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Purpose: To evaluate the effect of eye rubbing on the epithelial thickness profile in tomographically normal corneas by AS-OCT and 
to compare right and left eyes in right-handed children.
Methods: Thirty right-handed boys (mean age 11.2 years) with ocular allergy and history of eye rubbing were evaluated using 
Scheimpflug (Pentacam HR, Oculus Wetzlar, Germany) and anterior segment optical coherence tomography. Epithelial thickness (ET) 
and full corneal thickness (CT) parameters were compared between right and left eyes with a non-parametric Mann–Whitney test. 
A p-value lower than 0.05 was considered for statistical significance.
Results: No eyes had topometric nor tomographic criteria for keratoconus. The min-max ET was lower in right eyes (−2.8 µm vs 
−3.5; p = 0.02). The difference between inferior and superior (I-S) octants was lower in right eyes (1.1 µm vs 1.9 µm; p = 0.03) as 
a result of inferotemporal thinning. The highest ET difference was registered between nasal and temporal octants and was more 
pronounced in the right eyes (2 µm vs 3.1 µm; p < 0.001).
Conclusion: AS-OCT analyses reveal different epithelial thickness patterns between the eyes in young atopic patients, likely eye 
rubbers. Inferior and temporal epithelial thickness seem to be more affected by thinning in the eye on the side of the dominant hand.
Keywords: eye rubbing, keratoconus, epithelial thickness, AS-OCT, pediatrics

Introduction
Keratoconus is the most common corneal ectasia with a prevalence of 1.38 per 1000 in the world’s population.1 It is 
a progressive disease characterized by corneal steepening and thinning, causing irregular astigmatism. Onset is usually in 
early adolescence and progresses into the third decade of life. However, some cases can start earlier or later in life, and 
progression can go beyond the 30ʹs.

Although the exact etiology of KC remains unclear, it is recognized as a multifactorial disease influenced by genetic 
and environmental factors.2–4 There are well-known risk factors associated with KC, such as allergy, eye rubbing, asthma 
and eczema.1,5 Positive family history has been reported as the strongest risk factor in a recent meta-analysis, however 
eye rubbing was considered the most important risk factor according to some epidemiological studies, which reported an 
odds ratio from 3.35 to 10.31 for KC development.1,6,7

Gatinel described eye rubbing as a sine qua non condition for KC development and highlighted the association 
between repeated mechanical trauma and KC.8 Children who intensely rub their eyes, like those with atopic dermatitis, 
are at higher risk of developing keratoconus.9–11 Microscopically, eye rubbing leads to progressive distortion and 
disorganization of the collagen fibers, which would disturb the homogeneity of the fiber matrix and further impair 
corneal biomechanics.8 By creating localized weakened zones, the force exerted by intraocular pressure causes deforma-
tion of the corneal wall.8 On the other hand, eye rubbing has been shown to increase the level of the tear-film matrix 
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metalloproteinases, interleukin 6, and tumor necrosis factor-alpha, which play a role in the pathogenesis of KC.12 In 
2015, the Global Consensus on Keratoconus and Ectatic Diseases recognized “not rubbing the eyes” as one of the most 
important nonsurgical treatment measures in KC.13 Ambrosio created a public awareness campaign called Violet June 
that started in Rio de Janeiro about keratoconus, highlighting the perils of eye rubbing.14

Epithelial thickness changes may be the first morphological alterations to be detected in keratoconus.15 Corneal 
epithelial analyses, in particular its thickness, have raised interest in many ocular diseases. Models have been developed 
to detect KC with good accuracy based only on epithelial thickness (ET) analyses even from the early stages where 
tomographic examinations could be equivocal.16,17

Anterior segment optical coherence tomography (AS-OCT) is a non-contact imaging technique that provides high- 
resolution images of the cornea and enables epithelial thickness analysis. AS-OCT proved to be reliable and reproducible 
in ET measurements.18–20

This study aimed to evaluate the effect of eye rubbing on the epithelial thickness profile in tomographically normal 
corneas using AS-OCT and to compare right and left eyes of right-handed children.

Methods
This was a single-center study including atopic boys (8–12 years) with ocular allergy and a history of eye rubbing 
with the knuckle referred from the Pediatric Department in the acute stage. Previous history of ocular surgery or 
trauma, contact lens wearing, family history of KC, corrected distance visual acuity (CDVA) <0.1 logMAR, manifest 
refractive cylinder of more than 2.00 diopters (D) and history of treatment with eyedrops over the past six months 
excluded boys from the study. Abnormal tomographic parameters using Scheimpflug (Pentacam HR, Oculus Wetzlar, 
Germany), such as Belin-Ambrosio Deviation Value >1.22 were considered exclusion criteria. Boys who had 
a history of treatment with artificial tears or anti-histaminic eyedrops over the past six months were excluded. 
The study was conducted using the principles of the Declaration of Helsinki, the parents gave their written informed 
consent and approval was obtained from the institutional Research Committee of Hospital Garcia de Orta (Almada, 
Portugal).

Ophthalmological evaluation included CDVA (logMAR), spherical equivalent (SE), intraocular pressure (IOP) 
measured with Goldmann tonometer, biomicroscopy of anterior segment, and fundoscopy.

Corneal epithelial thickness (ET) and full corneal thickness (CT) were measured by anterior segment spectral-domain 
Zeiss Cirrus 5000 (Carl Zeiss Meditec, Dublin, CA, USA). The pachymetry map includes eight radial scans (1024 axial 
scans each) repeated five times, covering a 9-mm diameter area. Two scans were obtained for each eye by one examiner 
with a minute break, and average values were registered.

Epithelial thickness is measured as the distance between the middle of the first (tear film) and second (anterior surface 
of the Bowman layer) hyperreflective lines on the B-scan. CT was measured as the distance between the air-tear and 
cornea-aqueous interfaces.

Data was exported and processed with Cirrus HD-OCT review software (version 10.0) which provides average 
automated ET of three concentric ring-shaped zones centered at the center of the cornea (central (CET): 0–2 mm, 
paracentral: 2–5 mm, and mid-peripheral: 5–7 mm). ET and CT were calculated in eight specific regions of the cornea 
(octants): superior (S), inferior (I), temporal (T), nasal (N), superonasal (SN), superotemporal (ST), inferotemporal (IT), 
and inferonasal (IN) within the paracentral and midperipheral zones. Associations between the corresponding corneal 
regions were calculated. Children were asked about their dominant hand to confirm that they were right-handed to 
subsequently label the right and left eyes as hand-dominant and non-hand-dominant eyes correspondingly.

Qualitative variables are presented as numbers and percentages. Continuous variables were evaluated to meet the 
normality conditions of the Shapiro–Wilk test. The Mann–Whitney-U test was performed to compare ET and CT from 
the eyes of dominant and non-dominant hands. ET data from right-handed age-matched healthy boys (control group) 
were imported from our previously reported normative database to further compare with eye rubbers.21 Statistical 
significance was set at p < 0.05 (two-sided). IBM® SPSS® Statistics v23.0 was used.
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Results
This study included 30 right-handed boys with a history of eye rubbing due to atopy and 27 controls. There were no 
differences between groups regarding the age (11.2 ± 2.1 years vs 11.3 ± 2.2, p = 0.89).

In eye rubbers, the mean CDVA was 0.006 ± 0.018 logMAR (0 to 0.091 logMAR), the mean SE was −0.44 ± 1.1 
D (−2.00 to +2.00 D) and the mean IOP was 13.2 ± 2.1 mmHg (11 to 16 mmHg), with no differences between right and 
left eyes (p = 0.89). All eyes had an unremarkable ophthalmological evaluation.

As all study participants were right-handed, performing the analysis for right and left eyes also represented 
a comparison of hand dominance. Mean ET and the respective differences between right and left eyes in each group 
are presented in Table 1. The differences between controls and eye rubbers are also presented in Table 1. There was no 
statistically significant difference between right and left eyes in controls. Corneal epithelial thickness was lower in eye 
rubbers in paracentral inferior and inferotemporal octants and in midperipheral inferior, inferotemporal and temporal 
octants in both right and left eyes. The epithelial thickness profiles in the eye rubbers are presented in Figure 1 and the 
differences between right and left eyes are presented in Table 1. There were no differences for central epithelial thickness 
between dominant right and non-dominant left eyes (45.8 ± 0.9 µm vs 46.1 ± 1.5 µm, p = 0.62). Epithelial thickness was 
lower in IT octants in right eyes in both paracentral (43.3 ± 0.9 µm vs 45.3 ± 1.5 µm, p < 0.001) and midperipheral (43.1 
± 1.2 µm vs 44.2 ± 1.8 µm, p = 0.01) areas. Unlike these areas, there were no statistically significant differences in 
epithelial thickness in the other octants.

Differences in mean ET between corresponding octants were found between right and left eyes. The difference 
between inferior and superior (I − S) was lower in right eyes (1.1 µm vs 1.9 µm; p = 0.03). The highest ET difference 
was registered between nasal and temporal octants and was more pronounced in right eyes (3.1 µm vs 2 µm; p < 0.001). 
The difference between IN and ST (1.8 µm vs 2.1 µm, p = 0.66) and between IT and SN (−0.3 µm vs 0.4 µm, p = 0.06) 
did not show a statistically significant difference.

Minimum ET was 40.8 ± 1.5 µm, 43.0 ± 0.9 µm and 40.0 ± 0.9 µm in right eyes and 41.5 ± 1.6 µm, 43.0 ± 0.9 µm 
and 40.1 ± 1.4 µm in left eyes from center to the periphery, respectively. Maximum ET was 51.1 ± 1.3 µm, 47.9 ± 1.0 µm 
and 48.4 ± 1.6 µm in right eyes and 51.1 ± 1.9 µm, 48.0 ± 0.8 µm and 48.9 ± 2.3 µm in left eyes from center to the 
periphery, respectively. The difference between the minimum and maximum (min-max) average epithelial thickness was 
lower in right eyes (−2.8 µm vs −3.5; p = 0.02).

The corneal full-thickness profiles in the right and left eyes are presented in Figure 1. The differences between right 
and left eyes are shown in Table 2. There was no statistically significant difference for central corneal thickness (533.5 ± 
21.5 µm vs 532.9 ± 23.6 µm, p = 0.91). CT was lower in inferotemporal octants in right eyes in both paracentral (537.2 ± 
22.5 µm vs 551.0 ± 23.4 µm, p = 0.02) and midperipheral (559.1 ± 20.4 µm vs 571.4 ± 19.9 µm, p = 0.02) areas. Unlike 
these areas, there were no statistically significant differences in epithelial thickness in the other octants. Finally, the 
current study did not find any correlations between ET and age (p = 0.89) and between ET and SE (p = 0.66).

Discussion
The present study shows that corneal epithelial thickness pattern is different in young atopic eye rubbers. The differences 
between eye rubbers and controls suggest that inferior and temporal areas are more affected by mechanical trauma, such 
as rubbing. Moreover, the inferotemporal epithelial thickness is thinner in the eye of the dominant hand’s side.

The diagnosis of KC is challenging. As the biomicroscopic signs usually appear in an advanced stage of the disease, 
the diagnosis strongly depends on additional diagnostic tests. Epithelial thickness mapping has been recognized as an 
important parameter in the diagnosis of forme fruste keratoconus in adults. Reinstein et al described how epithelial 
thinning at the KC apex with surrounding thickening (doughnut pattern) is an important manifestation of the earliest 
stages, improving sensitivity and specificity in conjunction with tomography.16,22–24

AS-OCT provides high-resolution images of the corneal epithelium with no need for contact or anesthesia. With 
a reproducibility of 0.93 and repeatability of 0.8, AS-OCT has been widely used to study epithelial thickness as it does 
not require the normal saline standoff medium employed with VHF digital ultrasound scanning.20,25–27 However, AS- 
OCT measurements include the tear film which can vary between 2 and 7 µm from blink to blink and diurnally.28–30 The 
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Table 1 Corneal Epithelial Thickness Comparison (Mean ± Standard Deviation, Lower and Upper Bounds of 95% Confidence Interval; µm) Between Right and Left Eyes in Control and 
Eye Rubbers Groups. On the Right Columns, Comparisons Between Controls in Eye Rubbers in Right and Left Eyes

Control Eye Rubbers Control vs Eyerubbers (p)

OD OS p OD OS p OD OS

Central
Mean 47.0 ± 2.5 (46.0–48.0) 47.2 ± 2.4 (46.2–48.1) 0.71 45.8 ± 0.9 (45.5–46.2) 46.1 ± 1.5 (45.6–46.7) 0.62 0.05 0.06

Min 44.6 ± 2.8 (43.5–45.7) 45.0 ± 2.8 (44.0–46.1) 0.47 40.8 ± 1.5 (40.3–41.4) 41.5 ± 1.6 (40.9–42.1) 0.12 <0.001 <0.001
Max 49.7 ± 2.7 (48.7–50.8) 49.3 ± 2.8 (48.3–50.5) 0.70 51.1 ± 1.3 (50.7–51.6) 51.1 ± 1.9 (50.4–51.8) 0.79 0.03 0.04

Paracentral
Mean 46.0 ± 2.0 (45.1–46.8) 46.2 ± 2.7 (45.3–47.1) 0.70 45.8 ± 1.3 (45.3–46.2) 46.0 ± 1.2 (45.5–46.4) 0.38 0.84 0.77
Min 43.2 ± 2.8 (42.1–44.4) 43.6 ± 2.8 (42.5–44.8) 0.84 43.0 ± 0.9 (42.7–43.3) 43.0 ± 0.9 (42.6–43.3) 0.94 0.83 0.81

Max 46.9 ± 2.9 (45.4–48.5) 47.0 ± 2.0 (45.4–48.6) 0.90 47.9 ± 1.0 (47.5–48.2) 48.0 ± 0.8 (47.7–48.3) 0.25 0.23 0.31

S 45.1 ± 2.3 (44.2–46.0) 45.3 ± 2.7 (44.2–46.4) 0.89 45.4 ± 1.0 (45.0–45.9) 45.8 ± 1.4 (45.3–46.3) 0.27 0.31 0.23
ST 44.9 ± 2.6 (43.9–45.9) 45.0 ± 2.6 (43.9–45.9) 0.89 45.2 ± 1.0 (44.8–45.5) 45.4 ± 1.1 (45.0–45.8) 0.31 0.25 0.17

T 45.2 ± 2.7 (44.1–46.3) 45.7 ± 2.6 (44.7–46.8) 0.61 44.4 ± 1.1 (44.0–44.8) 44.6 ± 1.3 (44.1–45.1) 0.62 0.10 0.21

IT 46.0 ± 2.7 (44.9–47.0) 46.8 ± 2.5 (45.9–47.9) 0.24 43.3 ± 0.9 (43.0–43.6) 45.3 ± 1.5 (44.7–45.9) <0.001 <0.001 <0.001
I 47.4 ± 2.4 (46.5–48.4) 47.5 ± 2.5 (46.5–48.5) 0.88 45.6 ± 1.1 (45.1–46.0) 46.0 ± 1.6 (45.5–46.6) 0.34 0.01 0.01
IN 46.9 ± 2.5 (45.8–47.9) 47.0 ± 2.8 (45.9–48.1) 0.80 45.3 ± 1.4 (44.8–45.9) 45.5 ± 1.4 (45.0–46.0) 0.65 0.06 0.09

N 46.1 ± 2.7 (45.1–47.2) 46.1 ± 2.7 (45.0–47.3) 0.97 45.1 ± 1.0 (44.8–45.5) 45.8 ± 1.6 (45.2–46.4) 0.06 0.29 0.23
SN 46.0 ± 2.6 (44.9–47.0) 45.8 ± 2.7 (44.7–46.8) 0.70 45.2 ± 1.0 (44.8–45.6) 45.5 ± 1.0 (45.2–45.9) 0.19 0.13 0.21

Midperipheral
Mean 44.7 ± 1.8 (44.0–45.4) 45.0 ± 1.8 (44.3–45.7) 0.43 45.2 ± 1.2 (44.8–45.7) 44.7 ± 1.2 (44.3–45.2) 0.97 0.20 0.18

Min 41.9 ± 2.9 (40.6–43.2) 42.4 ± 2.9 (41.2–43.7) 0.61 40.0 ± 0.9 (39.7–40.4) 40.2 ± 1.4 (39.7–40.7) 0.17 <0.001 <0.001
Max 48.9 ± 2.8 (47.3–50.4) 48.6 ± 2.5 (47.2–50.0) 0.79 48.4 ± 1.6 (47.8–49.0) 48.9 ± 2.3 (48.0–49.8) 0.39 0.94 0.81
S 43.6 ± 1.9 (42.8–44.3) 43.9 ± 2.4 (43.1–44.8) 0.52 44.3 ± 1.1 (43.8–44.7) 44.4 ± 1.5 (43.9–45.0) 0.72 0.10 0.21

ST 43.1 ± 2.0 (42.3–43.9) 43.9 ± 2.4 (43.0–44.8) 0.21 44.4 ± 0.8 (44.1–44.7) 44.6 ± 1.4 (44.1–45.2) 0.53 0.08 0.10

T 44.5 ± 2.4 (43.6–45.5) 44.4 ± 2.3 (43.5–45.4) 0.93 43.3 ± 0.9 (43.0–43.7) 43.7 ± 1.2 (43.2–44.1) 0.11 0.02 0.04
IT 45.4 ± 2.6 (44.4–46.4) 45.6 ± 2.6 (44.5–46.6) 0.86 43.1 ± 1.2 (42.6–43.5) 44.2 ± 1.8 (43.6–44.9) 0.01 <0.001 <0.001
I 46.3 ± 2.2 (45.5–47.2) 46.3 ± 2.1 (45.4–47.1) 0.93 44.3 ± 1.3 (43.8–44.8) 44.6 ± 1.1 (44.2–45.0) 0.54 <0.001 <0.001
IN 45.9 ± 2.4 (44.9–46.8) 45.8 ± 2.4 (44.9–46.7) 0.99 44.4 ± 1.0 (44.1–44.8) 45.0 ± 1.1 (44.6–45.4) 0.22 0.06 0.07
N 45.0 ± 2.3 (44.0–45.9) 45.1 ± 2.4 (44.1–46.0) 0.70 44.7 ± 1.1 (44.3–45.1) 44.9 ± 1.6 (44.4–45.5) 0.85 0.78 0.91

SN 44.9 ± 2.0 (44.1–45.7) 44.6 ± 2.5 (43.5–45.6) 0.75 44.6 ± 0.9 (44.2–44.9) 44.8 ± 1.2 (44.4–45.3) 0.75 0.74 0.66

Note: Results with statistical significance are highlighted in bold. 
Abbreviations: OD, Right eye; OS, Left eye; S, Superior; ST, Superotemporal; T, Temporal; IT, Inferotemporal; I, Inferior; IN, Inferonasal; N, Nasal; SN, Superonasal.

https://doi.org/10.2147/O
P

T
H

.S375504                                                                                                                                                                                                                               

D
o

v
e

P
r
e

s
s
                                                                                                                                                                 

C
linical O

phthalm
ology 2022:16 

2456

Loureiro et al                                                                                                                                                        
D

o
v

e
p

r
e

s
s

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


gold standard for epithelial measurement is VHF digital ultrasound as it is performed under normal saline immersion and, 
therefore, epithelial measurements are made from front to back of the epithelium itself.31,32 Therefore, the epithelial 
thickness would be expected to be thicker in OCT. However, studies comparing the two modalities have found these to be 
similar. For example, Reinstein et al reported a mean central epithelial thickness of 54 µm with VHF digital ultrasound, 
compared to 53 µm with RTVue OCT (Optovue, Fremont, CA).33 They suggest that this may be due to an arbitrary 
adjustment of the refractive index used in the OCT device to calibrate the mean epithelial thickness to match that of VHF 
digital ultrasound. In comparison, the central epithelial thickness found in the present study using Cirrus OCT was 48 
µm. This tendency for the Cirrus to measure 5–6 µm thinner than the other devices may be related to the refractive index 
being used for the Cirrus measurements, which may need to be recalibrated to bring the measurements into line with the 
other devices. The epithelial thickness results reported in the present study should therefore be interpreted in this context. 
Rather than considering the absolute thickness values as accurate, our findings are better related to the epithelial 

Figure 1 Epithelial (on the right side) and corneal full thickness (on the left side) (mean, lower and upper bounds of 95% confidence interval; µm) mapping in right (up) and 
left (bottom) eyes. 
Abbreviations: OD, right eye; OS, left eye; N, nasal.
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thickness changes due to eye rubbing. As such, these differences can be applied to epithelial measurements with other 
devices.

Our study included eye rubbers from 8 to 12 years with tomographically normal corneas because we believe that 
epithelial changes in this population could better represent the damage over the cornea due to eye rubbing and may 
represent the initial stages of the disease. The cut-off of 1.22 for BAD-D raises the specificity of selecting corneas with 
no ectasia, even fruste forms.34,35 We included patients who preferably rub the eyes with the knuckle as we believe it 
may better reflect the impact of eye rubbing in the cornea, according to Hafezi et al report. They studied the average 
amount of mechanical forces applied to the lids of KC patients during eye rubbing according to the type of eye rubbing.36 

Rubbing with knuckle (proximal interphalangeal joint) was found to apply more force on the eyelids than rubbing with 
the fingernail or with the fingertip.36

Epithelial thickness seemed to be lower in inferior and temporal octants in both right and left eyes compared with 
controls.21 McMonnies has previously examined the possible causal mechanisms for rubbing-related corneal trauma and 
cone formation and concluded that eye rubbing leads to epithelial thinning which further increases the concentration of 
proinflammatory molecules in tear film of normal corneas.37 One of these molecules is interleukin-1 (IL-1) which has 

Table 2 Full Corneal Thickness Comparison (Mean ± Standard Deviation, Lower and Upper 
Bounds of 95% Confidence Interval; µm) Between Right and Left Eyes in Eye Rubbers

OD OS p-value

Central
Mean 533.5 ± 22.5 (525.0–541.9) 532.9 ± 23.6 (534.1–541.7) 0.91

Minimum 532.8 ± 21.2 (515.8–531.7) 524.5 ± 21.4 (516.5–532.5) 0.94
Maximum 545.6 ± 26.5 (535.7–555.5) 544.7 ± 27.5 (534.5–555.0) 0.89

Paracentral
Mean 546.1 ± 20.3 (538.6–553.7) 546.6 ± 21.6 (538.6–554.7) 0.95

Minimum 530.2 ± 21.5 (522.1–538.2) 531.3 ± 22.4 (522.9–539.7) 0.86
Maximum 574.7 ± 23.9 (565.7–583.6) 573.8 ± 24.9 (564.5–583.1) 0.74

S 556.6 ± 26.1 (546.9–566.4) 559.2 ± 32.9 (546.9–571.5) 0.97

ST 550.1 ± 24.3 (541.1–559.2) 550.5 ± 24.2 (541.5–559.6) 0.83
T 537.9 ± 22.6 (529.6–546.4) 540.8 ± 21.7 (532.7–548.9) 0.42

IT 537.2 ± 22.5 (528.8–545.6) 551.0 ± 23.4 (542.2–559.7) 0.02
I 542.6 ± 23.0 (534.0–551.1) 543.3 ± 23.6 (534.6–552.3) 0.81
IN 546.5 ± 25.6 (536.9–556.1) 544.6 ± 27.8 (534.3–555.0) 0.58

N 550.1± 26.7 (540.2–560.1) 548.3 ± 28.4 (537.7–558.9) 0.60

SN 552.0 ± 25.6 (542.4–561.5) 551.1 ± 28.2 (540.5–561.6) 0.63

Midperipheral
Mean 568.8 ± 21.4 (560.9–576.8) 571.0 ± 20.4 (563.3–578.6) 0.41
Minimum 550.4 ± 22.4 (542.0–558.7) 554.2 ± 21.4 (546.2–562.2) 0.47

Maximum 587.8 ± 28.2 (577.3–598.3) 591.9 ± 28.8 (581.1–602.7) 0.61

S 583.3 ± 18.3 (576.9–590.6) 585.4 ± 18.9 (578.3–592.5) 0.75
ST 572.5 ± 18.8 (565.4–579.5) 575.4 ± 17.7 (568.8–582.0) 0.55

T 556.8 ± 22.9 (548.2–565.3) 563.4 ± 18.5 (556.5–570.3) 0.37

IT 559.1 ± 20.4 (551.5–566.8) 571.4 ± 19.9 (564.0–578.9) 0.02
I 567.9 ± 21.7 (559.8–576.0) 569.1 ± 22.7 (560.6–577.5) 0.99

IN 570.9 ± 24.8 (561.7–580.2) 571.3 ± 25.2 (561.9–580.7) 0.98

N 572.2 ± 24.8 (562.9–581.5) 570.0 ± 26.4 (560.1–579.9) 0.80
SN 575.5 ± 22.9 (566.9–584.0) 575.5 ± 24.4 (566.4–584.6) 0.94

Note: Results with statistical significance are highlighted in bold. 
Abbreviations: OD, Right eye; OS, Left eye; S, Superior; ST, Superotemporal; T, Temporal; IT, Inferotemporal; I, Inferior; 
IN, Inferonasal; N, Nasal; SN, Superonasal.
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receptors in corneal stromal fibroblasts. Eye rubbing increases stromal sensitivity to IL-1 and accelerates keratocyte 
destruction, even more in KC eyes which have a four-fold greater number of IL-1 receptors. As such, we postulate that 
epithelial thinning could represent a very early stage of KC. On the other hand, epithelial thickness was lower in the right 
eyes in the inferotemporal area in paracentral and midperipheral areas. This finding also leads us to postulate that the 
inferotemporal site is most prone to damage by eye rubbing. Most cones are found in the inferotemporal region, which 
could corroborate our theory.38

Additionally, the lower epithelial thickness in the eye rubbers’ right eye illustrates that corneal damage may be directly 
related to the hand dominance: due to higher applied forces. Moreover, there were no differences registered between controls’ 
right and left eyes which lead us to postulate if hand dominance could play a role in asymmetrical nature of keratoconus. The 
influence of hand dominance in KC asymmetrical nature has been studied in the last decades, but there is still no consensus. 
Rabinowitz found a high percentage of very asymmetrical KC to occur on the dominant hand side.39 McMonnies described an 
association between hand dominance with the more advance eye in some cases of KC.40 On the other hand, Moran and Nakao 
did not find any association between KC laterality.41,42 This association is often based on retrospective reports and corneal 
damage depends on multiple factors, such as the frequency, technique and the force of rubbing. The frequency of rubbing is 
very difficult to evaluate, and asymmetric rubbing is difficult to recognize so it is very hard to clearly isolate the effect of hand 
dominance. As we tried to eliminate the most sources of bias as we can, we believe that under a perfect scenario of symmetric 
eye rubbing, the stronger dominant hand may cause more trauma because of the greater force involved.

Corneal ET pattern in healthy children was elucidated in our previous paper.21 Despite respecting the same pattern, the 
I-S (1.1 µm in right eyes; 1.9 µm in left eyes and 3.3 µm in healthy children) and the min-max (−2.8 µm in right eyes; −3.5 µm 
in left eyes and −7.2 µm in healthy children) were lower in eye rubbers as a result of inferior thinning. The difference between 
nasal and temporal octants was also lower in eye rubbers (3.1 µm in right eyes; 2 µm in left eyes and 0.7 µm in healthy 
children) due to temporal thinning.

Corneal full-thickness pattern did not show any differences between right and left eyes and between eye rubbers and 
healthy children. Although we know that compensatory epithelial changes to stromal irregularities were previously 
described by Reinstein, we clearly believe that our results come only from the mechanical damage and may represent the 
very early stage of KC pathogenesis.17,43–47 Another weakness was that the study did not include any left-handed 
children. This could be the subject of a future study to provide further evidence for the influence of hand dominance. This 
would also be of interest because left-handed people are often more ambidextrous, so it might be expected to less clearly 
illustrate the influence of hand dominance.48,49

Limitations of our study are the small sample and the fact that we only included boys. However, we prefer not to have 
girls due to known gender-based ET variations, which could bias our results.21,50 Moreover, another weakness of the 
study is not having a representative sample of confirmed left-handed subjects, so repeating the study with such 
a population should be the subject of further study.

Despite this, we believe our results demonstrate the effect of eye rubbing in the corneal epithelium, which could help to 
elucidate the pathogenesis of the disease. As such, ophthalmologists should propagate public awareness campaigns and 
educate their patients about the risks associated with eye rubbing. As we also believe that eye rubbing is mandatory for KC 
development, the differences associated with hand dominance may help to explain why KC is usually an asymmetric disease.

Conclusion
AS-OCT analyses reveal different epithelial thickness patterns between the eyes in young atopic patients, likely eye 
rubbers. Inferior and temporal epithelial thickness seems to be more affected by thinning in the eye of the dominant 
hand’s side. Further investigation is needed into the relationship between eye rubbing effect in the corneal epithelium in 
keratoconus cases.
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