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Abstract
Background: Asymmetry analysis of retinal layers in right and left eyes can be a valuable tool for 
early diagnoses of retinal diseases. To determine the limits of the normal interocular asymmetry in 
retinal layers around macula, thickness measurements are obtained with optical coherence tomography 
(OCT). Methods: For this purpose, after segmentation of intraretinal layer in threedimensional OCT 
data and calculating the midmacular point, the TM of each layer is obtained in 9 sectors in concentric 
circles around the macula. To compare corresponding sectors in the right and left eyes, the TMs of 
the left and right images are registered by alignment of retinal raphe (i.e. diskfovea axes). Since the 
retinal raphe of macular OCTs is not calculable due to limited region size, the TMs are registered 
by first aligning corresponding retinal raphe of fundus images and then registration of the OCTs 
to aligned fundus images. To analyze the asymmetry in each retinal layer, the mean and standard 
deviation of thickness in 9 sectors of 11 layers are calculated in 50 normal individuals. Results: 
The results demonstrate that some sectors of retinal layers have signifcant asymmetry with P < 
0.05 in normal population. In this base, the tolerance limits for normal individuals are calculated. 
Conclusion: This article shows that normal population does not have identical retinal information in 
both eyes, and without considering this reality, normal asymmetry in information gathered from both 
eyes might be interpreted as retinal disorders.
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Introduction
Recently, optical coherence 
tomography  (OCT) has revolutionized 
the clinical imaging of the retina by a 
noninvasive imaging modality in the 
diagnosis of ocular diseases.[1,2] The 
high‑resolution, cross‑sectional images 
of the retina can be obtained by OCT 
systems, and it provides a valuable tool 
for measuring the parameters of retinal 
morphology.[3] Improvements in automatic 
analysis will be beneficial to clinicians as 
it can improve the speed and accuracy of 
their diagnoses. Therefore, the automatic 
extraction of parameters such as retinal 
layer thickness is already possible.

Asymmetry analysis is a valuable tool 
for early diagnoses of retinal diseases. 
For instance, it is very common to 
investigate glaucomatous eyes by visual 

field tests. However, such a test is not 
sensitive enough to find very small loss 
in layers such as ganglion cells. By only 
focusing on interindividual variations in 
one eye, such small losses may not be 
found. This can simply justify our need to 
consider interocular differences to compare 
thicknesses of two eyes from one individual. 
It is expected that small interocular 
differences  (compared to variation across 
individuals) in normative database would 
provide an asymmetry limit range for normal 
population. It is also expected that different 
diseases would alter the symmetry to fall 
outside the normative range. This is already 
shown in symmetry analysis of retinal nerve 
fiber layer  (RNFL) in glaucoma,[4] but more 
sophisticated diseases affecting other retinal 
layers may also be considered.

For asymmetry analysis in retinal 
images, a number of previous works 
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are available.[4‑25] For instance, interocular symmetry/
asymmetry was analyzed on the RNFL thickness  (RNFLT) 
of the retina on OCT images in normal population to 
discriminate normal/abnormal cases. Table  1 summarizes 
the available works on symmetry of retinal layers between 
the right and left eyes using OCT.

To the best of our knowledge, no study is undertaken to 
evaluate symmetry of all 11 subretinal layers in concentric 
circles around the macula, by standards of the Early 
Treatment Diabetic Retinopathy Study  (ETDRS) in normal 
population, and the presented work determines that the 
normal tolerance limit is each sector of the mentioned 
circles for all 11 subretinal layers.

The purpose of this study is to determine normal tolerance 
limits for asymmetry of retinal layer thickness between 
two eyes and to infer that measurements beyond this level 
are signature of possible abnormalities. This article is 
extension of Mahmudi et al.’s study;[17] compared to which 
the number of volunteers is increased from 19 to 50, the 
evaluated layers consist 11 intraretinal layers rather than 
only focusing on RNFL and total retinal thickness, and the 
right and left eyes are aligned according to retinal raphe 
using a combined method by means of registration,[26] 
alignment, and fusion to provide a correct comparison.

Materials and Methods
Materials

The set of images is provided by the Ophthalmology 
Department, Feiz Hospital, Isfahan, Iran. The Ethics 

Committee of Isfahan University of Medical Sciences 
approved the study protocol, and the individuals gave approval 
before inclusion and provided written informed consent. 
Fifty normal individuals  (age 45  ±  10  years) participated in 
this study and underwent a comprehensive test; two eyes 
of each patient were tested with three‑dimensional  (3D) 
OCT‑1000  (MK2, Ver.  3.51) Topcon device which could 
produce both fundus and OCT images. The inclusion criteria 
for normal eye are presented in Table 2.

The individuals were recruited by advertisement among the 
general population of students and staff in the Department 
of Advanced Technologies in Medicine, Isfahan University 
of Medical Sciences, Isfahan, Iran.

Each captured image includes two modalities of OCT data 
and fundus image (described below):

Optical coherence tomography data

Each data includes macular OCTs of the right and left eyes. 
The dimension of the OCT data is 650 × 512 × 128 voxels 
with a voxel resolution of 3.54 × 11.72 × 46.88 µm which 
correspond to axial, nasal‑temporal, and superior‑inferior 
orientations. The dataset is, therefore, composed of 128 
slices with a size of 650 × 512.

Fundus images

Each image includes two‑color fundus image of the retina 
from the left and right eyes with dimension of 1534 ×1612 
pixels.

The dataset is publicly available in https://sites.
google.com/site/hosseinrabbanikhorasgani/datasets‑1/

Table 1: Studies on symmetry of retinal layers between the right and left eyes using optical coherence tomography
Research Publication 

year
Retinal layers Tolerance limit 

calculation (yes/no)
Population OCT 

type
Sector analysis 
(yes/no)

Kurimoto et al.[6] 2000 RNFL No Normal ONH PRNFL
Park et al.[9] 2005 RNFL No Normal ONH PRNFL
Budenz[10] 2008 RNFL Yes Normal ONH PRNFL
Asrani et al.[4] 2011 RNFL No Normal Macula Posterior pole grid
Larsson et al.[11] 2011 RNFL Yes Normal ONH PRNFL
Altemiret al.[12] 2013 RNFL Yes Normal Macula ETDRS
Dalgliesh et al.[14] 2015 RNFL No Normal Macula ETDRS
Al‑Haddad et al.[13] 2014 RNFL No Normal Macula ETDRS
Alluwimi et al.[15] 2014 RNFL No Normal Macula Posterior pole grid
Hwang et al.[18] 2014 RNFL Yes Normal Macula ETDRS
Lee et al.[19] 2015 GCL Yes Normal, glaucoma patients Macula No
Dalgliesh et al.[20] 2015 RNFL, total macula Yes Normal Macula ETDRS
Zhou et al.[21] 2016 GCL No Normal Macula ETDRS
Yang et al.[22] 2016 RNFL, PCT, SFCT Yes Isometropia patients EDI OCT ETDRS
Lee et al.[23] 2016 RNGL, GCIPL, ganglion 

cell complex, total retina
No Normal, glaucoma patients Macula No

Yamada et al.[24] 2014 RNFL, GCL, ganglion 
cell complex, total retina

Yes Normal, preperimetric, 
early, and advance glaucoma

Macula Upper and lower 
hemi retinal

RNFL – Retinal nerve fiber layer; PRNFL – Peripapillary RNFL; OCT – Optical coherence tomography; GCL – Ganglion cell layer; 
PCT – Peripapillary choroidal thickness; SFCT – Subfoveal choroidal thickness; ONH – Optic nerve head; EDI – Enhanced depth imaging; 
ETDRS – Early Treatment Diabetic Retinopathy Study; GCIPL – Ganglion cell and inner plexiform layer
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oct‑fundus‑right‑left and https://hrabbani.site123.me/
available-datasets/oct-data-color-fundus-images-of-left-
right-eyes-of-50-healthy-persons.

Asymmetry analysis for thickness of retinal layers

Covering a great part of the eye, the retina is a multilayered 
structure responsible for transforming light into neural 
signals for further use by the brain. In this article, using 
automatic 3D segmentation on each dataset,[27] thickness 
maps  (TMs) of 11 retinal layers in OCT, pertaining to 
histological retinal layers, were generated.
•	 Layer 1: nerve fiber layer
•	 Layer 2: ganglion cell layer
•	 Layer 3: inner plexiform layer
•	 Layer 4: inner nuclear layer
•	 Layer 5: outer plexiform layer
•	 Layer 6: outer nuclear layer
•	 Layer 7: inner segment layer
•	 Layer 8: connecting cilia
•	 Layer 9: outer segment layer
•	 Layer 10: Verhoeff membrane
•	 Layer 11: retinal pigment epithelium (RPE), also called 

the vitreous lamina.[28]

The proposed method compares each layer in two eyes 
of an individual and looks for tolerance limits of normal 

eyes. For this purpose, different steps are proposed, as 
demonstrated in Figure  1. The 3D segmentation is needed 
for calculation of each boundary; however, the OCTs in the 
right and left eyes need to have identical rotation to have a 
correct comparison in the right and left eyes. That is why 
the next steps are proposed to find the retinal raphe and 
to correct the rotation. Construction of OCT projection, 
determination of macular center, construction of TM, and 
finally registration are the steps for retinal raphe alignment. 
Finally, the registered TMs are analyzed in 9  sectors of 
concentric circles to determine the asymmetry of the left 
and right eyes and to find the tolerance limits for each 
sector in each layer. Each step of the block diagram in 
Figure 1 is elaborated in the following subsections.

Segmentation using diffusion map method

In this study, we used 3D intraretinal layer segmentation 
algorithm  (using coarse‑grained diffusion map)[27] on 
spectral‑domain OCTs. This method is a fast segmentation 
method based on a spectral graph method named diffusion 
maps.[29‑31] In contrast to other methods of graph‑based 
OCT image segmentation, the presented approach does not 
require edge‑based image information and rather relies on 
regional image texture.[32] As described in detail in Kafieh 
et al.’s study,[27] the method demonstrates robustness in low 
image contrast and poor layer‑to‑layer image gradients.

Each two‑dimensional  (2D)/3D OCT image was analyzed 
to localize 11 layers  (12 surfaces), as shown in Figure  2. 
Signed and unsigned errors of the method in Kafieh 
et al.’s study[27] (according to independent standard resulted 
from averaging tracings from two expert observers) are 
8.52 ± 3.13 and 7.56 ± 2.95 μm, respectively.

Optical coherence tomography projection and scaling

It is possible to collapse 3D OCT volumes along the 
depth axis to make a 2D projection map. There are several 
methods for making a projection such as averaging, 
highest, or lowest values of each column of 3D space.[33,34] 

Figure 1: Functional block diagram for asymmetry analysis of retinal layers

Table 2: Inclusion criteria for normal eye
1. No history or evidence of systemic diseases (diabetes mellitus, 
severe or uncontrolled systemic hypertension, pregnancy, cancer, 
kidney transplant, and autoimmune disease) or ophthalmic diseases 
(amblyopia, high intraocular pressure (IOP>21 mmHg), glaucoma 
and previous ocular surgery, macular degeneration, hazy media), or 
poor cooperation, which prevents high‑quality image acquisition
2. Visual acuity over 0.6
3. Spherical equivalent on refraction of within±3.0 diopters
4. Intraocular pressure <21 mmHg
5. Cup‑disc ratio <0.6 (measured by OCT)
IOP – Intraocular pressure; OCT – Optical coherence tomography
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In this study, we used the column average of 3D OCT 
slices to create a projection demonstrated in Figure  3. 
Such a projection image demonstrated a clear macular 
region, but the vessels are not obvious enough for vessel 
segmentation. Therefore, a limited averaging along x‑axis 
is proposed in outer retinal layers to produce vessel maps 
with clear vessel information.[35] This map, however, is not 
a good indicator for the macula region.

One important consideration in sampling ratio between OCT 
slices and corresponding fundus image is a four‑time scaling 
in vertical axes. The size of each projection is 128 × 512 with 
a resolution of 46.88 × 11.72 µm/pixel. It can be simply seen 
that the vertical resolution is four times higher than horizontal 
resolution, and we can change the size of each projected image 
into 512  ×  512 by scaling of vertical pixels and achieving 
equal resolution of 11.72 µm/pixel as shown in Figure 4.

Determination of the macular center  (fovea) in optical 
coherence tomography projections for ETRDS step

A diverse collection of methods is already proposed 
for automatic localization of fovea.[36‑39] We propose a 

simple strategy to find the middle point of the macula by 
pattern‑matching scheme. First of all, we made 10 training 
templates  (sized 153 × 153) manually located at the center 
of the macula. The averaged version of these templates 
was used as final template. Then, we used 2D convolution 
on averaged template and target image. Using maximum 
value, the coordinate of the center of macula was selected 
as the center point, as shown in Figure  5. For validation 
purpose, we compared the results with manual labeling of 
macula and 20.51 ± 6.09 µm error was achieved.

Construction of the thickness map

Analysis of thickness in retinal layers is an important 
way to quantify pathological changes.[40] In this study, 
the TMs are calculated by subtracting the location of two 
consequent boundaries calculated by 3D segmentation.[32] 
The boundaries first went into a curvature correction step 
with reference to lower boundary of RPE and are flattened 
before calculation of the thickness values.[32,41] The 
flattening step removes the tilt in B‑scans which may be 
due to off‑axis image acquisition, and since the curvature 
correction is performed in both the right and left eyes, the 
tilt angle will be removed similarly in both eyes.[42] TMs of 
the 11 retinal layers in the right and left eyes are displayed 
in pseudo color  [Figure  6a‑k]. Total retinal layer thickness 

Figure 3: Optical coherence tomography projection image generated by 
averaging each A‑scan contains macular location, but vessel information is 
unclear. The vessel map of optical coherence tomography is then generated 
by averaging outer retinal layers (after segmentation) to make clear vessel 
information without clear region

Figure 5: Two‑dimensional convolution of the averaged templates with the 
original image to find the center of the macula

Figure  2: Segmentation results of one slice from a 650  ×  512  ×  128 
spectral‑domain optical coherence tomography

Figure  4: (a) Optical coherence tomography projection,  (b) Looking 
for proper interpolation to compensate the difference of vertical and 
horizontal resolutions,  (c) Mutual correspondence between optical 
coherence tomography and fundus data, (d) interpolated optical coherence 
tomography projection
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is also calculated by summing thickness measurements in 
11 layers [Figure 6l].

Registration

As described above, the OCTs in the right and left eyes 
should have identical rotation to provide a correct 
comparison in the right and left eyes. The axons of retina 
pass over a route to optic nerve head  (ONH) without 
passing from the fovea  (raphe). The correct location of 

raphe discriminates superior and inferior regions correctly, 
and the overlaid ETRDS lines match the OCT data. 
However, if the raphe would not be correctly located, 
the ETRDS sectors will mix the OCT information, and 
the thickness values would be incorrect. Furthermore, the 
locations in the right and left eyes will not correspond 
mutually. Even, if we assume that raphe orientation would 
be identical in both eyes, we need this alignment due to the 
need for being registered with other individuals.

One way for making identical rotation in both eyes is 
alignment based on retinal raphe  (in this article, estimated 
by the line connecting macula to ONH); however, ONH 
is not detectable in projection images from macular 
OCTs. Therefore, the proposed strategy is to align the 
accompanying fundus images of the right and left eyes 
according to retinal raphe and then to register each OCT 
to the corresponding fundus image using extracted vessels 
in both modalities. Figure 7 shows the proposed alignment 
and registration method, and each step is elaborated in 
more detail in the next subsections.

Alignment of the accompanying fundus images

We used the retinal raphe for aligning fundus images of 
both eyes by rotating each fundus image to horizontal retinal 
raphe  [Figure  8]. To obtain the retinal raphe, middle point of 
the macula and optic disc in fundus image were obtained 
using a pattern‑matching scheme by manual building of 10 
training templates located at the center of the macula and 
ONH. The size of the macular templates is chosen (empirically) 
to be 201  ×  201, and the size of the ONH templates is 
chosen to be 121  ×  121. Then, an averaged version of these 

Figure 7: Functional block diagram of the proposed method for alignment of the accompanying fundus images of the right and left eyes according to 
retinal raphe and then registration of each optical coherence tomography projection to corresponding fundus image using extracted vessels

Figure 6: Thickness maps obtained from 11 retina layers (6a-k) and total 
retina (6l) in the left and right eyes of one participant
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templates was used as the final template to be used in 2D 
convolution [Figure 9]. It should be mentioned that the proposed 
pattern‑matching method for localization of optic disc or fovea 
may only be valid in normal individuals (which are of our 
interest in this article); however, if the proposed method would 
be applied on a population with unknown ocular condition, we 
may need to substitute the simple pattern‑matching method with 
more complex methods like.[43,44]

Registration of each optical coherence tomography to 
corresponding fundus image using extracted vessels

In this step, we have the correctly aligned fundus images, 
and if we register each OCT image with its corresponding 

fundus image, all four versions in the right and left eyes 
will have identical information. Since the OCT projection 
and fundus images vary in brightness and grayscale 
information, the main reliable information for registration 
of these two modalities is the extracted vessels. We chose 
an accurate vessel extraction method[45] for both modalities, 
as shown in Figure 10.

For registration of vessels in two modalities, we used 2D 
correlation between the aligned fundus data (with horizontal 
retinal raphe) and different versions of OCT data, rotated 
from  −15 to 15 degrees  [Figure  11]. The correlation value 
was found for each rotated OCT, and the maximum answer 
was selected as the “best rotation.” The calculated “best 
rotation” is then applied on 11 TMs derived from different 
layers of OCT, and the reported results were calculated 
according to these new registered versions.

Division into nine sectors around the macula

To quantify the results, the mean thickness of each retinal 
layer was investigated by allocating three concentric circles 
based on the ETDRS standard grid with diameters of 
1, 3, and 6  mm in 4 quadrants and 9  sectors around the 
macula[46] [Figure 12]. The mean ± standard deviation (SD) 
of pixels in each sector was calculated.

The purpose of this study is to determine the tolerance 
limits for asymmetry of retinal layer thickness on normal 
populations. Using these tolerance limits, one may obtain 
a criterion for the diagnosis of particular diseases. For 
this purpose, at first, we obtained a mean difference 
(right thickness minus left thickness) in each layer. The 
center of macula defines the center of the concentric 
circles. The central circle represents the central foveal 
area; the second circle was subdivided into temporal/
nasal  (sector 2), inferior  (sector 3), nasal/temporal  (sector 
4), and superior  (sector 5) parafoveal retinal areas for 
the left/right eye. The third circle is similarly subdivided 
into temporal/nasal (sector 6), inferior  (sector 7), nasal/
temporal  (sector 8), and superior  (sector 9) perifoveal 
retinal areas for the left/right eye. Note that in the right and 
left eyes, the labels 3, 5, 7, and 9 are mirrored. For each 

Figure 8: (a and b) Fundus images before alignment, (c and d) Fundus image 
after alignment with the specified area of optical coherence tomography 
projection,  (e and f) corresponding optical coherence tomography 
projections
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Figure 9: Two‑dimensional convolution of the averaged templates with the original fundus image to find the (a) center of the macula, (b) center of the optic disk
ba
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of 9  sectors, and for each of 11 layers, the mean and SD 
of thickness are calculated by taking the average and SD 
from all 50 3D datasets. Total retinal layer thickness is also 
calculated for each sector, by summing the thickness of all 
11 layers. A  sample of such rotated version of the TM for 
the first layer  (RNFL) with ETDRS grid is demonstrated 
in Figure  13. Furthermore, Figure  14 shows all four 
versions  (OCT TM and fundus in both eyes) with ETDRS 
grid after registration.

The next step to evaluate the asymmetry between the right 
and left eyes is calculating mean thickness difference (right 
thickness minus left thickness) in each layer. To justify the 

significance of the obtained differences, we also reported 
the corresponding P values.

Statistical analysis

Data were analyzed using MATLAB software, 
version  2012  (Mathworks, Natick, Mass). The Student’s 
t‑test was used to compare independent groups’ averaged 
differences. Continuous variables are presented as 
mean  ±  SD. A  two‑sided P  <  0.05 was considered 
statistically significant. In order to have a quantitative 
measure of the symmetry between the right and left eyes, 
the mean thickness difference  (right thickness minus left 
thickness) in each layer is investigated for 9 sectors around 
the macula. For diagnostic parameters (following a Gaussian 
distribution) in the healthy population, the mean  ±  twice 
the SD was calculated to contain 95% normal limits[10] 

Figure  11: Two‑dimensional correlation between aligned fundus 
(with horizontal retinal raphe) and rotated optical coherence tomography 
projections

Figure  10:  (a) Original fundus image,  (b) segmented vessels, 
(c) corresponding optical coherence tomography projection, (d) segmented 
vessels

dc

ba

Table 3: The maximum and minimum of the thickness for each layer
Layers The maximum of thickness/sector (right eye) ‑ The maximum of 

thickness/sector (left eye)
The minimum of thickness/sector (right eye) ‑ 

The minimum of thickness/sector (left eye)
1th layer (RNFL) 39.35±11.95/perifoveal nasal ‑ 38.03±11.07/perifoveal nasal 9.96±1.33/fovea ‑ 10.75±0.75/fovea
2nd layer 61.66±13.76/parafoveal temporal ‑ 59.66±12.56/parafoveal temporal 18.06±9.27/fovea ‑ 18.59±9.75/fovea
3rd layer 39.14±7.04/parafoveal nasal ‑ 40.73±7.02/parafoveal nasal 17.90±7.85/fovea ‑ 19.19±7.31/fovea
4th layer 46.13±7.01/parafoveal nasal ‑ 46.35±6.58/parafoveal inferior 36.07±7.03/fovea ‑ 33.45±7.11/fovea
5th layer 20.50±4.34/perifoveal superior ‑ 20.34±4.70/perifoveal superior 2.97±0.99/fovea ‑ 11.89±4.02/fovea
6th layer 78.79±6.04/fovea ‑ 81.08±4.90/fovea 56.18±9.76/perifoveal inferior ‑ 58.07±10.82/

perifoveal inferior
7th layer 29.74±2.62/parafoveal temporal ‑ 28.29±0.85/parafoveal temporal 27.48±2.24/fovea ‑ 27.11±1.42/fovea
8th layer 17.19±1.158/parafoveal nasal ‑ 17.21±1.22/fovea 15.57±2.87/perifoveal temporal ‑ 16.02±2.08/

perifoveal inferior
9th layer 11.58±0.77/fovea ‑ 11.64±0.80/fovea 9.40±1.79/perifoveal temporal ‑ 9.43±1.52/

perifoveal inferior
10th layer 16.81±1.55/fovea ‑ 16.86±1.56/fovea 11.13±2.58/perifoveal temporal ‑ 11.08±1.84/

perifoveal superior
11th layer 26.81±3.25/perifoveal superior ‑ 27.12±3.34/perifoveal superior 25.16±2.51/parafoveal temporal ‑ 25.23±2.26/

parafoveal temporal
Total retina 
thickness

337.67±16.92/parafoveal superior ‑ 339.59±16.09/parafoveal 
superior

270.99±18.14/fovea ‑ 275.929±17.80/fovea

RNFL – Retinal nerve fiber layer
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Figure 12: Circle scanning areas  (diameter 1, 3, and 6 mm) around the 
macula, broken into 4 quadrants and 9 sectors

Figure 13: A sample of rotated version of the thickness map for the first 
layer (retinal nerve fiber layer)

(the tolerance limit). To follow this hypothesis, we showed 
that the normal plot of the mean differences in each sector 
of retinal layers is almost linear and can be considered as a 
proof for its Gaussian distribution [Figure 15].

Results
In order to have a quantitative measure of the symmetry 
between the right and left eyes, the mean thickness 
difference  (right thickness minus left thickness) in each 

Figure 14: Optical coherence tomography thickness map and fundus in 
both eyes after registration. (a) Right eye, (b) left eye

ba

Ta
bl

e 
4:

 A
bs

ol
ut

 n
or

m
al

 to
le

ra
nc

e 
lim

its
 m

ea
n±

(2
×s

ta
nd

ar
d 

de
vi

at
io

n)
 in

 th
ic

kn
es

s o
f r

et
in

al
 la

ye
rs

L
ay

er
Se

ct
or

 1
Se

ct
or

 2
Se

ct
or

 3
Se

ct
or

 4
Se

ct
or

 5
Se

ct
or

 6
Se

ct
or

 7
Se

ct
or

 8
Se

ct
or

 9
1th

1.
15

±(
2×

0.
95

)
2.

64
±(

2×
1.

54
)

4.
16

±(
2×

1.
89

)
1.

23
±(

2×
1.

45
)

2.
68

±(
2×

1.
40

)
4.

03
±(

2×
1.

56
)

4.
86

±(
2×

3.
18

)
2.

36
±(

2×
1.

67
)

3.
65

±(
2×

1.
39

)
2nd

6.
87

±(
2×

2.
69

)
6.

09
±(

2×
3.

09
)

8.
49

±(
2×

3.
58

)
7.

16
±(

2×
4.

41
)

8.
97

±(
2×

3.
06

)
6.

88
±(

2×
3.

15
)

8.
48

±(
2×

3.
53

)
6.

46
±(

2×
2.

89
)

9.
29

±(
2×

3.
37

)
3rd

7.
94

±(
2×

2.
10

)
5.

28
±(

2×
1.

78
)

5.
55

±(
2×

1.
98

)
5.

33
±(

2×
1.

85
)

5.
14

±(
2×

2.
89

)
5.

60
±(

2×
2.

70
)

6.
33

±(
2×

2.
85

)
3.

37
±(

2×
2.

18
)

7.
63

±(
2×

3.
02

)
4th

7.
76

9±
(2

×2
.4

8)
5.

28
±(

2×
2.

92
)

5.
97

±(
2×

3.
39

)
5.

06
±(

2×
3.

55
)

5.
46

±(
2×

4.
32

)
4.

04
±(

2×
2.

65
)

6.
69

±(
2×

4.
74

)
4.

17
±(

2×
3.

14
)

8.
59

±(
2×

4.
39

)
5th

3.
27

±(
2×

1.
72

)
2.

97
±(

2×
0.

99
)

1.
68

±(
2×

1.
72

)
2.

49
±(

2×
1.

32
)

2.
81

±(
2×

0.
99

)
1.

73
±(

2×
0.

60
)

1.
83

±(
2×

0.
94

)
2.

06
±(

2×
0.

81
)

1.
27

±(
2×

1.
05

)
6th

6.
31

±(
2×

2.
66

)
4.

07
±(

2×
1.

58
)

4.
07

±(
2×

1.
58

)
5.

55
±(

2×
3.

22
)

4.
28

±(
2×

2.
36

)
4.

07
±(

2×
2.

44
)

4.
93

±(
2×

4.
78

)
4.

99
±(

2×
4.

74
)

8.
70

±(
2×

4.
02

)
7th

1.
19

±(
2×

1.
09

)
0.

41
7±

(2
×0

.2
)

0.
71

±(
2×

0.
76

)
1.

72
±(

2×
1.

95
)

0.
94

±(
2×

1.
04

)
0.

38
±(

2×
0.

64
)

1.
33

±(
2×

2.
48

)
1.

77
±(

2×
3.

56
)

0.
27

±(
2×

1.
24

)
8th

1.
27

±(
2×

0.
63

)
0.

60
±(

2×
0.

38
)

0.
68

±(
2×

0.
47

)
0.

61
±(

2×
0.

28
)

0.
76

±(
2×

0.
29

)
0.

65
±(

2×
0.

42
)

0.
86

±(
2×

0.
97

)
0.

81
±(

2×
1.

43
)

0.
47

±(
2×

0.
66

)
9th

0.
60

±(
2×

0.
28

)
0.

51
8±

(2
×0

.1
)

0.
46

±(
2×

0.
19

)
0.

40
±(

2×
0.

20
)

0.
42

±(
2×

0.
15

)
0.

28
±(

2×
0.

19
)

0.
49

±(
2×

0.
52

)
0.

37
±(

2×
0.

60
)

0.
48

±(
2×

0.
32

)
10

th
0.

91
±(

2×
0.

50
)

0.
68

±(
2×

0.
36

)
0.

61
±(

2×
0.

39
)

0.
53

±(
2×

0.
34

)
0.

67
±(

2×
0.

33
)

0.
45

±(
2×

0.
27

)
0.

44
±(

2×
0.

73
)

0.
49

±(
2×

0.
60

)
0.

69
±(

2×
0.

44
)

11
th

1.
59

±(
2×

0.
72

)
1.

28
±(

2×
0.

48
)

0.
90

±(
2×

0.
59

)
1.

14
±(

2×
0.

52
)

0.
81

±(
2×

0.
43

)
0.

78
±(

2×
0.

56
)

1.
54

±(
2×

1.
46

)
1.

02
±(

2×
1.

80
)

0.
92

±(
2×

1.
10

)
To

ta
l r

et
in

a
10

.7
2±

(2
×3

.0
4)

3.
62

±(
2×

3.
05

)
5.

22
±(

2×
3.

39
)

4.
11

±(
2×

2.
85

)
6.

83
±(

2×
4.

83
)

7.
04

±(
2×

3.
68

)
12

.7
3±

(2
×1

8.
8)

9.
26

±(
2×

19
.9

)
10

.2
7±

(2
×1

0.
2)

Se
ct

or
 1

 –
 F

ov
ea

; S
ec

to
r 2

 –
 P

ar
af

ov
ea

l n
as

al
; S

ec
to

r 3
 –

 P
ar

af
ov

ea
l i

nf
er

io
r; 

Se
ct

or
 4

 –
 P

ar
af

ov
ea

l t
em

po
ra

l; 
Se

ct
or

 5
 –

 P
ar

af
ov

ea
l s

up
er

io
r; 

Se
ct

or
 6

 –
 P

er
ifo

ve
al

 n
as

al
; S

ec
to

r 7
 –

 P
er

ifo
ve

al
 

in
fe

rio
r; 

Se
ct

or
 8

 –
 P

er
ifo

ve
al

 te
m

po
ra

l; 
Se

ct
or

 9
 –

 P
er

ifo
ve

al
 su

pe
rio

r



Mahmudi, et al.: Evaluation of asymmetry in retinal layers for right and left eyes

20� Journal of Medical Signals & Sensors | Volume 11 | Issue 1 | January-March 2021

the significance of the obtained differences, P  value is 
also obtained for each layer in Table 5. P value indicates 
asymmetry on RNFLT in fovea and perifoveal temporal 
sectors between two eyes (P < 0.05). We also showed the 
detailed results for a sample layer (6th  layer) in Table 6.

Conclusion
The present study is set to determine normal tolerance 
limits for asymmetry of inter‑retinal layers’ thickness 
in normal population. Knowing the tolerance limits, 

Table 5: P values of the differences
Layers Sector 1 Sector 2 Sector 3 Sector 4 Sector 5 Sector 6 Sector 7 Sector 8 Sector 9
1st layer 0.005 0.36 0.35 0.20 0.49 0.34 0.35 0.02 0.40
2nd layer 0.42 0.41 0.19 0.29 0.35 0.33 0.18 0.35 0.33
3rd layer 0.27 0.21 0.45 0.49 0.35 0.22 0.18 0.37 0.30
4th layer 0.05 0.36 0.05 0.15 0.23 0.48 0.45 0.37 0.18
5th layer 0.05 0.49 0.28 0.04 0.34 0.48 0.48 0.41 0.45
6th layer 0.05 0.31 0.05 0.01 0.07 0.30 0.26 0.05 0.48
7th layer 0.24 0.41 0.26 0.005 0.14 0.20 0.16 0.37 0.48
8th layer 0.32 0.50 0.29 0.45 0.38 0.33 0.43 0.23 0.32
9th layer 0.40 0.42 0.36 0.36 0.25 0.46 0.45 0.37 0.41
10th layer 0.45 0.46 0.42 0.46 0.47 0.42 0.48 0.32 0.28
11th layer 0.34 0.44 0.39 0.45 0.44 0.34 0.42 0.47 0.37
Total retina thickness 0.17 0.31 0.15 0.33 0.34 0.11 0.37 0.26 0.42
Sector 1 – Fovea; Sector 2 – Parafoveal nasal; Sector 3 – Parafoveal inferior; Sector 4 – Parafoveal temporal; Sector 5 – Parafoveal 
superior; Sector 6 – Perifoveal nasal; Sector 7 – Perifoveal inferior; Sector 8 – Perifoveal temporal; Sector 9 – Perifoveal superior

layer is investigated for 9 sectors around the macula. The 
maximum and minimum of the thickness for each layer 
of two eyes are shown in Table  3. Furthermore, Table  4 
summarizes the absolute normal tolerance limits. For 
instance, tolerance limits in RNFL thickness for 9 sectors 
are 1.15± (2 × 0.95) in sector 1, 2.64± (2 × 1.54) in sector 
2, 4.16± (2 × 1.89) in sector 3, 1.23± (2 × 1.45) in sector 
4, 2.68± (2 × 1.40) in sector 5, 4.03± (2 × 1.56) in sector 
6, 4.86± (2 × 3.18) in sector 7, 2.36± (2 × 1.67) in sector 
8, and 3.65±  (2  ×  1.39) in sector 9  (in µm). To justify 

Figure 15: (a) Histogram showing the frequency distribution of the differences in mean for one layer. (b) Normal probability plot for one layer. (c) Histogram 
showing the frequency distribution of the differences in mean for one sector of layer. (d) Normal probability plot for one sector of layer
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we may suspect when patients would exceed these 
limits.

The state of being or not being asymmetric in retinal layers’ 
thickness is investigated for the first time in this article. The 
results show that most of the sectors in each retinal layer 
are not significantly asymmetry, but some specific sectors 
of retinal layers have significant asymmetry with P < 0.05 
in normal population. Fifth to seventh layer and RNFL 
seem to be more tedious to be asymmetric. Perifoveal and 
parafoveal temporal sectors and ventral  fovea sector are 
more asymmetric in comparison with other sectors.

We also determined normal tolerance limits for asymmetry 
of retinal layer thickness in normal population. The normal 
tolerance limit has the highest value in perifoveal inferior, 
suggesting that the asymmetric values in this region are 
not a reliable sign of abnormalities. On the other hand, 
parafoveal nasal sector has a narrow normal limit of 
asymmetry and small variations in this region should be 
considered as a possible sign of abnormal situation.

One of the limitations in this work is the correct localization 
of the fovea on OCT projections. The incorrect location 
can alter the results considerably since many stages are 
dependent on it. Two potential sources of error are manual 
determination of the convolution templates, and the use of 
convolution operator on these templates, which leads to 
an error of 20.51  ±  6.09  µm in this research. A  possible 
alternate to this method is localization of fovea using the 
deepest point in internal limiting membrane surface. This 
might be an accurate method supposing that dense OCT 
scans are available. To clear up, in this work, 128 scans 
provide a resolution of 46.88  ×  11.72  µm/pixel. Namely, 
each B‑scan is located 46.88 µm far from the next B‑scan. 
In most fortunate conditions, one B‑scan passes from the 
fovea and the deepest point would lead correctly to the 
result; otherwise, an error of at most 23.44  =  46.88/2 µm 
would be expected. This becomes worse if the number of 
scans would reduce to common numbers like 20 scans. We, 
therefore, admitted the convolution strategy with calculated 
20.51  ±  6.09  µm error. This might be trivial comparing 
with 23.44 = 46.88/2 µm error in 128‑slice acquisition but 

is considerably low in other datasets with low number of 
slices.

In conclusion, this article shows that normal population 
does not have identical retinal information in both eyes, 
and without considering this reality, normal asymmetry in 
information gathered from both eyes might be interpreted 
as retinal disorders.

We are now working on developing this study for 
evaluating asymmetry/symmetry in patients suffering from 
different ocular diseases. Furthermore, other features such 
as cup‑to‑disc ratio using ONH OCT may be considered in 
symmetry analysis in future works.
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