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Abstract: The purpose of this study is to analyze and compare pediatric normative data for the
retinal nerve fiber layer of Romanian children using two different spectral domain optical coherence
tomographs. Due to different scanning speeds and axial and transverse resolution, the results of the
measurements of scans cannot be transposed. A total of 140 healthy children aged 4 to 18 were enrolled
in the study. Overall, 140 eyes were scanned with a Spectralis SD-OCT (Heidelberg Technology), and
the other 140 eyes were imaged with a Copernicus REVO SOCT (Optopol Technology (Zawiercie,
Poland)). The mean global RNFL thickness and average RNFL thickness for the four quadrants were
measured and compared. The average peripapillary RNFL thickness measured with the Spectralis
was 104.03 + 11.42 (range 81 to 126 pum), while the one measured with the Revo 80 was 127.05 &+ 15.6
(range 111.43-158.28). The RNFL thickness measurements taken with the Spectralis in the superior,
inferior, nasal, and temporal quadrants were 132 +19.1, 133.5 & 21.77, 74 £ 16.48, and 73 + 11.95 um,
respectively, while those taken with the Revo 80 were 144.44 + 9.25, 144.86 +23.12, 96.49 + 19.41,
and 77 + 11.4 um, respectively. Multivariate analysis showed that the average RNFL thickness was
not influenced by gender or eye laterality and was negatively correlated with age when we used the
Spectralis device. This study provides normative data for SD-OCT peripapillary RNFL in healthy
Romanian children for two different tomographs. These data help the clinician evaluate and interpret
the results of optical coherence tomography for a child, taking into consideration all the technical and
individual parameters.

Keywords: RNFL thickness; normative data; spectral domain OCT; Romanian children

1. Introduction

A quick and objective tool for diagnosis or follow-up of glaucoma in the pediatric
population is of utmost importance for an ophthalmologist. Since the loss of ganglion cells
axons is irreversible, prevention of this damage before it occurs should be the main concern.
Perimetric and fundus changes will appear after the loss of significant axons [1]. Even
if empirical formulas were used to estimate retinal ganglion cells counts from structural
measurements with the aim to correlate visual field index in the assessment of neural
loss from glaucoma, a linear relationship between them has not been proven [2]. Finding
more objective methods to eliminate the subjectivity and improve the reproducibility of
traditional clinical diagnostic parameters is always a large concern [3].

Optical coherence tomography (OCT) imaging provides in vivo histology of the ante-
rior visual pathway and, respectively, allows reproducible quantification of retinal nerve
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fiber layers by segmentation [4—6]. It is a non-invasive test for both macula and nerve dis-
eases that uses low-coherence light reflected by the ocular tissues to obtain high-resolution
images [7].

Pediatric OCT imaging is a very intensely studied topic that is revolutionizing the
diagnosis and monitoring of the pediatric optic nerve or retinal disease. The analysis of a
pediatric examination is a complex and challenging task. The lack of normative data makes
the diagnosis and the therapeutic decision more difficult [8].

The new-generation, high-speed imaging technology spectral-domain OCT (SD-OCT)
uses a Fourier-domain interferometric method to provide up to a 5 um resolution [9].
Several manufacturers have proposed different SD-OCTs that provide better quality and
shorter image acquisition with fewer artifacts, which are characteristics that recommend
this investigation for the pediatric population. The RNFL measurements taken with an
earlier OCT model, TD-OCT, proved a good diagnostic ability and accuracy in glaucoma or
other optic nerve pathologies for both adults and children [10-15]. Although the results of
these early and late technologies are comparable, due to different scanning speed and axial
and transverse resolution, the results of these measurements cannot be transposed because
scanning protocols are different even among SD-OCT instruments [15,16].

The current technology used for young patients means that sometimes, we need to
sacrifice better resolution for higher speed, especially in non-compliant children. Therefore,
when possible, machine parameters should be adjusted for shorter scan lengths, fewer
repetitions, and lower line scan density to be sure we obtain some accurate images.

Data regarding pediatric normative values for the Spectralis SD-OCT (Heidelberg
Technology) are scarce, but there is also paucity of literature regarding the Copernicus
REVO (Optopol Technology).

The most recent SD-OCTs expand their clinical application, but there is still a need for
normative data regarding children.

The purpose of this study was to identify normative values for SD-OCT measurements
of RNFL thickness of healthy eyes in normal children using two of the most used technolo-
gies in Romania and to determine the difference between RNFL parameters measured by
different types of OCT.

2. Materials and Methods
2.1. Study Design and Subjects

This was an analytical prospective study carried out in two clinics: the Department
of Ophthalmology, “Iuliu Hatieganu”, University of Medicine and Pharmacy, Emergency
County Hospital in Cluj-Napoca, Romania, and Doctorlens Eye Clinic in Cluj-Napoca
between 1 January 2021 and 31 December 2022. All procedures in the study were carried
out in accordance with the Declaration of Helsinki. The legally responsible party received
detailed information about the nature of the investigation and provided written informed
consent before study enrollment.

The inclusion criteria included Caucasian children aged 4 to 18 with best-corrected
visual acuity (BCVA) of 1 (on the Snellen visual acuity scale), a maximal difference of
one line of vision between the visual acuity (VA) of both eyes, and no systemic or ocular
problems other than low or medium refractive errors.

The exclusion criteria were the following: prematurity, high refractive error, defined
as SE exceeding +6 diopters (D), history of manifest strabismus or amblyopia, family
history of glaucoma, any retinal or optic disc anomaly, previous ocular trauma, or delayed
psychomotor development.

All children underwent complete ophthalmological examinations. The best-corrected
distance VA of each eye was measured using the Snellen chart with and without correction.
Refractive errors were assessed under cycloplegia using Tropicamide 1% eyedrops instilled
three times, 10 min apart, and measured with an auto-refractometer (Topcon KR-8900).
Intraocular pressure assessment, motility examination, stereoacuity testing (Lang test), slit
lamp exam, and dilated fundoscopy were performed.
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2.2. Spectral-Domain OCT Measurements

OCT imaging was performed with a Spectralis SD-OCT (Heidelberg Engineering
(Port Melbourne, Australia), Heidelberg Germany software) and with SD-OCT Copernicus
REVO (Optopol Technology, Software Version 9.7) by the same well-trained technician. All
Spectralis measurements were made with preselected small eye length. Regarding the qual-
ity of the examinations, we took into consideration only well-focused images with signal
strength better than 20 (40 maximum) for Spectralis and better than 10 (30 maximum) for
Copernicus, as suggested by the manufacturer, with no overt misalignment or decentration
of the measurement circle location around the optic disc.

All examinations were performed after pupillary dilatation with Spectralis OCT (ver-
sion 7.0), which has an acquisition rate of 40,000 A lines per second, an axial resolution of
7 um in tissue, with an 870 nm superluminescent diode source. The circular scan mode
was used for peripapillary RNFL thickness measurements. For the Spectralis, a scan circle
with a diameter of 3.45 mm was manually positioned to locate the optic disc at the center
of the circle. For all patients, the tracking eye system and internal target was activated.
Spectralis technology provides an automatic real-time function with an eye-tracking system
with the purpose of increasing the image quality. With this function activated, multiple
frames of the same scanning location are obtained. The data obtained are then averaged for
noise reduction, and eye motion artefacts are reduced. The software calculates the average
RNFL thickness overall, globally (G, 360 degrees), for the four quadrants (superior (S),
inferior (I), nasal (N), and temporal (T), each 90 degrees), and then four additional sectors
(superior-temporal, superior-nasal, inferior-nasal, and inferior-temporal).

The SOCT Copernicus REVO (Optopol technology) uses a very child-friendly tech-
nology that includes a real-time hardware eye-tracking function that compensates for
blinking, loss of fixation, and involuntary eye moving during the OCT scanning. For
compliant children, automatic scanning of the optic nerve was used. There were just a
few patients that needed the manual scan after several trials with the automatic mode.
The scan measurement of the optic disc and TSINT region was analyzed based on the
captured OCT image of the optic disc in the [Disc 3D] mode. The RNFL profile indicates
the thickness of locations through which a measurement circle (diameter 3.45 mm centering
on the optic disc) passes, and the RNFL grid indicates the thickness of the region inside
the measurement circle. The values of RNFL analysis are shown in a map (Figure 1b). The
NFL thickness map shows thickness of the NFL layer on scanned area. The map has rings
around the disc, where the RNFL thickness data are used for TSNIT analysis.

2.3. Statistical Analysis

Descriptive statistics were expressed using both counts and percentages for the cat-
egorical variables while using means, medians, and standard deviations for the numer-
ical variables. Analysis of distribution was performed using Kolmogorov-Smirnov and
Shapiro-Wilk tests for normality in conjunction with the derived Q-Q plots and histograms.
Means (or medians) comparison was performed by using either independent samples ¢-test,
Mann-Whitney U, Kruskal-Wallis H (with Dunn-Bonferroni test in post hoc), or Wilcoxon
signed-rank test, each by case. Furthermore, linear relationships between scalar variables
were tested using either Pearson’s or Spearman’s correlations depending on the observed
distribution. With regard to categorical variables, crosstabs were created, with subsequent
testing for independence using chi-square/Fisher’s exact tests depending on the counts.

Microsoft Office Excel (Office 365 Suite) was used to create the databases. All statistical
analysis was performed using IBM SPSS Statistics v.26, and 95% confidence intervals are
reported as indicated. The threshold of statistical significance was set at a Pearson’s p = 0.05.
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Figure 1. (a) Spectralis SD-OCT scans of retinal nerve fiber layer thickness map. (b) SOCT Copernicus
REVO NFL thickness profile. [Personal database].

3. Results
3.1. Study Lot

A total of 75 children were analyzed using the Spectralis SD-OCT. Due to suboptimal
imaging quality, five subjects were withdrawn. A total of 140 eyes from 70 subjects met
the inclusion criteria, summing 36 (51.40%) females and 34 (48.60%) males. The mean
subject age (£SD) was 10.21 £ 8.32 years (range 4 to 18 years). Of the additional 75 children
examined using Revo80 SD-OCT, 2 were uncooperative, and 3 were excluded due to poor
image quality. Among these 140 eyes from 70 subjects admitted in the study, 43 (61.40%)
were female, and 27 (38.60%) were male. The mean age (+SD) was 9.11 & 7.20 years (range
4 to 18 years).

3.2. Statistical Power of the Study

We determined the statistical power of this study using between-subjects effects testing,
taking into account every eye as separated from both groups. The p-value revealed high
statistical significance for all parameters except temporal RNFL mean values. The observed
power showed high values, with temporal RNFL making the exception. All values are
displayed in Table 1.

Table 1. p-Values and observed power for global and sectorial RNFL thickness values.

RNFL p-Value Observed Power

Global <0.001 >0.999
Superior <0.001 0.999
Inferior <0.001 0.967

Nasal <0.001 >0.999

Temporal 0.096 0.383
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3.3. Global and Sectoral RNFL Thickness Values

Regarding the Spectralis measurements, the mean + SD for global RNFL thickness
was 104.03 £+ 22.84 um (with a median of 103.50 um). The inferior sector measured the
highest mean, i.e., 134.64 & 43.54 um, and the thinnest mean was found in the nasal sector,
ie., 74.20 £ 32.96 um. The values measured by Revo 80 were higher (p < 0.001) except for
the temporal sector (p = 0.071). The mean for global RNFL thickness was 127.05 £ 31.22 um,
and the median was 127.00 um. Concerning sectorial values, the highest mean was linked
to the inferior sector, i.e., 144.86 £ 38.50 um, although the thinnest mean RNFL appeared
in the temporal sector, i.e., 77.00 &= 22.80 pm as was presented in Table 2. The mean values
for both Spectralis and Revo 80 measurements are shown in Figures 2 and 3.

Table 2. Descriptive values of global and sectorial RNFL thickness in the Spectralis and Revo 80.

RNFL, um Spectralis Revo 80 p-Value
lt/ée];;l Median  Range 95% CI l\ée];;l Median  Range 95% CI

Global (11014402?; 103.50  81-159 10212  105.94 (112576015) 127.00  96-199 12444  129.66  <0.001
Superior (11392170?; 132.00  92-215  129.54  135.92 (114942454) 145.00 113239 141.23 14766  <0.001
Inferior (1231476;) 133.50  92-226  131.00  138.28 (12%))4&6) 14500  66-255 14099 14872  <0.001
Nasal (Zgig) 74.00 42-168 71.44 76.96 (?gﬁ) 95.00 59-158 93.25 99.74 <0.001

Temporal (?118;) 73.00 52-120 72.67 76.67 (Zgg) 76.00 54-108 75.09 7891 0.071

DEVICE
200 M Spectralis
M Revo 80

150

Mean (um)

100

S0

RMNFL RMNFL RMFL Inferior  RMNFL MNazal RMNFL
Superior Temporal

Error Bars: 95% CI
Error Bars: +- 2 5D

Figure 2. Clustered bar chart displaying the differences between mean values of global and sectorial
RNFL in Spectralis and Revo80.
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Figure 3. Bland—Altman chart of Spectralis and Revo80 measurements for Global RNFL, where o is
difference, — mean, and - lower and upper 95% limit values.

3.4. Side-To-Side Differences

Going further, we investigated the influence of eye laterality on our parameters. Global
RNFL thickness did not register significant differences (p = 0.306), with 103.31 & 18.56 um,
95% CI (101.10-105.53) mean value in the right eyes and 104.74 + 26.50 pm, 95% CI
(101.58-107.90) in the left eyes on the Spectralis measurements, respectively. In regard to
sectorial variability, superior and inferior RNFL means revealed higher values in the left
eye (Table 3).

Table 3. Global and sectorial RNFL thickness means filtered by eye laterality on the Spectralis
measurements.

Right Eye Left Eye
RNFL, um Mean Range Mean Range -Value
M (SD) 8 (SD) 8 P
103.31 104.74
Global (9.28) 81-137 (13.25) 82-159 0.306
. 130.67 134.79
Superior (17.03) 101-179 (20.88) 92-215 0.011
. 132.43 136.86
Inferior (18.25) 92-196 (24.73) 96-226 0.044
74.39 74.01
Nasal (13.86) 42-107 (18.85) 47-168 0.474
75.50 73.84
Temporal (12.98) 52-120 (10.85) 54-107 0.306

Likewise, the Revo80 recorded no significant differences between the left and the
right eyes in global RNFL values (p = 1.000). The means were 126.63 £ 30.38 pm, 95%
CI (123.01-130.25) for right eyes and 127.47 4 32.24 pm, 95% CI (123.63-131.32) for left
eyes. Association with laterality was only relevant for nasal RNFL sector (p = 0.023),
which showed differences between the eyes, with higher values in the right; the means
were 98.43 £ 40.90 um, 95% CI (93.55-103.31) and 94.56 + 36.52 pum, 95% CI (90.20-98.91),
respectively. (Table 4)



Diagnostics 2023, 13, 1377

7 of 13

Table 4. Global and sectorial RNFL thickness means filtered by eye laterality on Revo80 measure-

ments.
Right Eye Left Eye
RNFL, ym Mean Range Mean Range p-Value
(SD) (SD)

Global (11256169?; 96-170 (112671427) 99-199 1.000
Superior (114731383; 114-196 (12415.'1596) 113-239 0.051
Inferior (11496927(; 103-210 (124539571) 66-255 0.609
Nasal égi;) 59-151 (?ggg) 64-158 0.023
Temporal (ZSZ;) 54-108 (Zggi) 56-105 0.313

3.5. Gender Influence on Global and Sectorial RNFL Thickness

The mean value for global RNFL was 103.69 &+ 15.54 um, 95% CI (101.81-105.57) in
males and 104.35 & 28.16 um, 95% CI = (101.04, 107.66) in females for the Spectralis, respec-
tively, and 126.15 £ 28.32 um, 95% CI = (122.28, 130.01) in males and 127.62 + 33.02 um,
95%CI = (124.07, 131.16) in females for the Revo80 (Table 5). There were no differences
found between genders regarding global (p = 0.562 in Spectralis; p = 0.772 in Revo80) or
sectorial RNFL thickness values. Higher values of RNFL readings when measured with the
Revo80 remained consistent when filtering by gender except for the temporal sector RNFL
values (p = 0.125 for males and p = 0.196 for females).

Table 5. Means (filtered by gender) for global and sectorial RNFL thickness.

Spectralis Revo80 p-Value
RNFL, pm Male Female -Value Male Female -Value Male Female
Mean (SD) P p
N 68 72 54 86
103.69 104.35 126.15 127.62
Global 7.77) (14.08) 0.562 (14.16) (16.51) 0.772 <0.001 <0.001
. 133.32 132.17 142.87 145.43
Superior (15.93) (21.76) 0.427 (17.47) (20.33) 0.489 0.002 <0.001
. 133.28 135.93 142.67 146.23
Inferior (15.96) (26.15) 0.813 (23.97) (22.60) 0.998 0.015 <0.001
73.57 74.79 94.31 97.86
Nasal (13.35) (19.06) 0.921 (20.49) (18.70) 0.250 <0.001 <0.001
74.79 74.56 77.67 76.58
Temporal (9.54) (13.91) 0.460 (10.96) (11.71) 0.254 0.125 0.196

3.6. Age and Age Groups Variability

Age was negatively correlated with global (p = 0.039, Spearman’s rho = —0.175)
and superior sector RNFL values (p = 0.042, Spearman’s rho = —0.172) on the Spectralis
measurements (Figure 4). The Revo80 revealed negative correlation between age and
temporal sector RNFL values (p = 0.024, Spearman’s rho = —0.191).

We defined three age groups: group 1 includes children aged 4 to 9, group 2 includes
children from 9 to 14 years, and group 3 includes children from 14 to 18 years (Table 6). The
Kruskal-Wallis H test was used to compare RNFL values between those three age groups.
In the case of Spectralis measurements, differences between the values of global RNFL
thickness (p < 0.001) and superior (p = 0.001), inferior (p = 0.017), and temporal (p = 0.045)
sectors were found. Post hoc, we used the Dunn—Bonferroni test to further compare RNFL
values between the age groups taken two by two. For global RNFL thickness, we found
differences between groups 1 and 3 (p = 0.013) and groups 2 and 3 (p < 0.001). Between
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groups 1 and 3 (p = 0.006) and groups 2 and 3 (p = 0.001), the superior sector RNFL thickness
registered statistically significant differences. Differences were found only between groups
2 and 3 when we analyzed inferior (p = 0.014) and temporal (p = 0.040) sectors. Regarding
Revo80 measurements, differences were only found in the temporal sector (Kruskal-Wallis
p = 0.048), with group 1 registering statistically significantly higher values than group 3
(Dunn-Bonferroni p = 0.041).
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Figure 4. Scatterplot of global RNFL (A) and superior sector RNFL (B) thickness as a function of age
of the subjects on Spectralis measurements.
Table 6. Age group means for Global and Sectorial RNFL thickness.
Global RNFL Superior RNFL Inferior RNFL Nasal RNFL Temporal RNFL
" Mean (SD), um Mean (SD), pm Mean (SD), um Mean (SD), um Mean (SD), um
Gﬁ)gueps Spectralis Revo80 Spectralis Revo80 Spectralis Revo80 Spectralis Revo80 Spectralis Revo80 Spectralis Revo80
49 60 7 104.53 128.42 134.83 145.94 134.90 143.90 74.03 96.99 74.35 78.53
(9.98) (16.77) (18.78) (21.06) (22.14) (27.34) (13.08) (17.86) (10.26) (11.66)
9-14 44 48 108.23 126.81 137.50 143.96 140.70 146.92 77.48 97.04 77.50 77.00
(13.09) (12.65) (18.47) (16.03) (23.83) (15.49) (21.80) (20.19) (12.65) (10.80)
14-18 36 20 98.06 122.70 123.39 140.20 126.81 143.35 70.47 93.40 71.75 71.50

(8.96) (17.57)  (17.56)  (19.74)  (1577)  (2250)  (1339)  (23.35)  (13.18)  (10.64)

3.7. ISNT Rule

The ISNT rule is defined by descending values for pRNFL thickness sectors in the
following order: inferior > superior > nasal > temporal. We investigated the presence and
prevalence of ISNT rule in our groups, taking into consideration the eye laterality with
different groups for right and left eyes. Further, we evaluated the rule prevalence without
regard for laterality in all 140 eyes for each OCT model. In the Spectralis group, 47.1%, and
34.3%, respectively, respected the rule when evaluating the right eye and left eye separately.
The global prevalence in all 140 eyes was 40.7%. Regarding the Revo80 measurements,
prevalence of ISNT rule was 27.1% in the right eye and 24.3% in the left eye. When both
eyes were evaluated as a group, 25.7% followed the rule criteria.

We further observed the correlation between the ISNT rule and global RNFL thickness.
In the Spectralis measurements, the global RNFL values were higher (p = 0.007) in the
eyes following the rule (mean = 108.56 £ 26.37 um) as opposed to the ones that did not
(mean = 102.46 £ 20.73 um). The Revo80 measurements were higher in eyes following the
rule as well (p = 0.023). The mean was 131.21 & 35.41 um in the eyes that followed the rule in
contrast to the eyes that did not respect the criteria, where the mean was 124.19 £ 26.75 um.
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4. Discussion

Nowadays, the OCT is an indispensable tool for diagnosis and follow-up of optical
neuropathies and glaucoma in adults. Many studies demonstrate its feasibility and re-
producibility for pediatric age and an increase in diagnostic accuracy if the examiner had
normative data for the device that is used [17-21]. SD-OCT is a fast, easy, and noninvasive
examination that allows the clinician to quantitatively measure the thickness of the retinal
nerve fiber layer.

None of the available technologies and software have incorporated a normative data
base for pediatric population; thus, these machines use adult-normative data to compare
the measurement ranges and parameters.

The current study reported normative values of RNFL thickness using two different
technologies in 140 healthy Caucasian children aged 4-18 years. The RNFL measurements
obtained may vary according to the SD-OCT used and are not transposable.

4.1. Comparison of Global and Sectoral RNFL Thickness Values

The mean global RNFL thickness after Spectralis measurements was 104.03 £ 22.84 pm
in our group study. This value was similar to other studies performed with SD-OCT on
Caucasians [22,23] or in other races aged 4-18 years [24-26]. The “double-hump” pattern
was conformed, with the RNFL's highest thickness in the inferior quadrant, followed by the
superior quadrant and with very similar values for the nasal and temporal quadrants [24-29].

In comparison with Spectralis, the Copernicus technology, REVO80, measured sig-
nificantly higher mean global RNFL values, in accordance with the single literature result
performed on the same age group and same conditions [30].

Silverman et al. concluded in a study on an adult population that two different refer-
ence databases analyzed from two different technologies showed moderate to substantial
agreement, mentioning that both had a high specificity for identifying healthy eyes [31].

4.2. Comparison of Eye Laterality in Other Studies

The global RNFL thickness presented no significant differences between the right
and left eye when we measured with either Spectralis or Copernicus, which are results in
accordance with other studied measurements with the same technology [21,32-34]. Secto-
rial measurements show no significant difference between the eyes when performed with
Spectralis, whereas Copernicus scans show slightly different thicknesses in the right eye in
the nasal quadrant. There are few studies that report higher values of RNFL parameters,
but these occur in the left eye [13,18,35]. The interocular differences were also studied by
Altemir et al. [36] and Tan et al. [37], who recommended that RNFL thickness should not
be more than 13 um.

4.3. Comparison of Gender Influence on Global and Sectorial RNFL Thickness with Other Studies

Our study did not find statistically significant differences between male and female
RNFL thickness, in accordance with an important number of studies regardless of the
technology that was used [17,18,21,24,25,30,33,34,38-43]. Turk et al. found a significant
difference between female and male children in terms of RNFL only in the temporal inferior
segment, without any significant difference in the other RNFL parameters [22]. In a Zhu
et al. study, girls had higher thickness in the inferior and temporal RNFL sectors [44].
Huynh et al. and Chen et al. reported greater values in global RNFL, inferior sector, and
temporal sectors in boys [45,46].

4.4. Comparison of Age Group Variability with Other Studies

The influence of age on RNFL thickness and OCT parameters was investigated in
several studies. Our study reports a negative correlation between age and RNFL thickness
with both scanning technologies that we used, in accordance with Yanni et al. [25] and
Salchow et al. [21] in a similar age group. A recent review also concluded that there are
age-related variations [7]. Goh et al. reported a negative correlation between superior
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sector RNFL thickness and age [47]. Lee et al. [27] and Ali et al. demonstrated a statistically
significant effect of age on RNFL thickness [48]. In a recent study, Xiu-Juan Zhang et al.
noted that p-RNFL increases significantly with age among children 6 to 8 years old, similar
to the results that we obtained using Copernicus technology among the same age group.

However, most studies reported no significant association between age and RNFL
thickness in the pediatric population [17,22-26,28,30,32-35,38-41,44,49-53].

The impact of age on RNFL thickness in adults was explained in a recent meta-analysis
as an age-related loss of several parameters [54], whereas in the pediatric population, the
authors did not find a correlation between age and RNFL thickness. Hong et al. reported the
risk of overestimating the RNFL thickness in children < 15 years if the ocular magnification
effects are not taken into consideration [55].

4.5. Comparison of ISNT Rule on OCT Parameters with Other Studies

The neuroretinal rim (NRR) is an extension of the intrapapillary part of the optic nerve
fibers. NRR thinning is a sign of glaucoma; therefore, evaluation of its configuration is of
utmost importance [56]. It is known that glaucoma patients do not respect the ISNT rule.
Studies performed on pediatric populations demonstrate high variability and discordance,
so the disobedience of the ISNT rule cannot be interpreted as abnormal [54]. Pogrebniak
demonstrated that disobedience of ISNT rules occurs more often in pediatric populations
with large optic disc cups of nonglaucomatose origin [56]. Prematurity may also have an
influence on disobeying the rule criteria based on its impact on disc morphology, as it was
observed in children born prematurely (<32 gestational weeks) [56].

The majority of the pediatric cohorts respect the ISNT rule [17,18,21,33-35,40]. How-
ever, the violation of the ISNT can be observed in healthy eyes, and upon conducting
further investigations, it should not be classified as pathological [57].

4.6. Strengths and Limitations

There is a scarcity of literature on the Copernicus technology and pediatric populations.
The strength of this study is that it provides normative data for two different devices for
children. The comparison that was made emphasizes once again the need to use the same
device for the follow-up of a pediatric patient.

The normative data presented in this study can help clinicians manage optic nerve
pathologies, glaucoma, or risk factors in children. By comparing individual OCT scan-
ning technology results with normative data, technical and individual parameters can be
interpreted better and be of clinical use. Pediatric-normative parameters are usually not
provided by most companies, making routine pediatric ophthalmic practice deficient in
this regard. The article presents clinically important comparisons of different parameters
based on instrument, eye laterality, gender, age group, and ISNT rule.

There are also some limitations. The first one regards our sample size, which can be
classified as limited. Second, axial length was not taken into account when we used the
Copernicus technology, whereas the Spectralis examinations were all made with preselected
small axial length. However, there is a great variability of results reported on the importance
of this factor [21,42,58,59].

Another limit could be that we analyzed only European Caucasian children. There are
studies that suggest differences between races. Caucasian, Black (Afro Americans), and
Asian populations have been mostly studied until now [48,52,60,61].

5. Conclusions

This study provides useful normative data for two of the most used technologies in
Romania. Our results will help clinicians interpret and follow-up the pediatric pathology
that affects or could affect the optic nerve. The comparison emphasizes again that the
results obtained with different technologies are not interchangeable.



Diagnostics 2023, 13, 1377 11 of 13

Author Contributions: Conceptualization I.-A.N.-D.; Formal analysis, M.O.; Investigation, I.-A.N.-
D., A-M.D., M.C.H. and M.O. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Cluj County Emergency Clinical
Hospital (33, date of Approval: 18 February 2023) and by the Ethics Committee of “Iuliu Hatieganu”
University of Medicine and Pharmacy (41, and date of approval: 14 February 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request to the corre-
sponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Wen, Y, Zhu, Y.; Zhuo, Y. Changes of Peripapillary Retinal Nerve Fiber Layer in Childhood Glaucoma: A Systematic Review and
Meta-Analysis. Front. Med. 2021, 8, 740152. [CrossRef] [PubMed]

2. Marvasti, A.H.; Tatham, A.].; Zangwill, L.M.; Girkin, C.A.; Liebmann, ].M.; Weinreb, R.N.; Medeiros, F.A. The relationship
between visual field index and estimated number of retinal ganglion cells in glaucoma. Investig. Ophthalmol. Vis. Sci. 2013, 54,
3205-3214. [CrossRef] [PubMed]

3.  Lever, M.; Halfwassen, C.; Unterlauft, ].D.; Bechrakis, N.E.; Manthey, A.; Bohm, M.R.R. The Paediatric Glaucoma Diagnostic
Ability of Optical Coherence Tomography: A Comparison of Macular Segmentation and Peripapillary Retinal Nerve Fibre Layer
Thickness. Biology 2021, 10, 260. [CrossRef] [PubMed]

4. Rothman, AL, Sevilla, M.B.; Freedman, S.F; Tong, A.Y.; Tai, V.; Tran-Viet, D.; Farsiu, S.; Toth, C.A.; El-Dairi, M.A. Assessment of
retinal nerve fiber layer thickness in healthy, full-term neonates. Am. J. Ophthalmol. 2015, 159, 803-811. [CrossRef] [PubMed]

5. Schuman, ].S. Spectral domain optical coherence tomography for glaucoma (an AOS thesis). Trans. Am. Ophthalmol. Soc. 2008,
106, 426-458. [PubMed]

6.  Avery, R.A,; Rajjoub, R.D.; Trimboli-Heidler, C.; Waldman, A.T. Applications of optical coherence tomography in pediatric clinical
neuroscience. Neuropediatrics 2015, 46, 88-97. [PubMed]

7. Maccora, K.A; Sheth, S.; Ruddle, J.B. Optical coherence tomography in paediatric clinical practice. Clin. Exp. Optom. 2019, 102,
300-308. [CrossRef]

8. Lee, H,; Proudlock, FA.; Gottlob, I. Pediatric optical coherence tomography in clinical practice—Recent progress. Investig.
Opthalmology Vis. Sci. 2016, 57, 69-79. [CrossRef]

9.  Drexler, W,; Fujimoto, ].G. State-of-the-art retinal optical coherence tomography. Prog. Retin. Eye Res. 2008, 27, 45-88. [CrossRef]

10. Arvanitaki, V.; Tsilimbaris, M.K_; Pallikaris, A.; Moschandreas, I.; Minos, E.; Pallikaris, I.G.; Detorakis, E.T. Macular retinal and
nerve fiber layer thickness in early glaucoma: Clinical correlations. Middle East Afr. |. Ophthalmol. 2012, 19, 204-210.

11. Medeiros, FA.; Zangwill, L.M.; Bowd, C.; Vessani, R.M.; Susanna, R., Jr.; Weinreb, R.N. Evaluation of retinal nerve fiber layer,
optic nerve head, and macular thickness measurements for glaucoma detection using coherence tomography. Am. J. Ophtalmol.
2005, 139, 44-55. [CrossRef] [PubMed]

12. Cho, ].W,; Sung, K.R.; Hong, ].T.; Um, TW,; Kang, S.Y.; Kook, M.S. Detection of Glaucoma by Spectral Domain-scanning Laser
Ophthalmoscopy/Optical Coherence Tomography (SD-SLO/OCT) and Time Domain Optical Coherence Tomography. J. Glaucoma
2011, 20, 15-20. [CrossRef]

13. Qian, J.; Wang, W.; Zhang, X.; Wang, F; Jiang, Y.; Wang, W.; Xu, S.; Wu, Y,; Su, Y; Xu, X,; et al. Optical coherence tomography
measurements of retinal nerve fiber layer thickness in chinese children and teenagers. J. Glaucoma 2011, 20, 509-513. [CrossRef]
[PubMed]

14.  Mrugacz, M.; Bakunowicz-Lazarczyk, A. Optical coherence tomography measurement of the retinal nerve fiber layer in normal
and juvenile glaucomatous eyes. Ophthalmologica 2005, 219, 80-85. [CrossRef] [PubMed]

15.  Seibold, L.K.; Mandava, N.; Kahook, M.Y. Comparison of retinal nerve fiber layer thickness in normal eyes using time-domain
and spectral-domain optical coherence tomography. Am. J. Ophthalmol. 2010, 150, 807-814. [CrossRef]

16. Pinilla, I.; Garcia-Martin, E.; Idoipe, M.; Sancho, E.; Fuertes, I. Comparison of retinal nerve fiber layer thickness measurements in
healthy subjects using fourier and time domain optical coherence tomography. J. Ophthalmol. 2012, 2012, 107053. [CrossRef]

17.  Elia, N.; Pueyo, V.; Altemir, I.; Oros, D.; Pablo, L.E. Normal reference ranges of optical coherence tomography parameters in
child-hood. Br. J. Ophthalmol. 2012, 96, 665-670. [CrossRef]

18.  Queir6s, T.; Freitas, C.; Guimaraes, S. Valores de Referéncia da Tomografia de Coeréncia Optica na Idade Pediatrica [Normative
Database of Optical Coherence Tomography Parameters in Childhood]. Acta Med. Port. 2015, 28, 148-157. [CrossRef]

19. El-Dairi, M.A.; Holgado, S.; O’'Donnell, T.; Buckley, E.G.; Asrani, S.; Freedman, S.F. Optical coherence tomography as a tool for

monitoring pediatric pseudotumor cerebri. J. Am. Assoc. Pediatr. Ophthalmol. Strabismus 2007, 11, 564-570. [CrossRef]


https://doi.org/10.3389/fmed.2021.740152
https://www.ncbi.nlm.nih.gov/pubmed/34708055
https://doi.org/10.1371/journal.pone.0076590
https://www.ncbi.nlm.nih.gov/pubmed/24146895
https://doi.org/10.3390/biology10040260
https://www.ncbi.nlm.nih.gov/pubmed/33805903
https://doi.org/10.1016/j.ajo.2015.01.017
https://www.ncbi.nlm.nih.gov/pubmed/25634528
https://www.ncbi.nlm.nih.gov/pubmed/19277249
https://www.ncbi.nlm.nih.gov/pubmed/25803824
https://doi.org/10.1111/cxo.12909
https://doi.org/10.1167/iovs.15-18825
https://doi.org/10.1016/j.preteyeres.2007.07.005
https://doi.org/10.1016/j.ajo.2004.08.069
https://www.ncbi.nlm.nih.gov/pubmed/15652827
https://doi.org/10.1097/IJG.0b013e3181d1d332
https://doi.org/10.1097/IJG.0b013e3181f7b16c
https://www.ncbi.nlm.nih.gov/pubmed/21048509
https://doi.org/10.1159/000083265
https://www.ncbi.nlm.nih.gov/pubmed/15802931
https://doi.org/10.1016/j.ajo.2010.06.024
https://doi.org/10.1155/2012/107053
https://doi.org/10.1136/bjophthalmol-2011-300916
https://doi.org/10.20344/amp.6248
https://doi.org/10.1016/j.jaapos.2007.06.018

Diagnostics 2023, 13, 1377 12 of 13

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Chung, HK,; Han, YK.; Oh, S.; Kim, S.H. Comparison of Optical Coherence Tomography Measurement Reproducibility between
Children and Adults. PLoS ONE 2016, 11, e0147448. [CrossRef]

Salchow, D.J.; Oleynikov, Y.S.; Chiang, M.F.; Kennedy-Salchow, S.E.; Langton, K.; Tsai, J.C.; Al-Aswad, L.A. Retinal nerve fiber
layer thickness in normal children measured with optical coherence tomography. Ophthalmology 2006, 113, 786-791. [CrossRef]
[PubMed]

Turk, A.; Ceylan, O.M.; Arici, C.; Keskin, S.; Erdurman, C.; Durukan, A.H.; Mutlu, EM.; Altinsoy, H.I. Evaluation of the nerve
fiber layer and macula in the eyes of healthy children using spec-tral-domain optical coherence tomography. Am. |. Ophthalmol.
2012, 153, 552-559. [CrossRef] [PubMed]

Pérez-Garcia, D.; Ibafiez-Alperte, J.; Remon, L.; Cristébal, J.A.; Sanchez-Cano, A.; Pinilla, 1. Study of spectral-domain optical
coherence tomography in children: Normal values and influence of age, sex, and refractive status. Eur. |. Ophthalmol. 2016, 26,
135-141. [CrossRef] [PubMed]

Eslami, Y.; Vahedian, Z.; Moghimi, S.; Bazvand, F.; Salari, H.; Shahabinejad, M.; Malekpoor, A.; Fakhraie, G. Peripapillary Retinal
Nerve Fiber Layer Thickness in Normal Iranian Children Measured with Optical Coherence Tomography. J. Ophthalmic Vis. Res.
2018, 13, 453-457.

Yanni, S.E.; Wang, J.; Cheng, C.S.; Locke, K.I.; Wen, Y.; Birch, D.; Birch, E.E. Normative reference ranges for the retinal nerve fiber
layer, macula, and retinal layer thicknesses in children. Am. J. Ophthalmol. 2013, 155, 354-360. [CrossRef] [PubMed]

Wang, C.Y.; Zheng, Y.F; Liu, B.; Meng, Z.W.; Hong, E; Wang, X.X.; Wang, X.J.; Du, L.; Wang, L.Y,; Zhu, D.; et al. Retinal Nerve Fiber
Layer Thickness in Children: The Gobi Desert Children Eye Study. Investig. Ophthalmol. Vis. Sci. 2018, 59, 5285-5291. [CrossRef]
Lee, JW.Y,; Yau, G.S.K.; Woo, T.T.Y,; Yick, D.W,; Tam, V.T.; Lai, J.S. Retinal nerve fiber layer thickness in myopic, emmetropic, and
hyperopic children. Medicine 2015, 94, €699. [CrossRef]

Kang, M.-T,; Li, S.-M,; Li, H.; Li, L.; Li, S.-Y.; Zhu, B.-D.; Guo, Y.-Q.; Meng, B.; Sun, Y.-Y.; Ran, A; et al. Peripapillary retinal nerve
fibre layer thickness and its association with refractive error in Chinese children: The Anyang Childhood Eye Study. Clin. Exp.
Ophthalmol. 2016, 44, 701-709. [CrossRef]

Alasil, T.; Wang, K.; Keane, P.A.; Lee, H.; Baniasadi, N.; de Boer, J.F.; Chen, T.C. Analysis of normal retinal nerve fiber layer
thickness by age, sex, and race using spectral domain optical coherence tomography. J. Glaucoma 2013, 22, 532-541. [CrossRef]
Krumova, S.; Sivkova, N.; Marinov, V.; Koleva-Georgieva, D.; Voynikova, D. Normal reference ranges of optical coherence
to-mography parameters in children. Folia Med. 2020, 62, 338-344. [CrossRef]

Silverman, A.L.; Hammel, N.; Khachatryan, N.; Sharpsten, L.; Medeiros, F.A.; Girkin, C.A.; Liebmann, ].M.; Weinreb, R.N;
Zangwill, L.M. Diagnostic Accuracy of the Spectralis and Cirrus Reference Databases in Differentiating between Healthy and
Early Glaucoma Eyes. Ophthalmology 2016, 123, 408—414. [CrossRef]

Leung, C.K.; Yu, M.; Weinreb, R.N,; Ye, C; Liu, S.; Lai, G.; Lam, D.S. Retinal nerve fiber layer imaging with spectral-domain optical
co-herence tomography: A prospective analysis of age-related loss. Ophthalmology 2012, 119, 731-737. [CrossRef] [PubMed]
Larsson, E.; Eriksson, U.; Alm, A. Retinal nerve fibre layer thickness in full-term children assessed with Heidelberg retinal
to-mography and optical coherence tomography: Normal values and interocular asymmetry. Acta Ophthalmol. 2011, 89, 151-158.
[CrossRef]

Rotruck, J.C.; House, R.J.; Freedman, S.F,; Kelly, M.P; Enyedi, L.B.; Prakalapakorn, S.G.; Lim, M.E.; El-Dairi, M.A. Optical
Coherence To-mography Normative Peripapillary Retinal Nerve Fiber Layer and Macular Data in Children 0-5 Years of Age. Am.
J. Ophthalmol. 2019, 208, 323-330. [CrossRef] [PubMed]

Pawar, N.; Maheshwari, D.; Ravindran, M.; Ramakrishnan, R. Interocular symmetry of retinal nerve fiber layer and optic nerve
head parameters measured by Cirrus high-definition optical coherence tomography in a normal pediatric population. Indian J.
Ophthalmol. 2017, 65, 955-962. [CrossRef] [PubMed]

Altemir, I.; Oros, D.; Elia, N.; Polo, V.; Larrosa, ].M.; Pueyo, V. Retinal asymmetry in children measured with optical coherence
to-mography. Am. J. Ophthalmol. 2013, 156, 1238-1243. [CrossRef]

Tan, B.B.; Natividad, M.; Chua, K.-C.; Yip, L.W. Comparison of retinal nerve fiber layer measurement between 2 spectral domain
OCT instruments. J. Glaucoma 2012, 21, 266-273. [CrossRef]

Barrio-Barrio, J.; Noval, S.; Galdés, M.; Ruiz-Canela, M.; Bonet, E.; Capote, M.; Lopez, M. Multicenter Spanish study of
spectral-domain optical coherence tomography in normal children. Acta Ophthalmol. 2013, 91, 56-63. [CrossRef]

Ahn, H.-C.; Son, H.-W,; Kim, ].S.; Lee, ] H. Quantitative analysis of retinal nerve fiber layer thickness of normal children and
adolescents. Korean J. Ophthalmol. 2005, 19, 195-200. [CrossRef]

Al-Haddad, C.; Barikian, A.; Jaroudi, M.; Massoud, V.; Tamim, H.; Noureddin, B. Spectral domain optical coherence tomography
in children: Normative data and biometric correlations. BMC Ophthalmol. 2014, 14, 53. [CrossRef]

Giragag, EB.; Totan, Y.; Giiler, E.; Tenlik, A.; Ertugrul, I.G. Normative Spectral Domain Optical Coherence Tomography Data in
Healthy Turkish Children. Semin. Ophthalmol. 2017, 32, 216-222. [CrossRef] [PubMed]

Huynh, S.C.; Wang, X.Y.; Burlutsky, G.; Rochtchina, E.; Stapleton, E; Mitchell, P. Retinal and optic disc findings in adolescence: A
population-based OCT study. Investig. Ophthalmol. Vis. Sci. 2008, 49, 4328-4335. [CrossRef] [PubMed]

Tas, M.; Oner, V,; Tiirkcii, EM.; Alakus, ML.E; Simsek, A ; Iscan, Y.; Yazc, A.T. Peripapillary retinal nerve fiber layer thickness in
hyperopic children. Optom. Vis. Sci. 2012, 89, 1009-1013. [CrossRef] [PubMed]


https://doi.org/10.1371/journal.pone.0147448
https://doi.org/10.1016/j.ophtha.2006.01.036
https://www.ncbi.nlm.nih.gov/pubmed/16650674
https://doi.org/10.1016/j.ajo.2011.08.026
https://www.ncbi.nlm.nih.gov/pubmed/22019223
https://doi.org/10.5301/ejo.5000665
https://www.ncbi.nlm.nih.gov/pubmed/26428219
https://doi.org/10.1016/j.ajo.2012.08.010
https://www.ncbi.nlm.nih.gov/pubmed/23127751
https://doi.org/10.1167/iovs.18-25418
https://doi.org/10.1097/MD.0000000000000699
https://doi.org/10.1111/ceo.12764
https://doi.org/10.1097/IJG.0b013e318255bb4a
https://doi.org/10.3897/folmed.62.e46678
https://doi.org/10.1016/j.ophtha.2015.09.047
https://doi.org/10.1016/j.ophtha.2011.10.010
https://www.ncbi.nlm.nih.gov/pubmed/22264886
https://doi.org/10.1111/j.1755-3768.2009.01680.x
https://doi.org/10.1016/j.ajo.2019.06.025
https://www.ncbi.nlm.nih.gov/pubmed/31271744
https://doi.org/10.4103/ijo.IJO_71_17
https://www.ncbi.nlm.nih.gov/pubmed/29044060
https://doi.org/10.1016/j.ajo.2013.07.021
https://doi.org/10.1097/IJG.0b013e3182071cdd
https://doi.org/10.1111/j.1755-3768.2012.02562.x
https://doi.org/10.3341/kjo.2005.19.3.195
https://doi.org/10.1186/1471-2415-14-53
https://doi.org/10.3109/08820538.2015.1053625
https://www.ncbi.nlm.nih.gov/pubmed/26795877
https://doi.org/10.1167/iovs.07-0699
https://www.ncbi.nlm.nih.gov/pubmed/18829858
https://doi.org/10.1097/OPX.0b013e31825dcfe2
https://www.ncbi.nlm.nih.gov/pubmed/22729172

Diagnostics 2023, 13, 1377 13 of 13

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Zhu, B.-D,; Li, S.-M.; Li, H,; Liu, L.-R.; Wang, Y.; Yang, Z.; Li, S.-Y.,; Kang, M.-T.; Fu, J.; Qi, Y.-H.; et al. Retinal nerve fiber layer
thickness in a population of 12-year-old children in central China measured by iVue-100 spectral-domain optical coherence
tomography: The Anyang Childhood Eye Study. Investig. Opthalmology Vis. Sci. 2013, 54, 8104-8111. [CrossRef]

Huynh, S.C.; Wang, X.Y.; Rochtchina, E.; Crowston, J.G.; Mitchell, P. Distribution of optic disc parameters measured by OCT:
Findings from a population-based study of 6-year-old Australian children. Investig. Ophthalmol. Vis. Sci. 2006, 47, 3276-3285.
[CrossRef]

Chen, L.; Huang, J.; Zou, H.; Xue, W.; Ma, Y.; He, X;; Lu, L.; Zhu, J. Retinal nerve fiber layer thickness in normal Chinese students
aged 6 to 17 years. Investig. Ophthalmol. Vis. Sci. 2013, 54, 7990-7997. [CrossRef]

Goh, ].P; Koh, V;; Chan, Y.H.; Ngo, C. Macular Ganglion Cell and Retinal Nerve Fiber Layer Thickness in Children with Refractive
Errors—An Optical Coherence Tomography Study. J. Glaucoma 2017, 26, 619-625. [CrossRef]

Ali, AN.; Farag, R.K.; El1 Wahab, T.A.A.; Ghenem, A.A.; Habebeh, M. Macular and retinal nerve fiber layer analysis by optical
coherence tomography in normal children. ARC J. Ophthalmol. 2018, 3, 17-28.

Zhang, X.-J.; Lau, Y.-H.; Wang, Y.-M.; Chan, H.-N.; Chan, P.P.; Kam, K.-W,; Ip, P.; Zhang, W.; Young, A.L.; Tham, C.C,; et al.
Thicker Retinal Nerve Fiber Layer with Age among Schoolchildren: The Hong Kong Children Eye Study. Diagnostics 2022, 12,
500. [CrossRef]

Lim, M.E,; Jiramongkolchai, K.; Xu, L.; Freedman, S.F; Tai, V.; Toth, C.A; El-Dairi, M.A. Handheld Optical Coherence Tomography
Normative Inner Retinal Layer Measurements for Children <5 Years of Age. Am. J. Ophthalmol. 2019, 207, 232-239.

Rao, A.; Sahoo, B.; Kumar, M.; Varshney, G.; Kumar, R. Retinal nerve fiber layer thickness in children <18 years by spectral-domain
optical coherence tomography. Semin. Ophthalmol. 2013, 28, 97-102. [PubMed]

Ayala, M.; Ntoula, E. Retinal Fibre Layer Thickness Measurement in Normal Paediatric Population in Sweden Using Optical
Coherence Tomography. J. Ophthalmol. 2016, 2016, 4160568. [CrossRef] [PubMed]

Tsai, D.-C.; Huang, N.; Hwu, J.-J.; Jueng, R.-N.; Chou, P. Estimating retinal nerve fiber layer thickness in normal schoolchildren
with spectral-domain optical coherence tomography. Jpn. J. Ophthalmol. 2012, 56, 362-370. [CrossRef] [PubMed]

Banc, A.; Ungureanu, M.I. Normative data for optical coherence tomography in children: A systematic review. Eye 2021, 35,
714-738. [CrossRef]

Hong, S.W.; Ahn, Y.J.; Kang, N.Y. Relationship between Age and Retinal Nerve Fiber Layer Thickness in Normal Children. Semin.
Ophthalmol. 2017, 32, 655-660. [CrossRef]

Pogrebniak, A.E.; Wehrung, B.; Pogrebniak, K.L.; Shetty, R.K.; Crawford, P. Violation of the ISNT Rule in Nonglaucomatous
Pedjiatric Optic Disc Cupping. Investig. Ophthalmol. Vis. Sci. 2010, 51, 890-895. [CrossRef] [PubMed]

Dave, P; Jethani, J.; Shah, ]. Applicability of the ISNT and IST rules on retinal nerve fiber layer measurement on spectral-domain
optical coherence tomography in normal Indian children. Graefe’s Arch. Clin. Exp. Ophthalmol. 2015, 253, 1795-1799. [CrossRef]

Samarawickrama, C.; Wang, X.Y.; Huynh, S.C.; Burlutsky, G.; Stapleton, F.; Mitchell, P. Effects of refraction and axial length on
childhood optic disk parameters measured by optical coherence tomography. Am. J. Ophthalmol. 2007, 144, 459-461. [CrossRef]
Jun, J.-H.; Lee, S.-Y. The effects of optic disc factors on retinal nerve fiber layer thickness measurement in children. Korean J.
Ophthalmol. 2008, 22, 115-122. [CrossRef]

Grover, S.; Murthy, R K,; Brar, V.S.; Chalam, K.V. Normative Data for Macular Thickness by High-Definition Spectral-Domain
Optical Coherence Tomography (Spectralis). Am. ]. Ophthalmol. 2009, 148, 266-271. [CrossRef]

Huynh, S.C.; Wang, X.Y.; Rochtchina, E.; Mitchell, P. Peripapillary Retinal Nerve Fiber Layer Thickness in a Population of
6-Year-Old Children. Ophthalmology 2006, 113, 1583-1592. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1167/iovs.13-11958
https://doi.org/10.1167/iovs.06-0072
https://doi.org/10.1167/iovs.12-11252
https://doi.org/10.1097/IJG.0000000000000683
https://doi.org/10.3390/diagnostics12020500
https://www.ncbi.nlm.nih.gov/pubmed/23448566
https://doi.org/10.1155/2016/4160568
https://www.ncbi.nlm.nih.gov/pubmed/27980862
https://doi.org/10.1007/s10384-012-0142-7
https://www.ncbi.nlm.nih.gov/pubmed/22618665
https://doi.org/10.1038/s41433-020-01177-3
https://doi.org/10.3109/08820538.2016.1157613
https://doi.org/10.1167/iovs.09-3837
https://www.ncbi.nlm.nih.gov/pubmed/19737890
https://doi.org/10.1007/s00417-015-2980-8
https://doi.org/10.1016/j.ajo.2007.05.010
https://doi.org/10.3341/kjo.2008.22.2.115
https://doi.org/10.1016/j.ajo.2009.03.006
https://doi.org/10.1016/j.ophtha.2006.02.067
https://www.ncbi.nlm.nih.gov/pubmed/16949443

	Introduction 
	Materials and Methods 
	Study Design and Subjects 
	Spectral-Domain OCT Measurements 
	Statistical Analysis 

	Results 
	Study Lot 
	Statistical Power of the Study 
	Global and Sectoral RNFL Thickness Values 
	Side-To-Side Differences 
	Gender Influence on Global and Sectorial RNFL Thickness 
	Age and Age Groups Variability 
	ISNT Rule 

	Discussion 
	Comparison of Global and Sectoral RNFL Thickness Values 
	Comparison of Eye Laterality in Other Studies 
	Comparison of Gender Influence on Global and Sectorial RNFL Thickness with Other Studies 
	Comparison of Age Group Variability with Other Studies 
	Comparison of ISNT Rule on OCT Parameters with Other Studies 
	Strengths and Limitations 

	Conclusions 
	References

