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1. INTRODUCTION 

Optical coherence tomography (OCT) is a 

noninvasive and objective cross-sectional tissue 

imaging technology which has been widely used 

in recent years to diagnose and follow up many 

macular diseases, glaucoma and other optic 

nerve diseases1. 

Optical coherence tomography is applied by two 

main methods: time domain (TD-OCT) and 

spectral domain (SD-OCT). The advantages of 

SD-OCT over TD-OCT are significant 

improvement of the image axial resolution, 

decreased acquisition times, reduction of motion 

artifacts, increased area of retinal sampling and 

the possibility to create topographic maps by the 

three-dimensional evaluation of tissues2. 

Significant improvements in OCT technology 

were represented by ultrahigh resolution OCT 

(UHR-OCT), swept source OCT (SS-OCT), 

enhanced depth imaging OCT (EDI-OCT), and 

adaptive optics. Technological progress in OCT 

imaging offered new perspectives for better 

understanding the retinal diseases, opening new 

fields for clinical research3. 

Altemir et al., 4 have proved the feasibility of 

optical coherence tomography in the pediatric 

population. Compared with stereo-photography 

and visual field examination, peripapillary 

retinal nerve fiber layer thickness measurement 

with optical coherence tomography is 

particularly valuable for evaluating optic nerve 

damage in children5 
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For utilizing OCT information, age matched 

normative database will be needed to identify 

deviations from the normal range. 

Unfortunately, only limited information is 

available for individuals younger than 18 years 

of age, thus limiting its application in a pediatric 

population6 

Optical coherence tomography values in 

children are affected by many factors such as 

age, gender, refraction, laterality and axial 

length7 

This study was conducted to demonstrste 

normative values for macular thickness, macular 

volume and peripapillary RNFL thickness in 

fifty child between 6–17 years of age whom 

further divided into two groups from (6-10) 

years and from (10-17) years using DRI OCT 

Triton series Swept Source Optical Coherence 

Tomography (Topcon) and Correlated the 

results with biometric data. 

2. PATIENTS AND METHODS 

2.1. Study Population  

This prospective observational cross-sectional 

and analytical study was conducted at Mansoura 

ophthalmic center, Mansoura University. The 

study protocol was approved by medical 

research ethics committee, faculty of medicine, 

Mansoura University (code number: 

MS/16.02.108) and informed consent was 

obtained from each participant in the study after 

assuring confidentiality. Inclusion criteria 

included an age from 6 to 17 years old, either 

genders, refractive error ± 6.00 diopters 

(hyperopic or myopic spherical Equivalent), 

astigmatism ± 3 diopters, best corrected visual 

acuity 0.20 logMar or better and normal Fundus. 

Exclusion criteria included previous intraocular 

surgery or ocular injuries, Strabismus, 

amblyopia, anisometropia ±1.50 diopters, and 

retinal pathology (retinopathy of prematurity, 

diabetic retinopathy). Glaucoma were excluded 

when the IOP was >21 mm Hg. Cup disc ratio > 

0.7 or difference between the two eyes > 0.2 

children with history of prematurity, neurologic, 

metabolic or other systemic diseases (diabetes 

mellitus or hypertension). Media opacity does 

not permit optical coherence tomography 

acquisition with good signal strength. Optical 

coherence tomography scans signal strength of 

less than 5/10, and contraindication of pupil 

dilatation. 

2.2. Ocular Examination 

All subjects underwent an initial ophthalmic 

examination including measurement of the 

BCVA, assessment of the anterior segment of 

the eye using slit lamp biomicroscopy. The AL 

was measured three times using an optical 

biometer (AL-Scan, Nidek Co., Aichi, Japan) 

before cycloplegia, the average of three non-

contac measurements was recorded. The pupils 

were dilated by instillation of Swixolate 

(Cyclopentolate Hydrochloride 10mg/ml 

CHEMIPHARM) eye drops three times within 

30 minutes, and then the cycloplegic 

autorefraction was assessed. Detailed 

fundoscopic examination using indirect 

ophthalmoscope. Intraocular pressure 

measurement usingKeeler Pulsair intelliPuff 

Non-Contact Tonometer (Keeler Ltd., Windsor, 

Berks, UK). 

2.3. Swept Source Oct Imaging 

Three dimensional deep range imaging OCT 

Triton Plus (3D DRI OCT Triton [plus], 

Topcon Corporation, Tokyo, Japan) with a 

high speed of 100,000 axial scans/s and center 

wavelength of 1,050 nm (version 10.07), digital 

and optical axial resolution of 2.6 μm and 8 μm 

in tissue, respectively and transverse resolution 

of 20 μm. The steps of OCT scanning were 

done as follows, the child's chin was positioned 

in the chin rest, and Study participants 

underwent SS-OCTA imaging with the 

following protocols. Macular map for macular 

thickness and macular volume: three 

dimensional raster scanning protocol was used, 

each 3D scan covered an area of 7×7 mm 

centered on the fovea with 512 A-scans ×256 B-

scans 3D(H) (7.0×7.0mm-512×256). Opticdisc 

map for Peripapillary RNFL thickness: three 

dimensional raster scan protocol covered an area 

of 6.0× 6.0 mm centered on the optic disc with 

512 A-scans × 256 B-scans 3D(6.0×6.0mm-

512×256). The child was asked to fix to an 

internal fixation light to center the scanning area 

(SMART Track). The OCT signal position and 

signal quality were Automatically optimized by 

means of machine before acquiring OCT image. 

After completion of the volumetric OCT dataset, 

the software applied motion control technology 

to remove saccades and minor loss of fixation. 

Low-quality scans (i.e., if the child blinked or 

the scan had significant motion artefacts) were 

excluded and repeated until good-quality scans 

were achieved. 
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Interpretation, Macular thickness was 

reported in a modified Early Treatment of 

Diabetic Retinopathy Study (ETDRS). A 6 μm 

macular thickness map centered on the foveola 

that divided the macula into nine regions was 

used. It was divided into three rings, with the 

central ring corresponding to the fovea (1 μm 

diameter), the middle ring corresponding to the 

perifovea (2 μm diameter), and the outer ring 

corresponding to the parafovea (3 μm diameter) 

and then divided into four quadrants, namely 

superior, nasal, inferior and temporal except for 

the central circle. Central macular thickness 

(CMT; foveal thickness) was defined as the 

average macular thickness in the central 1 μm, 

average macular thickness was defined as the 

mean of thicknesses in nine regions, and 

macular volume was defined as the sum of 

volumes in all nine regions. 

 

Figure1. ETDRS ring and its divisions: F=fovea; 

SI=superior inner; TI=temporal inner; II=inferior 

inner; NI=nasal inner; SO=superior outer; 

TO=temporal outer; IO=inferior outer; NO=nasal 

outer8 

Peripapillary RNFL measurements, average of 

three measurements was taken, measurements 

were expressed as an average over four 

quadrants, 12 clock hours and mean thickness of 

the total circumpapillary scan. Optic nerve 

head parameters included disc area, cup 

volume, horizontal and vertical cup disc ratio 

and rim area. 

3. STATISTICAL ANALYSIS  

Data were analyzed with Statistical Package 

for the Social Sciences (SPSS) version 21 

(IBM corporation, Armonk, NY, USA). The 

normality of data was first tested with one-

sample Kolmogorov-Smirnov test. Qualitative 

data were described using number and percent. 

Continuous variables were presented as mean± 

SD (standard deviation). The two groups were 

compared with Student t test. Pearson 

correlation was used to correlate continuous 

data. Level of significance: For all above 

mentioned statistical tests done, the threshold of 

significance is fixed at 5% level (p-value). The 

results was considered non-significant when                                                             

the probability of error is more than 5% (p > 

0.05), significant when the probability of error is 

less than 5% (p ≤ 0.05) and highly significant 

when the probability of error is less than 0.1% 

(p ≤ 0.001). The smaller the p-value obtained, 

the more significant are the results 

4. RESULTS 

Data was collected and recorded at Mansoura 

Ophthalmic Center. A total of 100 eyes of 50 

children were enrolled in the study with mean 

age of 10.96±2.75 ranging from 6yrs. to17yrs. 

From them 50 eyes were right and 50 eyes were 

left for 25 males and 25 females. The children 

were further divided into two groups: one group 

represented children from (6-10) yrs. (38%) and 

the other group represented children from (11-

17) yrs. (62%). The best corrected visual acuity 

of 75 eyes of the study was (0.00) and the 

remaining 25 eyes had VA (0.20). Average 

spherical equivalent (SE) refraction was 

0.78±1.65 (−4.50to+5.00) diopters and average 

axial length was 22.87±0.90 (20.99-24.67) mm. 

4.1. Macular Thickness  

Mean central macular thickness for all children 

measured 225.26±20.79μm, while average 

macular thickness value was 276.41±17.8μm, 

and mean macular volume was 7.84±0.48mm3 

(Table.1). Inner circle values were significantly 

increased as compared to the outer macular 

thicknesses (p<0.0001). 

Table1.  Distribution of macular measurements using Topcon optical coherence tomography. 

 

Study group(n=100) 

t-test p-value All ages 
Age≤10y (n=38) Age>10y (n=62) 

Mean ±SD Min-Max 

Macular volume 7.84±0.48 7.05-10.26 7.81±0.64 8.77±4.18 0.393 0.167 

Average thickness 276.41±17.8 246.30-362.60 276.75±22.72 276.20±14.36 0.150 0.881 

Foveal thickness 225.26±20.79 189.00-308.00 227.74±24.18 223.74±18.46 0.932 0.354 

Inner Circle 

Superior 309.57±13.86 279.00-348.00 306.79±13.42 311.27±13.96 1.582 0.117 

Inferior 306.39±14.60 277.00-350.00 303.34±14.88 308.26±14.23 1.647 0.103 
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Nasal 307.11±19.91 275.00-404.00 307.58±26.16 306.82±15.10 0.183 0.855 

Temporal 295.21±14.39 260.00-333.00 292.16±11.81 297.08±15.56 1.675 0.097 

Outer Circle 

Superior 270.70±19.12 234.00-353.00 271.05±22.37 270.48±17.02 0.144 0.886 

Inferior 263.06±19.13 231.00-351.00 263.34±25.29 262.88±14.34 0.115 0.909 

Nasal 289.15±35.95 248.00-518.00 295.28±54.78 285.38±15.46 1.342 0.183 

Temporal 256.74±13.75 226.00-293.00 253.81±10.17 258.53±15.35 1.680 0.096 

Min: minimum; Max: maximum; n: number. 

Pearson correlation was used, *Significant p-value <0.05, ** highly significant p-value <0.001. 

Inner circle values were significantly increased 

as compared to the outer macular thicknesses 

(p<0.0001) (Figure.2). 

 

Figure2.Comparison between inner and outer                                        

segment quadrants 

In the correlation analysis (Table.2) of macular 

parameters with age there was no significant effect 

on macular volume, average macular thickness 

and central macular thickness while there was 

significant positive correlation between age and 

inner circle quadrants apart from the nasal 

quadrant.  The p-value was 0.016 for the superior 

and inferior quadrants and 0.006 for the temporal 

quadrant. Also age showed significant negative 

correlation only with the nasal quadrant of the 

outer circle (p-value=0.034). 

By correlating axial length with macular 

parameters there was no significant effect on 

macular volume, central macular thickness and 

average macular volume while it showed 

statistically significant positive correlation with 

the temporal quadrant of the parafoveal area (p-

value = 0.029) and statistically significant 

negative correlation with the superior quadrant 

of perifoveal area (p-value =0.038) and the 

inferior quadrant of the perifoveal area (p-

value=0.023). 

Regarding correlation between spherical 

equivalent and macular parameters, macular 

volume and temporal quadrant of the outer 

circle showed significant positive correlation 

with spherical equivalent but other parameters 

did not shoe statistically significant correlation. 

Table2.  Correlation of macular parameters with age, axial length and spherical equivalent. 

Variables Age AL SE 

r p     

Macular Volume  -0.056 0.581 -0.142 0.160 0.212 0.047* 

Average Thickness  -0.057 0.570 -0.129 0.200 0.097 0.371 

Foveal Thickness  -0.010 0.925 -0.058 0.569 0.012 0.912 

Inner Circle       

Superior  0.241 0.016* 0.046 0.649 0.020 0.854 

Inferior  0.240 0.016* 0.076 0.452 0.039 0.720 

Nasal  0.018 0.862 0.014 0.892 -0.054 0.618 

Temporal  0.273 0.006* 0.218 0.029* -0.118 0.275 

Outer Circle       

Superior  -0.087 0.387 -0.208 0.038* 0.146 0.176 

Inferior  -0.063 0.535 -0.228 0.023* 0.182 0.090 

Nasal  -0.212 0.034* -0.145 0.149 0.042 0.696 

Temporal  0.169 0.092 -0.121 0.231 0.228 0.032* 

AL: axial length; SE: spherical equivalent. 

Pearson correlation was used, *Significant p-value <0.05, ** highly significant p-value <0.001. 

By studying the difference between male and 

female as regard macular parameters, male 

showed statistically significant higher values for 

macular volume, central macular thickness, 

inferior quadrant of the inner circle and inferior 

And temporal quadrant of the outer circle. 

However the side of the eye did not show 

statistically significant effect on studied 

parameters (Table3). 
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Table3.  Comparison of the macular parameters between male and female and between right and left side of the 

eye. 

Variables  Male  Female  t-test  p-value  Right eye Left eye t-test  p-value  

SE  1.08±1.88 0.54±1.42 1.525 0.131 0.75±1.72 0.826±1.60 .215 .830 

AL  22.91±0.99 22.82±0.81 0.505 0.615 22.90±0.89 22.83±0.91 .383 .702 

Macular 

Volume  
7.95±0.56 7.72±0.36 2.435 0.017* 7.85±0.49 7.84±0.48 .120 .904 

Average 

Thickness  
279.81±21.01 273.01±13.47 1.928 0.057 276.31±18.27 276.51±17.68 .056 .955 

Foveal 

thickness  
232.30±19.99 218.22±19.30 3.582 0.001* 224.90±21.19 225.62±20.59 .172 .864 

Inner Circle     

Superior  311.82±14.67 307.32±12.75 1.637 0.105 309.16±14.30 309.98±13.54 .294 .769 

 Inferior  309.44±15.15 303.34±13.50 2.124 0.036* 306.26±15.03 306.52 ±14.31 .089 .930 

Nasal  310.64±24.15 303.58±13.85 1.793 0.076 306.66±19.82 307.56±20.19 .225 .823 

Temporal  296.96±14.61 293.46±14.10 1.219 0.226 295.72±14.68 294.70±14.23 .353 .725 

Outer Circle     

Superior  274.14±21.63 267.26±15.71 1.820 0.072 270.36±19.58 271.04±18.84 .177 .860 

Inferior  267.16±22.37 258.96±14.30 2.184 0.031* 263.12±20.37 263.00±18.01 .031 .975 

Nasal  294.94±48.26 283.36±14.61 1.624 0.108 288.08±36.31 290.22±35.91 .296 .768 

Temporal  259.56±13.18 253.92±13.86 2.084 0.040* 257.28±13.92 256.20±13.70 .391 .697 

AL: axial length; SE: spherical equivalent. 

Pearson correlation was used, *Significant p-value <0.05, **highly significant p-value <0.001. 

4.2. RNFL Thickness and Optic Disc 

Measurements 

The average thickness of the RNFL was 111.26 

± 20.46 μm ranging from 87.00μm to 243.00 μm 

while the mean thickness of the optic disc 

quadrants was 137.38 ± 24.62 μm for the 

superior quadrant with range from 103.00 μm-

291.00 μm, 140.71 ± 28.48 μm for the lower 

quadrant with range from 105.00 μm to 313.00 

μm, 90.39 ± 21.90 μm for the nasal quadrant 

with range from 57.00 μm to 220.00 μm and 

76.29 ± 17.68 μm for the temporal quadrant 

with range from 52.00 μm to 180.00μm 

(Table.4). 

RNFL distribution among studied group 

followed ISNT rule (inferior˃ superior˃ nasal˃ 

temporal) (Figure.3). 

Regarding optic disc measurements, the mean of 

the disc area of examined children was 2.38 ± 

0.44 with range from 1.57 mm² to 3.94 mm² 

with the mean cup volume 0.11 ± 0.14 ranging 

from 0.00 mm³ to 0.70 mm³. The mean of the 

rim area was 1.86±0.47 with range from 0.85 

mm² to 3.21 mm² while the mean of the vertical 

cup disc ratio was 0.42 ± 0.13 ranging from 0.10 

to 0.66 and the mean linear cup disc ratio was 

0.43 ± 0.14, which range from 0.00-0.64 

(Table.4). 

 

Figure3. ISNT rule follow ability in examined 

quadrants. 

Table4. Distribution of Peripapillary RNFL among the studied groups and optic disc measurements. 

RNFL and optic disc measurements. 

 Allages6-17yrs. Age≤10y 

(n=38) 

Age>10y 

(n=62) 

t-test p-value 

Mean ± SD Min-Max 

Total thickness 111.26±20.46 87.00-243.00 118.50±30.12 106.82±8.77 2.868 0.005* 

Superior 137.38±24.62 103.00-291.00 147.24±33.10 131.34±14.89 3.285 0.001* 

Inferior 140.71±28.48 105.00-313.00 147.66±41.69 136.45±14.60 1.936 0.056 

Nasal 90.39±21.90 57.00-220.00 94.31±31.49 87.98±12.72 1.410 0.162 
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Temporal 76.29±17.68 52.00-180.00 84.02±24.20 71.54±9.58 3.630 <0.001** 

Rim area 1.86±0.47 0.85-3.21 2.00±0.50 1.78±0.43 2.264 0.026* 

Disc area 2.38±0.44 1.57-3.94 2.46±0.40 2.33±0.45 1.455 0.149 

Linear C: D ratio 0.43±0.14 0.12-0.64 0.38±0.15 0.45±0.13 2.359 0.02* 

Vertical C: D ratio 0.42±0.13 0.10-0.66 0.38±0.15 0.44±0.11 2.387 0.019* 

Cup volume 0.11±0.14 0.00-0.70 0.08±0.15 0.12±0.13 1.286 0.201 

C: D: cup to disc ratio; n: number 

Pearson correlation was used, *Significant p-value <0.05, **highly significant p-value <0.001. 

By correlating RNFL thickness and optic disc 

parameters with age, axial length and spherical 

equivalent, average RNFL thickness and four 

quadrants thickness showed significant negative 

correlation with age. Linear and vertical cup 

disc ratio showed highly significant positive 

correlation with age as the p-value for both < 

0.001 while the rim area shows significant 

negative correlation age (p-value = 0.003). 

Axial length there revealed significant negative 

correlation with total thickness (p-value = 

0.014) and with the inferior sector (p-value = 

0.005). It also shows significant negative 

correlation with rim area (p-value = 0.001), 

positive correlation with vertical cup disc ratio 

(p-value = 0.003) and cup volume (p-value = 

0.002) and highly significant positive 

correlation with linear cup disc ratio (p-value 

<0.001). Spherical equivalent showed non-

significant effect on RNFL thickness and optic 

disc parameters (Table.5). 

Table5. Correlation of RNFL thickness and optic disc parameters with age, axial length and spherical 

equivalent. 

Variables  Age AL SE 

r p r p r p 

RNFL       

Total thickness  -0.347  <0.001*  -0.246  0.014*  0.059  0.587  

Superior  -0.316  0.001*  -0.153  0.128  0.038  0.722  

Inferior  -0.295  0.003*  -0.278  0.005*  0.114  0.289  

Nasal  -0.263  0.008*  -0.194  0.053  -0.034  0.753  

Temporal  -0.322  0.001*  -0.180  0.074  0.085  0.430  

Rim area  -0.298  0.003*  -0.316  0.001*  0.098  0.366  

Disc area  -0.098  0.330  -0.149  0.138  0.157  0.143  

Linear C: D ratio 0.374  <0.001*  0.360  <0.001**  0.060  0.577  

Vertical C: D ratio  0.377  <0.001*  0.296  0.003*  0.066  0.544  

Cup volume  0.069  0.499  0.311  0.002*  0.051  0.636  

AL: axial length; SE: spherical equivalent; C: D; cup to disc ratio. 

Pearson correlation was used, *Significant p-value <0.05, **highly significant p-value <0.001. 

Regarding gender differences and interocular 

differences, there was no statistically significant 

difference between male and female and also 

between both sides of the eye (Table.6). 

Table6. Gender differences and interocular differences of RNFL thickness and optic disc measurements. 

Variables Male Female t-test p-value Right eye Left eye t-test p-value 

RNFL     

Total thickness  114.6±27.3  107.8±8.7  1.676  0.097  224.90±21.19  225.62±20.59  .068  .946  

Superior  141.02±29.91  133.74±17.40  1.487  0.140  135.84±23.05  138.92±26.24  .623  .534  

Inferior  145.42±36.84  136.00±15.36  1.668  0.098  141.28±29.88  140.14±27.30  .199  .843  

Nasal  92.28±28.84  88.50±11.42  0.862  0.391  92.56±22.93  88.22±20.83  .990  .324  

Temporal  79.64±22.64  72.94±9.79  1.920  0.058  76.44±18.19  76.14±17.33  .084  .933  

Rim area  1.87±0.51  1.85±0.43  0.144  0.886  1.87±0.49  1.85±0.46  .216  .830  

Disc area  2.38±0.40  2.38±0.47  0.056  0.955  2.41±0.47  2.36±0.40  .600  .550  

Linear C: D 

ratio 

0.44±0.13  0.41±0.15  1.163  0.248  0.43±0.13  0.42±0.15  .475  .636  

Vertical C: D 

ratio  

0.44±0.12  0.40±0.14  1.166  0.246  0.43±0.12  0.416±0.14  .633  .528  

Cup volume  0.10±0.13  0.11±0.14  0.232  0.817  0.117±0.15  0.105±0.12  .444  .658  
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5. DISCUSSION 

Optical coherence tomography (OCT) is a 

noninvasive and objective cross-sectional tissue 

imaging device which has been widely used in 

modern years to detect and monitor many 

macular diseases, glaucoma and other optic 

nerve diseases1. 

The diagnosis and follow-up of children with an 

ocular disease is more difficult than for adults 

because important diagnostic tools require their 

cooperation. However, OCT provides fast, non-

contact, objective, and reproducible 

measurements of the affected structures. Hence, 

it is an ideal diagnostic tool for use with 

children9. 

For utilizing OCT information, age matched 

normative data base will be needed to identify 

deviations from the normal range. 

Unfortunately, no available normative data set 

for subjects below the age of 18years, so hinders 

its usage for children[6]. 

This study reported normative values for 

macular thickness, macular volume and 

Peripapillary RNFL thickness in fifty child 

between 6–17 years of age whom further 

divided into two groups from (6-10) years and 

from (10-17) years using DRIOCT Triton series 

Swept Source Optical Coherence Tomography 

(Topcon) and Correlates the results with bio 

metric data. 

The mean macular volume in the present study 

was 7.84±0.48mmᶟ. This result is approximately 

similar to result given by Eriksson et al,[10] 

which was 7.1±0.3mmᶟ but lower than result 

given by AL-Haddad et al,11 which was 

10.1±0.5mmᶟ. This difference may be attributed 

to different version of OCT used (Cirrus) and 

different race. 

Regarding average macular thickness, it was 

(276.41±17.8μm) in the present study which is 

relatively similar to results of AL-Haddad et 

al,11 as average macular thickness in their study 

was (279.6±12.5μm). Also similar to that 

detected by Gürağaç et al,1 as they reported that 

average macular thickness in their study was 

(279.27±12.59μm). 

Katiyar et al,12 evaluated average macular 

thickness in Indian children aging 6-17 years by 

Cirrus version of OCT and found that the 

average macular thickness was (271±14μm) 

which also approximates our result. 

While these results did not coordinate with Turk 

et al,13 whore ported that average macular 

thickness among Turkish children was 

(326.4±14.2μm) which is higher than the result 

of the current study. Regarding the mean of the 

central foveal thickness, it was 

(225.26±20.79μm) in the current study. 

Turketal,13 evaluated the central foveal 

thickness in 107 eyes of Turkish children aging 

6-16 years by SD-OCT (Spectralis) and found 

that the central foveal thickness in these children 

was (211.4±12.2μm). This results lightly 

approximates our result. 

Also Barrio-Barrio et al,,6 reported a multi 

center study and evaluated the mean of the 

central foveal thickness among 301 Caucasian 

child from Spanish population by SD-OCT 

(Cirrus) and concluded that it was 

(253.9±19.8μm) which is higher than our result. 

Discrepancies noted in recorded normative OCT 

values with other studies could be related to 

confounding variables like ethnicity, race, 

gender, age, SE and AL measurements 

(Table.7). 

Foveal thickness in the current study was the 

thinnest compared by all nine quadrants. Also 

the nasal quadrant of the outer macular circle 

was the thickest which consists with 

convergence of retinal nerve fibers in the optic 

disc while the temporal quadrant was the 

thinnest like similar studies1,10. 

Comparison between inner and outer macular 

thickness values in all quadrants revealed highly 

statistically significant difference between both 

similar to results detected by Eriksson et al,10 

and AL-Haddad et al11. Regarding correlation 

of macular parameters with age in the current 

study we found that there was no significant 

correlation between age and central macular 

thickness. This coordinates with that reported by 

Molnar et al14. In contrast to this result, AL-

Haddad et al,11 reported positive correlation 

between age and central macular thickness. 

The present study found that there was 

significant positive correlation between inner 

macular circle quadrants and age except for the 

nasal quadrant (did not reach statistical 

significance) which is similar to results given by 

AL-Haddad et al,11 which also reported positive 

correlation between age and the thickness of 

inner macular circle. Katiyar et al,12 also 

reported significant positive correlation between 
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age and thickness of inner macular circle 

quadrants. 

Regarding outer macular thickness, all 

quadrants showed negative correlation with age 

except for the temporal quadrant. But only the 

nasal quadrant reached statistical significance. 

Katiyar et al, 12 reported positive correlation 

between nasal and inferior quadrants of the 

outer macula with age while negative 

correlation between superior and temporal 

quadrants of the outer macula with age. This 

does not coordinate with current study may be 

due to different mean of age which was 

12.59±3.5 yrs., different version of OCT used 

(Cirrus) and different refraction as they 

excluded any child with refractive error more 

than ±0.5D (sphereorcylinder). 

Concerning correlation between gender and 

macular parameters, there was statistically 

significant increase in central thickness 

measurements in male over female. This result 

matches with that reported by Huynhetal,15 AL-

Haddad et al,11 and Barrio-Barrio et al,6 whom 

applied gender differences only on central 

macular thickness. Katiyar et al,12 also found 

that male had higher values for central thickness 

than female. 

In addition to that, the present study also 

compared between male and female from 

macular volume and found that male children 

had higher values for macular volume which 

correlates with that found by Qianetal,16 whom 

examined Chinese children of school age. 

Pokharel et al,17 reported a study on normal 

eyes of Nepalese population aging from (10-37) 

yrs. And concluded that males have higher 

values for macular volume than females which 

coordinates with our result. 

The current study also studied the correlation 

between axial length and average macular 

thickness and found no statistically significant 

association. This coordinates with that reported 

by Barrio-Barrio et al,6. Gürağaç et al,1 differ 

from the current study as they reported that AL 

negatively correlates with average macular 

thickness. 

Several studies 6,14 correlated spherical 

equivalent with central macular thickness and 

reported non-significant association and in the 

current study we also found similar result. 

However, macular volume in the current study 

showed significant positive correlation with SE. 

This result coordinated with that reported by 

AL-Haddad et al,11 and et al, Gürağaç et al,1 

Exclusion of high refractive error might have 

limited our ability to assess the effect of axial 

length and spherical equivalent on macular 

parameters. 

By studying the inter ocular difference 

regarding macular parameters there was no 

statistically significant difference between both 

eyes similar to results reported by Altemir et al,4 

Parapapillary RNFL Thickness 

Several studies have evaluated the RNFL thick 

ness in normal children. Earlier studies used 

TD-OCT(OCT3-Stratus)9,16,18, later SD-OCT 

used in measurement of RNFL thickness 1, 5,11 

(Table.8). 

In the current study SS-OCT(Topcon) was used 

and it was found that the mean RNFL thickness 

was 111.26±20.46μm which is similar to Qian 

et al,16 (112.3±9.2μm), Tsai et al,5 

(109.4±10.0μm) and Nigam et al, 19(110.79±13) 

who used Stratus, RTV ue and C irrespectively. 

Turk et al,13and Yanni et al,20 evaluated 

children between 5–16 years of age with 

Heidelberg Spectralis SD-OCT and reported that 

the mean RNFL thickness was 106.45±9.47μm 

and 107.6±1.2μm, respectively. Tsai et al, ]] 

evaluated 470 children aged 4 to17 using RTV 

ue and reported that the mean RNFL thickness 

was 109.4±10.0μm. These results are slightly 

lower than present results. 

Elíaetal,21 Barrio-Barrio et al6 and Rao et al,7 

used cirrus and reported that the mean RNFL 

thickness was 98.5±10.8μm, 95.0±10.9μm and 

97.4±9.0μm respectively. AL-Haddad et al,11 and 

Gürağaç et al,1 also used Cirrus and reported 

that the mean RNFL thickness was 95.6±8.7μm 

and 96.49±10.10μm respectively. These results 

are lower than current results. 

The average-quadrant- wise RNFL thickness 

values in the current study followed the ISNT 

rule, it was nots of or the individual eyes. The 

ISNT rule on the RNFL was followed by 52 

eyes (52%). This result was quiet similar to 

another study where the ISNT rule on the NRR 

was followed in 30 eyes (56%) of children 

between 5 and 16 years of age Larsson et al,22. 

However, this study was done on Heidelberg 

retinal tomography, and hence cannot be 

directly compared to current study. 
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This result is higher than Dave et al, [23] who 

examined children using SD-OCT and found 

that ISNT rule was only applicable on 30 eyes 

(23.8%). 

The IST rule was better followed in the current 

study with 64 eyes (64%) obeying it. Similar 

results have also been found in children by Dave 

et al, 23 who found that 66 eyes (52.4%) obeying 

IST rule compared to 30 eyes (23.8%) only 

obeying the ISNT rule. This means that the 

ISNT and the IST rules for RNFL are not 

universally followed by all normal eyes in 

children. All deviations should therefore not be 

considered pathological. 

The RNFL thickness has been considered 

dependent on factors such as age, AL and 

refraction so, the current study correlated RNFL 

thickness with these factors. 

Regarding age, it was found that average RNFL 

thickness and the thickness for the four 

quadrants negatively correlated with age 

especially the average thickness as the p-value 

was <0.001 unlike other studies which found 

that RNFL values not affected by age6,11. 

Mwanza et al,24 have reported that the RNFL 

thickness decreases with age over the fifth 

decade in adults. 

The RNFL thickness in the current study was 

not affected by gender similar to several studies 
[1][6][11][19] and different from Raoetal,7 who 

reported that RNFL is thinner in female than 

male this may be due to different race. 

Turketal,13 reported that significant difference 

between males and females only found in the 

temporal inferior segment (thicker in female) 

and no significant differences were detected in 

other RNFL parameters. 

Axil length was negatively correlated with 

RNFL thickness in the present study and 

reached statistical significance for the average 

thickness and inferior quadrant thickness, this 

finding supported that RNFL was thinner in 

eyes with longer axial length. This consisted 

with that concluded by Savinietal,25. Barrio-

Barrioetal,6 and Raoetal,7 also confirmed this in 

their studies which evaluated children aged 4 to 

17 years using Cirrus OCT. Gürağaçetal,1 also 

found that negative correlation was strongest for 

the inferior RNFL. 

On the other hand, Turketal,13 reported non-

significant correlation between AL and RNFL 

thick ness this may be due to different spherical 

equivalent, race and OCT used. 

Regarding correlation between spherical 

equivalent and RNFL parameters we found no 

significant correlation between both which 

consisted with that concluded by Turketal,13 in 

their study on healthy Turkish children and 

different from AL-Haddadetal,11 who reported 

strong positive correlation between SE and 

average RNFL but they didn’t find significant 

correlation with quadrant thickness similar to 

the current study. This may be attributed to 

different race and difference of SE of the 

excluded cases which was more than ± 7D 

unlike more than ±6D in current study. 

Regarding the side of the eye, no significant 

difference was detected in mean RNFL 

thickness of the four quadrants between right 

and left eyes. This results consistent with 

several studies7,9,26. 

Altemiretal,4 also reported that there is no 

statistically significant difference between right 

and left eye in optic disc parameters but they 

reported statistically significant difference for 

superior, nasal and temporal quadrants of the 

RNFL. 

Budenzetal,27 also found no relationship 

between RNFL thickness and eye side in his 

study on 328 subjects aged 18 to 85 years. 

However, Gherghel et al, [28] reported that the 

eye side had significant influence on RNFL 

thickness. Difference may be attributed to using 

confocal scanning laser ophthalmoscopy. 

Strengths of the current study include the large 

age range (6–17years) of enrolled children, the 

use of the new generation Topcon SS-OCT, the 

recording of both normative RNFL and macular 

parameters, and the biometric correlations. 

Limitations of the current study include the 

mostly uniform ethnic group so the effect of 

race and ethnicity could not be tested. We also 

excluded patients with high refractive errors and 

increased cup to discratios; normative data for 

these groups were not established. Additionally, 

our study was hospital based and not 

population-based. However, patients in this 

setting received a comprehensive examination 

and biometric data were recorded. 
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Table7. Reported macular thickness measurements by optical coherence tomography in normal children.  

Oct Source Race N Age, Years AL SE Macular parameters  

Volume 

mmᶟ 

Average thickness Central 

thickness 

TD-OCT  

Stratus Huynh et al 

2006[15] 

 1543 6.7± 0.4   6.9 ± 0.4 Inner: 264.3 ± 15.2 

Outer: 236.9 ± 13.6 

193.6 ± 

17.9 

Stratus EL-Diari et al 

2009[18] 

ALL 

Black 

White 

286 8.6 ± 3.1 

(3-17) 

Measured but 

not written 

±6 6.9 ± 0.3 Inner: 268.3 ± 13.6 

Outer: 240.0 ± 12.8 

188.8 ± 

25.0 

Stratus Eriksson et 

al.,2009[10] 

Caucasian 56 10.1 (5-16) Not measured  7.1 ± 0.3 Inner: 279 ± 13 

Outer: 245 ± 12 

204 ± 19 

SD-OCT 

Spectralis Turk et al., 

2012[13] 

Turkish 

children 

107 10.5 ± 2.9 

6-16 

 ±4  326.4 ± 14.2 211.4 ± 

12.2 

Cirrus Barrio- 

Barrio et al., 

2013[6] 

Caucasian 

subjects from 

Spanish 

population 

281 9.6 ± 3.12 

4-17 

 ±5.5 10.2 ± 

0.5 

283.6 ± 14.1 253.9 ± 

19.8 

Cirrus Katiyar 

etal.,2013[12] 

Indian 157 12.59 ±3.5 

(6-17) 

Axial length 

not measured 

 9.7± 

0.50 

271±14 245.28 ± 

19.47 

Cirrus Al-Haddad 

etal., 2014[11] 

Middle east 108 10.7 ± 3.14 

(6-17) 

23.5±1.0 ±5.5 

 

10.1 ± 

0.5 

279.6 ± 12.5 249.1 ± 

20.2 

Cirrus Guragac et 

al.,2017[1] 

Turkish 318 10.2 ± 4.1   9.97 ± 

0.44 

279.27 ± 12.59 245.28 ± 

19.47 

OCT, time domain optical coherence 

tomography; SD-OCT, spectral domain optical 

coherence tomography; SS-OCT, swept source 

optical coherence tomography; N, number; AL, 

axial length; SE, spherical equivalent. 

Table8. Reported retinal nerve fiber layer thickness measurements by optical coherence tomography in normal 

children. 

OCT Source N Age*years Average Inferior Superior Nasal Temporal 

TD-

OCT3 

Ahn et al., 

2005[26] 

72 12.6±2.1 OD106.8±13.0 

OS104.3±7.7 

OD133.3±25.3 

OS 130.9±15.0 

OD132.7±23.9 

OS132.7±16.4 

OD75.6±13.6 

OS63.6±14.1 

OD 85±14.9 

OS 90.5±20.4 

Stratus Salchow2006[29] 92 9.7±2.7 107.0±11.1 136.9±16.9 135.4±19.3 83.0±18.0 72.5±13.4 

Stratus Huynh et al., 

2006[15] 

1369 6.7±0.4 103.7±11.4 `127.8±20.5 129.5±20.6 81.7±19.6 75.7±14.7 

Stratus El-Dairi et al., 

2009[18] 

286 8.6±3.1 108.3±9.9 129.4±18.3 142.9±18.8 83.3±19.2 77.5±15.4 

Stratus Leung et al., 

2010[9] 

97 9.7(6.1-

17.6) 

OD 113.5±9.8 

OS113.1±10.8 

OD142.4±18.4 

OS143.2±8.7 

OD146.3±16.3 

OS148.6± 19.5 

OD78.3±16.1 

OS74.2±14.8 

OD87.3±15.4 

OS86.6±16.6 

Stratu Qian et al., 

2011[16] 

199 10.4±2.7 112.3±9.2 142.1±16.0 148.7±17.1 74.8±15.0 83.8±13.5 

SD-OCT 

Spectralis Turk et al., 

2012[13] 

107 10.5±2.9 106.4±9.4 IT144.6±17.2 

IN106.4±19.1 

ST 139.0±17.6 

SN102.9±16.0 

71.5±10.0 74.3±9.4 

Spectralis Yanni et al., 

2012[20] 

83 8.9 (5–15) 107.6±1.2 IT147.0±2.1 

IN125.4±3.0 

ST 145.1±2.2 

SN 116.2±2.8 

84.5±1.9 76.5±1.9 

RTVue-

100 

Tsai et al., 

2012[5] 

470 9.2 (6.5-

12.5) 

109.4±10.0 142.2±19.5 133.9±18.1 71.1±11.3 90.4±14.3 

Cirrus Elia et al., 

2012[21] 

344 9.2±1.7 98.5±10.8 130.2±18.1 123.6±19.5 71.3±13.5 69.4±11.3 

Cirrus Rao et al., 

2013[7] 

148 10 ± 3.4 95.0±10.9mm 119±12 124±14.1 69±13.4 64±6.5 

Cirrus Barrio-Barrio 

et al., 2013[6] 

283 9.6±3.1 97.4±9.0 128.0 124.7 69.7 67.4 

Cirrus Al-Haddad et 

al., 2014[11] 

108 10.7±3.1 95.6±8.7 124.8±18.1 120.6±13.8 70.1±13.0 66.4±8.9 

Cirrus Gürağaç et al., 

2017[1] 

318 10.2±4.1 96.49±10.10 125.82±17.76 122.29±16.88 70.03±10.78 67.60±9.93 

TD-OCT: time domain optical coherence tomography; SD-OCT: spectral domain optical coherence 

tomography; SS-OCT: swept source optical coherence tomography. 

ST: supero-temporal; SN: supero-nasal; IT: infero-temporal; IN: infero-nasal 
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6. CONCLUSION 

This study established normal reference ranges 

for RNFL and macular parameters measured by 

Topcon SS-OCT in Egyptian children 6–17 

years of age.  This adds another database to the 

available literature on normative values using 

other OCT devices and facilitates evaluation of 

OCT measurements in children with optic 

neuropathies, glaucoma and macular diseases. 

The data presented are for Egyptian children; 

hence, other races and ethnicities should be 

studied in future research. Variability with age 

and gender axial length and refraction warrants 

special consideration during OCT 

interpretations. 
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