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ABSTRACT

Introduction: The aim of this work is to inves-
tigate the differences in the measurement of
foveal retinal thickness in myopic patients
between two display modes (1:1 pixel and 1:1
micron) on optical coherence tomography
(OCT).
Methods: Horizontal OCT line scan through
the central fovea was used for manual mea-
surement of foveal retinal thickness under the
two display modes, and the values were com-
pared using Wilcoxon signed-rank test.

Correlations between the OCT image tilting
angle (OCT ITA) and differences in OCT mea-
surement were analyzed by Spearman’s test.
Results: 127 participants with a median age of
28 years, a median spherical equivalent (SE) of
- 8.5 D, and a median axial length (AL) of
27.04 mm. There were significant differences
between the two display modes, with a median
absolute difference (median relative difference)
of 13.33 lm (2.75%) for the central foveal
thickness (CFT), 5.33 lm (1.28%) for the Henle
fiber and outer nuclear layer thickness (HFL ?

ONL), 3 lm (6.47%) for the external limiting
membrane to ellipsoid zone distance (ELM-EZ),
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and 4 lm (8.77%) for the ellipsoid zone to reti-
nal pigment epithelium distance (EZ-RPE) (all
p\0.05). The differences in foveal retinal
thickness between the two display modes were
significantly correlated with the OCT ITA
(r = 0.732 for CFT, 0.561 for HFL ? ONL, 0.642
for ELM-EZ, and 0.471 for EZ-RPE, all p\0.05).
Conclusions: Disparities between the two dis-
play modes were found in the manual mea-
surement of foveal retinal thickness and
correlated to the OCT ITA.

Keywords: Central foveal thickness; Display
mode; Myopia; Optical coherence
tomography; Image tilting angle

Key Summary Points

Previous studies investigated the
differences between the display modes in
choroidal thickness measurement and
found differences between the
measurements in the two display modes,
but did not state the exact reason for the
differences.

The current study found that the retinal
foveal thickness measurement is different
in the two display modes, especially when
the OCT B scan image is tilted, and these
differences are correlated with the OCT B
scan image tilting angle. Furthermore, we
provided regression equations to correct
the differences.

Despite the previous attainments, one
concern is that there is no agreement on
whether to use 1:1 pixel display mode or
1:1 micron display mode for thickness
measurement. Our research provided
regression equations according to the
tilting angle to correct the differences in
the two display modes. The equations can
be used to convert the retinal thickness
between the two display modes.

INTRODUCTION

Spectral-domain optical coherence tomography
(SD-OCT) is a non-invasive imaging technique
widely used to evaluate the microanatomical
structures of the retina and for the detection
and monitoring of retinal diseases [1–4]. The
advent of SD-OCT has improved macular image
quality by allowing a high-density sampling
resolution while simultaneously increasing
testing reliability and repeatability [5–8]. SD-
OCT also provides helpful clinical information
and allows clinicians to obtain cross-sectional
quantitative macular thickness measurements
for the early diagnosis and follow-up assessment
of macular pathologies such as myopic
retinoschisis, epiretinal membrane, and macu-
lar edema, macular hole, macular degeneration,
and central serous retinopathy [9–12]. The
manual measurement of retinal foveal thickness
based on SD-OCT has been widely used to
investigate characteristics of retinal structure
[2, 6, 13]. Additionally, average thickness and
volume can be determined for predefined por-
tions of each retinal layer in the SD-OCT image
[14].

It is noticeable that there are two display
modes of OCT images (1:1 pixel display mode
and 1:1 micron display mode). The 1:1 pixel
mode is the most commonly used display mode
for OCT images. The OCT machine uses the
pixels between two points to measure the dis-
tance. In the 1:1 pixel mode, the ratio between
vertical and horizontal scales is 3.775, and in
1:1 micron mode, the scale ratio is 1:1. When
the OCT B-scan image is well horizontal, there
would be no difference in values of the manu-
ally measured central foveal thickness (CFT)
between the two display modes. However, when
the OCT image is tilted, in theory, the CFT
values in 1:1 pixel mode would be higher than
those in the 1:1 micron mode.

Although the 1:1 pixel mode is commonly
used in clinical practice, one concern is that no
previous study has mentioned whether 1:1 pixel
image is different from 1:1 micron image used
for manual measurement of the retinal foveal
thickness, especially when the OCT B-scan
image is tilted. It is useful to consider the
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differences between the display modes of OCT
to avoid measurement errors and misinterpre-
tations and to plan for the most appropriate
management of retinal diseases [10, 15–17].

The purpose of this study was to evaluate the
differences in manual measurements of CFT
based on 1:1 pixel images and 1:1 micron ima-
ges in myopic patients. Furthermore, we inves-
tigated possible reasons for the difference in the
two measurement display modes.

METHODS

Participants

This was a retrospective, cross-sectional study
performed on myopic patients at Guangzhou
Aier Institute of Eye Refractive Surgery (GZA-
IER). The research was approved by the Insti-
tutional Review Board (IRB) of GZAIER and
followed the Helsinki Declaration. Additionally,
the same IRB waived the necessity for informed
consent because the study only involved
examining medical records and no specific
patient could be identified from the data. All
the patients underwent comprehensive baseline
ophthalmologic examinations including
refraction, best-corrected visual acuity with a
decimal chart, slit-lamp biomicroscope exami-
nation of the anterior segment and the fundus,
intraocular pressure, and axial length measure-
ment, pachymetry, and SD-OCT scanning. Our
study included individuals between 18 and
45 years of age, who visited GZAIER for refrac-
tive surgery, and underwent OCT imaging.

We excluded myopic eyes with concurrent
ophthalmic disorders such as corneal disease,
keratoconus, ocular trauma or ophthalmic sur-
gery, uveitis, glaucoma, and patients younger
than 18 years, patients with retinoschisis,
choroidal neovascularization, and patients with
macular hemorrhage.

Imaging

All eyes, after accomplishing satisfactory pupil-
lary dilation with 0.5% tropicamide (SANTEN
PHARMACEUTICAL CO, LTD.SHIGA PLANT),

underwent SD-OCT scanning. The subjects were
instructed to look at the fixation light in the
machine, and the foveolar fixation was con-
firmed by observing the retinal image through
the infrared monitoring camera. A high-resolu-
tion horizontal B-scan through the central
fovea was performed for each eye, using SD-
OCT (Spectralis, Heidelberg Engineering GmbH,
Heidelberg, Germany). For each patient, an
OCT image of the right eye image was used for
manual measurement, and a left eye image was
used if the right eye image was not available.
OCT images were measured three times by an
experienced technician (YG), and the average
values were used for analysis. All the measure-
ments were conducted for both display modes;
i.e., 1:1 pixel mode and 1: 1 micron mode. The
computer-based caliper measurement tool in
the SD-OCT was used to manually measure
different retinal layers in the two display modes
(Fig. 1). ImageJ software (US National Institutes
of Health, Bethesda, MD, USA. https://imagej.
net/software/fiji/) was used to assess the OCT
image tilting angle (OCT ITA).

The CFT is defined as the distance between
the surface of the internal limiting membrane
(ILM) and the outer border of the retinal pig-
ment epithelium (RPE) at the central fovea. The
distance between the inner border of the ILM
(at the steepest section of the foveal excavation)
and the inner border of the external limiting
membrane (ELM) line in conjunction with the
highest part of the foveal bulge was described as
the HFL ? ONL thickness. The distance
between the inner border of the ELM line and
the outer border of the ellipsoid zone (EZ) was
defined as the ELM–EZ distance; the distance
between the outer border of the EZ and the
inner border of RPE layer was defined as the EZ-
RPE distance (Fig. 2) [18]. For the measurement
of the OCT ITA, we first drew a line tangent to
the RPE line below the foveola. The angle alpha
between this line and the bottom edge of the
OCT image was defined as the OCT ITA (Fig. 3).
It is noticeable that all the retinal thicknesses
measured in the study are the ‘‘apparent thick-
nesses’’ based on the previous assumptions of
the corresponding OCT layers to the histologi-
cal slides [19, 20].
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Fig. 1 Retinal bands/layers/zones as visualized by spectral-
domain optical coherence tomography. The thickness of
the Henle fiber layer and the outer nuclear layer
(HFL ? ONL) is measured as the distance between the
inner limiting membrane and the inner border of the
external limiting membrane (ELM) band. ELM–ellipsoid

zone (EZ) thickness is the distance between the inner
border of the ELM band and the outer border of the EZ.
EZ–retinal pigment epithelium (RPE) thickness is the
distance between the outer border of the EZ and the inner
border of the RPE

Fig. 2 Representative optical coherence tomography
images of the same eye showing the manual measurement
of the central foveal thickness (CFT) under the two
display modes (A CFT manual measurement in 1:1 pixel

mode, B CFT manual measurement in 1:1 micron display
mode). In the 1:1 pixel mode, the ratio between vertical
and horizontal scales is 3.775, and in 1:1 micron mode, the
scale ratio is 1:1 (arrowhead)

170 Ophthalmol Ther (2023) 12:167–178



Statistical Analysis

The data are presented as median and
interquartile range (IQR). All statistical analyses
were performed using the SPSS 20.0 (SPSS. Inc.,
Chicago, IL, USA). Normality of the data was
evaluated by Shapiro–Wilk test. The OCT mea-
surement in the two display modes was com-
pared using the Wilcoxon signed-rank test. The
absolute difference in retinal thickness was cal-
culated by retinal thickness in 1:1 pixel mode
minus retinal thickness in 1:1 micron mode,
and the relative difference in retinal thickness
was defined as absolute difference divided by
the retinal thickness in 1:1 micron mode.
Spearman correlation tests and linear regres-
sions were used to assess the correlations
between the OCT ITA and the differences in
OCT measurement under the two display

modes. For all the tests, p\0.05 was considered
statistically significant.

RESULTS

The baseline demographic characteristics of the
eyes are shown in Table 1. We recruited a total
of 127 participants with a median age of
28 years (interquartile range (IQR): 9 years), a
median spherical equivalent (SE) of - 8.5D
(IQR: - 6.62 D), and a median axial length (AL)
of 27.04 mm (IQR: 3.42 mm).

The evaluation of the differences between
the display modes is shown in Table 2. There
were statistically significant differences between
the two display modes in the measurement of
retinal thickness, with the median (IQR) abso-
lute difference and median (IQR) relative dif-
ference of 13.33 lm (22 lm) and 2.75%

Fig. 3 Representative image of optical coherence tomog-
raphy (OCT) image tilting angle. We first drew a line
tangent to the retinal pigment epithelium line below the

foveola. The angle alpha between this line and the bottom
edge of the OCT image was defined as the OCT image
tilting angle

Table 1 Baseline demographic characteristics of the eyes

Characteristic* Median (IQR) Range

Number of eyes 127 –

Age (years) 28.00 (9) 18–50

SE (D) - 8.50 (6.62) - 22.50 to - 2.50

Axial length (mm) 27.04 (3.42) 23.12–32.68

SE spherical equivalent, D diopter
*The data are statistically not normally distributed. The data are presented as median and interquartile range (IQR)
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(15.39%) for CFT, 5.33 lm (11.33 lm) and
1.28% (19.39%) for HFL ? ONL thickness, 3 lm
(4.66 lm) and 6.47% (21.89%) for ELM-EZ dis-
tance, and 4 lm (2.67 lm) and 8.77% (26.74%)
for EZ-RPE distance (all p\0.05).

The correlations between the differences in
the two display modes and the OCT ITA are
shown in Tables 3 and 4. The absolute differ-
ences in OCT measurement were significantly
correlated with the OCT ITA, with a correlation
coefficient of 0.734 for CFT, 0.570 for HFL ?

ONL, 0.650 for ELM-EZ, and 0.487 for EZ-RPE
and the relative differences correlated to the
OCT ITA with a correlation coefficient of 0.732
for CFT, 0.561 for HFL ? ONL, 0.642 for ELM-
EZ, and 0.471 for EZ-RPE (all p\0.05). Linear
regressions of the OCT ITA and the differences
in retinal thickness between the two display

modes are shown in Figs. 4 and 5 along with the
regression equations.

DISCUSSION

OCT is a standard ophthalmologist’s tool for
diagnosing and managing retinal pathologies
[21–23]. Imaging of the retina has substantially
advanced since the development of SD-OCT.
Recent studies demonstrated SD-OCT retinal
thickness measurements and some inaccuracies
in SD-OCT retinal thickness measurements
[6, 21, 24–29]. In pathologies where the OCT
B-scan image is distorted, automated segmen-
tation may produce inaccurate results due to
segmentation errors. In such cases, manual
measurements and/or manual correction of
segmentation errors may provide more accu-
racy, which is essential in understanding the
pathophysiology of numerous ocular diseases
[14]. Subsequently in this study, we measured
manually the CFT using the two OCT display
modes, which revealed significant differences in
retinal thickness measurements based on 1:1
pixel display mode compared to the measure-
ments based on 1:1 micron display mode.
Moreover, we found that the differences
between the two display modes are correlated to
the OCT ITA. The current study shows a sig-
nificant difference in the measurement of CFT,
HFL ? ONL thickness, ELM-EZ distance, and
EZ-RPE under the two OCT display modes. We
found that there is an overestimation of CFT
measurement in the 1:1 pixel mode when the

Table 2 Evaluation of the differences between the display modes with Wilcoxon signed-rank test

Parameter* 1:1 lm 1:1 pixel Absolute difference** Relative difference (%)** p value***

CFT (lm) 213.33 (22.33) 226.66 (44.33) 13.33 (22) 2.75 (15.39) B 0.001***

HFL ? ONL (lm) 105.33 (23.67) 110.66 (35) 5.33 (11.33) 1.28 (19.47) 0.002***

ELM-EZ (lm) 45.33 (5) 48.33 (9.66) 3 (4.66) 6.47 (21.89) B 0.001***

EZ-RPE (lm) 39.00 (6) 43.00 (8.67) 4 (2.67) 8.77 (26.74) B 0.001***

*The data are not normally distributed and presented as median and interquartile (IQR); ** Values in the 1:1 pixel mode
minus values in the 1:1 lm mode; *** Wilcoxon signed-rank test was performed to evaluate the differences between the
display modes, significant if p\ 0.05

Table 3 Spearman’s correlation coefficients between the
absolute differences in the two display modes and the
OCT image tilting angle

Parameter* Angle
(�)**

SE
(D)***

AL
(mm)***

DCFT (lm) 0.734 0.085 - 0.059

DHFL ? ONL

(lm)

0.570 0.044 - 0.043

DELM-EZ (lm) 0.650 0.010 - 0.009

DEZ-RPE (lm) 0.487 - 0.043 0.057

*The data are statistically not normally distributed;
**indicated a p value\ 0.05; ***indicated a p value[ 0.05
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OCT image is tilted. It is beneficial to consider
the differences between OCT display modes to
avoid measurement errors and misinterpreta-
tions and to plan for the best management of
retinal diseases. In their study, Kim et al. also
found differences between the two display
modes for choroidal thickness measurement
and they found that the subfoveal choroidal
thickness (SFCT) was greater in measurements
based on the 1:1 pixel mode. A critical overes-
timation of the SFCT was noted when it was
measured on a 1:1 pixel mode. This finding
suggested that the estimation of choroidal
thickness should be performed based on a
1:1 lm display mode, particularly if the esti-
mation line is not vertical. In addition, as
demonstrated in some eyes for foveal retinal
thickness, they believed that a similar mea-
surement error can occur when measuring the
thickness of other structures when the image of
the structure is tilted, which is exactly the case
in our current study. In their study, approxi-
mately 30% of the images with the 1:1 pixel
setting showed a tilted view of the retina/chor-
oid. Their study did not elucidate the exact
reason for the tilted images, but suspected the
curvature of the eye, especially in case of myo-
pia, poor fixation, head tilt, or tilt OCT camera
[30].

In their study, Cho et al. show that 1:1 lm
images granted slightly better repeatability in
interobserver measurements, and suggested that
choroidal thickness measurements must be

interpreted with caution, especially for a thick
choroid. In their study for both image modes,
the SFCT does not significantly vary between
the observers (p = 0.5663 for the 1:1 pixel image
and p = 0.2839 for the 1:1 micron image,
respectively). The mean SFCT was
315.3 ± 89.2 mm in the 1:1 pixel images and
312.6 ± 88.4 mm in the 1:1 micron images
based on the two observers’ initial measure-
ments. However, in their study, statistical
analysis of the 1:1 pixel images revealed signif-
icantly stronger repeatability than the 1:1
micron images [31]. Although Kim et al. showed
overestimation in the 1:1 pixel images, these
inaccuracies did not appear to have a substan-
tial impact on reproducibility [30]. We realized
that the differences between the two display
modes in our study are statically more signifi-
cant than the differences in their studies. This
can be explained by the differentiation of the
technique of measurement without considering
the OCT ITA and also the measured parameters.
Marcel et al. performed a study on the repro-
ducibility of retinal thickness measurements in
healthy subjects using Spectralis optical coher-
ence tomography system. Their study shows a
high reproducibility in the retinal thickness
measurement for all the Early Treatment Dia-
betic Retinopathy Study areas. In their study,
the mean foveal thickness is 286 ± 17 lm in the
micron display mode in contrast, in our study
the mean CFT is 213.33 lm (22.33 lm) in the
1:1 lm mode [6]. This difference can probably
be explained by the differences in the study
population (emmetropes vs. myopes), the
technique of measurement (automatic vs.
manual), and the model of OCT machine used
(frequency-domain vs. spectral-domain). Previ-
ous studies have shown that retinal thickness
may be affected by refractive status [32, 33],
measurement technique [34], and OCT
machine model [35–37].

Despite the reproducibility between the two
display modes, previous studies mainly used 1:1
pixel display mode. Although 1:1 pixel display
mode shows all acquired pixels, 1:1 micron
display mode organizes the pixels using the
same scale horizontally and vertically. As a
result, to reflect the physical dimensions, the
1:1 micron display mode must be vertically

Table 4 Spearman’s correlation coefficients between the
relative differences in the two display modes and the OCT
image tilting angle

Parameter* Angle (�)
**

SE
(D)***

AL
(mm)***

DCFT (lm) 0.732 0.086 - 0.060

DHFL ? ONL

(lm)

0.561 0.048 - 0.042

DELM-EZ (lm) 0.642 0.007 - 0.009

DEZ-RPE (lm) 0.471 - 0.076 0.084

*The data are statistically not normally distributed;
**indicated a p value\ 0.05; ***Indicated a p value[ 0.05
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compressed approximately threefold. Even
though the 1:1 pixel display mode can more
clearly show a precise structural change, a slight
deviation from the perpendicular measuring
can lead to a large error during manual mea-
surement [31]. However, there is no consensus
on whether to use a 1:1 pixel display mode or a
1:1 micron display mode for manual retinal
thickness measurement. As a result, the type of
image used for measuring CFT is at the discre-
tion of each investigator the same as for CT
manual measurement. In some previous studies,

measurements were based on 1:1 pixel display
mode [38–44], whereas others used 1:1 micron
display mode [45–48].

Since there is no agreement on whether to
use 1:1 pixel display mode or 1:1 micron display
mode for thickness measurement, methods to
convert the values between different display
modes are warranted. Our research found cor-
relations between the differences in retinal
thickness and the OCT ITA. We found that the
more the OCT B-scan image was tilted, the more
differences in retinal thickness were observed.

Fig. 4 Linear regressions of the optical coherence tomography image tilting angle and the absolute differences in retinal
thickness between the two display modes along with the regression equations
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This finding may be due to different vertical-to-
horizontal scale ratios in the two display modes.
As the ITA is increased, the CFT is more over-
estimated by the 1:1 pixel mode because the
ratio is 3.775 in this mode while it is 1 in the 1:1
micron mode. We then provided equations
produced by the regression models to calculate
the differences between the two display modes
according to the OCT ITA on the B-scan image.
Further studies are needed to validate the relia-
bility of these equations, and before that they
should be applied with caution.

The differences in retinal thickness between
the two display modes were correlated with the
OCT ITA, but not with SE or AL. Such differ-
ences could also be affected by the angle kappa
and shape of the posterior pole, since both can
affect the horizontality of the OCT B-scans.
Therefore, in any case, where the OCT B-scan
image is tilted, the difference in retinal thick-
ness measurement should be considered. The
limitation of the current study is that it only
describes the differences at a single center and
in myopic patients, and the retinal thickness

Fig. 5 Linear regressions of the optical coherence tomography image tilting angle and the relative differences in retinal
thickness between the two display modes along with the regression equations
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was only measured at the central fovea. Whe-
ther our findings can be generalized to other
patients (hyperopes or emmetropes) and other
retinal locations needs to be validated.

CONCLUSIONS

Our study found that retinal thickness mea-
surements in myopic patients under the two
display modes were different, and the differ-
ences were correlated with OCT ITA. Using
regression equations, we could correct the dif-
ferences between the two display modes.
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