
Optical coherence tomography (OCT) is a method of 
acquiring and processing optical signals that is known to 
have excellent reproducibility and therefore plays an im-
portant role in the detection and monitoring of glaucoma 
and retinal disease [1-3]. As with other imaging modalities, 
the quality of OCT images is essential to clinical analysis. 
Signal strength (SS) and the placement of an exact center 
are used as criteria to assess the quality of an OCT image. 
In previous versions of OCT software, the signal to noise 
ratio (SNR) was the only parameter for quality. The SNR 

parameter gave only a general indication of the strength 
of the acquired signal within a given scan. In current OCT 
software, SS is used for image quality control. Signal 
strength is an advanced parameter that combines SNR and 
the uniformity of the signal within a scan. The scale of SS 
ranges from 1 to 10, with 1 representing poor image qual-
ity and 10 representing excellent image quality [4]. Accord-
ing to current manufacturer recommendations, SS of 6 or 
greater is significant for meaningful analysis. 

A number of factors, including pupil size, lens opacity 
and corneal drying, have been reported to influence the SS 
and the measurement of retinal nerve fiber layer (RNFL) 
thickness in patients [4-9]. These factors cannot be correct-
ed in some patients, and can compromise the image quality 
of OCT scans. When an image has low SS due to the above 
factors, other tools can be used to diagnose glaucoma for 
patient care. Examples of other diagnostic tools include the 
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Purpose: To determine the lowest limit of signal strength that is still effective for accurate analysis of optic co-
herence tomography (OCT) values, we investigated the reproducibility of OCT scans by signal strength (SS).

Methods: A total of 668 subjects were scanned for measurements of retinal nerve fiber layer (RNFL) thickness 
using the Stratus OCT twice on the same day. The variability of overall RNFL thickness parameters obtained 
at different SS was analyzed and compared by repeated-measures of ANOVA and Spearman’s correlation 
coefficient. Values of the intraclass correlation coefficient (ICC) and variability (standard deviation) of RNFL 
thickness were obtained. The false positive ratio was analyzed. 

Results: When SS was 3, the variability of RNFL thickness was significantly different (low ICC, high variability) 
in comparison to when SS was 4 or greater. Significant negative correlations were observed between variabil-
ity in RNFL thickness and signal strength. The difference of variability of average RNFL thickness between SS 
4 (4.94 μm) and SS 6 (4.41 μm) was 0.53 μm. 

Conclusions: Clinically, the difference of variability of average RNFL thickness between SS 4 and SS 6 was 
quite small. High SS is important, however, when signal strength is low due to uncorrectable factors in patients 
in need of OCT for glaucoma and retinal disease. Our results suggest that SS 4 is the lowest acceptable limit 
of signal strength for obtaining reproducible scanning images.
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Humphrey visual field analyzer and fundus photography. 
These tools, however, also have low reliability in many 
cases. For situations of low image reliability due to uncor-
rectable patient factors, reference data for OCT is not yet 
published. Recently, advanced OCT has been developed 
that offers improved visual quality [10]. Because the Stra-
tus OCT is still widely used, however, information for 
more accurate interpretation of OCT images is needed [11]. 
In an effort to help improve interpretation of OCT images, 
this study investigates the variability of OCT scans by 
varying SS, a critical parameter for the quality of scans. 

Materials and Methods
This cross-sectional, observational study was done from 

December 2007 to August 2008 after approval from the 
institutional review board and ethics committee of the 
Kangbuk Samsung Hospital in Seoul, Korea. This prospec-
tive study was performed after approval from the subjects 
were recruited from the outpatient glaucoma service of the 
Kangbuk Samsung Hospital. This study evaluated 688 eyes 
in 688 participants. All of the subjects underwent a full 
medical and ocular history. The detailed ocular examina-
tion included visual acuity, intraocular pressure measure-
ment using the Goldman applanation tonometer, and slit 
lamp and fundus examinations. A digital fundus camera 
was used to take red-free fundus photographs of the retina 
and stereo disc photographs (Visucam; Carl Zeiss Meditec, 
Dublin, CA, USA). Detailed fundus examination and OCT 
scans were performed under mydriasis. In addition, other 
basic ocular exams were performed without the partici-
pants being under mydriasis.

The study classified participants as normal if they met 
the extensive criteria of having a highest documented IOP 
of 20 mmHg bilaterally, normal bilateral examination 
findings – including fundus examination under mydriasis, 
normal bilateral visual field results defined as mean devia-
tion within 95% of normal limits, and glaucoma hemifield 
test results within 99% of normal limits. Included among 
subjects with glaucoma were those with diagnoses of open 
angle glaucoma defined as optic disc abnormalities, and 
RNFL defects with or without visual field loss. Glauco-
matous optic disc abnormality was defined as having one 
of several features, including neuroretinal rim thinning, 
notching, or excavation. Optic disc abnormalities were de-
tected in the stereo disc photographs. Defects of the RNFL 
were detected in the red-free digital fundus photographs. 
Other inclusion criteria for both normal and glaucomatous 
subjects were, 1) the subject was 18 years or older, 2) the 
subject had best-corrected visual acuity of 20 / 40 or bet-
ter, 3) the subject had no history of ocular or neurological 
disease or surgery that might produce test results or vision 
changes confounding recognition of test results due solely 
to glaucoma, 4) the subject had no history of amblyopia, 

5) the subject had the mental and physical capacity to per-
form the tests, and 6) willingness to participate as a subject 
in the study.

Optic coherence tomography technique

Twice in the same day, subjects were scanned with the 
Stratus OCT (software ver. 4.0.1, Carl Zeiss Meditec). The 
OCT scans were performed on each subject by a single 
technician through a dilated pupil with Fast RNFL thick-
ness protocols using internal fixation. An operator applied 
artificial tears (Hyalein; Santen Pharmaceuticals, Osaka, 
Japan) to each patient before scanning. A scan was suc-
cessfully obtained if the fundus image was sufficiently 
visible to distinguish the optic disc and the scanning circle, 
and if there were no obvious movement artifacts with 
missing data at the acquired scan pattern. Images with 
poor scan quality (error messages and obvious segmen-
tation errors), decentration, poor focus or low analysis 
confidence were excluded. For subjects who had both eyes 
scanned, one eye was randomly selected for analysis. In 
addition, cases having the same signal strength in repeated 
OCT scans were selected for analysis. When the signal 
strength was different in repeated OCT scans despite the 
scans being of good quality, we evaluated one additional 
OCT scan and selected scans with the same signal strength 
for analysis. Cases with different signal strength among 
three OCT scans were excluded from analysis. The RNFL 
thickness measurements from initial and repeat scans were 
compared and subsequently correlated with the differences 
in SS.

The analysis algorithm reports 17 RNFL thickness val-
ues, as follows. Mean RNFL thickness around the entire 
circumference, average thickness within the four quad-
rants (temporal, superior, nasal, and inferior), and average 
thickness in each of 12 clock-hour sectors, where clock 
hours 1 to 5 represent the nasal clock hours, and clock 
hours 7 to 11 represent the temporal ones. Left optic disc 
areas were considered to be the mirror images of right op-
tic disc areas. In all tables, the measured areas of the nasal 
region were named clockwise from 12 to 6. The measured 
areas of the temporal region were named from 6 to 12.

Statistical analysis

Statistical analyses were performed using PASW statis-
tics ver. 17.0 (SPSS Inc., Chicago, IL, USA). Parameters, 
including average RNFL thickness and mean clock hour 
RNFL thicknesses, were automatically generated in the 
analysis report. These measurements were aligned based 
on right eye orientation. The superior clock hour was 
designated as 12 o’clock, and the others were assigned ac-
cordingly. The clock hours were assigned clockwise in the 
right eye and counterclockwise in the left eye. The four 
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quadrants, clock hours, and average RNFL measurements 
obtained at different SS were compared with repeated-
measures of ANOVA. Spearman’s correlation coefficient 
was used to identify statistically significant correlations. 
The false positive ratio was defined as values below the 
fifth percentile of RNFL thickness for normal eyes. The 
false positive ratio was analyzed to compare diagnostic 
ability according to varying SS. The value of p < 0.05 was 
considered statistically significant.

Results
We analyzed 668 eyes of 668 total subjects. The de-

mographic and ophthalmic characteristics of all included 
subjects are shown in Table 1. The intraclass correlation 
coefficient and variability (standard deviation) of all in-
cluded subjects are shown in Table 2. The variability of 
RNFL thickness by SS is shown in Fig. 1. When SS was 3, 
the variability of RNFL thickness significantly increased, 
as opposed to when signal strength was 4 or greater. Cor-
relations between SS and variability in average RNFL 
thickness, RNFL thickness of the four quadrants, and the 
12 o’clock hour RNFL thickness are shown in Fig. 2. Sig-
nificant correlations were observed between SS and vari-
ability in average RNFL thickness, RNFL thickness of the 
four quadrants, and the 12 o’clock hour RNFL thickness. 
Significant negative correlations were observed between 
variability in RNFL thickness and signal strength, which 
indicates that a decrease in the SS value is associated with 
increased variability in RNFL thickness. Furthermore, 
when SS was 3, the variability in RNFL thickness signifi-
cantly increased, as opposed to when SS was 4 or greater.

 Multivariate regression analysis was performed using 
SS as an independent variable. Dependent variables were 
the variability in average RNFL thickness, the RNFL 
thickness of four quadrants, and 12 o’clock hour RNFL 
thickness (Table 3). SS was an independent predictor for 
variability in the average RNFL thickness, superior quad-
rant RNFL thickness, and inferior quadrant RNFL thick-

ness. SS was also an independent predictor for variability 
in the 1 o’clock hour RNFL thickness and in the RNFL 
thicknesses from the hours of 5 to 12 o’clock. Table 4 
shows the significance of difference as measured by vary-
ing SS. The variability of SS 4 and 5 were significant only 
in the inferior quadrant. The false positive ratio decreased 
as SS increased. The false positive ratio was 28% when SS 
was 4, and it was 19.1% when SS was 6. When SS was 6 or 
greater, the false positive ratio was 16.4%.

Discussion
An important finding of this study is that when signal 

strength increased, variability decreased significantly (Fig. 
2). The method of test-retest is very good for investigating 
the reproducibility of a device because the method sys-
tematically maintains the same environment, same time, 
and same technician. The results show that when signal 
strength is 3, the variability is too high for accuracy or 
reliability (Fig. 1). When signal strength is 4 or greater, the 
variability decreases significantly. By the time that signal 
strength reaches 6 or greater, variability is quite small. In 
our analysis, the difference of variability of average RNFL 
thickness between signal strength 4 (4.94 μm) and signal 
strength 6 (4.41 μm) was 0.53 μm. The variation between 
signal strength 4 and signal strength 7 (3.49 μm) was 1.45 
μm. Clinically, this variation is insignificant with regard to 
the reproducibility of OCT. Test-retest reliability as low as 
3.5 microns has been reported in normal patients [8].

Glaucoma is an optic neuropathy characterized by reti-
nal ganglion cell death and corresponding nerve fiber layer 
loss. This significant structural damage in the RNFL may 

Table 1. Demographics of study participants and distribution 
of signal strength 

Normal Glaucoma Total
Sex (male / female) 60 / 54 298 / 258 688
SS = 3 8 27 35
SS = 4 8 29 37
SS = 5 11 84 95
SS = 6 21 122 143
SS = 7 25 140 165
SS = 8 22 93 115
SS = 9 14 43 57
SS = 10 5 16 21
Values are presented as number.
SS = signal strength.
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Fig. 1. The variability of retinal nerve fiber layer (RNFL) thick-
ness by signal strength (SS). When SS was 3, the variability of 
RNFL thickness increased significantly, as opposed to when sig-
nal strength was 4 or greater.
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precede visual field loss [12]. To estimate the extent of the 
damage and evaluate the rate of disease progression, it is 
important to understand the relationship between struc-
tural injury and functional loss. Accordingly, some studies 
are being conducted to look into the relationship [13]. One 
of the most useful technologies for the structural evalua-
tion of glaucomatous damage is OCT [14]. In comparison 
to other diagnostic technologies, OCT offers less variabil-
ity in determinations of RNFL thickness [1]. But in some 
cases, glaucomatous RNFL defects identified in Stratus 
OCT images are classified as normal [15]. 

Several studies have postulated that signal strength is 
related to the value of RNFL thickness as determined by 

OCT imaging. When SS is low, RNFL thickness measures 
are consistently thinner [9]. If SS impacts diagnostic ac-
curacy, false positives may increase in cases where low SS 
is imperative due to uncorrectable patient factors. In light 
of this point, this research compares the false positive ratio 
according to varying SS. The false positive ratio decreases 
as SS increases. According to our results, OCT imaging 
lacks reliable diagnostic ability in low SS 4. Because the 
detection of progression is essential for the diagnosis of 
glaucoma, however, image reproducibility is a very impor-
tant factor for patient care. At the low level of SS 4, watch-
ing the turn of progression may help to detect glaucoma. 

The incidence of glaucoma increases with age, and the 

Table 2. Intraclass correlation coefficient and coefficient of variation of retinal nerve fiber layer thickness value as measured by sig-
nal strength (SS)

Location Total SS = 3 SS = 4 SS = 5 SS = 6 SS = 7 SS = 8 SS = 9 SS = 10
Intraclass correlation coefficient

Superior 0.970533 0.79341 0.969627 0.961339 0.970437 0.975755 0.98145 0.938728 0.955977
Nasal 0.900207 0.113075 0.899899 0.90915 0.898064 0.896582 0.90938 0.928683 0.866225
Inferior 0.978796 0.674234 0.96368 0.977276 0.985628 0.986533 0.987661 0.980859 0.986416
Temporal 0.95807 0.668061 0.96417 0.953146 0.968537 0.961518 0.96854 0.974687 0.935743
Clock hour 1 0.943917 0.708987 0.92804 0.932483 0.939736 0.950304 0.955771 0.845851 0.925137
Clock hour 2 0.892772 0.232596 0.865749 0.89457 0.886924 0.904227 0.904805 0.91458 0.868269
Clock hour 3 0.829885 0.139 0.795001 0.816711 0.839836 0.829915 0.880843 0.881448 0.734122
Clock hour 4 0.876124 0.173933 0.87003 0.900084 0.88838 0.859565 0.88172 0.917974 0.926374
Clock hour 5 0.946731 0.472059 0.936506 0.945226 0.959042 0.95601 0.949691 0.947848 0.962985
Clock hour 6 0.970069 0.676735 0.954589 0.971925 0.974754 0.977404 0.978986 0.954826 0.983062
Clock hour 7 0.977409 0.810468 0.975039 0.972513 0.983703 0.982878 0.973676 0.975282 0.98505
Clock hour 8 0.941862 0.646836 0.952874 0.918652 0.952542 0.955097 0.942213 0.954847 0.970611
Clock hour 9 0.909855 0.711362 0.919194 0.894409 0.94322 0.898722 0.951193 0.965325 0.890983
Clock hour 10 0.964935 0.691343 0.970798 0.972502 0.96646 0.971075 0.967246 0.972117 0.949178
Clock hour 11 0.970955 0.920368 0.958619 0.968791 0.966416 0.975972 0.973412 0.959433 0.957011
Clock hour 12 0.954644 0.647241 0.95999 0.935366 0.957233 0.963131 0.971358 0.930914 0.968203
Average 0.98318 0.738402 0.989011 0.978804 0.986986 0.989331 0.988512 0.945423 0.984196

Coefficient of variation
Superior 0.04803 0.223436 0.054082 0.055204 0.049213 0.039302 0.032497 0.035185 0.024774
Nasal 0.075335 0.257573 0.074483 0.078127 0.077253 0.066277 0.065689 0.057894 0.056009
Inferior 0.048887 0.253747 0.064059 0.056081 0.04217 0.03773 0.029947 0.023933 0.022285
Temporal 0.058647 0.220524 0.061602 0.070825 0.050587 0.053796 0.049898 0.035419 0.036671
Clock hour 1 0.070371 0.252203 0.082042 0.083145 0.075102 0.057522 0.054001 0.063636 0.031383
Clock hour 2 0.093326 0.301443 0.103622 0.102915 0.098741 0.07789 0.08072 0.069717 0.06542
Clock hour 3 0.107745 0.375002 0.111152 0.111651 0.104097 0.10085 0.084613 0.087309 0.087333
Clock hour 4 0.092692 0.346315 0.103567 0.090037 0.090119 0.085408 0.079935 0.068255 0.046168
Clock hour 5 0.070251 0.344118 0.08468 0.080473 0.062532 0.05773 0.053316 0.052953 0.030705
Clock hour 6 0.066122 0.286227 0.082232 0.067576 0.061491 0.060069 0.045439 0.043075 0.02923
Clock hour 7 0.062959 0.22052 0.06995 0.077039 0.059374 0.051417 0.057275 0.034943 0.032665
Clock hour 8 0.08101 0.24339 0.086263 0.105689 0.072129 0.069831 0.071868 0.050332 0.039944
Clock hour 9 0.086589 0.227657 0.093433 0.128346 0.069132 0.08531 0.053442 0.042305 0.048506
Clock hour 10 0.061933 0.292395 0.061095 0.065057 0.060849 0.052795 0.050692 0.042169 0.044292
Clock hour 11 0.056503 0.150102 0.070145 0.059544 0.062648 0.049795 0.04953 0.04443 0.030944
Clock hour 12 0.067894 0.331912 0.075045 0.081041 0.068329 0.056061 0.043398 0.043637 0.032118
Average 0.030794 0.153549 0.024963 0.038093 0.027022 0.022533 0.020867 0.031229 0.015642
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Fig. 2. The box-plot diagram of correlations between the coefficient of variation (CV) in average retinal nerve fiber layer (RNFL) thick-
ness, the RNFL thickness of four quadrants, the 12 o’clock hour (×) RNFL thickness, and signal strength. Significant negative correlations 
were observed between CV in RNFL thickness and signal strength (SS), indicating that decreased SS is associated with increased variabil-
ity in RNFL thickness.

Table 3. Multivariate regression analysis using signal strength 
as an independent variable

Location Regression ANOVA Linearity
Superior 0.000 0.012 0.003
Nasal 0.012 0.297 0.200
Inferior 0.000 0.000 0.000
Temporal 0.002 0.134 0.050
Clock hour 1 0.000 0.000 0.001
Clock hour 2 0.007 0.122 0.133
Clock hour 3 0.005 0.178 0.172
Clock hour 4 0.005 0.165 0.010
Clock hour 5 0.000 0.017 0.002
Clock hour 6 0.000 0.000 0.000
Clock hour 7 0.000 0.016 0.008
Clock hour 8 0.000 0.004 0.002
Clock hour 9 0.000 0.039 0.059
Clock hour 10 0.006 0.037 0.021
Clock hour 11 0.003 0.004 0.001
Clock hour 12 0.000 0.001 0.000
Average 0.000 0.003 0.023
Dependent variables are coefficient of variation in average reti-
nal nerve fiber layer (RNFL) thickness, RNFL thickness of four 
quadrants, and 12 o’clock hour RNFL thickness.

Table 4. The difference of variability among varying SS 
groups (ANOVA)

Location ≥SS3 ≥SS4 ≥SS5 ≥SS6
Superior 0.000 0.424 0.387 0.362
Nasal 0.000 0.952 0.913 0.871
Inferior 0.000 0.000 0.022 0.230
Temporal 0.000 0.610 0.522 0.697
Clock hour 1 0.000 0.100 0.149 0.178
Clock hour 2 0.000 0.829 0.754 0.856
Clock hour 3 0.000 0.878 0.796 0.757
Clock hour 4 0.000 0.897 0.845 0.747
Clock hour 5 0.000 0.054 0.282 0.696
Clock hour 6 0.000 0.125 0.680 0.823
Clock hour 7 0.000 0.515 0.747 0.822
Clock hour 8 0.000 0.164 0.255 0.353
Clock hour 9 0.022 0.265 0.172 0.378
Clock hour 10 0.000 0.459 0.383 0.312
Clock hour 11 0.000 0.122 0.423 0.323
Clock hour 12 0.000 0.208 0.197 0.225
Average 0.000 0.079 0.053 0.718
The variability among 8 groups of varying signal strength (SS, 
SS3-SS10) was statistically significant in overall retinal nerve fiber 
layer thickness parameters. The variability among 7 groups of 
varying SS (SS4-SS10) was statistically significant in the inferior 
quadrant only.
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disease occurs most frequently in patients over 40 years 
of age. Ten percent of people over 80 years of age have 
glaucoma [16]. The incidence of cataracts, vitreous opac-
ity, and corneal opacity increase with age as well. Many 
OCT images of elderly glaucoma patients show low signal 
strength and low image accuracy. Moreover, poor images 
are more frequently acquired from advanced glaucoma-
tous eyes than from other groups. This is likely because 
RNFL is thinner and has lower internal ref lectivity as a 
result of glaucomatous damage in the eyes of patients with 
advanced retinal disease. Results are not reliable because 
of the low signal strength in these cases, however, even 
though OCT images are measured with accurate center-
ing. Furthermore, there are no guidelines for interpretation 
when OCT images show low signal intensity. 

Signal strength is an important parameter for OCT im-
age analysis. Some studies select images for analysis only 
when the signal strength is at least 8 [17,18], while other 
studies consider a signal strength of 5 to be of good image 
quality for analysis [19,20]. Signal strengths of 6 [21-23] 
and 7 [24-26] have also been used as the minimal inclusion 
criteria in various studies. Although signal strength is a 
useful index of OCT image quality, opinions vary on the 
level of signal strength required for good quality images. 
Regardless, there is no recommendation on a minimal ac-
ceptance value of signal strength in poor quality scans. 

A study by Wu et al. [27] has suggested that, when 
measuring RNFL thickness with the Stratus OCT, it is 
important to aim for a signal strength of at least 7. In the 
current study’s cases that show signal strengths of 3 or 4, 
the subjects have cataracts, vitreous opacity, and/or senile 
corneal opacity. Some cases of low signal strength show 
only senile media opacity. The current study used clinical 
techniques of mydriatics and artificial tears to improve 
the signal strength for analysis. Regardless, among this 
patient population, it is often difficult to improve the qual-
ity of images with clinical techniques. Therefore, the field 
of OCT needs another way to solve the problem of poor 
imaging due to uncorrectable patient factors. Accordingly, 
this study aims to determine the minimal acceptance level 
of signal strength for poor quality scans.

Ordinarily, obtaining the highest possible signal strength 
is imperative for good clinical analysis. Even small dif-
ferences can be significant, particularly in patients with 
moderate to advanced glaucomatous optic nerve damage 
and markedly reduced RNFL. In a scan with higher signal 
strength, light penetrates deeper into the retina, which 
increases the reflectivity of all layers and results in more 
retinal tissue having higher ref lectivity than the quality 
threshold defined by OCT [27]. In cases where low signal 
strength is an unavoidable consequence of certain patient 
factors, the low signal strength compromises image qual-
ity. Specifically, scans with lower signal strengths tend 
to underestimate the thickness of the RNFL. This vari-

ability is especially pronounced in patients with advanced 
optic nerve damage, even in scans without explicit error 
messages [28]. One study has shown RNFL thickness 
measurements that are more variable among glaucoma pa-
tients than normal subjects (13.8 microns) [8]. Accordingly, 
it is important to obtain scans of equal and high signal 
strengths to facilitate the longitudinal follow-up for treat-
ment of glaucoma. The results of the current study show 
that high SS (above 6) is recommendable. However, when 
signal strength is low due to uncorrectable patient factors 
– despite clinical efforts to maximize signal strength – our 
results suggest that signal strength of 4 is acceptable to 
obtain reproducible scanning images among patients with 
ocular media opacities. Our results offer a standard refer-
ence for analysis of OCT results in patients with ocular 
media opacities when SS is below 6 despite the correction 
of all modifiable factors with clinical techniques. Estab-
lishing a common low limit of acceptable signal strength 
may make our results more broadly applicable in clinical 
settings. Regardless of whether or not our results are ap-
plicable to establishing new standards for spectral domain 
OCT, because the Stratus OCT is used all over the world, 
the findings of this study are useful for diagnosis and 
follow-up treatment of glaucoma.
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