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Abstract

Introduction: An important goal of biomedical physics and engineering is to study possible confounding factors in
diagnosis or treatment to minimize erogenous interpretations due to overestimation or covering pathology-related
changes. We aimed to examine the effect of refractive error on corneal thickness, retinal thickness (including its layers),
and optic disc parameters in low myopia and moderate myopia, as compared to the emmetropic group.

Material and methods: Sixty eyes from 30 (18 women) young, healthy, physically active, non-smokers, with normal color
perception, and no ophthalmological or neurological medical history Caucasians at the age of 24.6 + 1.5 years were
examined. The studied groups were defined based on the SE (spherical equivalent): emmetropia (-0.5 D <SE <0.75 D,
20 eyes), low myopia (-3 D < SE < -0.5 D, 20 eyes), and moderate myopia (-6 < SE < -3 D, 20 eyes). Spectral optical
coherence tomography imaging (SOCT) through SOCT Copernicus HR device (OPTOPOL Technology Sp. z 0.0,
Poland) was used.

Results: Corneal thickness, peripapillary RNFL thickness, and optic disc parameters didn’t change between emmetropic,
low myopia, and moderate myopia groups. However, macular retinal thickness decreased with increasing refractive error.
Interestingly, particular retinal layers’ thicknesses changed differently with increasing spherical equivalent (SE). A
thickening of external macular retina layers was observed in the central and inner sectors, while a thinning of internal
retinal layers was seen mainly in the outer ring when SE increased from emmetropia to moderate myopia.

Conclusions: Our findings suggest that changes in retinal thickness due to refractive error may appear even in earlier
stages than high myopia. Moreover, different retina layers change differently with SE and not every sector behaves in the
same manner. These results are especially worth noting, as they point out the necessity of taking into account different
behaviors of retinal layers in low and moderately myopic eyes in interpreting the measurement results when diagnosing
ocular pathologies or preparing ophthalmologic surgeries.

Keywords: spectral optical coherence tomography (SOCT); myopia; eye imaging; retina; cornea.

Introduction

The goal of using physics and engineering in medicine and
biology is to apply physics principles, methods, and techniques
in practice and research for the prevention, diagnosis, and
treatment of human diseases in a very broad spectrum of
branches. This paper is related to the use of a medical optical
imaging method: spectral optical coherence tomography
(SOCT), which is crucial in the diagnosis of eye disorders,
evaluation of therapeutic methods, or visualization of surgical
interventions. This technique allows researchers and clinicians
to obtain non-invasively, with high-speed, high-resolution
images of different structures of the human eye, including the
cornea in the anterior segment and the retina in the posterior

segment of the eye, in normal and pathological states, enabling
direct comparisons of different segments of the eye.*®

In the OCT method, 2D and 3D tomographic images are
obtained by measuring the echo time delay of low coherence
light emitted by the superluminescent light emitting diode
(SLED) source and backscattered from tissue structures. When
a tissue has layers with different refractive indexes, light
backscatters on the boundaries of the layers. If the pathways of
the reference beam (from the mirror) and the study beam (from
the tissue) are within the coherence length of the light source,
they interfere.5® The first generation of OCT devices worked in
the time domain (TdOCT) with a moving mirror. A 1D line
giving information about the depth is called A-scan, while 2D
images are called B-scans.»%!° More sophisticated and modern
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devices are Fourier domain OCT (FdOCT or SOCT) based on
spectrometers and swept-source OCT (SSOCT), with a swept-
source tunable laser as the light source.® These techniques give
high-resolution images in a shorter time (typically 30,000 -
70,000 in SOCT and 100,000-400,000 A-scans per second in
SSOCT, compared to 400 A-scans per second in the TdOCT.®

Unfortunately, there are factors that, if not taken into account,
may lead to erogenous interpretation of diagnostic images. One
of them is myopia. The axial elongation connected to myopia
has been reported to produce retinal stretching and thinning,
reduce retinal cell density, enlarge photoreceptor inner
segments, and may lead to an impairment of retinal function and
visual performance.?*! Its progression leading to high myopia
(defined as SE < 5 or 6 D) is also associated with changes in the
morphological structure, biochemical indicators, and support
function of the sclera due to its damage, and may transform into
pathologic myopia, when characteristic degenerative changes in
the sclera, choroid, and RPE (retinal pigment epithelium) occur,
with compromised visual function.!*1> The influence of
refractive error on the healthy eye is an important issue, because
it may be a confounding factor during diagnosing eye
pathologies, and may overestimate their negative impact on the
health state of the human eye. There are studies showing changes
in some eye structures due to myopia, but the results are often
contradictory or incomplete (e.g. macula flattening by
thinning at the perifovea and thickening at the foveal pit or
parafoveal retina thinning, but either foveal thinning or no
difference in foveal thickness in other studies).>!62° There may
be several reasons for that, including different techniques used,
among which there are techniques that require additional
corrections. Many studies are concerned with only selected eye
structures, e.g., only the cornea or the optic nerve head (ONH).
Moreover, many studies focus only on the central area of the
cornea or retina, while the need to take into account the
differences between their sectors, as well as between center and
periphery, has been recently discussed.>®° Finally and most
importantly, myopia is often not an exclusion factor, or only
high and/or pathological myopia is.®42122 It is, however,
interesting and important to investigate if there are any
observable changes in the structures of healthy eyes with a lower
degree of myopia, as highly myopic eyes are often accompanied
by degenerative changes that may mask any effects related to
myopia itself.1?

Therefore, our work aimed to examine to what extent low and
moderate myopia (less than -6D) may influence the thicknesses
of several eye structures in healthy eyes, in all accessible sectors.
The use of SOCT, a state-of-the-art method of structural
assessment of the retina can provide accurate depth-resolved
imaging of internal microstructures within the eye tissue.'® The
motivation was the fact that when diagnosing or treating retinal
disorders, any effects in the eye structures related to the
pathology might overlap with the myopia-related changes, thus
making it hard or impossible to disentangle these effects.
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For this purpose, the thicknesses of central and peripheral
corneal sectors, central and peripheral retinal sectors (including
retinal layers), and optic disc parameters were compared among
low myopia, moderate myopia, and emmetropic groups among
young, healthy Caucasians. The correlations of the thicknesses
of retinal layers with refractive error were also calculated. Based
on our knowledge, this is the first study presenting
measurements taken from both: anterior and posterior eye poles,
in low and moderate myopia, in central and peripheral sectors.
Furthermore, not only the whole retina thickness but also its
internal, middle, and external layers were evaluated. If low and
moderated myopia causes changes in the thickness of human eye
structures, differences between studied myopia groups
compared to emmetropic eyes and correlations between these
thicknesses and refractive error should be observed. The clinical
significance of this study is that if there are any differences in
the analyzed retinal structures among the studied groups, it
suggests that the thickness of some of the retinal layers, even in
healthy eyes with low or moderate myopia, may differ from the
emmetropic eyes. This means that special care should be taken
when interpreting any results in patients (i.e. in diagnosis or
treatment of eye disorders), as any effects found in those patients
might be related to the concurrently present myopia (even if it is
not high) and not the disorder per se (or at least not entirely).

Materials and Methods

Participants

The experiment was conducted on 60 eyes from 30 young adults
(18 women) at the age of 24.6 = 1.5 years. They all were healthy,
physically active, non-smokers, had normal color perception,
and had no ophthalmological or neurological medical history.
Refractive error values, defined as SE (spherical equivalent)
were obtained from an ophthalmologist’s prescription. To
evaluate different segments of eye structures in low and
moderate myopia compared to emmetropic group, we assigned
volunteers with —0.5 D < SE <0.75 D to emmetropia group (20
eyes), volunteers with -3 D < SE <-0.5 D to low myopia group
(20 eyes) and volunteers with -6 <SE<-3 D to moderate
myopia group (20 eyes), based on a systematic review and meta-
analysis conducted by Hashemi et al.?® The mean age (with SD)
of the participants for each group was: 24.4 + 1.2, 24.4 £1.9,
and 24.9 + 1.6 years for emmetropia, low myopia, and moderate
myopia, respectively, and they did not differ significantly
(F227=0.33, P=0.72). The eyes with astigmatism were
included if its value was not larger than 0.25 D. The experiment
was conducted with the understanding and informed, written
consent of each subject after an explanation of the nature and
possible consequences of the study, according to the Tenets of
the Declaration of Helsinki. The studies were approved by the
Committee of Ethics of The University of Silesia in Katowice
on scientific studies conducted on humans (number 3/2018).
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Procedure

Each participant had 3D SOCT scans for the right and left eye
taken from 3 eye structures: cornea, macular retina, and optic
disc area, using SOCT Copernicus HR device (OPTOPOL
Technology Sp. z 0.0., Poland), and SOCT Copernicus HR
v.4.3.3 software. The 840 nm wavelength SLED source had a
tissue axial resolution of 3 pm and a transverse resolution of 18
pm. For the corneal measurements, an additional adapter has
been mounted, and axial beam direction used. The scan width
and height in cornea, macular retina, and optic disc images were:
4 mm and 1.64 mm, 7 mm and 1.64 mm, 5 mm and 1.64 mm,
respectively. The number of A-scans, number of B-scans, and
time of single scan were: 2500 x 12 and 1.12 s in cornea images,
743 x 75 and 2.49 s in macular retina images, and 600 x 99 and
2.81 s in optic disc images, respectively.

2D and 3D OCT images are not acquired instantaneously, due
to the need for B-scan and C-scans to scan the beam over the
tissue in the x-direction and y-direction. Therefore, motion
artifacts may occur, which may distort the acquired OCT image
and limit the reliability of quantitative measurements.’> To
control for motion artifacts, each scan was visually inspected
immediately after the measurement and repeated if the artifacts
had occurred.

The following parameters were measured: corneal thickness,
macular retinal thickness, peripapillary retina nerve fiber layer
(RNFL) thickness around the optic nerve head (ONH), as well
as the parameters of the optic disc (disc area, rim area, cup area,
cup/disc area ratio, rim volume, cup volume, mean cup depth,
and maximal cup depth). Moreover, thicknesses of the following
macular retinal layers were also measured (from the inferior to
the exterior of the eyeball): RNFL thickness, RNFL-1S/OS
junction distance (distance between RNFL and photoreceptor

outer/inner segments junction), and IS/OS junction-RPE
distance (distance between photoreceptor outer/inner segments
junction and retinal pigment epithelium, referred in this paper as
IS/OS).

Corneal sectors were automatically detected and ascribed as C
— central, S — superior, SN — superior-nasal, N — nasal, IN —
inferior-nasal, | — inferior, Tl — temporal-inferior, T — temporal,
and ST — superior-temporal (Figure 1a). Macular retinal sectors
were ascribed as C — central, SI — inner superior, NI — inner
nasal, Il — inner inferior, TI — inner temporal, SO — outer
superior, NO — outer nasal, 10 — outer inferior, TO — outer
temporal (Figure 1b). Peripapillary RNFL sectors were ascribed
in a 10 o’clock division as S — superior, SN — superior-nasal, N1
— upper nasal, N2 — lower nasal, IN — inferior-nasal, | — inferior,
IT — inferior-temporal, T2 — lower temporal, T1 — upper
temporal, and ST - superior-temporal (Figure 1c). Since
automated image segmentation algorithms can fail to accurately
delineate corneal or retinal layers,? after the automatic layer
segmentation process, each scan was visually inspected and
manually refined by a specialist. The diameters of central and
peripheral areas in the cornea were fixed: 2 and 4 mm,
respectively. The diameters of the central area, inner and outer
ring in the retina were fixed: 1 mm, 3 mm, and 6 mm, which
corresponded to central, pericentral, and near peripheral macular
regions, respectively.?

To compare horizontal and vertical areas, each sector of the
cornea was assigned to superior (S), inferior (1), temporal (T),
and nasal (N) hemifields. Both inner and outer rings within the
macular retina consist of superior, inferior, temporal, and nasal
quadrants. Similarly, each sector of peripapillary RNFL was
assigned to superior or inferior horizontal hemifield and:
extreme temporal (ET), temporal (T), midline (M), nasal (N),
and extreme nasal (EN) vertical sectors (Figure 1).
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Figure 1. Sectors of cornea (a), macular retina (b), and peripapillary RNFL (c), used for thickness measurements. Corneal sectors were
ascribed as C — central, S — superior, SN — superior-nasal, N — nasal, IN — inferior-nasal, | — inferior, 1T — temporal-inferior, T — temporal,
and ST - superior-temporal. Macular retinal sectors were ascribed as C — central, SI —inner superior, NI —inner nasal, Il —inner inferior, TI
— inner temporal, SO — outer superior, NO — outer nasal, 10 — outer inferior, TO — outer temporal. Peripapillary RNFL sectors were ascribed
in a 10 o’clock division as S — superior, SN — superior-nasal, N1 — upper nasal, N2 — lower nasal, IN — inferior-nasal, | — inferior, IT — inferior-
temporal, T2 — lower temporal, T1 — upper temporal, and ST — superior-temporal. Moreover, each sector of the cornea was assigned to
superior (S), inferior (I), temporal (T), and nasal (N) hemifields, and each sector of peripapillary RNFL was assigned to superior or inferior
horizontal hemifield, and: extreme temporal (ET), temporal (T), midline (M), nasal (N) and extreme nasal (EN) vertical sectors.
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Statistical Analysis

Statistical analyses were performed using Statistica v.13
software (Tibco Software Inc). According to statistical
guidelines for the analysis of data obtained from one or both
eyes,? only one eye of each participant was randomly included
in the analysis (the number of left and right eyes was equal).
Shapiro-Wilk’s, Levene’s, and Mauchley’s tests were used to
check the normality of data distribution, variation homogeneity,
and data sphericity, respectively.

A comparison of corneal thicknesses between emmetropic and
myopia groups was conducted using two-way ANOVA with
between-subject factor GROUP (emmetropic, low myopia, and
moderate myopia), and within-subject factor SECTOR
(described in section Procedure) for the comparison of all
studied sectors. In addition, within-subject factors
HORIZONTAL (superior and inferior) and VERTICAL
(temporal and nasal) were used to compare hemispheric
asymmetries in peripheral areas of the cornea.

A comparison of retinal thicknesses between emmetropic and
myopia groups was conducted using two-way ANOVA with
between-subject factor GROUP (emmetropic, low myopia, and
moderate myopia) and within-subject factor SECTOR for the
comparison of all studied sectors. To take into account
horizontal and vertical differences between rings, three-way
ANOVA with between-subject factor GROUP (emmetropic,
low myopia, and moderate myopia), and within-subject factors:
RING (inner, outer) and QUADRANT (superior, inferior,
temporal, and nasal) was used.

For the comparison of the 10 o’clock sectors within
peripapillary RNFL, two-way ANOVA with between-subject

factor GROUP (emmetropic, low myopia, and moderate
myopia) and within-subject factor SECTOR was used. In
addition, within-subject factors HORIZONTAL (superior and
inferior) and VERTICAL (extreme temporal, temporal, midline,
nasal, and extreme nasal) for the comparison of the peripapillary
RNFL hemifield asymmetries were used.

Comparison of retinal layers’ thicknesses between analyzed
groups was conducted using repeated measures ANOVA with
between-subject factor GROUP (emmetropic, low myopia, and
moderate myopia) and within-subject factors: LAYER (RNFL,
RNFL-1S/OS, and 1S/OS), RING (inner, outer) and SECTOR.
Post-hoc comparisons were analyzed with Bonferroni
correction. Greenhouse-Geisser correction for violation of
sphericity was used if needed.

Correlations were measured using Pearson’s r coefficient
using a general regression model. Nonparametric tests were used
when data did not fulfill assumptions for parametric tests. In all
analyses, P<0.05 was regarded as statistically significant.

Results

SOCT Scans

Exemplary, representative scans of the cornea, macular retina,
and optic disc from one emmetropic eye are presented in
Figure 2.

The scan of the cornea shows epithelium and stroma, split by
Bowman’s layer, Descemet’s membrane, and endothelium. In
the retina image, the brightest are RPE and IS/OS junction and,
more faintly, RNFL. In the scan of an optic disc, one can see
bright RNFL, RPE, and 1S/OS junction layers.

Figure 2. Corneal (a), macular retinal (b), and optic disc (c) scans from a representative emmetropic eye. T — temporal, N — nasal. Note the
typical central artifact (vertical hyperreflective stripe) observed in corneal imaging, related to the repetitive pattern of back-reflections from
the air-tear(-epithelial) interface and endothelium-aqueous interface in panel 2a
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Differences in corneal and retinal thicknesses
between myopia groups

Cornea

Corneal thickness didn’t differ between the myopia group, either
in the center (F.27=0.66, P=0.52, 5%=0.047) or in the
periphery (main effect: Fzi08=3.1, P=0.051, % =0.053,
interactions: Fz10s=0.17, P =0.84, 1’]2p =0.003, F2108=0.0,
P =0.99, #% = 0.00007, F210s = 0.13, P = 0.88, #% = 0.002 for
GROUPXVERICAL, GROUPXHORIZONTAL and
GROUPXVERICALXHORIZONTAL, respectively). However,
the temporal corneal thickness was significantly lower than the
nasal one (Fi18=6.12, P=0.015, % =0.054). Averaged
corneal thicknesses in normal, low myopia, and moderate
myopia groups were: 550431, 559+£24 and 544429 pm,
respectively. Mean corneal thicknesses in central and peripheral
corneal in emmetropic and myopia groups are presented in
Figure 3.

Macular Retina

A comparison of macular retinal thickness between analyzed
groups revealed a significant effect GROUP (F2243=3.7,
P =0.025, #% = 0.03, significant post hoc P = 0.025 between
low and moderate myopia group) as well as SECTOR
(Fe243 = 127.7, P <0.0001, #% =0.81). The central macular
retina was significantly lower than all other sectors (post hoc
P < 0.0001 in all cases). Including ring and quadrant factors, the
analysis showed RING (F1216 =521, P <0.0001, % =0.71)
and QUADRANT (Fs216 = 49, P <0.0001, % = 0.41, with all
post hoc P < 0.05) main effects as well as RINGXQUADRANT
(F3216 = 11, P = 0.000001, 5% = 0.13, with significant post hoc
difference in inner ring between S and T: P =0.0002 and
between N and T: P = 0.00004, and in the outer ring between all
quadrants with P < 0.05 except for S and I: P = 0.49) interaction
effect. Averaged macular retina thicknesses in normal, low
myopia, and moderate myopia groups were: 286+31, 287+29
and 282430 pm, respectively. Mean retinal thicknesses in
emmetropic, low myopia, and moderate myopia groups
(averaged over sectors), as well as in all quadrants of inner and
outer rings of the peripheral retina are presented in Figure 4.

Peripapillary RNFL

A comparison of peripapillary RNFL thickness revealed
VERTICAL difference (Ha283=220, P=0.0000 with significant
post hoc difference between all sectors except for nasal and
temporal: P =0.6 and between extreme nasal and extreme
temporal: P=0.8), but no HORIZONTAL (Hi2s3=3.4,
P =0.07) or GROUP (Ha,283 = 0.3, P = 0.9) effect was observed
(Figure 5).

Disc Parameters

There were no myopia-related differences in any optic disc
parameters: area (Fz26=0.4, P=0.7), volume (F22=1.1,
P =0.4), or cup depth (F226 = 1.4, P = 0.3).
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Figure 3. Mean corneal thicknesses in central (a) and peripheral (b)
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Figure 5. Mean peripapillary RNFL thicknesses in vertical sectors
(ET — extreme temporal, T — temporal, M — midline, N — nasal, EN
— extreme nasal). * - significant differences with P <0.05, box —
standard error, whisker — standard deviation.

Comparisons of the thicknesses of macular
retinal layers

To better understand the changes in retinal thickness due to
increasing myopia, the next step of analysis included its layers:
RNFL, RNFL-IS/OS distance, and IS/OS.
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Figure 6 presents a comparison of mean RNFL, RNFL-IS/OS,
and I1S/OS thicknesses between study groups as well as between
sectors. Repeated measures ANOVA revealed the main effect of
LAYER (F248 = 44700, P <0.0001). LAYERXSECTOR
(Fie.486 = 172, P < 0.0001) and LAYERXGROUP (F4.485 = 9.6,
P =0.00003 with significant post hoc difference in RNFL-
IS/OS between emmetropic and moderate myopia group:
P =000002) interaction effects were also observed (Figure 6a,
6c).

Significant differences in RNFL-1S/OS thickness (Figure 6b)
were observed between C and the following sectors: SI
(P =0.0000), Il (P =0.0000), NI (P =0.0000), TI (P =0.0000)
and 10 (P =0.00007). Moreover, in the inner ring, there was a
difference between Il and NI (P = 0.005) and between Tl and NI
(P = 0.00005), while in the outer sector between SO and 10
(P = 0.045), between 10 and NO (P = 0.0000) and between 10
and TO (P = 0.0006).

Significant differences in the RNFL layer (Figure 6d) were
observed between C and all other sectors (P = 0.0000), in the
inner ring between Tl and SI (P = 0.0002) and between TI and
Il (P =0.006), and in outer ring NO was significantly thicker
than all other sectors (P =0.0000) and TO was significantly
thinner than all other sectors (P = 0.0000).

No differences between sectors were observed in 1S/OS
thickness (Figure 6d).
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Figure 6. A comparison of mean RNFL-1S/OS, 1S/OS, and RNFL thicknesses between emmetropia, low myopia, and moderate myopia groups
(a) and (c), as well as between sectors (b) and (d). Retinal sectors: C — central, SI — inner superior, 11 — inner inferior, NI — inner nasal, Tl —
inner temporal, SO — outer superior, 10 — outer inferior, NO — outer nasal, TO — outer temporal. * - significant differences with P<0.05, bars
—95% confidence level. Charts (b) and (d): the position of the macular sectors used for thickness measurements have been shown in the insets
to visualize the differences better; markers in red and blue represent the inner and outer rings, respectively.
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Table 1. Correlation results between retinal layers’ (RNFL, IS/OS, and RNFL-IS/OS) thicknesses and refractive error in the sectors that

obtained significance. Retinal sectors: C — central, NI — inner nasal, Il — inner inferior, SO — outer superior, TO — outer temporal, NO — outer
nasal.
Retinal layer Sector Model coefficient ~ Standard error P value 95%| gtc;r::‘/l;ence Pearson’s r Corrected r?
1 -0.91 0.42 0.039 -1.77 +-0.05 0.38 0.11
RNFL NI -0.72 0.30 0.025 -1.34+-0.10 041 0.14
C -0.40 0.16 0.022 -0.73 +-0.06 0.42 0.14
IS/0S NI -0.55 0.23 0.022 -1.02 +-0.09 0.42 0.14
1 2.62 112 0.028 0.30 +4.93 0.40 0.14
SO 2.67 122 0.038 0.17 +5.18 0.38 0.11
RNFL-IS/OS
TO 3.04 112 0.010 0.75+5.33 0.46 0.18
NO 2.66 1.28 0.047 0.03 +5.28 0.36 0.10

In addition, the correlation between SE and all macular retina
layers was calculated using a general regression model. Table 1
presents statistical results of significant correlations observed in
the RNFL-1S/OS layer in: SO, TO, NO, and Il sectors, in the
IS/OS layer in C and NI sectors, and RNFL in 11 and NI sectors.
Figure 7 shows the scattering plots with significant correlations
of the thicknesses of the following layers with SE: retina
(Figure 7a), RNFL-1S/OS (Figure 7b-¢), 1S/OS (Figure 7f-g)
and RNFL (Figure 7h-i). All the correlations were medium
(Pearson’s r between 0.36 and 0.46). The refractive error
correlated with the RNFL and 1S/OS layers mostly in the inner
inferior-nasal regions, whereas the correlations with the RNFL-
IS/OS layer were mostly observed in the outer regions of the
macula (with a higher correlation in the temporal segment).

Discussion

Spectral optical coherence tomography (SOCT) is a perfect tool
for the diagnosis of eye disorders, evaluation of therapeutic
methods, or visualization of surgical interventions. However, as
in any other imaging technique, there are factors (e.g. myopia)
which, if not taken into account, may lead to erogenous
interpretation of the images.

Differences in corneal and retinal thicknesses
related to the degree of myopia

Cornea

In our study, the thickness of the temporal corneal segment was
significantly lower than the nasal segment (Figure 3). However,
corneal thickness didn’t change with increasing spherical
equivalent in any of the studied sectors, which is in concordance
with previously reported findings.1%2728

Macular retina and its layers

The analysis of macular retinal thickness due to refractive error
showed some interesting findings. When the whole retinal
thickness was analyzed, we found its decrease in moderate
myopia, compared to the emmetropic group (Figure 4).
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Previous studies in humans have determined that the macula
generally flattens in high myopia by thinning at the perifovea
and thickening at the foveal pit.1%'” However low and moderate
myopia has been studied less in terms of retinal thickness. While
many studies have focused on highly myopic eyes, in which
pathologic myopia may occur, it is extremely important to
determine the extent to which low or moderate myopia in
healthy people may influence the measurements of eye
structures and their parameters.

Tan? observed that the thickness of the retinal central subfield
was similar among different refractive error groups, whereas the
parafoveal subfields thinned progressively with increasing
severity of myopia. Other studies, however, found either foveal
thinning or no differencein foveal thickness.'’®?° This
discrepancy of the previous findings doesn’t necessarily mean
some of them are right and others are wrong. It is more likely
that they capture different mechanisms related to these changes,
but the diversity of used imaging protocols and analyzed
locations within the retina doesn’t allow for comparison of these
findings. Our results shed more light on the changes in retinal
thickness with increasing SE in low and moderate myopia.

Interestingly, when analyzing individual macular retina layers
(Figure 6 and 7), we observed different changes in the
thicknesses of particular retinal layers with increasing SE: a
thinning of RNFL-1S/OS distance mostly in the near peripheral
retina and a thickening of external layers: RNFL and IS/OS
junction in the pericentral region. All the correlations were
medium with r ranging from 0.36 in RNFL-IS/OS distance in
the near peripheral nasal sector up to 0.46 in RNFL-IS/OS
distance in the near peripheral temporal sector. This different
behavior of retinal layers may explain the lack of myopia-related
effects on retinal thickness in low and moderate stages in
previous findings. We suggest that different directions of
thickness changes in different retina layers may cancel each
other and therefore significant change may not be observed
when the whole retina thickness is analyzed. This might explain
the discrepancies in findings present in the literature.
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Figure 7. The scattering plots showing significant correlations of the macular retina and its layers with SE: macular retina in TO (a), RNFL-
IS/OS distance in SO (b), RNFL-1S/OS distance in TO (c), RNFL-IS/OS distance in NO (d), RNFL-1S/OS distance in 11 (e), 1S/OS thickness
in C (f), IS/OS thickness in NI (g), macular RNFL thickness in Il (h) and macular RNFL thickness in NI (i).
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The fact that different retinal layers change differently due to
myopia has been pointed out in the literature. Abbott?® showed
that inner plexiform, inner nuclear, and outer plexiform layers
thinned the most in the high myopia group in mammalian model
studies, compared to control, and that all neuronal cell types are
involved in retinal thinning. Garcia-Valenzuela et al.* suggested
that the various layers of the sensory retina may be differentially
affected by axial length—related tissue stretching.

What is worth noting, we also found differences in retinal
layers’ thicknesses between sectors. The most evident change
was observed in the near peripheral temporal sector of RNFL-
IS/OS distance, which may suggest that this region is the most
prone to changes due to eye elongation. This, however, needs
further investigation.

Our results suggest that even when no changes in the whole
retina thickness with increasing degrees of myopia are observed,
it is important to take into account changes in particular retina
layers, as their thickness may significantly change due to
refractive error. These changes might be observed not only in a
high degree of myopia but also in its earlier stages. These
findings are especially worth noting, as they suggest the need for
taking into account the different behavior of retina layers in low
and moderately myopic eyes in diagnosing ocular pathologies or
in preparing ophthalmologic surgeries to prevent erogenous
interpretation of the images.

Peripapillary retina and optic disc

There were no changes in papillary RFNL thickness and optic
disc parameters with SE in our study. Papillary RFNL was the
thinnest in temporal and nasal sectors and the thickest in superior
and inferior sectors (Figure 5), similar to the findings reported
earlier.3*32 Moreover, it was symmetrical, both horizontally and
vertically. The literature generally shows no or minimal effect
of refractive error on peripapillary RNFL thickness or optic disc
parameters, especially in low and moderate myopia.?23-36 A
recent study by Tai et al.®” compared peripapillary RNFL
thickness between four myopia groups and found significant
thinning in superior and inferior quadrants, but only in high
myopia, compared to the other groups. Superior and inferior
peripapillary RNFL is much thicker than nasal and temporal
areas, which was also observed in our study. These results
suggest that different regions of peripapillary RNFL may be
differently susceptible to myopia-related changes, but not likely
in low or moderate myopia.

When comparing the corneal and retinal thicknesses among
different degrees of myopia measured by OCT, one may
question whether any observed effects are due to clinical
differences or image distortions, as there have been studies
showing statistically, but not clinically significant effects of
refractive error on OCT measurements (%3°). Moreover, the
need for quantitative image corrections in OCT has been
suggested (*>#2). This, however, is not the issue in this study, for
the following reasons. The need for correction of the OCT
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images discussed in 4%4! was presented more than 20 years ago,
even before the first spectral OCT was introduced, which has
many improvements in image acquisition, including stationary
reference arm which eliminates motion errors discussed in the
above-mentioned works. The SOCT device used in our research
has refraction compensation and correction of focus included in
the measurement mode of the software, based on the refraction
power set for each studied eye during the examination. Another
suggestion that our result are not generated by the image
distortions is that Podoleanu et al.** observed image distortion
of the cornea. However, we did not observe differences in
corneal thickness between the studied group or in the
peripapillary retina and optic disc. If the observed changes were
due to the image distortions, we should not only observe changes
in the corneal thickness but also the optical disc. On the contrary,
the effects that we observed were present in the macula, in the
central region of the retina, with the diameter of the studied
sector up to 6 mm only. The more recent study by Tan et al.*?
was related to the refractive distortions in whole-eye OCT
imaging, which is not relevant to our study, where only small
areas (but clinically significant) were imaged in a single
measurement. Such errors are particularly important in ultra-
wide field OCT or biometry, where not only linear distances but
also curvilinear surfaces, interfaces, and enclosed areas must be
accurately obtained.*® Nevertheless, one should be aware of any
possible confounding factors that may result in a wrong
interpretation of the obtained results. However, taking into
account the previous considerations and the fact that the SOCT
method has a long history, its construction, and the new imaging
algorithms are being developed constantly, we believe that these
imaging errors don’t contribute to the effects presented in this
paper.

In addition, the effects found in % and *° were observed for
high myopia, where SE is larger than 6 D, and the older
population (above 40 years old), which makes this group much
more prone to imaging errors, due to the presence of pathologic
myopia (i.e. degenerative macular changes) and increase in age-
related pathologies, which may distort the image even more.
Moreover, in the study by Hwang,® half of the study group of
15 participants was Asians, and the other was Caucasians, which
may introduce a bias in the results, as there are differences in the
retinal parameters between these ethnic groups.®® Finally, the
statistically but not clinically significant changes observed by
the Authors were based on the measurements with and without
contact lenses, which itself may introduce additional confounds
such as the contact surface between the contact lens and the eye,
or the positioning of the contact lens, which the Authors
themselves pointed out as one of the possible reason.
Interestingly though, while the results discussed in® at first
might suggest that differences in the retinal structures in the
myopic eyes are more related to imaging errors in OCT than the
true effect, this work however perfectly emphasizes the
importance of our results. This is because the ‘OCT
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measurement distortions’ described in® relate not to the imaging
errors but to the automatic comparisons of the retinal
measurements taken from myopic eyes with the built-in
normative databases in the OCT software (which are based on
the emmetropic eyes), which may lead to false positive or false
negative results because, as we showed, the retinal layers differ
in thickness between myopic and emmetropic eyes. Thus, these
findings support the rationale of our study that myopia should
be taken into account in the diagnosis and treatment of
ophthalmologic patients.

Study Advantages and Limitations

Our study has several advantages. First, the use of the high-
resolution SOCT method allowed us to get direct cross-sectional
images of both: the anterior and posterior poles of the eye.
Secondly, all scans were obtained for all sectors at once for
every examined volunteer. Thirdly, visual careful inspection and
manual correction of layer delineation allowed us to minimize
the methodology artifacts of SOCT imaging (including motion
and automatic segmentation artifacts). Moreover, to investigate
different locations of the retina, we analyzed both central and
peripheral areas of the studied structures. Lastly, uniform age
groups prevented any age-related confounds, as the mean age of
the participants among the studied groups did not differ
significantly (F227 = 0.33, P =0.72). However, our study has
also some limitations, among which are: not taking into account
gender (though a similar number of men and women were
studied) and measurements performed only on Caucasian
people. Nevertheless, we believe our results show how using
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spectral optical coherence tomography imaging can have a
meaningful contribution to the knowledge of the influence of
refractive error in healthy myopic eyes with low and moderate
degrees on corneal and retinal measurements.

Conclusions

It is extremely important to determine the extent to which low
or moderate myopia in healthy people may influence the
thickness of eye structures. There was no relationship between
corneal thickness and SE. Macular retina thickness decreased
with increasing refractive error. Interestingly, different
behaviors of changes in macular retinal layer thicknesses with
increasing refractive error have been found. A thickening of
external macular retina layers (IS/OS and RFNL) was observed
in central and pericentral segments, while a thinning of internal
retina layers (RFNL-1S/OS distance) was seen mainly in the near
periphery, when SE increased from emmetropia to moderate
myopia. There was no correlation between papillary RFNL
thickness or optic disc parameters and SE. The observed effects
may rearrange previously reported findings on the influence of
refractive error on the thickness of eye structures in healthy eyes
and suggest that changes in the retina due to myopia may appear
earlier than in high myopia. Moreover, different retina layers
change differently. Thirdly, not every sector behaves in the same
manner. These results indicate the need to take into account the
different behaviors of retina layers in low and moderately
myopic eyes. It is especially important in diagnosing ocular
pathologies or in preparing ophthalmologic surgeries to prevent
erogenous interpretation of diagnostic results.
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