parameters as 
well as less induction of higher-order aberrations (HOAs) compared to conventional laser-assisted in situ keratomileusis 
(LASIK).1,2 Despite these advantages, precise centration of the treatment remains a significant challenge due to lack of 
active eye-tracking system.3 Intraoperative angle kappa adjustments had been proposed as an effective method, especially 
in patients with large angle kappa, to ensure the visual axis aligns correctly with the treatment zone, thereby minimizing 
the induction (Δ) of HOAs and enhancing the quality of vision postoperatively.4,5 Thus, routine preoperative measure
ment of angle kappa in KLEx patients is crucial.

In addition, postoperative effective optical zone (EOZ) —the actual ablated corneal region in refractive surgery 
providing optimal vision—has been shown to correlate with HOAs and visual quality.6–8 Numerous studies had 
investigated the influencing factors of EOZ including preoperative parameters such as the degree of myopia or 
astigmatism correction, Q value, corneal keratometry, epithelial thickness and eccentricity.7 However, the effect of 
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preoperative angle kappa on EOZ in KLEx had not been fully studied. Therefore, our study aims to investigate whether 
preoperative angle kappa influences postoperative EOZ in patients undergoing KLEx surgery with intraoperative angle 
kappa adjustment.

Methods
Patients who underwent KLEx performed by the same refractive surgeon (Dr. Chi-Chin Sun) at Chang Gung Memorial 
Hospital between 2018 and 2022 were included. The inclusion criteria were: (1) Age ≥18 years old; (2) Baseline myopia or 
myopic astigmatism; (3) No history of ocular disease aside from refractive errors; and (4) Availability for at least one follow- 
up examination at 1 month postoperatively. The exclusion criteria were: (1) A history of refractive or ocular surgeries; (2) The 
presence of ocular diseases other than refractive errors; (3) Autoimmune diseases; (4) Postoperative follow-up of less than one 
month; and (5) Incomplete medical records during the follow-up period. A total of 174 eyes were enrolled in the study. The 
study was conducted in accordance with the tenets of the Declaration of Helsinki and received ethical approval from the 
Institutional Review Board (IRB) of Chang Gung Memorial Hospital (IRB No. 2407090041). Given the retrospective nature 
of the study and its lack of impact on patient treatment or outcomes, the IRB waived the requirement for obtaining patient 
consent to review their medical records. Confidentiality was ensured by removing personal identifiers during data collection.

KLEx Surgical Technique
All KLEx surgeries were performed using the small incision lenticule extraction (SMILE) procedure on the VisuMax 500kHz 
laser system (Carl Zeiss Meditec AG, Germany) with a pulse energy of 140 nJ. The cap diameter was set between 7.0 and 
8.0 mm, with a thickness ranging from 100 to 120 μm, and the planned optical zone (POZ) was maintained between 6.0 and 
7.0 mm. In each procedure, a precise 3.0 mm incision was made at the 11 o’clock position. Preoperative triple marking (0, 180 
and 270 degrees, respectively) centration and intraoperative angle kappa adjustment based on Pentacam (Oculus, Wetzlar, 
Germany) were performed. The center of suction ring was centered on the corneal vertex (CV), adjusted based on 
preoperatively measured deviation from the pupil center (PC). Postoperatively, patients were instructed to follow a regimen 
of 1% prednisolone acetate ophthalmic suspension (Prednicone; Winston, Taiwan) and 0.5% levofloxacin ophthalmic solution 
(Cravit; Santen, Japan), administered four times daily for two weeks.

Preoperative and Postoperative Examinations
All patients underwent comprehensive preoperative examinations and at least one follow-up ophthalmologic examination 
at one month postoperatively. The evaluations including detailed history taking, manifest and cycloplegic refractions, 
non-contact intraocular pressure assessment, slit lamp and fundoscopic examinations, scotopic pupil size measurement, 
as well as corneal tomography, were performed before and after surgery. Scotopic pupil size was measured using the 
Hartmann-Shack aberrometer (iDesign; J&J Vision, Santa Ana, CA). Corneal topographic and tomographic data, 
including central corneal thickness (CCT), thinnest corneal thickness (TCT), mean keratometry (Km), anterior corneal 
Q-value, angle kappa, and corneal HOAs were obtained using the Pentacam HR (Oculus, Wetzlar, Germany). Pentacam 
images were obtained at least twice to ensure high-quality results, and technicians assisted in selecting the best image for 
further analysis. Corneal aberrations were measured within a 6.0 mm zone centered at CV up to the sixth order based on 
Zernike analysis. Since the Pentacam cannot directly measure angle kappa, it was approximated by calculating the chord 
distance (µ) between the PC and the CV, as described by Chang and Waring.9 The PC and CV were measured using the 
Pentacam. Additionally, the absolute values of X-Y Cartesian coordinates of PC were recorded as 
µ(x) and µ(y), respectively, representing the absolute x and y deviation of CV from PC.

EOZ Measurement
The EOZ was defined as the zero-curvature colored difference line on the tangential curvature difference map (TCDM) 
generated by the Pentacam.10 EOZ size, decentration, and eccentricity parameters were quantified using ImageJ software 
(version 1.54; National Institutes of Health, Bethesda, MD) by two investigators (THT and ETL), and the final values 
were obtained by averaging their measurements. For measurement, a color threshold was initially applied to isolate the 
EOZ, after which the images were converted to binary format. Following this, morphological operations were performed 
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to refine the binary images. Finally, the EOZ parameters were measured and analyzed using appropriate ImageJ 
functions. The EOZ size parameters included measurements of the area (mm²), perimeter (mm), major axis (mm), and 
minor axis (mm). The change in optical zone size in area was calculated by the optical zone reduction ratio (RR=EOZ/ 
POZ, %). Decentration parameters comprised the absolute decentration (mm) and the absolute decentration along the x- 
and y-axes (mm) of the EOZ centroid relative to the CV as captured by the Pentacam. Eccentricity was calculated as the 
ratio of the major axis to the minor axis, representing the degree of deviation from a perfectly circular EOZ.

Statistical Analysis
All statistical analyses were performed using SPSS software (version 26; IBM Inc., Chicago). Sample size calculation 
focused on linear regression between the preoperative angle kappa and EOZ parameters. The minimal estimated sample 
size was determined based on an R2>0.3 at a significance level of 0.05 and power of 0.8, resulting in a minimum required 
sample size of 21. The study cohort was stratified into two groups: large angle kappa (µ > 0.2 mm) and small angle kappa 
(µ ≤ 0.2 mm), consistent with previous studies.11,12 Additionally, patients were classified based on the mean values of 
µ(x) and µ(y), providing an alternative method to categorize the cohort. Furthermore, to validate our results against 
previous studies on the relationship between spherical equivalent (SE) and the EOZ, we also divided the cohort into high 
and low SE groups based on the −6.00D of high myopia definition.

The Kolmogorov–Smirnov test was applied to assess the normality of the data distribution, which indicated a non- 
parametric distribution of our cohort. Categorical variables were reported as numbers and percentages, while continuous 
variables were presented as mean ± standard deviation. Group differences in continuous data were analyzed using the 
Mann–Whitney U-test, and categorical variables were compared using Chi-square tests. Univariate and multivariate 
linear regression using stepwise selection method were employed to evaluate the relationships between preoperative 
angle kappa, µ(x), µ(y), SE and postoperative EOZ.

Results
Preoperative Patient Characteristics
A total of 174 eyes from 89 patients underwent KLEx surgery had been included in this study. Preoperative demo
graphics were shown in Table 1. No statistically significant differences were found between large and small angle kappa, 
µ(x), and µ(y) groups including sex, age, sphere (D), cylinder (D), SE (D), scotopic pupil size, CCT, TCT, Km, Q value, 
POZ, and HOAs.

The distribution of preoperative angle kappa was plotted in Figure 1. The scatter plot showed that 51.7% of eyes were 
in the µ ≤ 0.2mm group, and 48.3% were in the µ>0.2mm group. CV was distributed mainly inferotemporal comparing to 
PC (43.4%), while in the µ ≤ 0.2mm group inferonasal and inferotemporal were the most often observed (both 33.8%), 
the µ>0.2mm group mostly lied inferotemporal to PC (52.4%). The superotemporal had the lowest proportion of 
distribution in both groups (7.8%, 9.8%, respectively).

Postoperative Visual Outcomes One month After KLEx Surgery
The mean uncorrected distance visual acuity (UDVA) and corrected distance visual acuity (CDVA) one month post
operatively was −0.05 ± 0.10 and −0.07 ± 0.08 logMAR, respectively, resulting in a safety index of 1.12 and efficacy 
index of 0.97. Since the target refraction for two patients around 40 years old was −1.00 D, excluding these patients from 
the analysis improved the efficacy index to 1.01. Detailed refractive and visual outcomes were presented in 
Supplementary Figure 1.

EOZ parameters and ΔHOAs between different groups one month after surgery were detailed in Table 2. There was 
no statistically significant difference regarding all EOZ parameters and ΔHOAs between the large and small angle kappa, 
µ(x), and µ(y) groups.
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Table 1 Preoperative Patient Characteristics

µ≤0.2(n=90) µ>0.2(n=84) p µ(x)<0.11(n=93) µ(x)≥0.11(n=81) p µ(y)<0.15(n=101) µ(y)≥0.15(n=73) p

Sex (male, %) 24(26.7) 21(25) 0.802 23(24.7) 22(27.2) 0.715 28(27.7) 17(23.3) 0.510
Age (years) 30.97 ± 6.42 30.67 ± 5.03 0.844 30.29 ± 5.84 31.43 ± 5.68 0.107 31.42 ± 6.48 30.00 ± 4.55 0.326

Sphere (D) −5.59 ± 2.08 −6.14 ± 2.36 0.126 −5.56 ± 2.15 −6.2 ± 2.28 0.083 −5.72 ± 2.09 −6.05 ± 2.40 0.417

Cylinder (D) −1.07 ± 0.77 −0.96 ± 0.61 0.336 −1.08 ± 0.73 −0.95 ± 0.65 0.197 −1.04 ± 0.75 −0.99 ± 0.62 0.836
SE (D) −6.13 ± 2.16 −6.62 ± 2.37 0.153 −6.1 ± 2.23 −6.67 ± 2.29 0.096 −6.24 ± 2.16 −6.55 ± 2.42 0.374

Scotopic pupil size (mm) 6.56 ± 0.62 6.71 ± 0.75 0.226 6.56 ± 0.65 6.72 ± 0.72 0.308 6.63 ± 0.68 6.64 ± 0.69 0.611

CCT (µm) 555.83 ± 25.73 562.35 ± 26.05 0.099 557.29 ± 26.27 560.91 ± 25.75 0.361 558.77 ± 25.95 559.26 ± 26.29 0.903
TCT (µm) 550.23 ± 26.54 557.76 ± 26.7 0.064 552.6 ± 26.67 555.32 ± 27.06 0.506 552.86 ± 26.66 555.26 ± 27.13 0.562

Km (D) 43.62 ± 1.6 43.32 ± 1.43 0.255 43.56 ± 1.47 43.38 ± 1.59 0.281 43.54 ± 1.52 43.39 ± 1.55 0.641

Anterior corneal Q value −0.34 ± 0.12 −0.35 ± 0.11 0.625 −0.34 ± 0.11 −0.35 ± 0.12 0.591 −0.34 ± 0.12 −0.34 ± 0.11 0.833
µ (mm) 0.11 ± 0.05 0.29 ± 0.08 <0.001 0.15 ± 0.10 0.25 ± 0.10 <0.001 0.14 ± 0.07 0.29 ± 0.09 <0.001
µ(x) (mm) 0.06 ± 0.05 0.17 ± 0.09 <0.001 0.05 ± 0.03 0.19 ± 0.07 <0.001 0.10 ± 0.08 0.13 ± 0.10 0.060

µ(y) (mm) 0.08 ± 0.05 0.21 ± 0.11 <0.001 0.13 ± 0.10 0.15 ± 0.10 0.434 0.07 ± 0.04 0.24 ± 0.08 <0.001
POZ area (mm2) 33.50 ± 3.04 34.17 ± 2.72 0.122 33.87 ± 2.82 33.77 ± 3.01 0.950 33.87 ± 2.94 33.77 ± 2.87 0.709

HOAs (RMS)
Total HOA (µm) 0.13 ± 0.04 0.15 ± 0.07 0.138 0.14 ± 0.06 0.14 ± 0.04 0.388 0.13 ± 0.04 0.14 ± 0.07 0.717
Coma (µm) 0.07 ± 0.04 0.08 ± 0.05 0.435 0.07 ± 0.05 0.08 ± 0.04 0.551 0.08 ± 0.04 0.08 ± 0.05 0.635

Vertical coma (µm) 0.06 ± 0.04 0.07 ± 0.05 0.544 0.06 ± 0.05 0.06 ± 0.05 0.352 0.06 ± 0.04 0.06 ± 0.05 0.213

Horizontal coma (µm) 0.03 ± 0.02 0.03 ± 0.02 0.628 0.03 ± 0.02 0.03 ± 0.02 0.357 0.06 ± 0.04 0.03 ± 0.02 0.624
SA (µm) 0.06 ± 0.03 0.06 ± 0.03 0.937 0.06 ± 0.03 0.06 ± 0.03 0.814 0.06 ± 0.03 0.06 ± 0.03 0.899

Trefoil (µm) 0.05 ± 0.03 0.06 ± 0.06 0.276 0.06 ± 0.05 0.06 ± 0.04 0.619 0.05 ± 0.03 0.06 ± 0.06 0.535

Notes: Continuous and categorical variables are expressed as mean ± standard deviation and number (percentage), respectively. P values less than 0.05 are shown in bold. 
Abbreviations: µ, chord distance (mm); µ(x) and µ(y), x and y deviation of corneal vertex from pupil center (mm); SE, spherical equivalent; CCT, central corneal thickness; TCT, thinnest corneal thickness; Km, mean keratometry; POZ, 
planned optical zone; HOA, higher-order aberration; RMS, root mean square; SA, spherical aberration.
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Relationships Between Preoperative SE and EOZ Parameters
Table 3 demonstrated the demographics and postoperative outcomes for both the high and low SE groups. Preoperative 
characteristics showed no significant differences between the two groups except for sphere (D), cylinder (D), and POZs. 
Due to the significant difference in POZ between the groups, we further analyzed the change in optical zone size by RR. The 
low SE group (SE>-6.0D) exhibited a smaller reduction in optical zone area compared to the high SE group (SE<-6.0D). As 
shown in Figure 2, linear regression analysis identified a significant correlation between preoperative SE and RR (adjusted 
R2 = 0.402, unstandardized beta (B) = 2.74; 95% confidence interval (CI): 2.24, 3.24; P <0.001). SE also correlated 
significantly with other EOZ parameters including perimeter (adjusted R2 = 0.332, B =0.63; 95% CI: 0.50, 0.77; P <0.001), 
major axis (adjusted R2 = 0.506, B = 0.20; 95% CI: 0.17, 0.23; P <0.001) and minor axis (adjusted R2 = 0.501, B = 0.16; 
95% CI: 0.14, 0.18; P <0.001). Detailed linear regression analysis was shown in Supplementary Table 1.

Linear Regression Analysis of Preoperative Angle Kappa and EOZ Parameters
To assess the effects of preoperative angle kappa on EOZ parameters, we performed univariate linear regression analysis 
assessing the relationships between angle kappa, µ(x), and µ(y) with EOZ parameters. Statistically significant linear 
associations were observed between angle kappa and µ(y) with RR (angle kappa: adjusted R2 = 0.046, B = −20.10; 95% CI: 
−33.08, −7.12; P = 0.003; µ(y): adjusted R2 = 0.032, B = −18.31; 95% CI: −32.2, −4.42; P = 0.010) and minor axis length 
(angle kappa: adjusted R2 = 0.026, B = −0.82; 95% CI: −1.51, −0.13; P = 0.020; µ(y): adjusted R2 = 0.021, B = −0.80; 95% 
CI: −1.54, −0.07; P = 0.032). No significant associations were found between µ(x) and any EOZ parameters. Linear 
regression analysis was detailed in Supplementary Table 1.

Figure 1 Distribution of the corneal vertex (CV) relative to the pupil center (PC). Orange spots represent CVs with a chord distance greater than 0.2 mm, whereas blue 
spots indicate CVs with a chord distance less than 0.2 mm. The positive X-axis is defined as nasal relative to the PC, and the positive Y-axis as superior relative to the PC. 
Overall, 18.9% of CVs were located in the superonasal quadrant, 8.8% in the superotemporal quadrant, 43.4% in the inferotemporal quadrant, and 28.9% in the inferonasal 
quadrant.
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Table 2 Postoperative Outcomes One month After KLEx Surgery

µ≤0.2(n=90) µ>0.2(n=84) p µ(x)<0.11(n=93) µ(x)≥0.11(n=81) p µ(y)<0.15(n=101) µ(y)≥0.15(n=73) p

∆HOAs(RMS)
HOA (µm) 0.13 ± 0.15 0.12 ± 0.15 0.402 0.12 ± 0.15 0.13 ± 0.15 0.761 0.12 ± 0.15 0.13 ± 0.14 0.111
Coma (µm) 0.10 ± 0.13 0.09 ± 0.13 0.502 0.10 ± 0.13 0.10 ± 0.14 0.712 0.09 ± 0.14 0.11 ± 0.11 0.474

Vertical coma (µm) 0.03 ± 0.08 0.03 ± 0.11 0.459 0.03 ± 0.09 0.04 ± 0.09 0.643 0.03 ± 0.09 0.03 ± 0.10 0.386

Horizontal coma (µm) 0.04 ± 0.05 0.04 ± 0.05 0.845 0.04 ± 0.05 0.04 ± 0.05 0.721 0.04 ± 0.05 0.05 ± 0.05 0.572
SA (µm) 0.05 ± 0.08 0.06 ± 0.08 0.912 0.05 ± 0.08 0.06 ± 0.09 0.414 0.05 ± 0.08 0.06 ± 0.08 0.415

Trefoil (µm) 0.02 ± 0.05 0.01 ± 0.07 0.172 0.02 ± 0.07 0.01 ± 0.04 0.222 0.02 ± 0.05 0.01 ± 0.07 0.911

EOZ parameters
Area (mm2) 24.25 ± 4.82 23.93 ± 4.62 0.655 24.60 ± 4.91 23.51 ± 4.44 0.197 24.57 ± 4.84 23.42 ± 4.48 0.106

RR (%) 71.89 ± 9.74 69.63 ± 9.72 0.103 72.19 ± 10.39 69.21 ± 8.80 0.079 71.94 ± 9.93 68.95 ± 9.29 0.050

Perimeter (mm) 18.20 ± 2.41 18.08 ± 2.58 0.602 18.26 ± 2.31 18.00 ± 2.68 0.283 18.33 ± 2.40 17.87 ± 2.59 0.108
Major axis (mm) 5.82 ± 0.63 5.77 ± 0.63 0.649 5.85 ± 0.61 5.74 ± 0.65 0.244 5.86 ± 0.63 5.71 ± 0.61 0.131

Minor axis (mm) 5.26 ± 0.53 5.24 ± 0.50 0.748 5.31 ± 0.54 5.18 ± 0.47 0.097 5.30 ± 0.54 5.18 ± 0.47 0.142

Decentration (mm) 0.30 ± 0.15 0.33 ± 0.19 0.273 0.32 ± 0.16 0.31 ± 0.18 0.363 0.31 ± 0.17 0.32 ± 0.17 0.499
Absolute X-decentration (mm) 0.15 ± 0.10 0.18 ± 0.13 0.393 0.17 ± 0.11 0.17 ± 0.13 0.816 0.16 ± 0.11 0.17 ± 0.13 0.867

Absolute Y-decentration (mm) 0.22 ± 0.17 0.24 ± 0.19 0.628 0.24 ± 0.18 0.22 ± 0.18 0.648 0.23 ± 0.19 0.24 ± 0.18 0.562

Note: Continuous variables are expressed as mean ± standard deviation. 
Abbreviations: µ, chord distance (mm); µ(x) and µ(y), x and y deviation of corneal vertex from pupil center (mm); HOA, higher-order aberration; RMS, root mean square; SA, spherical aberration; EOZ, effective optical zone; RR (%), 
optical zone reduction ratio (EOZ/planned optical zone).
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To further assess these associations, a multivariate regression analysis was conducted, incorporating preoperative SE, 
angle kappa, µ(x) and µ(y) as independent variables to predict RR and minor axis, as demonstrated in Table 4. In this 
model, only preoperative SE remained a significant predictor of both RR (adjusted R2 = 0.402, standardized beta = 0.64; 
P < 0.001) and EOZ minor axis (adjusted R2 = 0.501, standardized beta = 0.71; P < 0.001), while angle kappa, µ(x) and µ 
(y) did not show significant effects.

Discussion
Our study demonstrated that preoperative angle kappa had a minimal impact on the size of the EOZ, and no significant 
association was found between angle kappa and EOZ decentration or eccentricity if angle kappa was adjusted 
intraoperatively. Previous research has established links between angle kappa and HOAs, as well as between EOZ 
parameters and HOAs.8,11,13–18 This study advances the current understanding by further exploring the relationships 
between preoperative angle kappa and EOZ parameters in KLEx surgery with intraoperative angle kappa adjustment, 
providing additional insights into its potential effects on postoperative outcomes.

In our study, the preoperative CV was predominantly located in the inferotemporal quadrant relative to the PC, 
a finding consistent with Qian et al, who reported that most PCs were positioned superonasally to the CV before ICL 
implantation.19 In contrast, other studies have shown that the PC is typically located more temporally relative to the 
CV.20–23 This discrepancy is likely due to differences in study populations and SEs. While previous studies primarily 
focused on normal populations, our study examined myopic patients. Reinstein et al demonstrated a negative correlation 
between SE and the X-component of pupil offset, indicating that lower myopia is associated with a more temporal 
deviation of the PC.23 This variation in patient selection may account for the less temporal deviation of the PC observed 
in our study.

Table 3 Preoperative and Postoperative Outcomes Between High and Low 
SE Groups

Preoperative Characteristics SE≥−6.0D SE<-6.0D p

Age (years) 29.98 ± 5.34 31.67 ± 6.1 0.097

Sphere (D) −4.07 ± 1.04 −7.64 ± 1.57 <0.001
Cylinder (D) −0.9 ± 0.69 −1.13 ± 0.68 0.018
Scotopic pupil size (mm) 6.61 ± 0.65 6.65 ± 0.73 0.776

CCT (µm) 562.71 ± 26.18 555.24 ± 25.45 0.058
TCT (μm) 557.64 ± 26.74 550.09 ± 26.5 0.063

Km (D) 43.49 ± 1.53 43.46 ± 1.53 0.794

Anterior corneal Q value −0.35 ± 0.1 −0.34 ± 0.12 0.498
µ (mm) 0.19 ± 0.12 0.21 ± 0.1 0.202

µ(x) (mm) 0.11 ± 0.1 0.11 ± 0.09 0.712

µ(y) (mm) 0.13 ± 0.1 0.15 ± 0.1 0.260
POZ (mm) 6.72 ± 0.17 6.39 ± 0.29 <0.001
POZ area (mm2) 35.51 ± 1.76 32.14 ± 2.84 <0.001

1 month after surgery SE≥−6.0D SE<-6.0D p

EOZ parameters
RR (%) 75.63 ± 9.76 65.98 ± 7.06 <0.001
Decentration (mm) 0.30 ± 0.16 0.33 ± 0.18 0.546

Absolute X-decentration (mm) 0.16 ± 0.11 0.17 ± 0.13 0.440
Absolute Y-decentration (mm) 0.22 ± 0.18 0.24 ± 0.18 0.413

Notes: Continuous and categorical variables are expressed as mean ± standard deviation and 
number (percentage), respectively. P values less than 0.05 are shown in bold. 
Abbreviations: SE, spherical equivalent; µ, chord distance; µ(x) and µ(y), x and y deviation of 
corneal vertex from pupil center; CCT, central corneal thickness; TCT, thinnest corneal thick
ness; Km, mean keratometry; POZ, planned optical zone; EOZ, effective optical zone; RR (%), 
optical zone reduction ratio (EOZ/POZ).
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Our study found no significant differences in ΔHOAs or EOZ parameters between the large and small angle kappa groups 
one month after KLEx surgery, following intraoperative angle kappa adjustment. Previous research has suggested that a large 
angle kappa may negatively affect postoperative visual quality, including increased HOAs.12 For instance, Guo et al reported 
significant changes in spherical aberration and oblique trefoil in patients with larger angle kappa after KLEx surgery.24 

However, our findings align with studies that utilized preoperative adjustments based on angle kappa. Xie et al found no 
significant differences in HOAs between large and small angle kappa groups when intraoperative angle kappa adjustment 
techniques were employed.5 Similarly, Liu et al demonstrated that using tear film mark (TFM) centration significantly reduced 

Figure 2 Linear regression between preoperative SE and RR. A scatter plot illustrating the linear regression between preoperative SE and RR. Each dot represents an 
individual eye. A more myopic SE is associated with a lower RR%, indicating greater reduction in EOZ in preoperative high myopic eyes. 
Abbreviations: SE, spherical equivalent; EOZ, effective optical zone; RR (%), optical zone reduction ratio (EOZ/planned optical zone).

Table 4 Multivariate Regression Analysis Between SE, Angle Kappa, and EOZ Parameters

Dependent Variables Independent Variables Beta p value Adjusted R2 Model p value

EOZ parameters
RR(%) SE (D) 0.64 <0.001 0.402 <0.001

Excluded Variables
µ (mm) −0.14 0.307

µ(x) (mm) −0.08 0.172

µ(y) (mm) −0.12 0.052

Minor axis (mm) SE (D) 0.71 <0.001 0.501 <0.001

Excluded Variables
µ (mm) −0.08 0.157

µ(x) (mm) −0.04 0.420

µ(y) (mm) −0.07 0.176

Abbreviations: EOZ, effective optical zone; SE, spherical equivalent; Beta, standardized beta; µ, chord distance; µ(x) and µ(y), 
x and y deviation of corneal vertex from pupil center; RR (%), optical zone reduction ratio (EOZ/planned optical zone).
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HOA parameters compared to PC centration, with no correlation between angle kappa and HOAs when the TFM method was 
applied.25 These results suggest that proper centration techniques can effectively mitigate the potential negative impact of 
angle kappa on postoperative visual outcomes.

Our univariate linear regression analysis showed that angle kappa and µ(y) were significantly related to RR and minor 
axis, however the R² values of these models were all below 0.05. This indicates that preoperative angle kappa accounts 
for only a small fraction of the variance in postoperative outcomes. Further multivariate regression analysis demonstrated 
that both angle kappa and µ(y) were insignificant. Therefore, our findings suggest that, with appropriate intraoperative 
angle kappa adjustment during the KLEx procedure, preoperative angle kappa does not significantly influence the 
postoperative EOZ, providing valuable insights for surgical planning.

We compared outcomes between high and low SE groups and identified positive correlations between preoperative SEs 
and EOZ parameters. The relationship between preoperative SE and EOZ has been a topic of debate in the literature. Some 
studies did not find a significant effect of SE on EOZ size or its reduction,15,26,27 while others reported a positive correlation 
between SE and EOZ size.14,28 For example, Fu et al demonstrated a larger functional optical zone and a smaller reduction in 
optical zone size in the low myopia group.14 Similarly, Moshirfar et al found that manifest SE was positively correlated with 
EOZ area and major diameter in KLEx.28 The positive association may be attributed to the greater amount of tissue ablated in 
higher myopic eyes, with the subsequent corneal remodeling potentially altering the corneal Q-value.15 As noted in previous 
studies, a more oblate cornea following tissue ablation could lead to a reduction in the size of the EOZ.15,29

Our study had several limitations. First, as a retrospective study, it is subject to inherent recall and missing data 
biases, which may affect the accuracy and completeness of the data. However, our preoperative variables—including 
refractive status, tomographic parameters, POZs, and HOAs—were well-matched, which helped minimize differences 
between the angle kappa groups. Second, the follow-up period was relatively short, limited to only one month. 
Nevertheless, previous studies have demonstrated that EOZ parameters tend to stabilize within one week after KLEx 
procedures, suggesting that our follow-up period may still provide meaningful insights.30 Finally, although our retro
spective design did not allow for a dedicated control group without angle kappa adjustment, we emphasize that the 
primary focus of our study is to delineate the relationship between angle kappa and EOZ with adequate intraoperative 
adjustments.

In conclusion, our study demonstrated that preoperative angle kappa had minimal impact on EOZ parameters in 
KLEx surgery when appropriate intraoperative angle kappa adjustments were implemented. However, the absence of 
a control group without angle kappa adjustments limits direct comparisons of efficacy. Future prospective studies with 
a dedicated control group and a longer follow-up period are warranted.
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