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Purpose: To determine peripapillary retinal nerve fiber layer (RNFL) thickness values 
by three-dimensional optical coherence tomography (3D-OCT) in a normal Iranian 
population and to evaluate the concordance of these measurements with those obtained 
by the second generation of optical coherence tomography (OCT II).  
Methods: In a cross-sectional observational study, 96 normal Iranian subjects 20-53 
years old were enrolled. Peripapillary RNFL thickness in one randomly selected eye of 
each subject was measured by 3D-OCT and also by OCT II. Standard achromatic 
perimetry, corneal pachymetry and A-scan ultrasonographic biometry were also 
performed. Other study variables included age, gender, laterality (right versus left eye), 
refractive error, corneal diameter and disc area. 
Results: Mean peripapillary RNFL thickness measured by 3D-OCT (75.50±8.38) µm was 
significantly less than that measured by OCT II (144.10±33.32 µm) (P<0.001). Using 3D-
OCT, no significant difference in peripapillary RNFL thickness was observed by gender 
(P=0.90) or laterality (P=0.17); RNFL thickness had no correlation with age (P=0.95), 
axial length (P=0.32), spherical equivalent refractive error (P=0.21), central corneal 
thickness (P=0.66) and disc area (P=0.31). However, a positive correlation was found 
between peripapillary RNFL thickness and corneal diameter (P=0.03). 
Conclusion: 3D-OCT seems to yield lower RNFL thickness values as compared to OCT 
II. It seems advisable to obtain separate baseline measurements when using different 
generations of OCT machines.  
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INTRODUCTION  
 
Glaucomatous optic neuropathy is associated 
with accelerated apoptosis of retinal ganglion 
cells (RGCs) manifesting as thinning of the 
retinal nerve fiber layer (RNFL) and increased 
cupping of the optic nerve head (ONH). The 

diagnosis of glaucoma is currently based on the 
appearance of the ONH and RNFL, and stan-
dard achromatic perimetric findings.1,2 Over 
60% of ocular hypertensive patients develop 
slowly progressive reduction in RNFL thick-
ness, 5-6 years before the appearance of any 
visual field defect.3,4 Although clinical examina-



 

RNFL Thickness Measurement by 3-D OCT; Pakravan et al 
 

JOURNAL OF OPHTHALMIC AND VISION RESEARCH  2009; Vol. 4, No. 4 221 

tion of the ONH is still considered to be the 
most sensitive method for identifying glauco-
matous damage, ocular imaging technologies 
such as optical coherence tomography (OCT) 
are gaining popularity in the diagnosis of 
glaucoma.5-9 They enable clinicians to perform 
objective measurements of RNFL thickness and 
to obtain ONH topography.10 

OCT is a high resolution imaging techno-
logy that has been widely used to evaluate 
RNFL thickness in patients with or without 
glaucoma. The device works on the principal of 
low coherence interferometry. Images are ob-
tained by delivery of low coherence near infra-
red light (850 nm) from a superluminescent 
diode laser source and subsequent back-
scattering from the retina. RNFL thickness  
is measured by the number of pixels between 
the anterior and posterior reflections from  
the RNFL identified by an edge detection 
algorithm.10,11 

Less than two decades since its introduc-
tion, OCT technology has evolved and several 
generations of the device such as OCT II, OCT 
III, and ultra high resolution/high speed OCT 
have been employed in the field of retinal 
disorders and glaucoma. One critical variable 
differentiating these instruments is the speed  
of imaging. Faster image acquisition avoids 
motion-induced artifacts and can yield more 
reproducible scans. One of the new generations 
of machines in this category is the 3-dimen-
sional OCT (3D-OCT). Using Fourier domain 
instead of time domain, this instrument ac-
quires more data in less time with higher reso-
lution. In other words by taking advantage of 
internal spectrometry instead of mobile mi-
rrors, the number of axial scans per second has 
increased from 400 in conventional OCT to  
20,000 in 3D-OCT making the device 50-100 
times faster than previous versions. With such 
higher number of scans the device is capable  
of reconstructing 3-dimensional images with 
point to point registration of the scanned 
area.12,13  

This study was performed to determine the 
normal range of peripapillary RNFL thickness 
as determined by 3D-OCT in an Iranian popu-
lation and to compare these values with similar 
measurements obtained by OCT II. We also 

evaluated the effect of age, gender, laterality, 
refractive error, axial length, central corneal 
thickness, corneal diameter and disc area on 
RNFL thickness measurements by 3D-OCT. 
 
METHODS 
 
This study included subjects over 18 years of 
age who accompanied patients in ophthal-
mology clinics at Labbafinejad Medical Center 
who were able and willing to make the re-
quired study visits. Each subject gave informed 
consent and the project was approved by the 
ethics committee of the Ophthalmic Research 
Center. Exclusion criteria were contraindica-
tions to pupil dilation, history of intolerance to 
topical anesthetics or mydriatics, previous 
intraocular surgery, history of any type of drug 
consumption, or use of photosensitizing agents 
during the last 14 days,  best-corrected visual 
acuity (BCVA) less than 20/20, media opacity 
or any abnormal slitlamp finding, intraocular 
pressure (IOP)≥ 22 mmHg, any evidence of 
glaucoma, diabetic retinopathy, macular edema 
or other vitreoretinal disorders, optic nerve or 
RNFL abnormalities, unreliable visual fields 
(VF), and any reproducible VF defect.  

Each subject underwent a complete oph-
thalmologic evaluation including refraction and 
BCVA measurement, slitlamp examination, IOP 
measurement (using Goldmann applanation 
tonometry) and dilated fundus examination. 
Threshold VF examinations were performed in 
all subjects using the Humphrey visual field 
analyzer (Carl Zeiss Meditec Inc., Dublin, 
USA). Axial length measurements were 
obtained using A-mode ultrasound biometry 
(US-2520, Nidek, Japan). Central corneal 
thickness (CCT) was determined by an 
ultrasonic pachymeter (Quantel Medical, 
Pocket, France). Corneal diameter was 
measured using a spectacle frame which was 
scaled horizontally and vertically with two 
plastic rulers (Fig. 1). The subjects wore the 
glasses and digital photographs were taken; 
horizontal and vertical corneal diameters were 
measured by another ruler on the computer 
screen, using the scaled frame as a reference.  

3D-OCT (Topcon Inc., Paramus, USA) and 
OCT II (Humphrey-Zeiss Meditec Inc., Dublin, 
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USA) were performed in all subjects after pupil 
dilation to measure peripapillary RNFL thick-
ness. The 3D-OCT peripapillary RNFL thick-
ness (3 mm scan) printout (Fig. 2) has 3 circle 
scales around the optic nerve head, which 
include central, paracentral and peripheral 
circles; we used the peripheral circle for RNFL 
measurements. The 3.4 mm peripapillary scan 
mode of OCT II was used to measure peripapi-
llary RNFL thickness. Optic disc photographs 
were captured from 3D-OCT images superim-
posing a 3x3 mm square used as a reference for 
disc area measurement. For this purpose, fun-
dus photographs were enlarged on a computer 
screen and the optic disc boundary was traced 
with a mouse and a contour line was depicted 
by a computer engineer unaware of the results 
of RNFL measurements under supervision by 
an ophthalmologist. Using the 3x3 mm quadr-
angle as the reference, the area within this 
contour line was measured using AutoCAD 
2007 software and the mean of 3 measurements 
was recorded. When the edge of the optic nerve 
was indistinct or uncertain because of anatomic 
variations such as tilting of the optic nerve or a 
broad scleral ring, the optic disc area was re-
corded as the median value of three measure-
ments considered as most representative and 
reproducible.  
 

 
Figure 1 Scaled spectacle frame used for measuring 
corneal diameter. 
 
 

SPSS-15 software was used for statistical 
analysis. Quantitative variables were described 
using mean and standard deviations or their re-
levant 95% confidence intervals (CI), whereas 
percentages and 95% CI were used to describe 
qualitative data. Univariate analysis such as  
t-test, analysis of variances and Pearson's cor-
relation coefficient were employed to deter-
mine the correlation between explanatory vari-

ables and RNFL thickness individually. A 
general linear model was utilized to evaluate 
the correlation between explanatory variables 
and RNFL thickness simultaneously while 
controlling for potential confounders.  
 

 
Figure 2 The scan type and printout of 3-dimensional 
optical coherence tomography used in the study. 
 
 
RESULTS 
 
Overall , 96 eyes (including equal numbers of 
right and left eyes) of 96 normal subjects inclu-
ding 49 (51%) men and 47 (49%) women with 
mean age of 32.9±9 (range, 20-53) years were 
enrolled in this study. Table 1 summarizes 
mean spherical equivalent (SE) refractive error, 
axial length, CCT, corneal diameter (average of 
horizontal and vertical) and optic disc area.  

Using 3D-OCT mean peripapillary RNFL 
thickness was 75.50±8.38 μm and mean RNFL 
volume was 0.100±0.012 μm3. No difference in 
peripapillary RNFL thickness was observed 
between right and left eyes (P=0.17) or male 
and female subjects (P=0.90). There was no sig-
nificant difference between men and women in 
terms of peripapillary RNFL volume (P=0.61, 
Table 2).  

Mean peripapillary RNFL thickness was 
75.50±8.38 µm using 3D-OCT and 144.10+33.32 
µm using OCT II (P<0.001). Peripapillary 
RNFL thickness in different quadrants using 
3D-OCT in descending order included: inferior 
(80.5 µm), superior (78.5 µm), nasal (77.1 µm), 
and temporal (63.2 µm) which follows the 
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"ISNT rule". Peripapillary RNFL thickness in 
different quadrants using OCT II in des-
cending order included:  inferior (169.1 µm), 
superior (167.0 µm), nasal (129.4 µm), and 
temporal (107.7 µm) which also follows the 
"ISNT rule" (Table 3).  

Peripapillary RNFL thickness measured by 
3D-OCT had no correlation with age (P=0.95), 
axial length (P=0.32), SE (P=0.21), CCT (P=0.66) 
and disc area (P=0.31) but had a positive cor-
relation with mean corneal diameter (P=0.03) 

such that with each millimeter increase in cor-
neal diameter, RNFL thickness was thicker by 
approximately 8.11 μm (95% CI; 0.67 to 15.55) 
(Table 4, Fig. 3). There was a trend for mean 
RNFL thickness to increase with increasing op-
tic disc area (r=2.02), however this was not sta-
tistically significant (P=0.31); for every square 
millimeter increase in optic disc area, mean 
RNFL thickness increased by approximately 
2.02 μm. (95%CI; -1.88 to 5.93) (Fig. 4).  

 
Table 1 Basic characteristics 

 Mean±SD 95% CI Range 
Age (years) 33.0±9.0 31.1 to 34.8 20 to 53 
Spherical equivalent (diopters) -0.3±0.7 -0.5 to 0.2 -3.0 to +1.6 
Axial length (mm) 22.7±0.9 22.5 to 22.9 21.1 to 25.3 
Central corneal thickness (μm) 528.0±35.1 520.9 to 535.1 442.0 to 649.0 
Corneal diameter (mm) 10.9±0.2 10.8 to 11.0 10.1 to 11.5 
Disc area (mm2) 2.6±0.5 2.5 to 2.7 1.4 to 4.0 

SD, standard deviation; CI, confidence interval. 

 
Table 2 Mean retinal nerve fiber layer thickness and volume by gender using 3D-OCT 
RNFL  Gender Mean±SD 95% CI Range 
Thickness (µm) Male 75.4±8.7 72.9 to 77.9 57.3 to 92.5 

Female 75.6±8.1 73.2 to 78.0 58.3 to 93.3 
Total 75.5±8.4 73.8 to 77.2 57.3 to 93.3 

Volume (mm3) Male 0.10±0.01 0.096 to 0.103 0.08 to 0.12 
Female 0.10±0.01 0.097 to 0.104 0.08 to 0.12 
Total 0.10±0.01 0.097 to 0.102 0.08 to 0.12 

3D-OCT, 3-dimensional optical coherence tomography; RNFL, retinal nerve fiber layer; SD, standard deviation; 
CI, confidence interval. 

 
Table 3 Retinal nerve fiber layer thickness and volume in different quadrants 

Quadrants 
OCT II  3D-OCT 

RNFL thickness (µm)  RNFL thickness (µm)  RNFL volume (mm3) 
Mean±SD 95% CI  Mean±SD 95% CI  Mean±SD 95% CI 

Inferior 169.1±32.2 162.1–176.1  80.5±10.5 78.2– 82.7  0.11±0.01 0.105–0.11 
Superior 167.0±30.8 160.3–173.6  78.5±10.1 76.4–80.7  0.10±0.01 0.10–0.11 
Nasal 129.4±37.6 121.2–137.6  77.1±13.9 74.1– 80.1  0.10±0.02 0.10–0.11 
Temporal 107.7±40.7 98.8–116.5  63.2±9.7 61.1–65.3  0.08±0.01 0.080–0.09 
OCT, optical coherence tomography; 3D-OCT, 3-dimensional OCT; RNFL, retinal nerve fiber layer; SD, standard 
deviation; CI, confidence interval. 

  
Table 4 Multiple linear regression analysis of demographic and clinical variables in relation 

to mean retinal nerve fiber layer thickness measured by 3D-OCT 
Variable Regression coefficient Standard error 95%CI P-Value 
Sex (male) -0.24 1.77 -3.75 to 3.27 0.893 
Eye (OD) 2.35 1.70 -1.04 to 5.73 0.171 
Age -0.01 0.10 -0.21 to 0.19 0.952 
Spherical equivalent -1.56 1.24 -4.01 to 0.89 0.211 
Axial length -0.96 0.97 -2.88 to 0.96 0.323 
Central corneal thickness 0.01 0.03 -0.04 to 0.06 0.658 
Corneal diameter 8.11 3.74 0.67 to 15.55 0.033 
Disc area 2.02 1.96 -1.88 to 5.93 0.306 

3D-OCT, 3-dimensional optical coherence tomography; CI, confidence interval; OD, right eye. 
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Figure 3 Correlation between peripapillary retinal 
nerve fiber layer (RNFL) thickness and mean corneal 
diameter, plotted as a continuous variable. 

 
Disc Area (mm2) in 3D OCT 

Figure 4 Correlation between retinal nerve fiber layer 
(RNFL) thickness and optic disc area. 

 
 
DISCUSSION 
 
This study on a normal Iranian population re-
vealed that mean peripapillary RNFL thickness 
measured by 3D-OCT was significantly less 
than that obtained by OCT II (75.50±8.38 vs 
144.10±33.32 µm, P<0.001). Table 5 summarizes 
other studies reporting mean peripapillary 
RNFL thickness in normal populations from 
different parts of the world using conventional

OCT (versions II or III).14-19 Average RNFL 
thickness in these studies ranges from 100  
to 138 µm; all greater than the average value 
determined by 3D-OCT in our study. In an-
other study on an Iranian population by 
Nilforoushan et al18 who measured RNFL 
thickness by OCT II, mean RNFL thickness was 
137.56±16.79 µm which is comparable to our 
findings by OCT II (144.10±33.32 µm) but much 
greater than our 3D-OCT measurements. 

 
Table 5 Mean peripapillary RNFL thickness values in different studies 

Study Country Year 
Number 
of eyes 

Type of OCT 
Mean RNFL 

thickness (µm) 
Gramer et al14 USA 1998 104 Not mentioned 107±26 
Mok et al15 Hong Kong 2002 129 Not mentioned 120±28 
Varma et al16 USA 2003 312 OCT II 133±14 
Leung et al17 China 2004 107 OCT II 105±11 
Nilforoushan et al18 Iran 2004 45 OCT II 138±17 
Budenz et al19 USA 2007 328 OCT III 100.1±11.6 
RNFL, retinal nerve fiber layer; OCT, optical coherence tomography. 

 
 

3D-OCT uses a circular scan 3 mm in dia-
meter, but OCT II utilizes a 3.4 mm circle; 
therefore one would expect that OCT II mea-
surements be smaller. The reason for opposite 
findings in this study as well as other studies is 
not clearly understood and it remains unclear 
which one is more accurate. 3D-OCT is dif-
ferent from conventional OCT in the method of 
image acquisition due to utilizing an internal 
spectrometer instead of mobile mirrors which 

may be one source of differences. In a histo-
pathological study by Jones et al,20 it was 
shown that conventional OCT may under-
estimate histological RNFL thickness by an 
average of 37%. Based on this study, one may 
assume that 3D-OCT could be farther from 
reality. However, tissue processing artifacts 
and consequent swelling should be considered 
as other possible causes of disparity. 

This study demonstrated that RNFL thick-



 

RNFL Thickness Measurement by 3-D OCT; Pakravan et al 
 

JOURNAL OF OPHTHALMIC AND VISION RESEARCH  2009; Vol. 4, No. 4 225 

ness measured by 3D-OCT in different quad-
rants follows the so-called “ISNT rule” which is 
consistent with other studies.14-16,18,19 This se-
quence may be explained by the anatomical 
and histological structure of the eye. Due to the 
arcuate pattern of nerve fibers terminating in 
the inferior and superior poles of the optic 
nerve head, RNFL in these areas is thicker than 
nasal and temporal quadrants.3 Even with 
other RNFL imaging techniques such as OCT II 
in our study and scanning laser polarimetry in 
other studies, the same descending order of 
thickness has been shown.18,19,21,22 

The current study demonstrated a weak 
negative correlation between peripapillary 
RNFL thickness and age, with a decline of app-
roximately 0.06 micrometer in RNFL thickness 
per decade of age. Although this finding was 
not statistically significant, several other studies 
have reported a significant negative correlation. 
In a study on 100 healthy individuals, Alamouti 
et al22 demonstrated that both total retinal 
thickness and RNFL thickness significantly 
decreased with age with an average decrease of 
0.44 µm per year. Budenz et al19 showed that 
RNFL thickness was significantly correlated 
with age; for each decade increase in age, mean 
RNFL decreased by approximately 2 µm. Other 
studies by Schuman, Gramer, Mok, and Varma 
have also noted a significant negative correla-
tion between age and RNFL thickness.11,14-16 
The small and statistically insignificant cor-
relation we found between peripapillary RNFL 
and age may be due to the younger population 
in our study (mean age of 33; range, 20-53 
years) as compared to other studies which 
focused on older people (mostly over 40 years 
of age).11,14,15,18,19,22 On the other hand, there are 
studies which have demonstrated no decrease 
in RNFL thickness with ageing. Repka and 
Quigly23 reported no decrease in RNFL thick-
ness in older subjects and believed that this is 
similar to a stable cup/disc ratio throughout 
life. Nilforoushan and Ahadi18 also found no 
significant correlation between age and RNFL 
thickness. One histological study also demon-
strated no significant correlation between age 
and the number of axons.23 But these types of 
studies typically include relatively few subjects. 
The large variation (7×105 to 1.4×106 fibers) in 

the number of RGC axons in normal indivi-
duals further complicates this correlation.23 To 
prove any correlation between peripapillary 
RNFL thickness and age, we need age-adjusted 
normal values for interpretation of RNFL thick-
ness measurements. 

The current study revealed no significant 
difference in RNFL thickness between male and 
female subjects which is compatible with many 
other reports.11,16,18,19,21 However, Wong et al24 
reported significantly thicker RNFL in men 
suggesting their higher body mass index as the 
cause. We found no difference in RNFL thick-
ness between right and left eyes which is simi-
lar to the study by Budenz et al.19 No signifi-
cant correlation was found between RNFL thi-
ckness and CCT in our study which is consis-
tent with the study by Lester and Mermoud.25  

We observed no correlation between RNFL 
thickness and spherical equivalent refractive 
error which is in contrast to the study by 
Budenz et al19 who reported thinner RNFL in 
myopic eyes (0.9 µm less thickness for every 
diopter of myopia). In another study on Iranian 
subjects, Nilforoushan et al18 reported a similar 
correlation between RNFL thickness and myo-
pia which was not statistically significant. The 
diversity of results reported by different studies 
could be due to differences in the range of ref-
ractive errors included; in the current study for 
instance, the range of refractive errors was 
narrow, from -3.00 to +1.63. We observed an 
inverse but statistically insignificant correlation 
between axial length (AL) and RNFL thickness, 
for every millimeter increase in AL, RNFL 
thickness decreased by approximately 0.96 µm. 
The corresponding figure in the study by 
Budenz et al19 was 2.2 µm which was also 
statistically significant. 

Budenz et al19 reported a significant cor-
relation between disc area and RNFL thickness 
such that one mm2 increase in optic disc area 
was associated with 3.3 µm increase in RNFL 
thickness. Although not significant, the corres-
ponding figure in our study was close to the 
mentioned report: 2.02 µm increase in RNFL 
thickness for each mm2 increase in optic disc 
area. Savini et al10 have also shown that optic 
nerve fiber counts increase with ONH size. 
However, one may argue that the thicker RNFL 
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in large optic nerves may be due to the shorter 
distance between the circular OCT scan and the 
optic disc. If a fixed diameter circular scan is 
employed, which is usually the case, the dis-
tance between the scan and the optic nerve 
head margin will obviously be reduced in the 
presence of a large ONH, thereby over-
estimating RNFL thickness. 

In conclusion, this study on a normal 
group of Iranian individuals revealed that 
mean peripapillary RNFL thickness measured 
by 3D-OCT was 75.5±8.38 µm which is much 
less than the corresponding figure of 144.10± 
33.32 µm measured by OCT II in the same 
population. It seems that peripapillary RNFL 
thickness measurements by 3D-OCT are thin-
ner compared to measurements by older ge-
nerations of OCT, therefore one should con-
sider obtaining separate baseline measurements 
when using different imaging instruments. 
Further studies are warranted to determine 
which measurement is more accurate. 
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