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Abstract 

Purpose: To detect corneal densitometric and 

tomographic Belin ABCD changes during 1-year follow-

up after photorefractive keratectomy (PRK).Patients and 

Methods: Prospective observational study carried out on 

PRK candidates divided into Group 1 (study group) with 

suspicious corneas (asymmetric bowtie, inferior 

steepening, central back elevation >15 µm or tongue like 

extension pattern, thin cornea <510 µm, or abnormal 

corneal thickness spatial profile curve) and Group 2 

(control group) with healthy corneas. The patients were 

examined at 3, 6, and 12 months after PRK using 

Pentacam. Results: 147 eyes of 75 Egyptian candidates 

(12 male and 63 female). Group 1 included 73 eyes of 38 

patients with average age 23.6±5.7 years versus age- and 

gender-matched controls (P=0.192). Compared to pre-

PRK, UCVA improved significantly in both groups and 

remained stable till the last visit. Both groups showed 

significant increase in anterior radius of curvature (ARC) 

and posterior radius of curvature (PRC) after PRK 

(P<0.001) that remained stable through 3 post-operative 

visits. There was no significant difference in ARC and PRC between both groups 

respectively (P=0.494, P=0.940). Post-PRK progression in parameter C was observed 

in both groups (decrease in thinnest location) that remained stable till the last visit. 

There was no change in parameter D (best corrected distant visual acuity) in both 

groups (P=0.214). Corneal densitometry (CD) decreased significantly in 0-10 mm 

annulus of anterior layer in both groups (all P<0.001). No post-PRK ectasia was 

detected during the one-year follow-up. Conclusion: ABCD grading is useful for 

monitoring post-PRK suspicious corneas. 
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Introduction  

Photorefractive keratectomy (PRK) has 

widely been used as an effective and 

safe technique for refractive surgery 

candidates and is well tolerated by the 

patients 
(1, 2)

. It is an effective surface 

laser ablation procedure for the 

correction of ametropia 
(2, 3)

. In PRK, 

the corneal epithelium should be 

removed before stromal ablation. 

Mechanical debridement seems to be 

the most common technique for 

epithelial debridement 
(2)

. The integrity 

of the epithelial basement membrane 

and the deposition of abnormal 

extracellular matrix can put the cornea 

in a probable situation for corneal haze 

formation. Mitomycin C (MMC) is 

applied after excimer laser ablation as 

a primary modulator for wound 

healing, limiting corneal haze 

formation 
(4)

. 

Corneal ectasia is a well-recognized, 

serious complication of photorefractive 

surgeries. It is characterized by 

progressive stromal thinning and 

steepening of the cornea, resulting in 

refractive aberrations and vision loss 
(5)

. Post-PRK ectasia is much less 

prevalent than post-LASIK ectasia 
(6)

. 

Ectatic disorder of the cornea, 

characterized by steepening, apical 

thinning and scarring leading to visual 

distortion 
(7)

. The advent of refractive 

surgery has highlighted the need to 

identify early or subclinical cases of 

keratoconus, as these cases are more 

likely to present as post-refractive 

surgery ectasia. This has highlighted 

the deficiencies in the older 

classification/ staging systems which 

simply relied on anterior curvature and 

apical thickness readings such as 

Amsler- Krumeich (AK) classification 

which is the most widely used 
(8)

. The 

Belin ABCD classification/staging 

system was introduced on the Oculus 

Pentacam (Oculus GmbH, Wetzlar, 

Germany) in response to both the 

shortcomings of the AK system and, in 

part, in response to the needs outlined 

in the Global Consensus on 

Keratoconus and Ectatic Disease 
(9)

. 

While initially released as a new 

comprehensive staging or classification 

system, the ABCD parameters have 

also subsequently been utilized in a 

separate progression display (Belin 

ABCD Progression Display) 
(10)

.   

In this study, we reported 

densitometric and corneal tomographic 

Belin ABCD changes after 

photorefractive keratectomy. 

Patients and methods  

This study was a case-control 

prospective observational study carried 

out to assess the 1-year changes in 

corneal tomography after PRK using 

Belin ABCD display by Pentacam 

between healthy and suspicious 

corneas, as well as densitometric 

changes. The study was conducted at 

Ebsar Eye Center (Mansoura, Egypt) 

under the supervision of Benha 

University Ophthalmology Department 

staff members and in accordance with 

the tenets of the Declaration of 

Helsinki. The study was approved by 

the institutional review board of Benha 

University (Research Ethics 

Committee) with code number: MD 

11-11-2022. Written informed consent 

was taken from all patients prior to 

surgery. The study was carried out to 

assess changes in cornea after PRK 
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through three follow up visits for one 

year in the period from October 2022 

to September 2024.  

Our study was divided into group 1 

(study group) which included 38 

candidates with suspicious corneas and 

group 2 (control group) which included 

37 candidates with healthy corneas 

who were seeking photorefractive 

surgery. Inclusion criteria included age 

(18-50 years), both genders, stable 

refraction for at least one year and 

contact lens wear abstinence for three 

weeks. Group 1: Suspicious cornea, 

but not keratoconus, included one of 

the following risk factors: asymmetric 

bowtie, inferior Steepening/skewed 

radial axis (20 degrees or greater), 

inferior steepening, back elevation in 

the central 3 mm diameter >15 µm or 

isolated island and tongue like 

extension pattern, thin cornea <510 

µm, superior inferior difference in 

corneal thickness map > 30 µm or 

thinnest location difference between 

both eyes > 30 µm, corneal thickness 

spatial profile curve deviated before 6 

mm circle, border line keratoconus 

indices of irregularities (yellow)
(11-15)

. 

Group 2: Healthy cornea with no risk 

factors. Any previous history of 

refractive, or ocular surgery and injury 

or corneal opacities, dystrophies, 

autoimmune diseases- were excluded. 

Complete assessment was done 

including; history taking, full routine 

ophthalmic examination, uncorrected 

and best corrected visual acuity using 

decimal chart, corneal haze grading 
(16, 

17)
 and Oculus Pentacam AXL (Oculus 

GmbH, Wetzlar, Germany) to detect 

keratometry readings K1, K2 (front 

and back) in diopters, central corneal 

thickness (CCT) and thinnest location 

(TCT) in µm, Belin Ambrosio ectasia 

display (BAD-D), thickness 

progression index (Prog), maximum 

Ambrosio relational thickness 

(ARTmax), maximum keratometry (K 

max), index of surface variance (ISV), 

index of vertical asymmetry (IVA), 

index of height asymmetry (IHA), 

index of height decentration (IHD), 

corneal densitometry (CD) in anterior 

layer (120 µm) in zones (0-2 mm, 2-6 

mm & 6-10 mm annulus) in grayscale 

units. 

The ABCD system utilizes 4 

parameters: Parameter “A”: Anterior 

Radius of Curvature (ARC) in the 3.0 

mm zone centered on corneal thinnest 

location, parameter “B”: Posterior 

Radius of Curvature (PRC) in the 3.0 

mm zone centered on corneal thinnest 

location, parameter “C”: Thinnest 

corneal thickness (TCT) in µm, 

parameter “D”: „Distance Best 

Corrected Visual Acuity (BDVA) 

which must be entered by the user 
(18)

. 

Belin ABCD display was used to 

detect any progression in anterior, 

posterior corneal surface and thickness 

before and at 3, 6 and 12 months after 

PRK surgery 
(10)

. 

Surgical technique 

In the PRK procedure, the central 9 

mm diameter epithelium was 

mechanically removed. Laser ablation 

was performed with Alcon EX-500 

excimer laser. Topical Mitomycin C 

0.02% was applied for 20 seconds after 

PRK laser treatment 
(19)

, a bandage soft 

contact lens was placed on the cornea. 

Eye drops containing 0.1% 

dexamethasone (tobradex) and 0.5% 

moxifloxacin (vigamox) was 

prescribed four times daily for 2 
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weeks, then 0.1% fluorometholone eye 

drops (Efemyo) was prescribed two 

times daily for 1 month. Lubricant eye 

drops was prescribed for three months 
(20)

. 

Statistical analysis  

Statistical analysis was done by 

Statistical Package for the Social 

Sciences (SPSS) v26 (IBM Inc., 

Chicago, IL, USA). Shapiro-Wilks test 

and histograms were used to evaluate 

the normality of the distribution of 

data. Quantitative parametric variables 

were presented as mean and standard 

deviation (SD) and compared between 

the two groups utilizing unpaired 

Student's t- test and compared between 

follow up and preoperative visits by 

using repeated analysis of variance 

(ANOVA) 
(21)

. 

Quantitative non-parametric data were 

presented as median and interquartile 

range (IQR) and were analyzed by 

Mann Whitney-test 
(22)

. Qualitative 

variables were presented as frequency 

and percentage (%) and were analyzed 

utilizing the Chi-square test or Fisher's 

exact test when appropriate 
(23)

. A two 

tailed P value < 0.05- was considered 

statistically significant. Correlation 

between various variables was done 

using Pearson moment correlation 

equation for linear relation of normally 

distributed variables and Spearman 

rank correlation equation for non-

normal variables/non-linear monotonic 

relation. Avoid biases arising from 

between eye correlation (compensate 

inter-eye correlation as paired organ). 

Results  

 This study assessed 90 patients for 

eligibility, 5 patients did not meet the 

criteria and 10 patients refused to 

participate in the study. The remaining 

patients were allocated into two 

groups, 73 eyes of 38 patients (Group 

1) as a study group versus 74 eyes of 

37 patients (Group 2) as a control 

group which were age and sex matched 

to detect densitometric and the Belin 

ABCD display tomographic corneal 

changes after photorefractive 

keratectomy (PRK). All allocated 

patients were followed-up and 

analyzed statistically 

Table (1) summarizes the demographic 

and pre-operative clinical 

characteristics of both groups, the pre-

operative Belin ABCD parameters of 

both groups.  

In the study group, most prevalent 

risk factors were thin cornea (≤ 510 

µm) in 45 eyes (62% of cases). 

Corneal thickness spatial profile 

(CTSP) curve was found deviated 

before 6 mm circle in 14 eyes (18% of 

cases). Superior-inferior difference in 

corneal thickness map > 30 µm, or 

decentered thinnest location- was 

observed in 4 eyes (5% of cases). 

Anterior topographic map 

irregularities- were found in 9 eyes 

(12% of cases). Posterior topographic 

map irregularities: back elevation >15 

µm or isolated island- were observed 

in 7 eyes (9% of cases) and tongue like 

projection in 8 eyes (11% of cases). 

Abnormal index of height decentration 

(IHD)- was observed in 20 eyes (27% 

of cases). Abnormal Belin Ambrosio 

ectasia display deviation (BAD-D)- 

was found in 35 eyes (48% of cases).   
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Longitudinal post-operative 

observations:  

Uncorrected visual acuity (UCVA)  

Uncorrected visual acuity (UCVA) 

improved significantly in all post-

operative visits in each group, 

compared to the preoperative one, 

while, no significant differences were 

observed in the UCVA between both 

groups at each visit. 

Corneal haze 

All candidates subjectively complained 

from mild glare in the first post-

operative month then glare 

disappeared. 

Subjectively, corneal haze was 

minimal in early post-operative period. 

Only four candidates had grade 1 haze 

and five candidates had grade 0.5 haze 

in post-operative 3 months visit then 

became clear cornea (grade 0) in post-

operative 6 months visit. 

 Corneal densitometry (CD) 

assessment with Pentacam decreased 

significantly in all post-operative visits 

in each group, compared to the 

preoperative one, in anterior layer (120 

µm) zones 0-2 mm, 2-6 mm and 6-10 

mm annulus (all P<0.001), while no 

significant differences were observed 

in CD between both groups at each 

visit (Table  (2) , Fig (1).  

Post-operative Belin parameters  

Parameter C was significantly higher 

in group 1 than group 2 at 

preoperative, 3 months, 6 months and 

12 months between both groups (all 

P<0.001), while, parameters A, B and 

D- were insignificantly different 

(Table 3).  

Post-operative tomographic data  

Repeated measures ANOVA within 

visits and between groups were done. 

ARC, PRC, posterior average K, TCT, 

BAD-D, Prog, ARTmax, K max, ISV, 

IVA, IHA and IHD- were statistically 

significant different within visits in 

each group, compared to the 

preoperative one (all P<0.001). 

Significant changes were observed in 

CCT, BAD-D, ARTmax, IVA, IHA 

and IHD- between groups (all 

P<0.001), while, no significant 

changes were observed in other 

parameters (Table 4, Fig 2-4). 

There were significant negative 

correlations between K max and ARC 

at 3 months (r =-0.476, p <0.001), 6 

months (r =-0.673, p < 0.001) and 12 

months (r =-0.639, p < 0.001). There 

were also significant negative 

correlations between ARC and average 

K (r =-0.961, p <0.001), and between 

PRC and average posterior K readings 

(r = -0.920, p <0.001). There was 

negative correlation between Prog and 

TCT at 3 months (r =-0.713, p <0.001), 

6 months (r =-0.699, p <0.001) and 12 

months (r =-0.693, p <0.001). 

There was positive correlation between 

BAD and Prog at 3 months (r =0.844, 

p <0.001), 6 months (r =0.826, p 

<0.001) and 12 months (r =0.820, p 

<0.001). There was positive correlation 

between ARTmax and TCT at 3 

months (r =0.825, p <0.001), 6 months 

(r =0.860, p <0.001) and 12 months (r 

=0.849, p <0.001) (Table 5). 
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Table (1): Baseline (pre-operative) characteristics of the studied groups 

   Group1 

 (n=73) 

GGroup2 2 

 (n=74) 

P value 

Demographic data  

Age (years) 23.64 ± 5.7 24.96 ± 6.43 0.192 

Sex    Male 6 (15.8%) 6 (16.2%) 0.971 

Female 32 (84.2%) 31 (83.8%) 

Clinical refraction and keratometry   

Sphere (diopters) -2.04 ± 1.47 -2.33 ± 1.67 0.265 

Cylinder (diopters) -1.14 ± 0.87 -1.02 ± 0.98 0.408 

SE (diopters) -2.64 ± 1.45 -2.85 ± 1.74 0.426 

UCVA # (decimal) 0.2 (0.1-0.4) 0.2 (0.1-0.4) 0.769 

BDVA # (decimal) 1(0.8-1) 1(0.825-1) 0.237 

K1 front (diopters) 43.5 ± 1.6 43.3 ± 1.8 0.438 

K2 front (diopters) 44.8 ± 1.6 44.4 ± 1.9 0.277 

K1 back (diopters) -6.17 ± 0.27 -6.19 ± 0.27 0.778 

K2 back (diopters) -6.48 ± 0.27 -6.51 ± 0.31 0.564 

CCT (µm) 403415±27.03 545.43±26.22 < 0.001* 

Belin ABCD parameters    

A     Stage 0 69 (94.52%) 68 (91.89%) 0.745 

        Stage 1 4 (5.48%) 6 (8.11%) 

B     Stage 0 67 (91.78%) 63 (85.14%) 0.185 

       Stage 1 5 (6.85%) 11 (14.86%) 

       Stage 2 1 (1.37%) 0 (0%) 

C     Stage 0 59 (80.82%) 74 (100%) < 0.001* 

        Stage 1 14 (19.18%) 0 (0%) 

D     Stage 0 39 (53.42%) 51 (68.92%) 0.053 

        Stage 1 34 (46.58%) 23 (31.08%) 

All data presented as mean (±SD), #: Data presented as median (IQR), UCVA: Uncorrected visual acuity, BDVA: 

Best distant visual acuity, SE: Spherical equivalent, K1: Flat keratometry, K2: Steep keratometry (front and back) 

in diopters, CCT: Central corneal thickness, N: Number, *: Significant as P value ≤0.05 
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Table (2): Subjective PRK haze grade assessment 

 Grade Group1 

 (n=73) 

Group2 

 (n=74) 

P value 

Post-operative 3 months 0 (clear) 65 (89%) 64 (86.5%) 0.766 

0.5 4(5.5%) 6 (8.1%) 

1 4 (5.5%) 4 (5.4%) 

Post-operative 6 and 12 

months 

0 (clear) 73 (100%) 74 (100%) --- 

0.5 0 0 

1 0 0 

 Group 1 Group 2 P 

within 

visits 

P 

between 

groups 

Ant. 

CD 

Pre-

operative 

3 

months 

6 

 months 

12 

months 

Pre-

operative 

3  

months 

6 

months 

12 

months 

  

0-2 

mm 

19.29±

1.6 

17.77±1.

7 

17.69±1.

8 

17.71±1.

8 

19.16±2.3 17.84±2.

1 

17.95±1.6 17.85±2  

<0.001* 

 

0.646 

2-6 

mm 

17.33±

1.3 

15.78±1.

5 

15.81±1.

7 

15.85±1.

4 

17.13±1.9 15.95±2 16.14±1.5 16.12±1.

9 

 

<0.001* 

 

0.465 

6-10 

mm 

16.67±

2.9 

15.78±2.

8 

15.74±3.

0 

15.66±2.

4 

16.52±3.2 15.91±3.

2 

15.89±2.6 15.84±3  

<0.001* 

 

0.849 

CD: Corneal densitometry in grayscale units, Ant: Anterior corneal layer (120 µm), *: Significant as 

P value ≤0.05 
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Table (3): Belin ABCD parameters 

 Belin A Belin B Belin C Belin D 

  Group 

1 

Group 

2 

P Group 

1 

Group 

2 

P Group 

1 

Group 

2 

P Group 

1 

Group 

2 

P 

Pre-

operative 

Stage 0 69 

(94.52

%) 

68 

(91.89

%) 

0.745 67 

(91.78

%) 

63 

(85.14

%) 

0.185 59 

(80.82

%) 

74 

(100%

) 

< 

0.001

* 

39 

(53.42

%) 

51 

(68.92

%) 

0.053 

Stage 1 4 

(5.48

%) 

6 

(8.11

%) 

5 

(6.85

%) 

11 

(14.86

%) 

14 

(19.18

%) 

0 

(0%) 

34 

(46.58

%) 

23 

(31.08

%) 

Stage 2    1 

(1.37

%) 

0 

(0%) 

      

Post-

operative 

 3 

months 

 

Stage 0 73 

(100%

) 

74 

(100%

) 

--- 70 

(95.89

%) 

71 

(95.95

%) 

0.548 7 

(9.59

%) 

29 

(39.19

%) 

< 

0.001

* 

39 

(53.42

%) 

51 

(68.92

%) 

0.053 

Stage 1 0 

(0%) 

0 

(0%) 

3 

(4.11

%) 

2 

(2.7%

) 

25 

(34.25

%) 

27 

(36.49

%) 

34 

(46.58

%) 

23 

(31.08

%) 

Stage 2       37 

(50.68

%) 

16 

(21.62

%) 

   

Stage 3       4 

(5.48

%) 

2 

(2.7%

) 

   

Post-

operative 

 6 

months 

 

Stage 0 73 

(100%

) 

74 

(100%

) 

--- 71 

(97.26

%) 

73 

(98.65

%) 

0.619 5 

(6.85

%) 

32 

(43.24

%) 

< 

0.001

* 

39 

(53.42

%) 

51 

(68.92

%) 

0.053 

Stage 1 0 

(0%) 

0 

(0%) 

2 

(2.74

%) 

1 

(1.35

%) 

26 

(35.62

%) 

27 

(36.49

%) 

34 

(46.58

%) 

23 

(31.08

%) 

Stage 2       38 

(52.05

%) 

14 

(18.92

%) 

   

Stage 3       4 

(5.48

%) 

1 

(1.35

%) 

   

Post-

operative 

 12 

months 

 

Stage 0 73 

(100%

) 

74 

(100%

) 

--- 70 

(95.89

%) 

72 

(97.3

%) 

0.681 6 

(8.22

%) 

33 

(44.59

%) 

< 

0.001

* 

39 

(53.42

%) 

51 

(68.92

%) 

0.053 

Stage 1 0 

(0%) 

0 

(0%) 

3 

(4.11

%) 

2 

(2.7%

) 

30 

(41.1

%) 

27 

(36.49

%) 

34 

(46.58

%) 

23 

(31.08

%) 

Stage 2       32 

(43.84

%) 

13 

(17.57

%) 

   

Stage 3       5 

(6.85

%) 

1 

(1.35

%) 
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Table (4): Post-operative tomographic data 

 Group 1 (n=73) Group 2 (n=74) P 

within 

visits 

P 

between 

groups 

 Pre-

operati

ve 

3 

months 

5 

months 

01 

months 

Pre-

operati

ve 

2 

months 

5 

months 

01 

months 

  

ARC 7.63±0

.27 

8.07±0

.9 

8.15±0

.42 

8.12±0

.4 

7.67±0

.32 

8.18±0.3

8 

8.16±0

.38 

8.15±0

.38 
<0.00

1* 

0.494 

PRC 6.25±0

.26 

6.32±0

.26 

6.31±0

.26 

6.32±0

.27 

6.23±0

.28 

6.33±0.4

2 

6.31±0

.29 

6.31±0

.27 
<0.00

1* 

0.940 

Posterior 

average K 

-

6.33±0

.26 

-

6.30±0

.24 

-

6.31±0

.25 

-

6.31±0

.25 

-

6.35±0

.28 

-

6.32±0.2

8 

-

6.31±0

.27 

-

6.31±0

.26 

<0.00

1* 

0.802 

TCT 510.4±

27 

450.85

±34 

451.66

±33 

453.41

±33 

542.23

±27 

479.49±

39 

481.65

±39 

484.12

±38 
<0.00

1* 

<0.001* 

BAD-D 1.43±0

.58 

2.74±0

.8 

2.66±0

.72 

2.62±0

.72 

1.06±0

.51 

2.32±1 2.21±0

.9 

2.11±0

.88 
<0.00

1* 

<0.001* 

Prog 1.06±0

.14 

1.7±0.

35 

1.69±0

.33 

1.67±0

.32 

1.02±0

.1 

1.63±0.3

4 

1.59±0

.31 

1.56±0

.3 
<0.00

1* 

0.068 

ARTmax 391.9±

74 

235.96

±61 

233.53

±56 

239.29

±58 

429.92

±60 

260.85±

72 

269.69

±69 

275.07

±69 
<0.00

1* 

<0.001* 

K max 45.21±

1.6 

44.04±

1.8 

44±1.8 44.07±

1.7 

44.97±

2 

43.77±2 43.77±

2 

43.79±

1.9 
<0.00

1* 

0.394 

ISV 18.58±

5.4 

22.67±

9.8 

22.38±

9.4 

22.21±

9.4 

16.64±

4.4 

20.74±1

0.1 

20.58±

9.3 

20.58±

9.2 
<0.00

1* 

0.157 

IVA 0.13±0

.06 

0.19±0

.1 

0.19±0

.1 

0.19±0

.1 

0.1±0.

04 

0.15±0.0

7 

0.16±0

.07 

0.16±0

.07 
<0.00

1* 

0.012* 

IHA 5.6±4.

47 

7.55±6

.09 

7.58±6

.13 

7.34±6

.23 

3.92±2

.97 

5.27±5.6

2 

5.8±5.

47 

6.5±5.

54 
<0.00

1* 

0.024* 

IHD 0.011 

(0.008-

0.015) 

0.013 

(0.008-

0.019) 

0.014 

(0.007-

0.019) 

0.013 

(0.009-

0.019) 

0.008 

(0.006-

0.01) 

0.008 

(0.006-

0.015) 

0.009 

(0.007-

0.015) 

0.01 

(0.008-

0.015) 

<0.00

1* 

0.003* 

All data presented as mean (±SD), #: Data presented as median (IQR), TCT : Thinnest location in µm, ARC: 

Anterior radius of curvature, PRC: Posterior radius of curvature, BAD-D: Belin Ambrosio ectasia display, Prog:  

thickness progression index, ARTmax : Maximum Ambrosio relational thickness, K max: Maximum keratometry, 

ISV: Index of surface variance, IVA: Index of vertical asymmetry, IHA: Index of height asymmetry, IHD: Index 

of height decentration, N: Number, *: Significant as P value ≤0.05 
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Table (5): Correlations 

  3 months 6 months 12 months 

K max and 

ARC 

r -0.476 -0.673 -0.639 

P value < 0.001* < 0.001* < 0.001* 

CI 95% -0.592 to -0.341 -0.752 to -0.573 -0.725 to -0.531 

TCT and Prog r -0.713 -0.699 -0.693 

P value < 0.001* < 0.001* < 0.001* 

CI 95% -0.785 to -0.624 -0.773 to -0.605 -0.769 to -0.599 

BAD-D and 

Prog 

r 0.844 0.826 0.820 

P value < 0.001* < 0.001* < 0.001* 

CI 95% 0.789 to 0.884 0.767 to 0.872 0.759 to 0.867 

TCT and 

ARTmax 

r 0.825 0.860 0.849 

P value < 0.001* < 0.001* < 0.001* 

CI 95% 0.766 to 0.871 0.811 to 0.897 0.797 to 0.889 

ARC and K 

average 

r -0.961 -0.956 -0.956 

P value < 0.001* < 0.001* < 0.001* 

PRC and back 

K average 

r -0.913 -0.920 -0.925 

P value < 0.001* < 0.001* < 0.001* 

*: Significant as P value ≤0.05 
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Figure (1): Corneal densitometry (anterior layer) of both groups 

 

Figure(2): (A) Anterior, (B) posterior radius of curvature, (C) thinnest location and (D) posterior k reading 
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Figure (3): Tomographic changes between groups, (A) BAD-D, (B) Prog, (C) ARTmax and (D) K max

 

Figure (4): Tomographic indices between groups, (A) ISV, (B) IVA, (C) IHA and (D) IHD 
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Discussion  

Our study was the first to use Belin 

ABCD display after PRK. We reported 

significant longitudinal changes in 

corneal densitometry (CD) and 

tomographic parameters post-PRK 

within both healthy and suspicious 

cornea groups, with notable differences 

between the groups. While uncorrected 

visual acuity (UCVA) improved 

significantly in both groups without 

intergroup differences, the suspicious 

cornea group exhibited persistently 

higher Belin ABCD parameter "C" 

values across all follow-up visits (P< 

0.001). Additionally, significant 

changes were observed in central 

corneal thickness (CCT), BAD-D 

score, ARTmax, and indices of 

asymmetry (IVA, IHA, and IHD) 

between the groups- highlighting 

greater structural irregularities in the 

suspicious cornea group post-PRK (all 

P<0.001). Despite these changes, 

corneal haze resolved by 6 months in 

all cases, and CD reductions were 

similar across groups- suggesting 

comparable recovery patterns in 

anterior corneal clarity. These findings 

underscore the differential impact of 

PRK on tomographic and 

densitometric features in healthy 

versus suspicious corneas over a one-

year follow-up. 

Parameter A showed iatrogenic 

regression [ARC increased around 0.5 

mm] and parameter C showed 

iatrogenic progression [TCT decreased 

around 60 µm] due to laser surface 

correction then stability through 3 

follow-up visits. Parameter B showed 

slight regression [PRC slightly  

 

 

increased around 0.08 mm] after PRK 

then stability through 3 follow-up 

visits. Parameter D showed no change. 

Belin ABCD display was a useful tool 

in ectasia progression detection. No 

post-PRK ectasia detected after one 

year follow-up in the study.   

Belin ABCD display had good 

sensitivity and specificity in ectasia 

progression detection 
(24, 25)

. Several 

studies had used the ABCD grading 

system to classify KC patients and 

detect ectasia progression 
(26-29)

. Any 

change in two ABCD parameters 

above 80% CI (confidence interval) or  

one ABCD parameter above 95% CI 

would be defined as a progressive 

ectasia 
(24)

. Our study performed PRK 

and used Belin ABCD display to detect 

ectatic progression but there was no 

ectasia case in all candidates for one 

year through 3 follow-up visits.  

The new staging system better 

reflects the anatomical changes seen in 

keratoconus and can be used to screen 

for ectatic progression 
(30)

, be 

employed to detect earlier change and 

additionally to show efficacy of new 

treatment modalities, such as 

crosslinking 
(18, 31-33)

. Longitudinal 

studies on structural changes following 

cross-linking (CXL) treatment 

evaluated ABCD dynamics. Grisevic et 

al.
(28)

 (12-month follow-up), Yekta et 

al.
(29)

 (6-month follow-up) and Saglik 

et al.
(34)

 (12-month follow-up)- had 

used changes in the ABCD progression 

display to report on CXL efficacy. 

Grisevic et al.
(28)

 and Yekta et al.
(29)

 

concluded no progression after CXL, 

but Saglik et al.
(34)

 - showed minimal 

progression in parameter B and C. 
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Alzahrani et al.
(35)

 showed slight 

progression in parameter B and C. 

Flockerzi et al.
(26)

 reported that early 

keratoconus (KC) rather became 

manifest in the posterior than the 

anterior corneal curvature. Adding a 

biomechanical parameter (hysteresis) 

to the ABCD keratoconus staging 

system may detect abnormalities 

before tomographic changes 
(36)

. 

Corneal densitometry (CD) could 

represent a useful objective 

measurement of postoperative mild 

corneal haze 
(37)

. Corneal densitometry 

has an excellent repeatability in 

refractive surgery candidates for areas 

below 10 mm annulus 
(38, 39)

. In this 

study, corneal densitometry 

significantly decreased about 2 

grayscale units (GSU) after PRK then 

became stable through 3 follow-up 

visits for one year. The increase in 

densitometry in the central zone could 

be useful in detecting subclinical 

ectatic condition 
(40, 41)

. There was no 

ectasia case detected in our study. 

Similar to our study, Poyales et al.
(42)

 

and Khattak et al.
(43)

 found that 

anterior CD decreased about 2 GSU in 

the first 3 months after PRK. 

The present study had 

limitations, including the small sample 

size, short follow-up duration and 

being single-centered. Long-term 

follow-up is important to obtain 

precise postoperative results as most 

post-PRK case reports happened after 

more than one year 
(6, 44-51)

. Future 

studies with larger sample sizes are 

needed to verify the study findings 

further and increase the reliability of 

the study findings.  

 

 

Conclusion 

Belin ABCD progression display and 

anterior corneal densitometry- are 

useful tools to monitor tomographic 

changes in cornea after PRK 

procedures.  

References 

1. Hashemi H, Alvani A, Aghamirsalim 

M, Miraftab M, Asgari S: 

Comparison of transepithelial and 

conventional photorefractive 

keratectomy in myopic and myopic 

astigmatism patients: a 

randomized contralateral trial. 

BMC ophthalmology 2022, 22(1):68-

68. 
2. Zarei-Ghanavati S, Shandiz JH, 

Abrishami M, Karimpour M: 

Comparison of mechanical 

debridement and trans-epithelial 

myopic photorefractive 

keratectomy: A contralateral eye 

study. J Curr Ophthalmol 2019, 

31(2):135-141. 

3. Habibollahi A, Hashemi H, Seyedian 

MA, Mehravaran S, Asgari S, 

Habibollahi S, Habibollahi S, 

Khabazkhoob M: One Year 

Outcomes of Photorefractive 

Keratectomy with the Application 

of Mitomycin-C in the Treatment 

of Mild to Moderate Hyperopia. 

Middle East African journal of 

ophthalmology 2015, 22(4):484-488. 

4. Ouerdane Y, Zaazouee MS, 

Mohamed MEA, Hasan MT, Hamdy 

M, Ghoneim AM, Gbreel MI, 

Ibrahim AM, Ragab KM, Nourelden 

AZ: Mitomycin C application after 

photorefractive keratectomy in 

high, moderate, or low myopia: 

Systematic review and meta-

analysis. Indian journal of 

ophthalmology 2021, 69(12):3421-

3431. 

5. Santhiago MR, Giacomin NT, 

Smadja D, Bechara SJ: Ectasia risk 

factors in refractive surgery. Clin 

Ophthalmol 2016, 10:713-720. 

 



 Post-PRK Corneal Changes, 2025 

 

 

6. Sorkin N, Kaiserman I, Domniz Y, 

Sela T, Munzer G, Varssano D: Risk 

Assessment for Corneal Ectasia 

following Photorefractive 

Keratectomy. Journal of 

ophthalmology 2017, 2017:2434830-

2434830. 

7. Krachmer JH, Feder RS, Belin MW: 

Keratoconus and related 

noninflammatory corneal thinning 

disorders. Survey of ophthalmology 

1984, 28(4):293-322. 

8. Kamiya K, Ishii R, Shimizu K, 

Igarashi A: Evaluation of corneal 

elevation, pachymetry and 

keratometry in keratoconic eyes 

with respect to the stage of Amsler-

Krumeich classification. British 

Journal of Ophthalmology 2014, 

98(4):459-463. 

9. Gomes J, Tan D, Rapuano C, Belin 

M, Ambrósio Jr R, Guell J, Malecaze 

F, Nishida K, Sangwan V: Group of 

panelists for the global delphi panel 

of keratoconus and ectatic diseases. 

Global consensus on keratoconus and 

ectatic diseases Cornea 2015, 

34(4):359-369. 

10. Belin MW, Kundu G, Shetty N, 

Gupta K, Mullick R, Thakur P: 

ABCD: A new classification for 

keratoconus. Indian journal of 

ophthalmology 2020, 68(12):2831-

2834. 

11. Randleman JB, Trattler WB, Stulting 

RD: Validation of the Ectasia Risk 

Score System for preoperative laser 

in situ keratomileusis screening. 

American journal of ophthalmology 

2008, 145(5):813-818. 

12. Randleman JB, Woodward M, Lynn 

MJ, Stulting RD: Risk Assessment 

for Ectasia after Corneal 

Refractive Surgery. Ophthalmology 

2008, 115(1):37-50.e34. 

13. Golan O, Hwang ES, Lang P, 

Santhiago MR, Abulafia A, Touboul 

D, Krauthammer M, Smadja D: 

Differences in Posterior Corneal 

Features Between Normal Corneas 

and Subclinical Keratoconus. 

Journal of refractive surgery 2018, 

34(10):664-670. 

14. Cavas-Martínez F, De la Cruz 

Sánchez E, Nieto Martínez J, 

Fernández Cañavate FJ, Fernández-

Pacheco DG: Corneal topography 

in keratoconus: state of the art. Eye 

and vision (London, England) 2016, 

3:5. 

15. Mazen M. Sinjab MDPD: Steps of 

reading the topography, Reading 

Pentacam Topography, 1 edn: Jaypee 

Brothers Medical Publishers, New 

Delhi, 2010:30-50. 

16. Fantes FE, Hanna KD, Waring GO, 

3rd, Pouliquen Y, Thompson KP, 

Savoldelli M: Wound healing after 

excimer laser keratomileusis 

(photorefractive keratectomy) in 

monkeys. Archives of ophthalmology 

1990, 108(5):665-675. 

17. Badawi AE: Corneal Haze and 

Densitometry in Keratoconus after 

Collagen Cross-Linking by Three 

Different Protocols. J Curr 

Ophthalmol 2021, 33(4):422-430. 

18. Belin M, Duncan J: Keratoconus: 

the ABCD grading system. 

Klinische Monatsblatter fur 

Augenheilkunde 2016, 233(06):701-

707. 

19. Virasch VV, Majmudar PA, Epstein 

RJ, Vaidya NS, Dennis RF: Reduced 

application time for prophylactic 

mitomycin C in photorefractive 

keratectomy. Ophthalmology 2010, 

117(5):885-889. 

20. Stein R: Photorefractive 

keratectomy. Int Ophthalmol Clin 

2000, 40(3):35-56. 

21. Hazra A, Gogtay N: Biostatistics 

Series Module 3: Comparing 

Groups: Numerical Variables. 

Indian journal of dermatology 2016, 

61(3):251-260. 

22. Chan YH: Biostatistics 102: 

quantitative data--parametric & 

non-parametric tests. Singapore 

medical journal 2003, 44(8):391-396. 

23. Chan YH: Biostatistics 103: 

qualitative data - tests of 

independence. Singapore medical 

journal 2003, 44(10):498-503. 

24. Achiron A, Yavnieli R, Tiosano A, 

Elbaz U, Nahum Y, Livny E, Bahar I: 

ABCD progression display for 

keratoconus progression: a 

sensitivity-specificity study. Eye 

2023, 37(8):1566-1570. 



Benha medical journal, vol. XX, issue XX, 2025 
 

 

25. Dubinsky-Pertzov B, Segal O, Hecht 

I, Gazit I, Or L, Shemer A, Pras E, 

Einan-Lifshitz A: Predictive 

accuracy of the ABCD progression 

display among patients with 

keratoconus: A historic cohort 

analysis. Eye 2023, 37(9):1834-1839. 

26. Flockerzi E, Xanthopoulou K, 

Goebels SC, Zemova E, Razafimino 

S, Hamon L, Jullien T, Klühspies U, 

Eppig T, Langenbucher A et al: 

Keratoconus staging by decades: a 

baseline ABCD classification of 

1000 patients in the Homburg 

Keratoconus Center. British Journal 

of Ophthalmology 2021, 105(8):1069. 

27. Imbornoni LM, Wise RE, Taravella 

MJ, Hickey F, McCourt EA: 

Keratoconus and corneal 

morphology in patients with Down 

syndrome at a pediatric hospital. 

Journal of AAPOS : the official 

publication of the American 

Association for Pediatric 

Ophthalmology and Strabismus 2020, 

24(3):140 e141-140 e145. 

28. Grisevic S, Gilevska F, Biscevic A, 

Ahmedbegovic-Pjano M, Bohac M, 

Pidro A: Keratoconus Progression 

Classification One Year After 

Performed Crosslinking Method 

Based on ABCD Keratoconus 

Grading System. Acta Inform Med 

2020, 28(1):18-23. 

29. Ali Yekta A, Reza Sedaghat M, 

Momeni‐Moghaddam H, Danesh Z, 

Khabazkhoob M, Heravian Shandiz J, 

Azimi Khorasani A, 

Ostadimoghaddm H, Ehsaei A, Yekta 

R: Changes in the ABCD 

keratoconus grade after corneal 

cross linking. Acta ophthalmologica 

2019, 97. 

30. Kasumović A, Matoc I, Kasumović 

A, Sabol I, Radman I, Krolo I: 

Assessment of the postoperative 

effect of corneal cross-linking on 

keratoconus using the ABCD 

grading system. Indian journal of 

ophthalmology 2022, 70(1):79-84. 

31. Belin MW, Meyer JJ, Duncan JK, 

Gelman R, Borgstrom M: Assessing 

progression of keratoconus and 

cross-linking efficacy: the Belin 

ABCD progression display. 

International Journal of Keratoconus 

and Ectatic Corneal Diseases 2011, 

6(1):1-10. 

32. Duncan J, Gomes JA: A new 

tomographic method of 

staging/classifying keratoconus: the 

ABCD grading system. 

International Journal of Keratoconus 

and Ectatic Corneal Diseases 2017, 

4(3):85-93. 

33. Ozalp O, Atalay E: Belin ABCD 

Progression Display Identifies 

Keratoconus Progression Earlier 

Than Conventional Metrics. 

American journal of ophthalmology 

2022, 236:45-52. 

34. Saglik A, Isik MU: Progression 

Analysis with ABCD Grading 

System following Corneal Collagen 

Cross-Linking in Keratoconus. 

Beyoglu Eye J 2019, 4(3):156-162. 

35. Alzahrani M, Alammari O, Binyamin 

A, Alsulami R, Hawsawi R: 

Assessment of Corneal Cross-

Linking Effect on Progressive 

Keratoconus by Using the ABCD 

Grading System. Clinical 

Ophthalmology 2024:2349-2355. 

36. Flockerzi E, Vinciguerra R, Belin 

MW, Vinciguerra P, Ambrósio Jr R, 

Seitz B: Combined biomechanical 

and tomographic keratoconus 

staging: adding a biomechanical 

parameter to the ABCD 

keratoconus staging system. Acta 

ophthalmologica 2022, 

100(5):e1135-e1142. 
37. Boulze-Pankert M, Dariel R, Hoffart 

L: Corneal Scheimpflug 

Densitometry Following 

Photorefractive Keratectomy in 

Myopic Eyes. Journal of refractive 

surgery 2016, 32(11):788-791. 

38. Balparda K, Mesa-Mesa S, Maya-

Naranjo MI, Mora-Sánchez C, 

Escobar-Giraldo M: Determination 

of the repeatability of corneal 

densitometry as measured with a 

Scheimpflug camera device in 

refractive surgery candidates. 

Indian journal of ophthalmology 

2023, 71(1):63-68. 

39. Pakbin M, Khabazkhoob M, 

Pakravan M, Fotouhi A, 

Jafarzadehpur E, Aghamirsalim M, 



 Post-PRK Corneal Changes, 2025 

 

 

Hashemi H: Repeatability of 

Corneal Densitometry 

Measurements using a Scheimpflug 

Camera in Healthy Normal 

Corneas. J Curr Ophthalmol 2022, 

34(1):50-55. 

40. Koc M, Tekin K, Tekin MI, Uzel 

MM, Kosekahya P, Ozulken K, 

Yilmazbas P: An Early Finding of 

Keratoconus: Increase in Corneal 

Densitometry. Cornea 2018, 

37(5):580-586. 

41. Lopes B, Ramos I, Ambrósio RJ: 

Corneal Densitometry in 

Keratoconus. Cornea 2014, 

33(12):1282-1286. 

42. Poyales F, Garzón N, Mendicute J, 

Illarramendi I, Caro P, Jáñez O, 

Argüeso F, López A: Corneal 

densitometry after photorefractive 

keratectomy, laser-assisted in situ 

keratomileusis, and small-incision 

lenticule extraction. Eye (London, 

England) 2017, 31(12):1647-1654. 

43. Khattak A, An-Nakhli F: Incidence 

and quantification of corneal haze 

by Pentacam Scheimpflug 

densitometry following 

photorefractive keratectomy for 

myopia in virgin and post corneal 

transplant eyes with dark irides. 

Saudi J Ophthalmol 2020, 34(1):8-

12. 

44. Barbara R, Zadok D, Pikkel J, 

Marcovich A, Garzozi H, Nasser O, 

Lamis Abdelaziz A: Collagen 

corneal cross-linking followed by 

Intac implantation in a case of 

post-PRK ectasia. Int J Keratoconus 

Ectatic Corneal Dis 2012, 

1(10.5005). 

45. Chiou AG, Bovet J, de Courten C: 

Management of corneal ectasia and 

cataract following photorefractive 

keratectomy. Journal of cataract 

and refractive surgery 2006, 

32(4):679-680. 

46. Malecaze F, Coullet J, Calvas P, 

Fournié P, Arné J-L, Brodaty C: 

Corneal ectasia after 

photorefractive keratectomy for 

low myopia. Ophthalmology 2006, 

113(5):742-746. 

47. Leccisotti A: Corneal ectasia after 

photorefractive keratectomy. 

Graefe's Archive for Clinical and 

Experimental Ophthalmology 2007, 

245(6):869-875. 

48. Alvani A, Hashemi H, Pakravan M, 

Aghamirsalim MR: Corneal ectasia 

following photorefractive 

keratectomy: a confocal 

microscopic case report and 

literature review. Arquivos 

brasileiros de oftalmologia 2023, 

87(6):e20210296. 

49. Reznik J, Salz JJ, Klimava A: 

Development of unilateral corneal 

ectasia after PRK with ipsilateral 

preoperative forme fruste 

keratoconus. Journal of refractive 

surgery 2008, 24(8):843-847. 

50. Hashem A: Bilateral corneal ectasia 

after PRK with bowing posterior 

corneal float as the only 

preoperative positive topographic 

finding-case report. Journal of 

Ophthalmology and Related Sciences 

2019, 3(1):1-5. 

51. Roszkowska AM, Sommario MS, 

Urso M, Aragona P: Post 

photorefractive keratectomy 

corneal ectasia. International 

journal of ophthalmology 2017, 

10(2):315. 

 

 

 To cite this article: Islam A. Ragheb, Amr I. Sharawy, Taher K. Eleiwa. Post-PRK 

Densitometric and Tomographic Belin ABCD Changes in Healthy Versus Suspicious 

Corneas. BMFJ XXX, DOI: 10.21608/bmfj.2025.367065.2339 


