
ORIGINAL ARTICLE / ARAŞTIRMA YAZISI

Acıbadem Univ. Sağlık Bilim. Derg. 2025; 16 (2)

Copyright © 2025 the Author(s). Published by Acibadem University. This is an open access article licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives (CC BY-NC-ND 4.0) International License, which is downloadable, re-usable and distributable 
in any medium or format in unadapted form and for noncommercial purposes only where credit is given to the creator and publishing 
journal is cited properly. The work cannot be used commercially without permission from the journal.

233

https://doi.org/10.31067/acusaglik.1409550

Ophthalmology / Göz Hastalıkları

Correspondence: Mübeccel Bulut 
Kahramanmaraş Necip Fazıl City Hospital, 
Department of Ophtalmology,  
Kahramanmaraş, Turkey
Phone: +90 344 228 28 00
E-mail: mubeccelbagdas@gmail.com

Received: 25.12.2023
Accepted: 16.12.2024

1 Kahramanmaraş Necip Fazıl 
City Hospital, Department of 
Ophtalmology,  
Kahramanmaraş, Turkey

2 İstanbul Dunya Göz Hospital, 
Department of Ophtalmology, 
İstanbul, Turkey

Mübeccel BULUT 
0000-0003-1311-2282

Ayşe Sevgi KARADAĞ 
0000-0002-7662-6531

Investigation of Corneal Changes 

in Contact Lens Users

Mübeccel Bulut1 , Ayşe Sevgi Karadağ2 

ABSTRACT 

Purpose: Analysed the effects of contact lens use on the structural characteristics of the cornea.

Methods: Corneal changes analized by OCT, topography and specular microscope. Schirmer test was performed.

Results: Epithelial thickness, posterior K2, the number of endothelial cells and their density were found to be different in 
lens users and control group. When subgrouped according to duration of lens, endothelial cell numbers were statistically 
different between subgroups.

Conclusion: Silicon hydrogel lenses have hypoxic effects on the corneal structure. Recently refractive surgery has become 
popular. Most patients who want to undergo refractive surgery have used contact lenses in the past. That’s why it’s 
important to know the effect of contact lenses on the corneal structure. 
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ÖZET

Amaç: Kontakt lens kullanımının, korneanın yapısal özellikleri üzerindeki etkilerini, değerlendirmek.

Metodlar: Kornea değişiklikleri; OCT(Optik Koherens Tomografi) kornea topografisi ve speküler mikroskopi kullanılarak 
analiz edildi. Schirmer testi yapıldı.

Bulgular: Gruplar arasında; posterior K2, epitel kalınlığı, endotel hücre sayısı ve endotel hücre yoğunluğu farklı bulundu. 
Kontakt lens kullanıcıları lens kullanım sürelerine göre gruplandırıldığı zaman endotel hücre sayıları farklılık gösterdi.

Tartışma: Silikon hidrojel lenslerin kornea yapısına hipoksik etkileri vardır. Son zamanlarda refraktif cerrahi oldukça 
populer hale gelmiştir. Refraktif cerrahi olmak isteyen hastaların bir çoğu geçmişinde kontakt lens kullanmıştır. Bu 
nedenle kontakt lenslerin korneaya olan etkilerini bilmek önemlidir.

Anahtar Kelimeler: Ön segment OKT, Kontakt Lens, Sirius topografisi, speküler mikroskopi
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C ornea has an important role in the formation 
of visual function. Stroma, which creates about 
90% of the cornea, is the main component that 

determines the mechanical and refractive characteristics 
of the cornea(1).The maintenance of hydration in the 
stroma is largely dependent on endothelial activity. The 
endothelium sustains the osmotic gradient required 
for this function through Na-K ATPases and carbonic 
anhydrase enzymes. The number (500 cells/mm2) and 
morphology of the endothelial cells are critical for the 
transparency of the cornea. The increase in the cell size 
(polymegathism) and the differences in cellular shape 
(pleomorphism) also affect the endothelial function(2).

Contact lenses leads to hypoxi for cornea and adversely 
affects oxygen-dependent metabolic activity(1). Hypoxia 
converts the corneal metabolism, which is normally 
aerobic, to anaerobic glycolysis, resulting in the backlog 
of lactic acid in the stroma. Lactic acid affects endothelial 
morphology and function by creating edema and stromal 
acidosis. Long-term persistent stromal edema causes 
changes in keratocyte morphology and function(3,4).

Contact lenses have been used to correct refractive errors 
since the early 19th century. Gas-permeable hard contact 
lenses and soft hydrogel lenses were introduced in the 
1970s, and starting from 1998, high-permeability silicon 
hydrogel lenses have been widely used(5,6).

PMMA is the first material to be used for contact lens 
production. It is durable, transparent and highly wettable; 
however, due to its relatively high hypoxic activity, it is 
not preferred for lens manufacturing nowadays. The most 
commonly used rigid, gas permeable lenses are silicone 
acrylates, because of their high oxygen permeability 
due to silicone and optical transparency provided by 
PMMA(7,8).

Soft contact lenses are made of hydrogels and silicone 
hydrogels. Hydrogel lenses have water-retaining ability. 
This ability enables improvement in oxygen permeability, 
elasticity, light refractive strength and tensile 
strength(9,10). Silicone hydrogel lenses are produced by 
combining the water retention property of the hydrogel 
with the oxygen permeability of the silicone. Lotrafilcon A 
and Balafilcon A are the first silicone hydrogel lenses(11).

Hypoxic effects such as thinning in the corneal epithelium, 
limbal hyperemia and vascularization, microcyst 
formation, stromal thinning, and alteration of endothelial 

morphology that are observed after the use of hydrogel 
contact lenses were not observed in patients who use of 
silicone hydrogel lenses(12,13). 

Modulus is a parameter which shows the deformation 
resistance of the contact lens and its mechanical properties. 
High modulus silicone hydrogel lenses are more rigid and 
resistant to deformation. High modulus lenses do not fully 
fit on the surface of the cornea and conjunctiva, which 
causes them to form a variable aqueous phase profile, 
particularly pronounced in the midperifera, and reflect 
the valve pressure more. As a result of contact between 
the protective mucin layer and lens epithelium, they may 
cause damage to the epithelium(14).

Material and Methods

95 patients with refractive error, who have been using 
contact lenses for at least 3 months and a minimum 
of 8 hours a day were analyzed (Group 1). Patients who 
has any ocular surface diseases, corneal ectasia diseases, 
degenerative myopia, a cylindrical refraction defect of 
more than -2 degrees, and ocular trauma or surgery were 
not included. 95 patients were divided to groups according 
to duration of lens use. Patients who used lenses for 18 
months or less were called Group 3, who used lenses 
for 19 months or more called Group 4. The patients had 
removed their lenses 8-12 hours before the examination. 
Measurements were performed in the morning to prevent 
diurnal effect. Control group consisting of 95 subjects 
who applied to our clinic and did not have any pathology 
in ophthalmologic examination (Group 2).

Stromal and epithelial thickness was measured with 
Heidelberg Spectralis Optical Coherence Tomography 
anterior segment module (AS – OCT (Heidelberg 
Engineering, Germany). Thickness were measured by 
using the central cornea typical vertex reflex by the same 
trained personnel.

Central corneal thickness(CCT), posterior K1 and K2 
were obtained with the Sirius® topography(Costruzione 
Strumenti Ophthalmici, Florence, Italy). Endothelial 
values were obtained using a Nidek Cem 530 specular 
microscope. Schirmer test was performed without using 
topical anesthesia and the eye was closed for 5 minutes 
after placement of a tape at the junction of the lateral 
and middle one third of the conjunctival sac. Five minutes 
later, the amount of wetting in the strip was recorded in 
millimeters.
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Statistical Analysis

SPSS for Windows 21.0 was used for analysis. Mean, 
standard deviation, frequency and percentage values 
were used to evaluate the study data. The Kolmogorov-
Smirnov test was used to determine whether the 
quantitative data met the normal distribution parameters. 
In the comparison of the two groups, t-test was used to 
compare the normally distributed variables and Mann-
Whitney U test was used for the non-normally distributed 
variables. In comparison of more than two groups, Kruskal-
Wallis test was used for variables with normal distribution 
and ANOVA with non-normal distribution. Chi-square 

test was used to compare categorical data. P <0.05 was 
considered statistically significant.

Results

21 were male and 74 were female in group 1. 23 were male 
and 72 were female in group 2. The mean age of 22.8 in 
group 1, and 23.8 in group 2. Terms of gender distribution 
and mean age were similar in groups. The mean CCT was 
538.02 μm, 5.72 D for posterior K1, and 6.32 D posterior K2 
in group 1. In group 2, mean values were 535.09 μm for CCT, 
5.76 D for posterior K1, and 6.13 D for posterior K2(Table 
1). Posterior K2 was statistically significant (p 0.05).

Table 1: The comparison of topographic values of  Groups 1 and 2

  Group Number Mean Std. Dev. T-test value P value

CCT
1 190 538.02 35.69

0.92 0.35
2 190 535.09 33.86

postk1
1 190 5.72 0.32

-1.14 0.25
2 190 5.76 0.23

postk2
1 190 6.32 0.52

4.50 0.00
2 190 6.13 0.25

CCT: central corneal thickness, postk: posterior keratometry, std:standard

Table 2: The comparison of schirmer, anterior segment OCT, specular values between groups

  Group Number Mean Std. Dev. t-test value p value

Schirmer
1 190 22.73 8.29

0.33 0.73
2 190 22.42 9.31

Stromal t
1 190 446.69 36.29

0.54 0.53
2 190 459.66 35.68

Epithelial thickness
1 190 27.76 5.93

-2.88 0.00
2 190 29.73 7.22

Hex. cell
1 190 68.44 4.89

-0.53 0.59
2 190 68.72 5.43

Endothel den
1 190 2772.40 247.69

2.39 0.01
2 190 2709.80 261.16

Endothelial cell number
1 190 214.13 48.22

6.79 0.00
2 190 180.77 47.43

stromal t: stromal thickness, Hex: hexagonal, Endothel den: endothelial cell density

Epithelial thickness was 27.7 μm in group 1 and 29.7 
μm in the group 2, and the difference was statistically 
significant. Endothelial density was 2772 in group 1 and 
2709 in group 2, and there was a significant difference. 
Endothelial counts of the two groups, which were 214.1 

in group 1 and 180.7 in group 2, were also statistically 
significantly different. On the other hand, the hexagonal 
cell count, stromal thickness and schirmer test results 
were similar between groups. (Table 2).
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Table 3: The comparison of topographical, specular and OCT values between Groups 3 ve 4

  Duration of contact lens wear Number Mean SD t test value P value 

Schirmer
0-18 months 96 23.78 8.54

1.77 0.07
>19 months 94 21.65 7.93

CCT
0-18 months 96 534.00 38.96

-1.72 0.08
>19 months 94 542.89 31.60

postk1
0-18 months 96 5.77 0.37

1.89 0.06
>19 months 94 5.68 0.26

postk2
0-18 months 96 6.37 0.65

1.43 0.15
>19 months 94 6.26 0.33

Stromal t.
0-18 months 96 456.90 40.21

-1.82 0.07
>19 months 94 466.48 31.38

Epithel d.
0-18 months 96 27.64 5.82

-0.26 0.78
>19 months 94 27.88 6.08

Hex. Cell
0-18 months 96 68.79 4.77

0.99 0.32
>19 months 94 68.08 5.00

Endothelial cell 
density

0-18 months 96 2784.7 251.89
0.69 0.49

>19 months 94 2759.8 244.03

Endothelial cell 
number

0-18 months 96 214.13 48.22
5.26 0.00

>19 months 94 188.99 44.74

postk: posterior keratometry, stromal t:stromal thickness, Hex: hexagonal, Endothel d.:endothelial density

 posterior K1, 6.37 D for posterior K2, 27.64 μm for epithelial 
thickness, 456.90 μm for stromal thickness, 68.79 for 
hexagonal cell ratio, 2784.7 for endothelial cell density, 
and 214.13 for endothelial number. In Group 4, 21.65 
for schirmer, 542.89 μm for CCT, 5.68 D for posterior K1, 
6.26 D for posterior K2, 27.88 μm for epithelial thickness, 
466.48 μm for stromal thickness, 68.08 for hexagonal cell 
ratio, 2759.8 for endothelial cell density, and endothelial 
number was 188.99. Between Groups 3 and 4, there was 
only a difference between the endothelial cell numbers 
(Table 3).

Patients wearing contact lens were further divided into 2 
subgroups according to the duration of lens use. Group 3 
consisted of 50.5% of the cases (48 cases), while Group 4 
was 49.5% (47 cases). The mean age of Group 3 was 21.52 
± 3.31 years, and of these patients 18.75% were men and 
81.25% were women. Similarly, the mean age of group 4 
was 24.19 ± 4.99 years and of these 25.53% were men and 
74.47% were women. Gender ratios were similar between 
the groups.

In Group 3; 23.78 for schirmer, 534 μm for CCT, 5.77 D for 
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due to the rearrangement of the corneal tissue caused by 
the mechanical interaction between the silicon hydrogel 
lens and the corneal surface, rather than the hypoxia. The 
compression effect of the contact lens on the cornea, the 
higher reflection of the valve pressures compared to the 
hydrogel lenses, and damage to the epithelium structure 
may result in changes in the anterior curvature(22,23).On 
the other hand, the effect on the posterior curvature may 
be hypoxic rather than mechanical. Nevertheless, further 
studies are needed to understand the effect of contact 
lenses on the posterior curvature.

Tyagi showed that silicone hydrogel lenses generally 
result in flattening of the anterior curvature and 
steepening of the posterior curvature(13). In this study, 
the topographic values were obtained 10 minutes after 
removing the lens which had been in use for 8 hours. 
In our study, there was a period of 8-12 hours without 
lens. This period was chosen to evaluate the cornea 
independently from the mechanical effects. These 
studies suggest that the topographic findings that are 
measured before keratorefractive surgery in patients 
wearing contact lenses may be misleading, especially in 
the early period. While CCT and stromal thickness did not 
differ significantly between the group 1 and 2, epithelial 
thickness was measured to be significantly lower in group 
1. We did not observe a significant difference in epithelial 
thickness between the subgroups. Thus, the results of our 
study show that epithelial thickness decreases with the 
use of contact lenses; however, this was not exacarbated 
after 18 months of use.

There are studies suggesting that the soft contact lenses 
effect cct. This effect is usually in the acute phase. The fact 
that it is not seen at later stages suggests that the cornea 
may undergo an adaptation process(22,25).

Nourouzi et al.(22), showed that the mean cct measured 
by pachymetry was 550 when the lens was first removed, 
and that 74% of the patients had corneal stabilization 
within the first week and 26% in the second week after 
stopping lens use. Mean cct 15 days after stopping contact 
lens use were measured to be as 521. 

Yıldız et al. (17)found  the CCT measured through anterior 
segment was higher in  lens users than in healthy subjects. 
It was observed that epithelial thickness measured by 
anterior segment OCT was lower in contact lens users. 
When  lens wearers were further subgrouped as wearing 
less than 1 year or more than 1 year, there was no difference 

Discussion

The objectives of the development of this technology has 
been to provide the best visual acuity, to ensure that the 
lens conforms to the architecture of the cornea and not 
to limit the metabolic activity within the cornea. Contact 
lenses create a hypoxic environment and adversely affect 
corneal metabolism. Hypoxic effects have been minimized 
by the development of silicon hydrogel lenses. However, 
these lenses may adversely affect the corneal architecture 
as a result of mechanical and inflammatory effects due to 
their high stiffness modulus parameters(15,16).

Studies have also shown that the use of contact lenses 
is more common among women as we found(16,17). 
Women may prefer to wear contact lenses more due to 
aesthetic reasons, and they may have higher dexterity 
than men which is required for contact lens use.

Corneal refractive change has also been reported after 
use of soft lenses, and this change has been attributed 
to corneal edema(18–20). Silicon hydrogel lenses have 
high stiffness modulus and low water content, causing 
indentation effects on the conjunctiva and cornea, leading 
to central corneal flattening and epithelial lesions. The 
epithelial indentation effect was seen as post-lens debris, 
mucin balls or lipid plugs after removing the lens(21).

Topographic data showed there was no difference in 
posterior K1 and CCT between groups, whereas posterior 
K2 was significantly higher in group 1 compared to the 
control group. In group 3 and 4, we found that central 
corneal thickness, posterior K1 and posterior K2   were not 
different between the subgroups.

In a study, the patients were followed for 12 months during 
lens use and for 3 months after stopping lens wearing, 
and shown that the maximum flattening of the anterior 
curvature was observed at the 3rd month of contact 
lens wear, and the anterior curvature values   increased 
again in the next 9 months. Observed that these values 
returned back to the initial values 3 months after stopping 
contact lens wear and a maximum thinning of the central 
corneal thickness at 12 months of  lens wear(22). Other 
studies showed that hard gas permeable lenses and soft 
contact lenses (hydrogel and silicone hydrogel) affect 
corneal structure by causing flattening or steepness in 
the cornea, regular or irregular astigmatism, and loss of 
radial symmetry(19,21,23,24).The effect of soft contact 
lenses on the anterior curvature refraction ability may be 
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was not statistically significant. This may have caused 
the endothelial cell number and density to be high in 
patients wearing contact lenses. The lower endothelial 
cell number in contact lens users over 18 months may also 
be explained by the age difference, or it may be due to 
hypoxic effects of the contact lenses since although the 
oxygen permeability of silicone hydrogel lenses is high, 
hypoxic effects may still be observed in the long term.In 
another study examining soft contact lenses in relation 
to the duration of use, it was observed that cell density 
andnumber of hexagonal cells decreased statistically 
significantly over 5 years of use(13).

In the study conducted by Kettesy et al.(26), silicone 
hydrogel lens (lotrafilcon b) was applied to patients who 
have been using hydrogel contact lenses for 5-6 years or 
participants who had never used any lens before, and the 
patients were followed at 2 weeks, 1 month, 3 months, 
6 months and after that, every 6 months for 3 years 
and their specular values were compared. They found 
significant decrease in endothelial cell count in hydrogel 
lens users during the follow-up visits. In silicon hydrogel 
lens wearers, they observed an increase in cell density for 
up to 2 years after a decrease in the first month and then 
a decrease again in the third year. This study suggests 
that lotrafilcon B provides adequate oxygenation to the 
cornea after 3 years of use. An increase in percentage of 
hexagonal cells was observed in lotrafilcon B users after 
the first month(26).

The limitations of this study were that groups were not 
homogeneous and the lens usage duration was  short 
(maximum 4 years). Further studies using homogenous 
groups in which the lenses are classified according to 
Dk/t and stiffness modulus would be important. Recently, 
due to expanded use of soft contact lenses and increased 
demand for keratorefractive surgery, it would be useful to 
know the effects of these lenses on the cornea in order to 
prevent complications regarding keratorefractive surgery.
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