
 

 
 

 

 
Photonics 2024, 11, 315. https://doi.org/10.3390/photonics11040315 www.mdpi.com/journal/photonics 

Article 

Quantifying the Impact of Uneventful LASIK on the Cornea 

Arieke Jadnanansing 1, Elke O. Kreps 1,2 and Ilse Claerhout 2,3, Philippe G. Kestelyn 2, Alejandra Consejo 4,* 

1 Department of Ophthalmology, Ghent University Hospital, 9000 Ghent,Belgium;  

arieke.jadnanansing@ugent.be (A.J.); elke.kreps@ugent.be (E.O.K.) 
2 Faculty of Medical Sciences, Ghent University, 9000 Ghent, Belgium; ilse.claerhout@ugent.be (I.C.); 

philippe.kestelyn@ugent.be (P.G.K.) 
3 Department of Ophthalmology, Maria Middelares General Hospital, 9000 Ghent, Belgium 
4 Aragon Institute for Engineering Research (I3A), University of Zaragoza, 50018 Zaragoza, Spain 

* Correspondence: alejandra.consejo@unizar.es 

Abstract: This study investigates the changes in the optical properties of the cornea after laser in 

situ keratomileusis (LASIK) based on Scheimpflug light intensity distribution. Retrospective data 

from patients who had undergone uneventful LASIK surgery were eligible. Scheimpflug images 

obtained with the Pentacam(6.10r59) HR device prior to the LASIK treatment, 3 months afterwards 

and (in a subset of patients) 1 year after treatment were exported for analysis of corneal transparency 

in different depths and regions. Corneal segmentation and statistical modeling of the pixel bright-

ness distribution were performed for each image. The intensity of the pixels corresponding to the 

central 8 mm of the cornea was statistically modeled using the Weibull function, yielding two de-

rived parameters: the scale parameter (α, representing corneal transparency) and the shape param-

eter (β, representing corneal tissue homogeneity). Additionally, the same analysis was carried out 

within the flap area (central 3.5 mm). A total of 90 patients were included. No statistically significant 

changes were observed in parameter α (p > 0.05). Parameter β exhibited significantly lower values 

at both the 3-month follow-up (in the anterior cornea and stroma, p < 0.05) and 1-year follow-up (in 

all depths, p < 0.05). In conclusion, the cornea demonstrated significantly lower tissue homogeneity 

following uncomplicated LASIK surgery, but overall corneal transparency remained unchanged. 

Keywords: LASIK; Scheimpflug images; tissue transparency; corneal tissue; light intensity  

distribution; refractive surgery 

 

1. Introduction 

Laser in situ keratomileusis (LASIK) is a widely utilized, safe and reliable corneal 

surgical technique for correcting refractive errors. This technique modifies the corneal 

shape to achieve the desired therapeutic effect, which can lead to biomechanical changes 

[1]. Subsequently, the cornea relies on its wound healing response, involving complex 

cellular interactions, to repair the surgically induced injury and restore normal tissue 

function, including transparency [2]. Alterations in the corneal microstructure can result 

in increased light scattering, thereby affecting visual quality and causing side effects such 

as blurred vision, halos, low contrast sensitivity or visual discomfort [3]. Modern imaging 

techniques now permit detailed and quantitative assessment of corneal transparency [4,5]. 

The Scheimpflug-based Pentacam System (Oculus Optikgeräte GmbH, Wetzlar, Ger-

many) provides densitometry maps in its built-in software, representing the mean pixel 

brightness in a Scheimpflug image on a scale ranging from 0 (maximum transparency) to 

100 (no transparency). Compared to older techniques such as photorefractive keratectomy 

(PRK), LASIK has been shown to result in lower corneal light backscatter [6]. However, 

studies investigating corneal transparency following LASIK surgery, as measured by con-

ventional densitometry, have produced conflicting results regarding the impact of LASIK 

on corneal transparency [6–8]. 
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An alternative method for evaluating corneal transparency, which is platform-inde-

pendent, is the densitometry distribution analysis (DDA). This analysis provides two pa-

rameters, α and β, which represent tissue transparency and homogeneity, respectively, 

offering a more comprehensive assessment compared to conventional corneal densitom-

etry. DDA has demonstrated its utility in evaluating changes in corneal clarity associated 

with keratoconus [9,10], age-related changes [11] and subclinical changes related to low-

level hypoxia caused by scleral and soft contact lens wear [12,13]. 

The objective of this study was to enhance the understanding of LASIK-induced 

changes in corneal optical properties by comparing pre- and postoperative DDA values 

in different regions and depths of LASIK-treated eyes, as well as investigating the corre-

lations between induced changes and treatment parameters. 

2. Materials and Methods 

2.1. Patients 

A retrospective cohort study was conducted at the Department of Ophthalmology, 

Ghent University Hospital, Belgium. Patients who had undergone uneventful LASIK 

treatment between July 2010 and November 2014 and had had corneal assessment prior 

to the LASIK treatment and at the 3-month postoperative follow-up using the same Pen-

tacam HR device were eligible. Uneventful LASIK surgery was defined as LASIK surgery 

with no intraoperative or postoperative complications that influenced tissue transparency 

including significant dry eye disease, flap buttonholes, diffuse lamellar keratitis, epithelial 

ingrowth and central toxic keratitis. Isolated subjective symptoms such as visual aberra-

tions and glare were not considered exclusion criteria. Exclusion criteria comprised miss-

ing data, poor image quality at baseline or follow-up and postoperative complications 

affecting corneal transparency. For a subset of patients, additional follow-up data at 1 year 

were available. Patients were instructed to refrain from wearing contact lenses for 2 weeks 

before the assessments. Trained personnel obtained images in the Ophthalmology Outpa-

tient Clinic. If image quality was insufficient (not marked as “OK”), the images were re-

taken. All patients included in the study had undergone uncomplicated primary LASIK 

using the same refractive surgery platform (Allegreto Wavelight). The stromal ablation 

was performed with the Wavelight Eye-Q excimer laser (Alcon, Fort Worth, TX, USA) with 

a conventional optical zone of 6.5 mm. The procedures were performed by 2 anterior seg-

ment surgeons (IC and PhK). The flap thickness was set at 120 µm and 110 µm using a 

microkeratome and femtosecond laser, respectively. The femtosecond laser flap creation 

was performed using the mode-locked, diode-pumped oscillator Femtolaser LDV2 

(Ziemer, Port, Switzerland) with a pulse repetition rate greater than 5 MHz and a central 

wavelength of 1035–1055 nm. Patients received a tapering regimen of steroid eye drops 

for 1 week and preservative-free artificial tears for 3 months. The study adhered to the 

principles of the Declaration of Helsinki and was approved by the Ethics Committee of 

the University Hospital of Ghent (No. BC-08222). 

2.2. Data Analysis 

In addition to extracting corneal parameters provided by the device’s software, 

Scheimpflug images corresponding to 25 corneal meridians (a fixed size of 500 × 1080 pix-

els) were exported without gamma correction or contrast enhancement for further analy-

sis. Each image underwent two steps of processing: corneal segmentation and statistical 

modeling of the pixel brightness distribution, as described in detail elsewhere [4,13]. In 

the first step, the anterior and posterior boundaries of the cornea were automatically ex-

tracted. After segmentation, a moving region of interest (ROI) was automatically selected 

for statistical modeling, as described elsewhere [4,13]. The horizontal (lateral) dimension 

of the moving ROI had an optimized fixed size of 11 pixels [4]. For the vertical (axial) 

dimension, three different depths were investigated: (1) full corneal thickness, (2) stroma 

and (3) anterior cornea including the epithelium. Therefore, the vertical dimension of the 
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ROI varied depending on the analyzed corneal depth. In the case of the full corneal thick-

ness, the number of vertical pixels in the ROI was determined by the corneal thickness of 

each subject, as previous research has shown that corneal thickness does not affect statis-

tical analysis of corneal Scheimpflug images [10]. When considering the stroma, pixels 

corresponding to corneal epithelium were excluded, as they provide different statistical 

information compared to the stroma. In the scenario of the anterior cornea including epi-

thelium, as the epithelial layer is difficult to unequivocally distinguish in Scheimpflug im-

ages, a fixed vertical ROI starting from the detected anterior corneal border, approxi-

mately corresponding to the anterior 180 µm, was considered [14]. 

The moving ROI covered approximately the central 8 mm of the cornea. An addi-

tional central ROI of 3.5 mm was selected to omit the impact of the flap. To avoid unde-

sired border effects (strong limbal/scleral reflections) and flap-related changes, the periph-

eral cornea was not included in the analysis [4,13,14]. The intensity of the pixels corre-

sponding to a given ROI was statistically modeled with the Weibull function, a two-pa-

rameter distribution function previously used for modeling corneal Scheimpflug images 

[4,11–15]. The output parameters were estimated using the method of maximum likeli-

hood from the pixel intensities of the selected ROI in each image. As described in previous 

research [4,14], the Weibull distribution function provides two parameters that describe 

the light distribution in corneal tissue. 

These parameters are the scale parameter (referred to as α in this study), which rep-

resents corneal transparency (larger α indicates lower corneal transparency), and the 

shape parameter (referred to as β in this study), which represents corneal tissue homoge-

neity (larger β indicates greater tissue homogeneity) [13]. Finally, to construct corneal α 

and β parameter maps, the data were transformed from Cartesian (X, Y) to polar coordi-

nates (r, θ) and interpolated, and second-order Zernike polynomials were used for 

smoothing, following previous research [4,12,13] 

The statistical analysis was performed using SPSS Statistics 25.0 for Windows (IBM 

Corp., Armonk, NY, USA). The normality of variables was assessed and not rejected 

(Shapiro–Wilk test, p > 0.05). The paired two-sample t-test was used to compare parame-

ters between the preoperative and 3-month follow-up sessions. Additionally, the inde-

pendent two-sample t-test was used to compare light distribution metrics based on the 

surgical technique (femtosecond vs. keratome). 

Furthermore, for a subgroup of participants with available data, one-way repeated 

measures ANOVA was conducted to determine whether light distribution metrics 

changed over time (preoperatively, at 3-month follow-up and at 1-year follow-up). The 

Bonferroni correction was applied to control for multiple comparisons in the post hoc 

tests. The Shapiro–Wilk test, Mauchly’s test of sphericity and Levene’s test indicated that 

the assumptions of normality, sphericity and homogeneity of variances, respectively, had 

not been violated. The level of significance was set at 0.05 and the analysis was conducted 

separately for the right and left eyes, treating them as independent entities. 

3. Results 

A total of 133 patients who had undergone uneventful LASIK treatment between July 

2010 and November 2014 with pre-and postoperative measurements on the same device 

were identified. Seven (5.3%) patients were subsequently excluded due to different flap or 

laser settings (5) and ocular comorbidity (2). For the remaining 126 participants, all images 

were exported for analysis. However, in 36 (28.6%) participants, the data were deemed to 

be of insufficient or uncertain quality. This was typically due to missing data in certain 

meridians and the presence of fluorescein in the tear film, which was identified by an over-

reflective anterior surface. The mean age of the 90 participants included and analyzed in 

the study was 31.0 ± 7.1 years (range, 20–55 years). Among them, 58 (64.4%) patients were 

female. There was no statistically significant difference in refractive error between the 

right and left eyes (p > 0.05; paired t-test). To account for intraindividual correlation, only 
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one treated eye per patient was included in the analysis. Therefore, results will be pre-

sented for all 90 treated left eyes. The baseline refractive and corneal characteristics before 

the LASIK treatment are presented in Table 1, including data from the left eyes only. Most 

patients had undergone myopic and/or astigmatic LASIK correction, with only 2 patients 

(2.2%) with hyperopic correction. 

Table 1. Treatment characteristics including pre-treatment (pre-Tx) refractive error, keratometry 

and pachymetry based on Pentacam analysis. D: diopter; K1F: flat meridian of the anterior corneal 

surface; K2F: steep meridian of the anterior corneal surface; RSB: residual stromal bed. Data shown 

as mean ± standard deviation [range]. 

Treatment Characteristic Value 

Refractive error Pre-Tx  

Sphere (D) −3.6 ± 2.3 [−9.0, 5.2] 

Cylinder (D) 0.6 ± 1 [−5.0, 0.0] 

Keratometry Pre-Tx  

K1F (D) 43.1 ± 1.4 [40.4, 46.7] 

K2F (D) 44.1 ± 1.3 [41, 47.6] 

Pachymetry Pre-Tx  

Pachy apex (µm) 571 ± 35 [502, 687] 

Pachy min (µm) 569 ± 34 [497, 686] 

Ablated tissue (µm)  65 ± 24 [23, 118] 

RSB (µm) 394 ± 37 [312, 472] 

The results of the light intensity distribution metrics, comparing pre- and postopera-

tive values, are presented in Table 2 (results for left eyes). Additionally, graphical repre-

sentations of the results can be found in Figures 1 and 2. There was no statistically signif-

icant difference observed in any of the light distribution parameters between the right and 

left eyes (all p > 0.05). When comparing the femtosecond (n = 66) with the keratome (n = 

24) subgroup, no statistically significant difference was found in any of the analyzed 

depths for both parameters α and β. 

Table 2. Light intensity distribution parameters (α and β) for the full cohort of subjects (n = 90) 

before and 3 months after LASIK for different corneal depths and corneal regions. Paired t-test was 

performed. 

  α β 

 Area Pre-op 3-Month FU  p-Value Pre-op  3-Month FU p-Value 

Full cornea 

3.5 mm 
31 ± 4 

[24, 43] 

32 ± 6 

[23, 67] 
0.08 

3.8 ± 0.5 

[2.9, 5.2] 

3.8 ± 0.6 

[2.5, 5.6] 
0.72 

8 mm 
35 ± 6 

[28, 44] 

35 ± 6 

[25, 45] 
0.32 

3.8 ± 0.3 

[2.9, 4.9] 

3.7 ± 0.5 

[2.4, 5.3] 
0.13 

Anterior cornea 

(including epithelium) 

3.5 mm 
39 ± 7 

[21, 51] 

39 ± 7 

[22, 65] 
0.015 * 

4.9 ± 1.4 

[3.4, 11.6] 

4.5 ± 0.9 

[3.2, 8.1] 
<0.001 * 

8 mm 
40 ± 6 

[21, 53] 

41 ± 7 

[23, 53] 
0.15 

4.7 ± 1.0 

[3.3, 8.3] 

4.4 ± 0.8 

[3.0, 7.7] 
0.004 * 

Stroma 

3.5 mm 
26 ± 5 

[20, 38] 

26 ± 5 

[19, 54] 
0.57 

13.3 ± 1.4 

[9.0, 15.8] 

12.9 ± 1.9 

[6.3, 16.2] 
0.08 

8 mm 
29 ± 3 

[23, 44] 

28 ± 4 

[21, 37] 
0.21 

11.9 ± 1.3 

[7.8, 13.9] 

11.4 ± 1.5 

[6.2, 14.0] 
0.03 * 

* indicates statistical significance. 
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Figure 1. The mean distribution of α (tissue transparency) in the 8 mm central cornea of the total 

cohort of participants (n = 90) before and 3-month after LASIK, for different corneal depths. The 

dashed circles represent the 3.5 mm central cornea. The color bar (α) is expressed in arbitrary units. 

 

Figure 2. The mean distribution of β (tissue homogeneity) in the 8 mm central cornea of the total 

cohort of participants (n = 90) before and 3-month after LASIK, for different corneal depths. The 

dashed circles represent the 3.5 mm central cornea. The color bars (β) are expressed in arbitrary 

units. 

The correlation between pre- and postoperative light distribution metrics and various 

parameters, including age, central corneal thickness (CCT), spherical equivalent (SE), ab-

lation thickness (AT) and residual stromal bed (RSB), was also examined. The results are 

shown in Table 3. A weak correlation was observed for age, which reached statistical sig-

nificance, in contrast with CCT, SE, AT and RSB. 

  



Photonics 2024, 11, 315 6 of 11 
 

 

Table 3. Pearson Correlation between light intensity distribution parameters (α and β) and different 

biometrical parameters for the full cohort of subjects (n = 90) before, 3-month after LASIK and the 

difference between sessions. Results are shown for the different corneal depths under analysis. The 

corresponding p-value is shown in parentheses. AT = ablation thickness, CCT = central corneal thick-

ness, RSB = residual stromal bed, SE = spherical equivalent. 

  α β 

  
Pre-op 

(n = 90) 

3-Month FU 

(n = 90) 

Difference 

Pre-op/3M 

FU (n = 90) 

Pre-op 

(n = 90) 

3-Month 

FU (n = 90) 

Difference 

Pre-op/3M 

FU (n = 90) 

Full cornea 

Age 0.22 (0.03) * 0.22 (0.03) * 0.20 (0.03) * 0.18 (0.04) * 0.18 (0.04) * 0.18 (0.04) * 

CCT 0.05 (0.30) 0.05 (0.30) 0.12 (0.12) 0.08 (0.23) 0.12 (0.12) 0.04 (0.34) 

SE 0.08 (0.23) 0.08 (0.23) 0.08 (0.23) 0.06 (0.27) 0.12 (0.12) 0.06 (0.27) 

AT 0.13 (0.10) 0.05 (0.30) 0.02 (0.40) 0.02 (0.42) 0.05 (0.33) 0.02 (0.40) 

RSB 0.08 (0.22) <0.01 (0.50) 0.08 (0.22) 0.09 (0.19) <0.01 (0.50) 0.06 (0.29) 

Anterior 

cornea (in-

cluding epi-

thelium) 

Age 0.21 (0.02) * 0.18 (0.04) * 0.18 (0.04) * 0.18 (0.04) * 0.18 (0.04) * 0.18 (0.04) * 

CCT 0.05 (0.30) 0.04 (0.35) 0.12 (0.12) 0.16 (0.05) 0.03 (0.36) 0.12 (0.12) 

SE 0.05 (0.31) 0.02 (0.41) 0.01 (0.45) 0.13 (0.11) 0.08 (0.23) 0.03 (0.36) 

AT 0.16 (0.06) 0.07 (0.26) 0.17 (0.06) 0.02 (0.43) −0.14 (0.09) 0.17 (0.10) 

RSB 0.15 (0.07) 0.05 (0.29) 0.06 (0.28) <0.01 (0.50) 0.07 (0.25) 0.05 (0.32) 

Stroma 

Age 0.20 (0.03) * 0.25 (0.01) * 0.19 (0.03) * 0.21 (0.02) * 0.18 (0.04) * 0.18 (0.04) * 

CCT 0.04 (0.35) 0.08 (0.23) 0.16 (0.05) 0.08 (0.23) 0.04 (0.35) 0.12 (0.12) 

SE 0.02 (0.41) 0.01 (0.45) 0.03 (0.36) 0.08 (0.23) 0.01 (0.45) 0.13 (0.11) 

AT 0.15 (0.08) 0.03 (0.38) 0.07 (0.24) 0.14 (0.10) 0.06 (0.28) 0.14 (0.09) 

RSB 0.06 (0.27) 0.01 (0.18) 0.14 (0.09) 0.10 (0.17) 0.03 (0.38) 0.06 (0.28) 

* indicates statistical significance. 

Table 4 represents the results for the subgroup with 3-month and 1-year follow-up (n 

= 22). No statistically significant changes were seen in parameter α. However, parameter 

β showed significantly lower values at both the 3-month and 1-year follow-up time points. 

Post hoc analysis for parameter β confirmed the significant findings at both follow-up 

time points (Table 5). 

Table 4. Light intensity distribution parameters (α and β) for a subgroup of subjects (n = 22) before, 

3-month and 1 year after LASIK for different corneal depths and corneal regions. ANOVA one-way 

repeated measurements were performed. 

 Area Pre-op 3-Month FU 1-Year FU F-Stats p-Value 

Parameter α 

Full cornea 

3.5 mm 
31 ± 4 

[24, 40] 

33 ± 7 

[25, 56] 

31 ± 7 

[22, 47] 
F(2,42) = 0.73 0.49 

8 mm 
34 ± 5 

[28, 44] 

36 ± 7 

[29, 61] 

32 ± 5 

[25, 49] 
F(2,42) = 2.61 0.08 

Anterior cornea  

(including  

epithelium) 

3.5 mm 
36 ± 6 

[25, 47] 

40 ± 9 

[28, 63] 

36 ± 7 

[26, 58] 
F(2,42) = 1.89 0.056 

8 mm 
40 ± 6 

[29, 54] 

43 ± 9 

[34, 65] 

38 ± 7 

[27, 63] 
F(2,42) = 2.13 0.13 

Stroma 

3.5 mm 
26 ± 4 

[20, 34] 

27 ± 6 

[19, 47] 

27 ± 7 

[19, 44] 
F(2,42) = 0.41 0.66 

8 mm 
28 ± 4 

[24, 37] 

29 ± 6 

[23, 49] 

26 ± 4 

[22, 41] 
F(2,42) = 1.63 0.20 
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Parameter β 

Full cornea 

3.5 mm 
3.8 ± 0.4 

[3.0, 4.7] 

3.7 ± 0.6 

[2.5, 5.6] 

3.0 ± 0.6 

[1.7, 4.6] 
F(2,42) = 12.3 <0.001 * 

8 mm 
3.8 ± 0.4 

[3.3, 4.8] 

3.6 ± 0.6 

[2.4, 5.3] 

3.2 ± 0.4 

[2.5, 4.4] 
F(2,42) = 10.84 <0.001 * 

Anterior cornea 

(including  

epithelium) 

3.5 mm 
4.9 ± 1.0 

[3.5, 8.0] 

4.4 ± 0.8 

[3.2, 6.2] 

4.3 ± 0.9 

[3.3, 6.9] 
F(2,42) = 2.7 0.07 

8 mm 
4.6 ± 0.7 

[3.5, 6.1] 

4.3 ± 0.6 

[3.2, 5.3] 

4.2 ± 0.5 

[3.4, 5.4] 
F(2,42) = 4.82 0.028 * 

Stroma 

3.5 mm 
13.4 ± 1.5 

[9.6, 15.3] 

12.7 ± 2.2 

[6.3, 15.2] 

10.2 ± 2.5 

[4.3, 14.7] 
F(2,42) = 13.9 <0.001 * 

8 mm 
12 ± 1.5 

[8.9, 13.9] 

11.4 ± 2.0 

[6.3, 13.4] 

10.2 ± 1.6 

[4.7, 12.4] 
F(2,42) = 5.94 0.004 * 

* indicates statistical significance. 

Table 5. Post hoc test (Bonferroni) for parameter β corresponding to the ANOVA test presented in 

Table 4. FU: follow-up. 

  
Preop vs. 3-Month FU 

(n = 22) 

Preop vs. 1-Year FU 

(n = 22) 

3-month FU vs. 1-Year 

FU (n = 22) 

3.5 mm 

Full cornea 0.94 <0.001 * 0.001 * 

Anterior cornea  

(including epithelium) 
1.00 0.09 0.24 

Stroma 0.92 <0.001 * 0.001 * 

8 mm 

Full cornea 0.218 <0.001 * 0.020 * 

Anterior cornea  

(including epithelium) 
0.036 * 0.024 * 0.64 

Stroma 0.040 * 0.003 * 0.101 

* indicates statistical significance. 

4. Discussion 

The present study focuses on the changes in corneal reflectivity associated with rou-

tine, uncomplicated LASIK surgery. Using Scheimpflug-based DDA analysis, two param-

eters, α (corneal transparency) and β (corneal homogeneity), were generated. Following 

routine LASIK surgery, a significant decrease in optical homogeneity (lower β values) was 

observed in the corneal tissue. The reduced β values indicate increased variability in tissue 

reflectivity within the analyzed tissue, providing information on the optical characteristics 

beyond the net value of backscattered light. The study specifically examined both the cen-

tral 3.5 mm and 8 mm of the cornea to exclude flap-induced changes in corneal reflectivity. 

Previous investigations utilizing ex vivo and in vivo confocal microscopy have identified 

several changes in corneas after LASIK, including focal areas of thickened epithelium, a 

variably thick hypocellular interface stromal scar and variably reflective cellular struc-

tures [16–18]. Some of these changes, such as the morphologies of regenerated nerve fi-

bers, do not fully return to their normal preoperative levels [19]. Research has also demon-

strated that keratocyte densities in the stromal flap and anterior retroablation layer de-

crease for up to 5 years following LASIK [20,21]. The regional changes in corneal micro-

structure resulting from postoperative wound repair processes may contribute to the de-

creased corneal homogeneity observed after LASIK. Wound repair following LASIK 

shows considerable biological diversity, even in contralateral eyes of the same patient [22]. 

Following initial apoptosis of the stromal keratocytes, proliferation and migration of the 

remaining keratocytes ensues, resulting in activated keratocytes and myofibroblasts. 

These cells play a comprehensive role in collagen and extracellular matrix remodeling 
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[22]. The observed changes in tissue homogeneity may reflect this stromal remodeling 

anterior and posterior to the lamellar interface. 

The study further observed that corneal homogeneity (β parameter) remains lower 

after 1 year compared to the status at 3 months, suggesting that microstructural changes 

in the cornea persist beyond the temporary increase in light backscatter. One could spec-

ulate that these microstructural changes may influence a cornea’s susceptibility to develop 

postoperative corneal ectasia. A follow-up study, in which the corneal α and β parameters 

are investigated in patients who developed post-LASIK ectasia, would be of particular 

interest to test this hypothesis. No correlations were found between the observed changes 

in the β parameter and other corneal or treatment parameters. Additionally, changes in 

tissue homogeneity were independent of the flap creation method (mechanical microker-

atome or femtosecond laser). 

On the other hand, the α parameter, which reflects mean backward light scattering, 

remained unchanged at both the 3-month and 1-year post-LASIK time points. A correla-

tion between the α parameter and corneal densitometry readings has previously been 

demonstrated [11]. Most studies investigating corneal densitometry post-LASIK did not 

find significant changes beyond the early postoperative period, although Wei et al. did 

observe a decrease in corneal densitometry in certain regions and depths 6 months after 

LASIK [6,7,23,24]. Whether decreased tissue homogeneity combined with a lack of 

changes in corneal transparency, as found in this study, could affect visual performance 

following LASIK surgery requires further research. The decrease in keratocyte density 

following LASIK surgery has not been found to elicit changes in vision in previous re-

search [25]. Conceptually, the overall reduced tissue homogeneity may contribute to 

higher-order aberrations that may degrade quality of vision; however, this hypothesis 

warrants further exploration. 

Several limitations of the study should be acknowledged. Optical techniques such as 

DDA or traditional corneal densitometry by Oculus Pentacam utilize light reflectivity as 

a measure to differentiate tissue, which does not provide accurate discrimination of tissue 

components compared to techniques like light or electron microscopy. Therefore, the ex-

act histological correlation of the DDA findings remains speculative. Future studies 

should ideally incorporate multiple imaging techniques to further elucidate the signifi-

cance of these findings. The retrospective nature of the study limited the availability of 

images to the 3-month follow-up time point, with only a subset having a 1-year follow-

up. A prospective study with more frequent and standardized follow-up time points 

would be beneficial to investigate the progression of the observed changes. Additionally, 

our study focused only on uncomplicated LASIK surgery, to document the changes in-

duced by uneventful surgery itself, and therefore did not include cases with postoperative 

complications. A follow-up study in patients who developed postoperative complications, 

both biomechanical (e.g., post-LASIK ectasia) and visual problems (e.g., glare, higher-or-

der aberrations) would be of particular interest to elucidate whether these eyes had dif-

ferent pre- and/or postoperative values in tissue homogeneity. It should also be noted that 

while patients were instructed to refrain from wearing contact lenses prior to their assess-

ments, compliance was self-reported and not objectively verified, representing a limitation 

of the study. However, it is generally observed that patients tend to adhere to pre-surgical 

instructions to avoid potential complications. Regarding the influence of age, it is 

acknowledged that age can be a confounding factor in corneal tissue readings [5,11]. Nev-

ertheless, in our study, where each eye serves as its own control over time, the effects of 

age should be mitigated given that all statistical analyses performed are paired. This de-

sign minimizes the confounding impact of age on the observed changes in corneal tissue 

following LASIK surgery. Additionally, as indicated in the Methodology, our analysis was 

intentionally restricted to the central 8 mm of the cornea to avoid undesired border effects 

such as strong limbal/scleral reflections and flap-related changes; consequently, the pe-

ripheral cornea was not included in the analysis in agreement with the previous literature 
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[4,13,14]. This decision was informed by the technical limitations of current imaging tech-

niques and the desire to maintain consistency and reliability in our measurements. Ac-

knowledging this, we suggest that future research should aim to develop and utilize im-

aging techniques capable of accurately capturing and analyzing the peripheral cornea 

without the confounding effects that currently limit our analysis. Advancements in this 

area could provide a more comprehensive understanding of corneal changes post-sur-

gery. 

5. Conclusions 

In conclusion, based on the findings of this study using light reflectivity, it was ob-

served that 3 months after LASIK surgery, the overall level of backscattered light (tissue 

transparency) has been restored, while the tissue homogeneity had not. This impact on 

tissue homogeneity remains significant at 1 year after LASIK. 
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