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Abstract

Purpose—Spectral domain optical coherence tomography (SD-OCT) was used to examine the 

influence of refractive error (RE) on foveal retinal and choroidal thicknesses and scleral canal 

width (SCW). The performance of the Cirrus and Bioptigen SD-OCT instruments was compared 

in the same eyes.

Methods—Both eyes of forty healthy human subjects, ages 22 to 38 years, were dilated and 

imaged, with the Cirrus OCT, using 6 mm 5-line rasters collapsed into one line, one centered on 

the fovea and one bisecting the optic nerve head. Seventy-two of the same eyes were imaged with 

the Bioptigen OCT, using 6 mm × 6 mm scans, one centered on the fovea and one on the optic 

nerve head. Subfoveal retinal and choroidal thicknesses and SCW were measured. Axial lengths 

(AL) and REs were obtained using an IOLMaster and a Grand Seiko autorefractor, respectively.

Results—Only right eyes were included in analyses. Spherical equivalent REs ranged from 

−12.18 to +8.12 D (mean: −3.44 ± 4.06 D), and ALs ranged from 20.56 to 29.17 mm (mean: 24.86 

± 1.91 mm). Myopia was associated with relatively thin choroids at the fovea (p<0.05) but normal 

retinal thickness. SCW was significantly correlated with AL as measured with the Bioptigen OCT 

(p<0.05). Retinal and choroidal thicknesses recorded with the Bioptigen OCT tended to be smaller 

than values obtained with the Cirrus OCT (mean difference: 5.63 and 24.76 µm, respectively), 

while the converse was true for the SCW (mean difference: 25.45 µm).

Conclusions—The finding that high myopes tend to have a thinner subfoveal choroid is 

consistent with previous studies. That high myopia was linked to enlarged scleral canals may help 

to explain the increased risk of glaucoma in myopia. Observed differences obtained with the 

Cirrus and Bioptigen instruments urge caution in comparing results collected with different 

instruments.
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Refractive errors result when there is a mismatch between the optical power and the axial 

length of an eye. Theoretically, myopia may result from an eye being either too long or its 

optical components too powerful, leading to images of distant objects being formed in front 

of the retina. Conversely, hyperopia may result from an eye being either too short or its 

optical components not powerful enough, leading to equivalent images being formed behind 

the retina. However, most refractive errors are caused by abnormalities of ocular length, 

specifically of the vitreous chamber, and while both myopia and hyperopia can be optically 

corrected to eliminate the above focusing errors, myopia carries an increased risk of a 

number of sight-threatening ocular pathologies, including retinal detachment,1 choroidal 

neovascularization,2 cataracts,3 and glaucoma.3 Because the latter risks also increase with 

the amount of myopia,4 high myopia is frequently referred to as “pathological myopia.”

The excessive elongation of the vitreous chamber that underlies most myopia may be 

expected to have adverse consequences for the structures making up the wall of the vitreous 

chamber, including the retina and choroid, unless there are mechanisms to allow these 

tissues to accommodate the expanded scleral surface. Such structural changes, for example, 

as a product of excessive growth and stretching, would offer a plausible explanation for the 

reported increased risk of many ocular pathologies. Reports of a thinner nerve fiber layer5 

and choroid6, 7 in myopes are consistent with excessive stretch in these eyes. The current 

study sought to further investigate refractive error-related differences, with a focus on foveal 

retinal and choroidal changes, as well as changes in optic nerve dimensions, because of their 

potential to help elucidate the pathophysiology of myopia.

Advances in optical coherence tomography (OCT) now allow non-invasive high resolution 

cross-sectional imaging of key ocular tissues, including the retina, choroid, and nerve fiber 

layer.8, 9 The ocular imaging applications of this technology were described as early as 

1988,10 and it has enjoyed a surge of usage in recent years, paralleling improvements in the 

technology.11–13 Spectral domain OCT (SD-OCT), represents the latest generation of 

commercial ophthalmic OCT technology and makes use of spectral interferometry and a 

Fourier transformation to obtain cross-sectional images of various ocular structures, 

including the retina, in vivo. Among commercially available instruments employing this 

technology, some can acquire over 20,000 A-scans per second, with some offering cellular 

level resolution, achieved by averaging multiple B-scan images.14

In previously published OCT studies, the subfoveal choroid was reported to be much thinner 

in highly myopic eyes than in emmetropic eyes.15, 16 The choroid, a dense vascular structure 

underlying the retina, plays an important role in meeting the high nutrient and energy 

demands of the outer retina, with the central avascular foveal region being dependent on the 

choroid exclusively. In high myopia, the choroid is frequently structurally compromised, 

with both choroidal neovascularization16, 17 and chorioretinal atrophy18 being reported. 

Previous studies have also shown correlations between axial length and some other ocular 

parameters, apart from central refractive error, for example, peripapillary retinal nerve fiber 

layer thickness.19 However, the influence of myopia on foveal retinal thickness is of interest 

as it addresses the question of whether the mechanisms operating early in development to 

draw photoreceptors together to establish the fovea20, 21 can be reactivated during the 

development of myopia to counter any stretching influences to maintain its normal 
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structure.22 It is currently unclear as to what the effects of axial growth are on the cone 

spacing directly at the center of the fovea.23

Structural changes in the optic nerve head have also been reported in myopic eyes. For 

example, the lamina cribrosa, a porous collagenous structure providing the floor of the optic 

nerve cup through which retinal ganglion cell axons exit the eye to form the optic nerve, is 

reported to be thinner in highly myopic eyes than in non-myopic eyes.24, 25 It is noteworthy 

that lamina cribrosa thinning has been associated with glaucoma, for which myopes carry an 

increased risk.25, 26 The lamina cribrosa bridges the scleral canal, the width of which has 

also been linked to glaucomatous damage,27, 28 with larger canals being associated with 

increased risk. Thus it is of interest to know whether myopic eyes also have larger than 

normal scleral canals.

The first objective of this study was to determine how axial length and/or refractive error 

influences key ocular structural parameters. Foveal retinal thickness and scleral canal width 

data were collected, as well as corneal curvature, anterior chamber depth and subfoveal 

choroidal thickness, to explore correlations, if any, between refractive errors and axial 

length.

The second objective was to compare data obtained using the Cirrus SD-OCT, which is now 

commonly used in clinical settings, and the Bioptigen SD-OCT, which thus far has been 

used primarily in research, with limited clinical application of its hand-held option for infant 

retinal imaging.29 It is recognized that ocular tissue thickness data collected using different 

SD-OCT instruments, each with their own unique segmentation protocol, may not be 

interchangeable.30 As advanced OCT technology becomes more widely used in patient care, 

it is important to quantify such differences for application in clinical decision-making. 

Foveal retinal thickness was selected as one of two parameters for this comparison to 

address the question of whether these two instruments can be used interchangeably. The 

second parameter was scleral canal width, a key optic nerve structural parameter. Given that 

SD-OCT instruments are subject to decreases in sensitivity and resolution as imaging depth 

increases, it was deemed important to establish whether this parameter could be measured 

reliably with the Cirrus and/or Bioptigen SD-OCT instruments. A past study found that the 

sum of the prelaminar tissue and the lamina cribrosa thickness can exceed the depth of 

signal penetration with standard OCT techniques.31 While the measurement of the scleral 

canal width requires adequate signal strength at a depth similar to that required for lamina 

cribrosa thickness measurement, it is plausible that the former parameter may be measurable 

but not the latter, at least in some eyes, since measurement of scleral canal width involves a 

horizontal plane, and measurement of lamina cribrosa thickness, a vertical plane. As such 

data can potentially provide insights into the increased risk of glaucoma in myopes, 

information on the utility of these advanced SD-OCT instruments for this application is in 

itself of high clinical relevance.23

METHODS

Forty healthy subjects were recruited to participate in this study, the majority being female 

(32/40). The racial composition of study subjects included 32 Asians and 8 Caucasians. 
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Subjects included staff and students at the University of California, Berkeley School of 

Optometry, as well as family and friends of lab members. Inclusion criteria included an age 

range of 18–40 years and best corrected visual acuity of 20/20 or better. Exclusion criteria 

included ocular pathology or disease, prior ocular surgery or ocular trauma. Informed 

consent was obtained in accordance with the Declaration of Helsinki and institutionally 

approved human subjects protocols.

Subjects first underwent screening tests to determine their suitability for the study. Each 

subject was asked to complete a brief history form, including information about personal 

and family ocular history. Both eyes of each subject were then measured (total of 80 eyes). 

Monocular distance visual acuities with current refractive corrections were measured to 

verify best-corrected visual acuities. Refractive errors were determined with an open field 

autorefractor (Grand Seiko, Co. ltd, Japan) while the subject viewed a distant letter chart, 

and spherical equivalent values derived for each eye. Ocular parameters, including axial 

length (AL), corneal curvature, anterior chamber depth, and white-to-white (corneal) 

diameter were measured using the IOLMaster (Carl Zeiss Meditec, Inc., Dublin, CA). An 

anterior segment slit lamp examination was performed and intraocular pressure (IOP) 

measured using Goldmann applanation tonometry to confirm the subject's suitability for 

pupil dilation and rule out high pressure. Eyes were then dilated with tropicamide (1.0%) 

and phenylephrine (2.5%) in preparation for OCT imaging.

Once dilation was complete, both eyes of each of 40 subjects were imaged using the Cirrus 

SD-OCT. The Cirrus OCT system utilizes a light source of 840nm with 27,000 scans per 

second, and is capable of 5 µm axial and 15 µm transverse resolution. The sequence of 

Cirrus OCT scans included a high definition 6 mm 5-line raster (collapsed into one line) 

centered over the fovea, a second scan passing through the fovea and optic nerve head, and a 

200 × 200 optic disc cube scan centered over the optic nerve head. Only scans with signal 

strengths of 6 or greater were used in analyses.

Sixty eyes of a subset of 30 subjects were also imaged using the Bioptigen SD-OCT. Images 

were acquired while the instrument was mounted, as opposed to handheld, with the chinrest 

in place. The Bioptigen OCT scans acquired from each eye included one 6 mm × 6 mm 

rectangular scan centered on the fovea, and one centered on the optic nerve head. Scans 

consisted of 1000 a-scans per b scan, with three frames per scan, registered and averaged. 

The Bioptigen OCT system uses an 840 nm engine with 93nm bandwidth internal source 

providing < 3 µm tissue resolution and with > 32,000 lines per second acquisition and 

display.

OCT scans were collected in the upright, rather than converted, configuration, then analyzed 

using the built-in calipers for each instrument. Macular scans were first evaluated to 

determine whether the posterior surface of the subfoveal choroid could be resolved. When 

image resolution allowed, both total retinal and choroidal thicknesses at the fovea were 

measured. Retinal thickness (RT) was measured at the center of the foveal pit, vertically 

from the inner surface of the inner limiting membrane to the inner surface of the hyper-

reflective band representing the retinal pigment epithelial (RPE) layer. The thickness of the 

immediately adjacent choroid (CT) was measured axially from the posterior surface of the 
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RPE to the anterior surface of the hyper-reflective area demarcating choroid-sclera interface. 

The latter interface was resolvable in 60 of 72 eyes.

For optic nerve head scans, the scleral canal width (SCW) was measured as the widest 

horizontal dimension of the canal opening, demarcated by the scleral boundary. In order to 

account for changes in scan length based on each subject's axial length and optical 

components, a lateral magnification factor was determined for each eye. Lateral, or 

transverse, magnification for each eye was determined using a 4-surface model eye; values 

for corneal thickness and posterior radius of curvature, lens thickness and radii of 

curvatures, and indices of refraction for the cornea, aqueous, lens and vitreous were taken 

from Gullstrand’s schematic eye, as described by Li, et al.23 Each eye’s measured AL, 

average corneal radius of curvature and anterior chamber depth were incorporated into the 

model to scale its scleral canal width data.

Although both eyes of all subjects were measured, statistical analyses reported here are 

limited to right eyes only because of the expected high correlation between the two eyes of 

individual subjects. Paired t-tests were applied to refraction and biometric data collected 

with the IOLMaster to verify the latter. For subsequent analyses, only right eye data were 

used. Correlations between AL and refractive error, as well as other biometric parameters 

and structural parameters extracted from the OCT images, were assessed. Paired t-tests and 

Bland-Altman analyses were used to assess agreement between the two instruments. For all 

analyses, statistical significance was defined as p<0.05.

RESULTS

Subjects were 22 to 38 years old (mean: 25.44 ± 3.04 years), and spanned a large range of 

refractive errors. Table 1 summarizes the refractive error and biometric data for both right 

and left eyes. No significant differences were found between them, for any of the parameters 

listed.

Of the 40 right eyes included in subsequent analyses, refractive errors spanned a wide range 

(equivalent spherical refractive error (SRE): range: −12.18 to +8.12 D; mean: −3.44 ± 4.06 

D), with 29 classified as myopic (SRE ≤ −0.75 D), 9 classified as emmetropic (SRE: −0.75 

to +0.75 D), and 2 classified as hyperopic (SRE ≥ +0.75 D). The profile for the subset of 30 

eyes imaged with both the Cirrus and the Bioptigen OCT instruments was similar with the 

exclusion of the hyperopes. They were myopic on average but included emmetropes (mean: 

−4.15 ± 3.29 D; range −12.18 to +0.57 D, see Table 1).

As with refractive errors, ALs also spanned a broad range, from 20.56 to 29.17 mm (mean: 

24.9 ± 1.91 mm). There was a significant linear relationship between AL and SRE, with the 

more myopic eyes exhibiting longer ALs (p<0.0005, Figure 1A, Table 2). Anterior chamber 

depths ranged from 2.77 to 4.15 mm (mean: 3.63 ± 0.29 mm), and also exhibited significant 

linear correlations with both AL and SRE (p<0.005, Figure 1B), reflecting the deeper 

anterior chambers of more myopic eyes. Corneal curvature ranged from 40.87 to 46.76 D 

(mean: 43.94 ± 1.44 D), with longer eyes having flatter corneas (Figure 1C). Longer eyes 

also have larger corneas, expressed in terms of white-to-white diameter (WWD), which 
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ranged from 10.9 to 13.1 mm (mean: 12.2 ± 0.45 mm; Figure 1D). Both corneal curvature 

and WWD were significantly correlated with AL (p<0.05). All eyes had IOPs within normal 

limits (mean IOP: 14.48 ± 2.73 mmHg; range 8 to 20 mmHg).

Foveal retinal thickness (RT) data were obtained with both the Cirrus and Bioptigen OCT 

instruments for 30 eyes. Sample scans from each instrument are shown in Figure 2, and data 

extracted from scans are summarized in Table 3. Mean values for RT at the foveal pit were 

198.23 ± 17.12 µm (range: 164 to 244 µm) for the Cirrus OCT and 193.97 ± 18.19 µm 

(range: 161 to 237 µm, Figure 3a) for the Bioptigen OCT. While the foveal RT data derived 

from Cirrus OCT and Bioptigen appear quite similar, these two sets of data were 

significantly different statistically (paired t-test, p<0.05), and a follow-up Bland-Altman 

analysis revealed a trend towards higher values for the Cirrus OCT compared to the 

Bioptigen OCT (Figure 3e), with an average difference of 5.63 µm. General trends toward 

increasing thickness with increasing myopia are also suggested by both sets of data but 

proved not to be statistically significant for either instrument (Cirrus OCT: r2=0.02, p=0.45; 

Bioptigen OCT: r2=0.05, p=0.21). However, a statistically significant linear correlation 

between foveal RT, as measured with the Bioptigen OCT, and AL was observed (r2=0.13, 

p=0.03).

Subfoveal choroidal thickness (CT) data are available for 21 eyes (70%) of the 30 eyes 

imaged with both the Cirrus and Bioptigen OCTs, reflecting insufficient image quality for 

the remaining 9 eyes. Hyperopic eyes are not represented in these 21 eyes, which ranged in 

SRE from −12.18 to +0.57 D, with a mean of −4.15 ± 3.29 D. Here again, there was a 

significant difference between values obtained with the Cirrus and Bioptigen OCTs 

(p<0.005); mean values were 219.48 ± 65.11 µm (range: 116 to 416 µm) and 194.71 ± 75.38 

µm (range: 109 to 415 µm) respectively. Data for individual eyes are shown plotted against 

each other in Figure 3d. Bland-Altman analysis again suggests a trend towards higher CT for 

the Cirrus OCT compared to the Bioptigen OCT (24.76 µm average difference; Figure 3f). 

CT data, plotted against AL in Figure 3b for both instruments, show a trend towards 

decreasing thickness with increasing myopia, opposite in direction to that described above 

for foveal RT. Statistically, there was a significant linear correlation between SRE and 

subfoveal CT for both instruments (Cirrus: r2=0.34, p<0.05; Bioptigen OCT: r2=0.32, 

p<0.05). Additionally, there was a significant linear correlation between AL and subfoveal 

CT for both instruments (Cirrus: r2=0.50, p<0.05; Bioptigen OCT: r2=0.40, p<0.05)

Scleral canal width (SCW) data are available for 28 of the 30 imaged eyes; the Bioptigen 

OCT images from one subject contained too much shadow to allow the scleral canal to be 

delineated, and the rim of the scleral canal was also not sufficiently well visualized in one of 

the Cirrus OCT images to allow measurement. Raw data were scaled using calculated lateral 

magnification factors, which ranged from 0.77 to 1.26 (Table 3). Values extracted from 

Cirrus and Bioptogen OCT images ranged from 998 to 1945 µm (mean: 1365.29 ± 227.16 

µm) and 1025 to 1986 µm (mean: 1382.17 ± 205.73 µm) respectively (Figure 4a). Values for 

individual eyes, obtained with the two instruments, are shown plotted against each other in 

Figure 4b. While there is no statistically significant difference between the two data sets 

(p=0.06), results of Bland-Altman analysis suggest that, on average, values obtained with 

the Bioptigen OCT are larger, by 25.4 ± 68.1 µm, than those obtained with the Cirrus OCT 
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(Figure 4c). Corrected SCWs, plotted against SRE (Figure 5a), show a trend towards 

increasing canal size with increasing myopia, with this relationship being statistically 

significant for the Bioptigen OCT (r2=0.13, p<0.05) but not the Cirrus OCT (r2=0.05, 

p=0.23). Here again, the corrected SCW increased significantly with AL for the Bioptigen 

OCT (r2=0.19, p<0.05) but not the Cirrus OCT (r2=0.11, p=0.08).

DISCUSSION

With increasing axial length, we found that foveal RT increases, subfoveal CT decreases, 

and the SCW increases. Differences between the two OCT instruments used, the Bioptigen 

OCT and Cirrus OCT, were small but significant, with the Cirrus OCT yielding greater 

values in the axial direction and the Bioptigen yielding greater values in the lateral direction. 

Two of the above mentioned parameters, RT and SCW, exhibited significant linear 

correlations with axial length, albeit only when measured with the Bioptigen OCT.

The observed association of myopia with increased axial length, as well as the relationships 

between SRE and other ocular parameters (corneal curvature, anterior chamber depth, and 

white-to-white corneal diameter), are consistent with previous findings in other studies.32–34 

The consistent finding that myopes have longer eyes predicts that these patients will be at 

greater risk of complications associated with stretching of posterior ocular tissues, such as 

retinal detachments and posterior staphylomas, and justifies increased monitoring to allow 

early detection of sight-threatening changes.

Previous studies have found an association between myopia and an increased risk for 

glaucoma.35, 36 Our analyses revealed statistically significant correlations between both SRE 

and axial length with SCW, measured with the Bioptigen OCT. However, SRE only 

accounted for 7–9% of the variance in SCW, suggesting that other factors must also be 

contributing to the increased risk of glaucoma in myopes. Given this finding, we undertook 

a secondary analysis to examine the correlation between SRE and intraocular pressure; 

however, these parameters were not significantly correlated. Of other factors besides 

intraocular pressure that may contribute to the increased risk of glaucoma in myopic eyes, 

one could be the thickness of the lamina cribrosa, which provides support for nerve fibers 

entering the optic nerve. However in the current study, the lamina cribrosa was not clearly 

delineated in most of the images collected, from both Cirrus and Bioptigen OCT 

instruments, and thus lamina cribrosa thickness data are not available for our study 

population. Nonetheless, it is likely that such measurements will be possible in the near 

future, with further improvements in SD-OCT technology, with the potential to provide 

additional insights into the relationship between myopia and glaucoma.

The observation that foveal RT (measured at the trough of the foveal pit) tends to increase 

with increasing myopia in our study (although not significantly so), is consistent with 

previous reports,18, 37, 38 and is particularly interesting, given that the latter studies also 

described thinning of the peripheral retina in myopic eyes. Together these data suggest that 

the central retina is somehow protected against the stretching forces accompanying 

increased globe expansion, and assumed to underlie the peripheral retinal thinning in myopic 

eyes.38 Note that this is not the case for the central (subfoveal) choroid, which showed 
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relative thinning with increasing myopia, as also reported in other studies.39 The CT 

changes are consistent with passive stretching, a product of increased globe expansion, and 

are significant because the choroid represents the exclusive source of oxygen and nutrients 

to the central foveal region and a critical source of the same for the outer retina more 

generally. While these myopia-related choroidal changes might be expected to carry an 

increased risk of adverse ocular complications, it is of interest that recent studies have 

suggested that increased axial length might be protective against diabetic retinopathy and 

macular edema, for which myopic eyes carry reduced risks.40, 41 A reduction in metabolic 

demands due to the overall thinning of the retina, a product of the increase in axial length, 

has been offered as one possible explanation for these protective effects, implying that a 

thinner than normal choroid may not present a problem. However, further investigations are 

warranted to fully understand the mechanism underlying the apparent protection of high 

myopia against the above retinal complications.

In this study, both eyes of each subject were imaged. Previous studies have shown a 

statistically significant correlation between right and left eyes of the same subjects as 

measured with OCT.42, 43 Therefore, right eyes only were randomly chosen to be included 

in the analyses. While the subjects in the current study represented a wide range of SREs, 

especially on the myopic end of the spectrum, it should also be noted that the study 

population was relatively homogeneous, being mostly female, at the younger end of age 

spectrum (18 to 40 years), mostly Asian American and biased towards myopia. The number 

of subjects was also relatively small. Previous studies suggest that ethnic and gender 

differences exist in macular retinal thickness and optic nerve head parameters. Significant 

differences in macular structure have been reported in normal Asian and Caucasian 

populations.44 In addition, it has been reported that women have thinner macular retinal 

thickness45 and choroidal thickness.46 A larger study of similar design encompassing wider 

demographics would allow the results to be more generalizable. In particular, increased 

representation of hyperopes would be highly instructive in understanding whether observed 

structural changes in myopic eyes are specific to their refractive errors, and/or a product of 

increased axial lengths.

The second goal of this study was to compare measurements obtained with two different 

instruments, the Cirrus and Bioptigen OCT devices. Despite the advanced OCT technology 

incorporated into the Cirrus and Bioptigen instruments, the posterior choroidal surface could 

be delineated in only 70% of subjects' images, precluding extraction of CT data for the 

remaining subjects. Emmetropic and hyperopic eyes proved most problematic, as well as 

those with heavily pigmented ocular structures, which limited penetration and thus 

resolution. Further improvements in imaging techniques to allow measurement of CT in 

these eyes should be made a research priority. Nonetheless, our success rate in obtaining CT 

data was similar to that of Manjanuth and colleagues who were able to reliably measured CT 

with the Cirrus SD-OCT in only 74% of their subjects.47 Although not employed here, other 

studies have inverted the OCT image in order to increase depth penetration. Inversion of 

images obtained with the Bioptigen OCT was found to increase image contrast and 

resolution of the posterior choroidal surface as compared to the upright version.48 The same 

study found upright images from the Cirrus OCT were superior to upright images collected 

with the Bioptigen OCT. The required improvement in resolution for such ocular structures 
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would seem achievable with further advances in imaging, perhaps involving a longer 

wavelength of light and/or a modified “enhanced depth imaging” technique.

Previous studies have been undertaken to compare the repeatability and reproducibility of 

subfoveal choroidal measurements with various OCT instruments.9, 49 In one study, two 

separate measurements of choroidal thickness were performed on 43 subjects using three 

OCT instruments, including the Cirrus OCT. With the Cirrus OCT an intraclass correlation 

coefficient (ICC) of 0.958 (0.919–0.978) was found.9 Similarly, Benavente-Pérez A imaged 

the choroid with SD-OCT (SOCT Copernicus) in 11 subjects on two separate occasions and 

reported an ICC of 0.99.49 Although in the current study only one image was measured from 

each subject, SD-OCT imaging of the subfoveal choroid has been shown to be repeatable 

and reproducible.9, 49

The values for retinal and choroidal thicknesses measured with the Cirrus and Bioptigen 

OCT instruments proved significantly different statistically, although these differences may 

not be clinically relevant. For example, differences in retinal thicknesses obtained with the 

Bioptigen and Cirrus OCTs represented an average difference of only 2.4%. The fact that 

values for foveal RTs and subfoveal CTs collected with the Bioptigen OCT tended to be 

smaller than those collected with the Cirrus OCT, might reflect variations in scaling related 

to the optics of eyes with different axial lengths. However, these parameters are both axial in 

nature and the opposite trend was observed in SCW data, with slightly larger values being 

recorded with the Bioptigen OCT than with the Cirrus OCT. These differences between the 

two instruments cannot be attributed to the delineation software differences as noted in 

previous studies, given that a single author (JY) manually analyzed all images, applying the 

same delineation criteria to images from both instruments. Two previous studies comparing 

the Cirrus SD-OCT instrument to other commercially available OCT instruments also found 

significant instrument-related differences in extracted retinal and nerve fiber layer thickness 

data,50, 51 although the Bioptigen SD-OCT was not included in these studies. Further 

research quantifying differences between results with the Bioptigen OCT and other 

instruments currently in clinical use will be needed if the former is to gain clinical utility in 

the future.

This study was limited by poor resolution of some images. For example, excessive 

shadowing in one subject's images made it impossible to delineate the margins of the scleral 

canal. The lack of an internal fixation target in the Bioptigen OCT, as present in the Cirrus 

OCT, also makes imaging with the former instrument more difficult for subjects with poor 

fixation ability. Nonetheless, resolution limited the visibility of the lamina cribrosa for both 

instruments, precluding related thickness measurements.

A strength of the current study is that all images were processed by one experimenter, 

applying the same criteria for delineating structures to all images, while a potential 

limitation is that time of day at which the measurements were taken was not standardized, 

given that a number of ocular parameters, including choroidal thicknesses are subject to 

diurnal fluctuation.52 However, we do not expect our failure to control for this variable to 

have led to spurious trends, but rather it would have increased the noise in our data, perhaps 

explaining the failure of some trends not to reach statistical significance.
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In summary, results of the current study confirmed refractive error-related differences in 

central retinal and choroidal thickness previously reported by others as well as differences in 

scleral canal width. As the number of people with myopia continues to grow worldwide, 

quantifying such differences and understanding their functional implications ranks high in 

terms of clinical significance, because early diagnosis of sight-threatening conditions is 

critical to sight preservation. Finally, with advances in imaging technology for examining 

such critical ocular structures, it is imperative that comparative studies, such as the one 

described here, are undertaken to allow meaningful comparison of data collected with 

different instrumentation.
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Figure 1. 
Plots of (A) spherical equivalent refractive error (RE), (B) anterior chamber depth (ACD), 

(C) average corneal curvature (K) and (D) white-to-white corneal diameter (WWD), against 

axial length (AL) for right eyes only; results of regression analyses added as inserts. Shaded 

areas represent the 95% confidence intervals.
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Figure 2. 
Horizontal line scans (6 mm) captured using a Cirrus OCT of (A) the central retinal (foveal) 

region, and (B) optic nerve from one subject; C) a 6×6 mm rectangular cube scan from the 

Bioptigen OCT spanning the foveal region and D) corresponding en face image from 

another subject. Horizontal line in D shows the location of the scan in C. arrows: fovea; 

arrowheads: borders of scleral canal.
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Figure 3. 
Foveal retinal thickness (RT) (A) and subfoveal choroidal thickness (CT) (B) plotted against 

axial length (AL) for the Cirrus OCT (open squares, dashed line) and Bioptigen OCT (filled 

circles, solid line); RT (C) and CT (D) for Cirrus OCT plotted against equivalent data from 

Bioptigen OCT; dashed line is 1:1; Bland Altman analysis of differences in RT (E) and CT 

(F) recorded with Cirrus and Bioptigen OCTs (dashed lines are mean ± 1.96*standard 

deviation)
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Figure 4. 
(A) Scleral canal widths (SCWs) corrected for lateral magnification, plotted against axial 

length (AL), for both the Cirrus OCT (open squares, dashed line) and Bioptigen OCT (filled 

circles, solid line); (B) SCW measured with Cirrus OCT plotted against equivalent data from 

Bioptigen OCT; dashed line is 1:1; (C) Bland Altman analysis of differences in corrected 

SCW recorded with Cirrus and Bioptigen OCTs (dashed lines are mean ± 1.96*standard 

deviation).
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Table 1

Refractive error and ocular biometric profiles of right (OD) and left (OS) eyes for 40 subjects. Right eye data 

for the subset of 30 patients imaged with both the Cirrus OCT and Bioptigen OCT shown in parentheses.

Parameter Eye Mean ± SD Range

OD −3.44 ± 4.06 −12.18 to +8.12

Spherical equivalent refractive error (SRE; D) OS −3.48 ± 4.05 −10.81 to +7.62

OD (−4.09 ± 3.0) (−9.5 to +0.57)

OD 24.86 ± 1.91 20.56 to 29.17

Axial length (AL; mm) OS 24.83 ± 1.89 20.4 to 28.86

OD (25.14 ± 1.69) (21.96 to 28.23)

OD 3.63 ± 0.29 2.77 to 4.15

Anterior chamber depth (ACD; mm) OS 3.68 ± 0.27 2.87 to 4.24

OD (3.69 ± 0.27) (3.08 to 4.15)

OD 14.48 ± 2.73 8 to 20

Intraocular pressure (IOP; mmHg) OS 14.08 ± 2.44 10 to 20

OD (13.72 ± 2.59) (8 to 20)
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Table 2

Linear relationship, coefficient of determination (r2) and p value for spherical refractive error (SRE) and axial 

length (AL) with biometric parameters: anterior chamber depth (ACD), corneal (K) power, white-to-white 

diameter (WWD), intraocular pressure (IOP);

Ocular Parameters Linear relationship r2 values P values

SRE and AL y = −0.42x + 23.41 0.80 <0.0005 *

SRE and ACD y = −0.031x + 3.52 0.19 <0.0005 *

SRE and K power y = −0.0092x + 43.91 0.0007 0.87

SRE and WWD y = −0.031x + 12.09 0.077 0.08

SRE and IOP y = 0.013x + 14.52 0.0004 0.90

AL and ACD y = 0.076x + 1.74 0.25 <0.005 *

AL and K power y = −0.28x + 50.99 0.14 <0.05 *

AL and WWD y = 0.10x + 9.68 0.18 <0.05 *

AL and IOP y = −0.21x + 19.800 0.023 0.36

*
= significant relationship with p < 0.05.
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Table 3

Foveal retinal thickness, subfoveal choroidal thickness and raw and corrected scleral canal width measured 

with the Cirrus OCT and Bioptigen OCT.

Ocular Parameter Cirrus OCT Bioptigen OCT P value

Foveal retinal thickness (µm) 198.23 ± 17.12
(range: 164 – 244)

193.97 ± 18.19
(range: 161 – 237)

<0.05 *

Subfoveal choroidal thickness (µm) 261.27 ± 87.34
(range: 116 – 416)

220.73 ± 89.15
(range: 109 – 437)

<0.05 *

Raw scleral canal width (µm) 1318.00 ± 209.91
(range: 952 – 1728)

1338.15 ± 183.00
(range: 1053 – 1786)

=0.06

Corrected scleral canal width (µm) 1365.29 ± 227.16
(range: 998 – 1945)

1382.17 ± 205.73
(mean: 1025 – 1986)

=0.06

*
= significant difference between instruments (p < 0.05).
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