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Abstract
The purpose of this study is to systematically review the reported data of normal optical coherence tomography (OCT)
results in the paediatric population. A systematic literature search was performed using the PubMed, Embase, and Web of
Science databases, using the keywords “optical coherence tomography”; “normative data” or “healthy eyes”; “children” or
“paediatric population”. Studies with at least 50 participants were included, irrespective of the OCT equipment employed.
We excluded the OCT angiography studies or the studies investigating the choroidal thickness. Seventy-four studies were
included in the final analysis and information on study design, number of participants, demographic characteristics, type of
OCT equipment, OCT parameters and results was collected. Due to the high variability of OCT instruments and parameters
used, a meta-analysis was not feasible. We report the normative values for the peripapillary retinal nerve fibre layer thickness
and the macular retinal thickness for each ETDRS quadrant, as provided by the studies included in the present analysis. We
also report the influence of ethnicity, age, gender, eye laterality, ISNT rule, spherical equivalent, and axial length on OCT
results.

Introduction

Optical coherence tomography (OCT) is a non-invasive and
non-contact imaging technique, which found its applic-
ability in various ocular conditions affecting either the
anterior segment of the eye or the optic nerve and the retina.
Due to the high speed of scanning, the OCT assessment can
also be performed in patients who present certain difficulties
in collaboration, including children. Despite of the chal-
lenges of OCT use in the paediatric population (e.g., height
and position of the headrest, size of the machine, image
artifacts produced by small movements, etc.), there are
numerous papers reporting the OCT evaluation in children
with optic nerve swelling, glaucoma, retinal dystrophies,
and other [1], with high repeatability and reproducibility
indices for the OCT use in this young population [2].

Several OCT instruments produced by different manu-
facturers are available, but the equipment has an incorpo-
rated age-matched normative database only for adults. This
is the reason why the quantitative interpretation of results
obtained in children is difficult.

Some authors suggested to use the follow-up method,
which consists in setting the first examination as a refer-
ence, and all the other examinations would be compared to
the first [3]. However, the sequential analysis of a growing
eye during larger periods of time could be potentially
influenced by the changing values of the examined para-
meters given by the growth itself.

Other researchers examined the OCT features in normal
children and many papers showing these results have
already been published. In order to help the clinicians to
find the relevant study for their practice, the purpose of our
paper is to review the literature on the normative data for
OCT parameters in the paediatric population.

Methods

A systematic literature review was conducted using the
PubMed, Embase, and Web of Science databases. The
search was performed independently by both authors
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according to the guidelines of Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [4]. We
restricted the search to articles published in English and the
following MeSH terms (Medical Subject Headings) were
used: “optical coherence tomography”, “normative data-
base” OR “healthy eyes”, “children” OR “paediatric
population”. We did not use any restriction for the
publication date.

The inclusion criteria were: original studies conducted on
human participants aged <18, no ocular disease other than
refractive errors, use of posterior pole OCT, and at least 50
participants enroled in the study.

We excluded review articles and the papers in which
adult participants were also included or the patients had a
systemic disease which can induce retinal or optic nerve
alterations (e.g., diabetes). We did not include in the present
review the research on OCT angiography or the studies
which had the objective to evaluate the thickness of the
choroid. Inconsistency in statistical report was another
reason for exclusion. We also excluded the studies which
investigated solely the reproducibility of the OCT exam-
ination in children.

All the records were screened for relevancy based on title
and abstract, and the relevant articles were included in the
full-text evaluation. The above-mentioned inclusion and
exclusion criteria were the only criteria used to determine
the eligibility of each study. The differences between the
lists of eligible studies were discussed by the two authors.
We also performed a manual search of the list of references
of the included articles in order to identify additional pub-
lished studies not indexed in the three databases.

We did not use the type of OCT equipment as an indi-
cator for the selection of articles, and we have no conflict of
interest for this research. The date of our last search was
June 17, 2020.

In order to perform the quality assessment for the
included studies, we employed the Joanna Briggs Institute
Critical appraisal tool for case series [5]. From each study
included into evaluation, we collected information on study
design, number of participants, demographic characteristics,
type of OCT equipment, and OCT parameters.

Results

The review process

The PubMed database search provided 581 records, Embase
provided 562 records, and Web of Science 274 records.
After screening and full-text assessment, 74 articles were
included into the analysis (Fig. 1).

In Table 1, we provide the results of the quality assess-
ment of the studies included in our systematic review. The

Joanna Briggs Institute checklist [5] contains 10 items
assessing the selection bias (item 1), performance bias
(items 2 and 3), design bias (items 4, 5, and 10), and
reporting bias (items 6–9). All these items are found in
Table 1. For item 2, we considered the standardised oph-
thalmological examination which had concluded that the
selected eyes were normal, whereas for item 3 we assessed
the OCT scanning protocol of the included eyes. Regarding
the reporting of the demographics of the participants in the
study (item 6), we took into consideration age, gender, and
ethnicity. For item 7, we evaluated the reporting of the
ophthalmological evaluation results, and for item 8 we
assessed the reporting of OCT results.

The records in Table 1 are sorted by OCT technology,
alphabetically by OCT manufacturer, and then chron-
ologically by the publication date; this order is respected
throughout the “Results” section.

Collected data

In Table 2 are found the demographic and clinical features
of the papers included in the present review. Twenty-two
studies were conducted using the time domain OCT tech-
nology, whereas 52 studies employed spectral domain OCT
devices. Twenty-four studies were population based,
whereas the other were hospital based. The vast majority of
the studies included children older than 3 and the OCT
evaluation was performed at a table-mounted instrument;
four papers used a handheld OCT device to examine neo-
nates or very young children [6–9].

Fig. 1 Flow diagram indicating the review process. Records iden-
tified through searching of 3 databases were screened based on title
and abstract; after duplicates were removed, the full-text version of
103 articles was assessed for eligibility. Four additional papers were
found by searching the lists of references of the eligible articles. After
the exclusion of 33 articles which did not meet the inclusion criteria,
74 studies were included in the present review.
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Table 3 comprises the values of the predefined peripa-
pillary retinal nerve fibre layer (RNFL) thicknesses, as
reported by the included studies. Other papers used addi-
tional optic disc parameters or employed custom-made
scanning protocols (see Table 2 to identify such studies).

In Table 4 are included the values of the average and
sectorial thicknesses of the macula. The ETDRS (Early
Treatment Diabetic Retinopathy Study Research Group
1991) circular grid [10] scanning protocol was the most
frequently used. Some studies also evaluated segmented
retinal layers’ thickness (results not included in Table 4).

Due to the high variability of both the OCT instruments
and methodologies of the studies, a statistical analysis of the
data was not feasible.

Discussion

Comments on our methodology

We included both hospital-based and population-based
studies. Although population-based studies are preferable
for the topic of our paper, the majority of studies are hos-
pital based and valuable information would have been lost if
we excluded this type of studies. Moreover, the inclusion
and exclusion criteria for all the studies were thoroughly
verified.

We chose arbitrarily the minimum number of participants
included in the selected papers (i.e., 50 participants):
although higher number of records is required for a database
to be considered normative, there are several limitative
factors for such a study to be conducted (e.g., collaboration
of children, parent or tutor consent, experience of techni-
cians, and others).

Risk of bias within the studies

Table 1 demonstrates that the highest risk of bias of the
included studies is related to the consecutive inclusion of
participants, and complete inclusion of participants,
respectively.

Risk of bias across the studies

We observed a high variability of inclusion criteria and/or
ophthalmological tests performed across the studies (i.e.,
selection bias)—e.g., visual acuity presented different ran-
ges between studies, cycloplegia was performed only in
some studies before the refraction measurement, and only a
part of the studies also included the assessment of the
intraocular pressure. Moreover, some investigators exam-
ined and/or included into analysis only one eye of each
participant.Ta
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Influence of ethnicity on OCT parameters

The influence of race or ethnicity on the OCT parameters
was reported by the following authors:

(1) Huynh et al. [11]: Central and inner macular thickness
is higher in white children compared with East
Asians, and the thickness of the outer temporal
macular region is higher in Middle Eastern children
compared with whites.

(2) Huynh et al. [12]: Both the average and sectorial
RNFL thicknesses are higher in white participants
compared with East Asians.

(3) Huynh et al. [13]: East Asians had larger optic discs,
but smaller neural rim areas than European white
children.

(4) El-Dairi et al. [14]: The inner macular thickness,
foveal thickness and total macular volume were
greater in white children compared with black
children, whereas the thicknesses of average RNFL
and superior quadrant of RNFL were higher in black
than in white children.

(5) Tariq et al. [15]: East Asians demonstrated the
strongest relationship between axial length and retinal
OCT parameters; Caucasians had smaller correlations
with axial length for retinal OCT parameters, except
for foveal minimum and central macular thickness;
Middle Eastern children presented strong negative
correlation of axial length with outer macular
thickness and macular volume; South Asians had a
positive correlation between the thickness of the
temporal sector of RNFL and axial length.

(6) Samarawickrama et al. [16]: The RNFL thickness and
optic cup size were higher in East Asian children
compared with European Caucasians.

(7) Allingham et al. [6]: Black infants had larger vertical
cup diameter than whites, and Hispanic infants had
larger vertical disc diameter than whites.

(8) Rothman et al. [7]: Superior-temporal sector of RNFL
presented greater thickness in blacks and Hispanics
than in whites.

(9) Yanni et al. [17]: No significant effect of race or
ethnicity on central macular or average RNFL
thicknesses was found.

(10) Rotruck et al. [18]: There was no relationship between
RNFL thickness and race.

The other papers included in this analysis did not eval-
uate the possible association between ethnicity or race and
the OCT parameters.

Studies conducted on adult participants reported ethnic
differences in the structures of the eye that are commonly
imaged [19]. These results are difficult to compare with theTa
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reports from the paediatric studies because of differences in
sampling and imaging techniques.

Influence of age on OCT parameters

Several papers reported no significant association between
age and RNFL thickness [9, 17, 18, 20–35] or macular
thickness [34, 36–44] in the paediatric population.

However, Salchow et al. [45], Lee et al. [46] and Ali et al.
[44] found a statistically significant effect of age on RNFL
thickness, Hong et al. [47] reported that ocular magnification
—corrected average RNFL thickness was positively corre-
lated with age, whereas Goh et al. [48] demonstrated a
negative correlation between superior sector RNFL thickness
and age, and Chen et al. [49] reported that for the children
aged >11 almost all RNFL parameters decrease with age.

For the macular area, there was a high variability of
studied parameters and some studies found a correlation
between age and the thickness of some of the ETDRS
sectors either for total retinal thickness or segmented retinal
layers’ thickness [11, 17, 18, 25, 27, 28, 31, 42, 44, 50–55],
but these results were inconstant.

The need for an aged-matched normative database in
adults is given by the presence of the so-called “age-related
loss” for several parameters. For example, a linear decrease of
average RNFL thickness was reported and the results suggest
that the reduction of RNFL is pronounced after the age of 50,
and the RNFL quadrants are not equally affected [56].

The majority of the studies included in our qualitative
analysis showed no association between age and OCT
parameters, while the results of the papers which did report
a correlation are variable. Until further evidence is avail-
able, we find reasonable to consider that in the paediatric
population there is no effect of age on RNFL thickness.

However, the macular thickness may vary with age:
histologic studies show that most of the morphological
development of the human macula takes place in the first
5 years of life and research performed with handheld OCT
devices for this age range show a progressive macular
thickening, with a logarithmic increase of the photoreceptor
layer and a decrease in the ganglion cell and inner nuclear
layers [18, 57]. The majority of the studies included in our
evaluation did not include children under the age of 5, and
to the best of our knowledge, there is no paper with parti-
cipants covering the entire range 0–18 years of age.

Rotruck et al. [18] reported the RNFL thickness for the
0–5 years old range and the OCT examination was per-
formed with a portable Spectralis device. The results are
similar with those reported by Yanni et al. [17] for children
aged between 5 and 15, using a Spectralis table-mounted
OCT device (see Table 3). This finding suggests that the
peripapillary RNFL thickness does not vary in parallel with
the changing morphology of the macula.

Handheld OCT devices

Portable OCT devices are a good alternative to the table-
mounted instruments for the examination of young, anxious
or autistic children, even though unsteady hands of the
examiner or the excessive motion of the child may influence
the quality of the acquired images. However, the exam-
ination can also be performed under general anaesthesia [1].
Four out of the five studies included in our review which
employed a handheld device used nonstandard OCT para-
meters (Table 2).

Influence of gender on OCT parameters

For the RNFL thickness, 18 studies found no significant
difference between boys and girls [2, 17, 18, 20, 22–25, 27–
29, 32, 44, 45, 50, 58–60].

Huynh et al. [12] found greater values of average RNFL,
inferior sector RNFL, and 6, 12, and 9 o’clock RNFL
sectors in boys, while Chen et al. [49] reported similar
results for the inferior and temporal RNFL sectors. How-
ever, Zhu et al. [33] found girls to have higher thicknesses
for the same inferior and temporal RNFL sectors.

For the macular OCT assessment, no correlation with
gender was found by Eriksson et al. [36], Galdos et al.
[52], Molnar et al. [38], Sushil et al. [39], Nigam et al.
[40], and Yanni et al. [17]. A greater number of studies
reported higher values in boys for different macular
parameters: Huynh et al. [11]—inferior macular quadrant,
Zhang et al. [37]—foveal minimum, central macula, inner
ring, temporal outer quadrant, Barrio-Barrio et al. [25]—
central macula, Katiyar et al. [51]—central macula and
inner ETDRS ring, Al-Haddad et al. [27]—central macula,
Chen et al. [61]—central macula, Queiros et al. [28]—
central macula and inner ring, Guragac et al. [29]—fovea,
Read et al. [41]—total macular thickness, Passani et al.
[54]—inner macula volumes, Yabas Kiziloglu et al. [34]
—central macula, inner ring, inferior outer quadrant, Ali
et al. [44]—macular volume, central macular thickness,
inferior quadrants, and temporal outer quadrant. There
were no studies reporting greater values of macular OCT
parameters in girls.

Based on the reported results, we draw the conclusion
that RNFL thickness is not influenced by gender in the
paediatric population, although the central macular OCT
parameters tend to be higher in boys. These results are in
agreement with the findings in the adult population [62–66].

Influence of eye laterality on OCT parameters

The average RNFL thickness presented no significant dif-
ferences between the right and left eye in the studies of Ahn
et al. [20], Salchow et al. [45], Leung et al. [21], Larsson
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et al. [22], Rao et al. [26], Al-Haddad et al. [67], Rotruck
et al. [18], Chen et al. [49], and Ali et al. [44].

However, greater values in the right eye were reported as
follows: Queiros et al. [28] and Pawar et al. [59]—temporal
RNFL quadrant, and Dave et al. [68]—temporal superior,
nasal superior, and temporal RNFL sectors.

Other results show higher values of RNFL parameters in
the left eye: Qian et al. [69]—for the thicknesses of superior
and nasal RNFL sectors, Queiros et al. [28]—superior
RNFL quadrant, and Pawar et al. [59]—superior RNFL
quadrant.

Few studies assessed the differences between the macu-
lae of the right and the left eye or between the dominant and
nondominant eye, and the results showed no statistically
significant differences [28, 38, 40].

Altemir et al. [70] recommended that the interocular
differences in average RNFL thickness should not exceed
13 µm, and the differences in the macular thickness should
not measure more than 23 µm.

The average RNFL thickness and the macular thickness
did not show differences between the right and the left eye,
but the temporal sector of RNFL was thicker in the right
eye, whereas the superior sector of RNFL was thicker in the
left eye. These findings imply that in future research either
eye can be randomly chosen if the average RNFL or
macular thicknesses are studied, but for the sectorial RNFL
thicknesses the difference between the right and the left eye
should be considered.

Influence of the ISNT rule on OCT parameters

The order of decreasing thicknesses of the RNFL quadrants
(i.e., I= inferior, S= superior, N= nasal, T= temporal)
was reported as follows:

(1) I > S > N > T: Salchow et al. [45], Elia et al. [24], Al-
Haddad et al. [27], Queiros et al. [28], Pawar et al.
[59], Larsson et al. [2], Gama et al. [71], Rotruck et al.
[18], Bhoiwala et al. [72], and Ali et al. [44].

(2) S > I > N > T: Huynh et al. [12], Pawar et al. [23], Rao
et al. [26], and Yanni et al. [17].

(3) S > I > T > N: Ahn et al. [20], Leung et al. [21],
Larsson et al. [22], Qian et al. [69], Chen et al. [49],
and Zhu et al. [33].

(4) I > S > T > N: Turk et al. [30], Perez-Garcia et al. [31],
Tsai et al. [73], and Kang et al. [60].

Dave et al. [74] also reported the prevalence of the rule in
their participants: I > S > N > T (23.8%); I > S > T (52.4%);
S > I (45.2%); T > N (50%).

The ISNT rule was first described on optic disc photo-
graphs for the neuroretinal rim thicknesses [75], and it was
reported that the eyes of patients with glaucoma do not

follow this rule. Later OCT studies also investigated the
ISNT rule for the sectorial RNFL thicknesses, mostly in
adults [74].

As shown, the results reported by studies conducted on
paediatric participants demonstrate high variability, so the
disobedience of the ISNT rule cannot be interpreted as
abnormal.

Influence of spherical equivalent and ocular axial
length on OCT parameters

A positive correlation between spherical equivalent of
refractive error and average RNFL thickness was observed
in several studies: Salchow et al. [45], Huynh et al. [12], Jun
and Lee [76], Qian et al. [69], Tas et al. [58], Pawar et al.
[23], Barrio-Barrio et al. [25], Rao et al. [26], Al-Haddad
et al. [27], Queiros et al. [28], Bueno-Gimeno et al. [77],
Lee et al. [46], Eslami et al. [32], Tsai et al. [73], Chen et al.
[49], Zhu et al. [33], Kang et al. [60], and Ayala and Ntoula
[35]. A few papers found no correlation between spherical
equivalent and average RNFL thickness: Goh et al. [48],
Larsson et al. [2], Gama et al. [71], and Ali et al. [44].

No significant effect of refractive error on optic nerve
head parameters was found, as reported by Samar-
awickrama et al. [78], Patel et al. [8], Bueno-Gimeno et al.
[77], Larsson et al. [2], and Ali et al. [44].

For the macular region, a positive correlation between
spherical equivalent and various regional OCT parameters
was observed [25, 29, 34, 37, 42–44, 48, 52, 54, 77, 79, 80].
On the other hand, Queiros et al. [28] and Sultan et al. [80]
found a negative correlation with central macular thickness,
whereas Molnar et al. [38] and Gama et al. [71] found no
correlation at all with the investigated macular parameters.

The majority of papers investigating the possible asso-
ciation between ocular axial length and average RNFL
thickness observed a negative correlation: Huynh et al. [12],
Jun and Lee [76], Leung et al. [21], Tas et al. [58], Rao et al.
[26], Oner et al. [81], Bueno-Gimeno et al. [77], Lee et al.
[46], Aykut et al. [82], Chen et al. [49], Zhu et al. [33],
Kang et al. [60], and Ali et al. [44]. Two studies found no
correlation with average RNFL thickness [9, 48].

For the macular OCT parameters, three types of results
were obtained:

(1) Positive correlation: Huynh et al. [11] and Bueno-
Gimeno et al. [77]—for central macular thickness;
Goh et al. [48]—for the ganglion cell—inner plexi-
form layer thickness; Ali et al. [44]—for the thickness
of the temporal outer sector.

(2) Negative correlation: Luo et al. [79]—for total
macular volume, and outer and inner macular volume;
Galdos et al. [52] and Totan et al. [53]—for the
ganglion cell—inner plexiform layer thickness;
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Guragac et al. [29] and Bueno-Gimeno et al. [77]—for
the average macular thickness and volume; Yabas
Kiziloglu et al. [34]—for the thicknesses of the
temporal, inferior and nasal outer macular sectors; Ali
et al. [44]—for the thicknesses of the superior and
inferior inner sectors.

(3) No correlation: Lim et al. [9]—for the ganglion cell
complex volume; Barrio-Barrio et al. [25]—total
macular thickness; Lee et al. [43]—for the ganglion
cell—inner plexiform layer thickness; Ali et al. [44]—
for the macular volume, average macular volume,
central macular thickness.

A positive correlation between spherical equivalent of
refractive error and RNFL thickness was observed by the
majority of papers, whereas the measurements of optic
nerve head parameters (e.g., optic disc size, and cup/disc
ratio) did not correlate with the spherical equivalent.
Inconsistent results were reported for the macular para-
meters, and also for the relation between OCT results and
ocular axial length.

Ocular magnification effect was incriminated to affect
these results: the distance between the instrument and the
examined tissue can vary from eye to eye and thus influence
the measurements. However, the magnification effect may
exert influence only on the lateral measurements, i.e. the
measurements made parallel to the retinal plane, which
eventually affect the calculation of area or volume [83, 84].
The axial measurements (e.g., macular thickness evaluation)
should not be influenced by this optical effect [84]. For the
RNFL assessment, the thickness measurement itself is not
affected by the ocular magnification, but the distance
between the scanning circle and the optic nerve head can
vary: all the OCT devices use a predefined diameter of the
scanning circle, so the RNFL thickness values can indirectly
be influenced by this effect.

The great variability of the results reported in the eval-
uated papers is given by the various methodologies
employed: some authors included adjustments for ocular
magnification (e.g., Bueno-Gimeno et al. [77], and Read
et al. [41]), whereas other authors did not (e.g., Bhoiwala
et al. [72] and Sultan et al. [80]). Moreover, there is debate
between those who used a correction for ocular magnifi-
cation on which formula is better to be used [49].

However, the presentation of differences between OCT
instruments and the review of physical principles behind the
ocular magnification effect are beyond the scope of this
paper. What is relevant from the clinician’s point of view is
that the ocular magnification effect can influence the lateral
measurements in the child’s growing eye and the issue is
not yet fully addressed by the OCT manufacturers.

Limitations of our review

We did not take into consideration the studies assessing the
choroid thickness, the OCT angiography studies, or the
papers in which anterior segment OCT was employed. We
chose to include only the posterior pole OCT examinations
because these are the most frequently used in the clinical
practice.

The minimum number of participants enroled in the
studies to be included in this analysis was arbitrarily
chosen. To the best of our knowledge, there is no con-
sensus regarding the minimum number of participants (or
eyes) enroled for the study of the normal range values of
the OCT parameters. However, the total number of parti-
cipants for each study included in this review can be found
in Table 2.

Conclusions

The general conclusions of our analysis on the normal OCT
results in the paediatric population are:

(1) Average RNFL thickness is not influenced by age,
gender, or eye laterality.

(2) Macular thickness should be considered separately for
children aged <5 and children aged >5.

(3) Central macular thickness has a tendency towards
higher values in boys.

(4) Temporal RNFL sector is thicker in the right eye.
(5) Superior RNFL sector is thicker in the left eye.
(6) Macular thickness is not significantly different

between the right and the left eye.
(7) The ISNT rule is not necessarily valid.
(8) RNFL thickness increases as the spherical equivalent

of refractive error increases.
(9) The optic nerve head OCT parameters are not

influenced by the refractive error.
(10) Ocular axial length can have an effect on the ocular

magnification, and thus influence the lateral OCT
measurements.

(11) Handheld OCT devices are a good alternative for
young or uncooperative children.
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