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Abstract

Aim: To examine corneal densitometry measurements with the Pentacam Scheimpflug imaging system in keratoconus patients and compare 
them with a healthy control group.

Methods: The study included 112 eyes of 112 keratoconus patients followed up in the cornea clinic and 246 eyes of age-matched 246 healthy 
individuals. In all cases, K1, K2, K Max, central corneal thickness, thinnest corneal thickness, anterior elevation, posterior elevation, and corneal 
densitometry values were measured using the Scheimpflug imaging system. Corneal densitometry was evaluated based on four concentric 
radial zones (0-2 mm, 2-6 mm, 6-10 mm, and 10-12 mm) and by depth (anterior, central, posterior, and total). Keratoconus patients were 
divided into four stages. Corneal densitometry values were compared between each stage and the healthy control group. The results were 
statistically analyzed.

Results: The average age between the groups did not show any statistically significant difference (p>0.05). Corneal densitometry values were 
found to be statistically significantly higher in keratoconus patients compared to the healthy control group in all zones and layers, except for 
the 10-12 mm zone (p<0.01). Nevertheless, no statistically significant differences were observed in corneal densitometry values across the 
various stages of keratoconus (p>0.05).

Conclusion: Scheimpflug topography combined with corneal densitometry measurement is a non-invasive examination method that provides 
information about corneal transparency. Changes in corneal histology in keratoconus patients may influence densitometry values. According 
to our study, the higher corneal densitometry values observed in keratoconus patients compared to the healthy group may provide supportive 
evidence for the diagnosis of keratoconus, in addition to other criteria used for diagnosis.
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Introduction

Keratoconus is an advancing ectatic condition of the cornea, 
marked by gradual thinning and out-ward bulging, resulting in 
irregular astigmatism and diminished visual acuity.1,2 Despite 
nu-merous pathological changes observed in the histopathology 
of keratoconus, the exact pathogene-sis of the disease remains 
incompletely understood.3 Several studies have reported ultrastruc-
tural alterations in keratoconus, including the loss of stromal 
collagen lamellae, changes in colla-gen fibril orientation, and a 
notable decrease in keratocyte density, especially in the anterior 
cen-tral region.4-7

Pentacam® HR Scheimpflug tomography (Oculus, Inc., Wetzlar, 
Germany) is an objective and non-invasive method that assists in 
detecting changes in curvature and elevation of both the ante-rior 
and posterior corneal surfaces. Additionally, it measures corneal 
transparency by quantifying the intensity of light scattered back 
from the cornea.8 This study aims to evaluate corneal densitometry 
in previously untreated keratoconus patients, compare these 
results with those of healthy individuals, and assess whether 
there are differences in densitometry among different stages of 
keratoconus.

Materials and Methods

This retrospective observational study was conducted by the 
cornea unit of the Ankara Bilkent City Hospital Ophthalmology 
Clinic. Patients diagnosed with keratoconus who had not received 
treatment and who presented to our clinic between March 2021 
and March 2023 were retrospec-tively screened. The study 
included 112 eyes of 112 keratoconus patients and 246 eyes of 
246 age-matched healthy individuals. The healthy control group 
was made up of individuals who came to our clinic for soft contact 
lens fitting and were confirmed to be free of ectasia. Keratoconus 
pa-tients were categorized into four stages. Corneal densitometry 
values were compared between each stage and the healthy control 
group. Patients with a history of ocular trauma and surgery, 
contact lens use, significant corneal opacity, glaucoma, uveitis, 
lack of compliance/cooperation, diabetes mellitus, hypertension, 
or systemic rheumatologic diseases were excluded from the 
study. Both groups underwent a comprehensive ophthalmological 
examination, including an assessment of best-corrected visual 
acuity using Snellen charts, anterior and posterior segment 
biomicroscop-ic examination, and measurement of various 
parameters using the Scheimpflug imaging system (Pentacam HR, 
Oculus, Germany). The measured parameters included K1, K2, K 
Max, central corneal thickness, thinnest corneal thickness, anterior 
elevation, posterior elevation, and corneal densitometry values. 
Intraocular pressure (IOP) measurements were also taken using 
a Goldmann application tonometer. Scheimpflug imaging was 
performed in the morning hours, in the same dark room, and by the 
same individual (CC).

For corneal densitometry analysis, the Pentacam® Scheimpflug 
imaging system, equipped with software add-ons, was used to 
measure the amount of scattered light.

The measurements were conducted three times, and only those 
with a “quality specification = OK” reading were considered for 
inclusion in this study. This system is capable of measuring corneal 
densitometry in a 12 mm diameter area, with the central corneal 
apex being the reference point in four radial regions and three 
different depths. The first region consisted of a circular area with a 
2 mm diameter at the center of the cornea. The second region was 
a ring-shaped area around the first region, ranging from 2 to 6 mm 

in diameter. The third region encompassed an area from 6 to 10 
mm in diameter, and the fourth region covered a ring-shaped area 
from 10 to 12 mm in diame-ter. Based on depth, three different 
layers were defined: the most anterior 120 µm as the anterior 
layer, the most posterior 60 µm as the posterior layer, and the 
region between these two layers as the central layer. Densitometry 
results were expressed in units of grayscale, with maximum 
light scattering assigned a value of 100 (indicating minimum 
transparency, a fully opaque cornea) and minimum light scattering 
assigned a value of 0 (indicating maximum transparency). The 
values could vary between 0 and 100.

Ethical Approval
This study was approved by the Ethics Committee of Ankara 
Bilkent City Hospital (Date: 07.06.2023, Decision No: E1-23-3673).

Statistical Analysis
All data were analyzed using the IBM SPSS Statistics 21.0 software. 
Continuous variables were summarized as mean ± SD or median 
(min-max), and categorical variables were reported as frequencies 
and percentages. Pearson’s correlation test was employed for 
correlation analysis, and for comparing groups, the Mann-Whitney 
U test and Wilcoxon W test were used. A p-value of less than 0.05 
was considered statistically significant.

Reporting Guidelines
The study was reported in accordance with STROBE guidelines.

Results

The study included a total of 358 eyes from 358 individuals, 
comprising 112 eyes of 112 kerato-conus patients who had not 
received prior treatment and 246 eyes of 246 healthy individuals. 
The mean age of the keratoconus patients was 27.49 ± 8.21 years, 
while that of the healthy controls was 26.3 ± 7.22 years. There 
was no statistically significant difference in mean age between 
the two groups (p=0.192). According to the Amsler–Krumeich 
classification, 35 (31.25%) keratoconus patients were classified 
as stage 1, 36 (32.14%) as stage 2, 32 (28.57%) as stage 3, and 
9 (8.03%) as stage 4. Detailed anterior segment parameters for 
both keratoconus patients and healthy con-trols are presented in 
Table 1.

Significant differences in corneal densitometry were observed 
between keratoconus patients and healthy controls in the 0-2 mm, 
2-6 mm, and 6-10 mm annular regions (p<0.01). However, there 
was no significant difference in corneal densitometry values in the 
peripheral 10-12 mm zone be-tween the two groups (p>0.05). The 
corneal densitometry measurements for keratoconus patients and 
healthy controls are presented in Table 2.

There were no statistically significant differences in corneal 
densitometry values among different stages of keratoconus 
(p>0.05). The detailed comparison of corneal densitometry 

Table 1. Anterior segment parameters for both keratoconus patients 
and healthy controls (Mean±SD)

K1: flat keratometry K2: steep keratometry Kmax: maximum keratometry CCT: central corneal 
thickness TCT: thinnest corneal thickness
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measurements between keratoconus stages and healthy controls 
is shown in Table 3.

Discussion

Corneal densitometry is an objective measurement that evaluates 
the amount of light reflected from various areas of the cornea.9 
Even though the cornea may appear transparent during slit-lamp 
examination, light can still scatter back from the cornea. Therefore, 
corneal densitometry can serve as an indicator and an objective tool 
for measuring mild corneal edema. The total corne-al densitometry 
measured with Scheimpflug corneal topography represents the 
sum of epithelial, stromal, and endothelial light scattering.10 For 
corneal transparency, collagen fibrils should have a small diameter, 
be arranged perpendicularly, and exhibit regular spacing, while 
keratocyte distribution should align with this arrangement.11 The 
corneal epithelial cell layer and corneal endothelium are the main 
sources of light scattering. In contrast, the corneal stroma causes 
less light scattering due to the regular arrangement of collagen 
fibrils and the precise organization of the extracellular matrix.10

Studies, both in vivo and in vitro, have demonstrated that structural 
disruption in the corneal stroma is most pronounced in the anterior 
and central corneal stroma in keratoconus and that all corneal 
layers except the endothelium are affected.4,12-14

We believe that structural changes in the cornea may lead to an 
increase in corneal densitometry, and therefore, densitometric 
analysis can be utilized in the diagnosis of keratoconus. In our 
study, we observed that corneal densitometry values were higher in 
keratoconus patients compared to a healthy control group, except 
for the 10-12 mm zone, across all zones and layers. In a study evalu-
ating the histopathology of the cornea, it has been reported that 
the anterior cornea is affected in the early stages of keratoconus 
and that the first changes leading to thinning and disappearance 
of the epithelial layer, along with breaks in the basal epithelial 
cell layer, Bowman’s layer, and thick-ening of the sub-basal nerve 

plexus, are observed.4 In a study by Koç et al., corneal densitome-
try measurements were found to increase in adult subclinical 
keratoconus patients, suggesting that these measurements could 
be a useful tool for early diagnosis of corneal densitometry.15

In two separate studies, it was demonstrated that corneal 
densitometry values in the central 0-2 mm and 2-6 mm zones 
increased in keratoconus patients compared to healthy controls, 
suggesting that corneal densitometry can serve as a prognostic 
determinant of the disease.16,17 In our study, unlike these previous 
studies, we did not observe any differences in corneal densitometry 
among different stages of keratoconus. Therefore, we do not 
believe that corneal densitometry indicates the prognosis of the 
disease. We suggest that additional research with a larger patient 
population is required to provide further clarity on this issue.

Statistically significant differences in peripheral cornea were 
not found between the two groups. This may be attributed to 
the possibility that the pathology of the peripheral cornea is not 
affected in keratoconus.18 Additionally, it should be noted that 

Table 1. Anterior segment parameters for both keratoconus patients 
and healthy controls (Mean±SD)

Table 3. Corneal densitometry measurements between keratoconus 
stages and healthy controls (Mean±SD)
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peripheral corneal densitometry meas-urements are known to have 
the weakest repeatability and reproducibility, which could explain 
the lack of differences observed between the two groups.9

Limitations
Our study has a limitation. Because it was conducted with a 
relatively small number of patients, the number of patients in each 
stage is limited, which can potentially affect the densitometric 
measurements between stages.

Conclusion

Our study demonstrates that corneal densitometry values are 
significantly higher in all areas of the cornea, except for the 
anterior 10-12 mm zone, in previously untreated keratoconus 
patients when compared to healthy controls. We believe 
that corneal densitometric measurements can be used as an 
independent method for the diagnosis of keratoconus, irrespective 
of topographic measurements. The lack of differences in 
densitometry values among different stages of kerato-conus 
suggests that corneal densitometry measurements may not serve 
as a prognostic indicator in keratoconus. Additional research with 
larger sample sizes is necessary to validate these findings.
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