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Abstract

PURPOSE: To elucidate which swept-source optical coherence tomography (OCT)–derived optic 

nerve head (ONH) parameters are associated with longer axial length (AXL) in healthy myopic 

eyes.

DESIGN: Prospective cross-sectional observational study.

METHODS: Two hundred eleven healthy eyes of 140 participants (96 emmetropic-mild myopic 

[AXL: 22.2–24.5 mm], 83 moderately myopic [24.5–26.0 mm], and 32 highly myopic [26.0–

27.4 mm] eyes) were enrolled. Bruch membrane opening (BMO), anterior scleral canal opening 

(ASCO) area and ovality, minimum rim width, parameters defining misalignment between the 

BMO and ASCO planes, OCT-defined region of perineural canal retinal epithelium atrophy and 

externally oblique choroidal border tissue, circumpapillary retinal nerve fiber layer thickness 

(cpRNFLT), circumpapillary choroidal thickness (cpChT), lamina cribrosa parameters, and 

peripapillary scleral (PPS) angle were calculated from BMO-centered radial scans reconstructed 

from 3D raster scans. Multivariate linear mixed models were used to elucidate ONH parameters 

that are independently associated with AXL.

RESULTS: Longer AXL was associated with a greater misalignment between ASCO and BMO 

planes, larger region of externally oblique choroidal border tissue, thinner cpChT, larger PPS 

angle, larger ASCO area, and thicker cpRNFLT (all P < .040 after Bonferroni’s correction for 

number of included explanatory variables).

CONCLUSIONS: A greater misalignment between BMO and ASCO planes, thinner choroid, 

a more posteriorly bowed PPS, an enlargement of ASCO, and thicker cpRNFLT were each 

associated with longer AXL. An enhanced understanding of these AXL-associated configurations 

should provide essential information to improve our ability to detect glaucoma-induced ONH 

morphology in myopic eyes.

The global prevalence of myopia is increasing rapidly, 1 and myopia is an important risk 

factor for many ophthalmologic diseases, 2 including glaucoma. 3 Myopic optic nerve heads 

(ONHs) are well known to accompany characteristic structure changes. Compared with 

a nonmyopic ONH, a myopic ONH typically has a larger disc area, more oval shape, 

greater tilt, enlarged peripapillary atrophy (PPA), and a shallower optic cup. 4–10 These 

structural changes are observed in both high and pathologic myopia, as well as in mild to 

moderate non-pathologic myopia. Furthermore, structural changes caused by myopia often 

mimic glaucomatous changes and confound diagnosis of glaucomatous optic neuropathy 

in myopic eyes.11–13 As the prevalence of myopia is high in Eastern Asian countries, 14, 

15 distinguishing between healthy and glaucomatous ONHs in these eyes can often be 

challenging.16
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Recently, technological advances of optical coherence tomography (OCT) have facilitated 

visualization of the deeper structures of the ONH. One type of this new technology is 

the swept-source OCT (SS-OCT). SS-OCT uses a short cavity swept laser with a center 

wavelength of 1050 nm and a sweeping range of approximately 100 nm, enabling deeper 

light penetration with less variability in sensitivity with depth. 17 With SS-OCT, there is 

improved visibility of the outer layers of the eye, including the choroid, sclera, and lamina 

cribrosa (LC), compared with conventional SD-OCT images even with the use of enhanced 

depth imaging mode. 18–20

Several reports have investigated the relationship of myopic refractive error and/or axial 

length (AXL) with individual ONH parameters measured from OCT images in healthy 

myopic eyes. 8–10, 21–26 Myopic ONH structural changes that may be associated with 

connective tissue remodeling is more directly influenced by myopic AXL elongations. 2, 27 

Furthermore, most of these ONH parameters are well correlated with each other, and it is 

unclear which ONH parameters are independently associated with longer AXL. Hence, a 

comprehensive study based on AXL adjusting for these interparameter correlations is needed 

for an improved understanding of the relationship between AXL and ONH morphology in 

healthy myopic eyes. The purpose of this study is to investigate which of all the measurable 

SS-OCT–derived ONH parameters in healthy myopic eyes are fundamentally associated 

with longer AXL after considering interparameter correlations.

METHODS

PARTICIPANTS:

Emmetropic and myopic healthy participants were separately recruited for this prospective 

cross-sectional observational study, using identical inclusion criteria from 8 institutions 

(Kanazawa University, Osaka University, Tajimi Iwase Eye Clinic, Toho University Ohashi 

Medical Center, Tohoku University, Seoul National University Bundang Hospital, University 

of California San Diego, and University of Hong Kong). Study protocols were approved by 

the institutional review board of Kanto Central Hospital (R1–06-005) and adhered to the 

tenets of the Declaration of Helsinki. All patients provided written informed consent before 

participation to the study.

Self-reported 30- to 70 -year-old healthy volunteers were included as healthy participants. 

Ocular examinations, including refraction and corneal radius of curvature measurements 

(ARK-900; NIDEK), best-corrected visual acuity (BCVA) measurements with the 5-m 

Landolt chart, AXL measurements (IOL Master; Carl Zeiss Meditec, Inc), slitlamp 

examination, intraocular pressure (IOP) measurements with Goldmann applanation 

tonometry, dilated funduscopy, fundus photography, stereophotography. and visual field 

testing with myopia correction using Humphrey field analyzer (HFA) 24–2 Swedish 

Interactive Threshold Algorithm Standard program (Carl Zeiss Meditec, Inc) were 

performed at the first visit.

Inclusion criteria for this study were (1) nonglaucomatous optic disc appearance based 

on detailed stereophotograph observation (by M.Ar., A.I., G.T., K.O.M.); (2) spherical 

equivalence (SE) ≤+ 1 diopter (D), astigmatism < 2 D; (3) IOP ≤21 mm Hg; (4) BCVA > 
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20/25; (5) AXL < 28 mm; and (6) attainment of good quality of SS-OCT images and fundus 

photographs.

Exclusion criteria were contraindications to pupillary dilation, narrow angle (Shaffer grade 

≤ 2), abnormal HFA results following criteria defined by the Hodapp-Parrish-Anderson 

criteria, 28 unreliable HFA results (fixation loss or false negative > 20%, false positive 

> 15%), history of intraocular or refractive surgery, family history of glaucoma, history 

of ocular or systemic diseases that could affect results of HFA or OCT examinations 

(ie, glaucoma, clinically significant cataract, diabetic retinopathy and/or maculopathy, age-

related macular degeneration, epiretinal membrane), optic nerve or retinal abnormality, 

history of systemic steroid or anticancer drugs, and clinically significant hyper- or 

hypotension.

Pathologically myopic eyes or its suspects (ie, eyes with optic disc ovality > 1.33 on 

fundus photography observation, 29 inverted optic discs, posterior staphyloma, focal and/or 

diffuse macular chorioretinal atrophy, intrachoroidal cavitation, and circular PPA zones) 

were excluded by a specialist in the field (K.O.M.). If one eye of a participant met the 

exclusion criteria, both eyes were excluded from the study.

OCT MEASUREMENTS:

After pupillary dilation, the ONH and macula of all participants were imaged by SS-OCT 

(DRI OCT Triton; Topcon, Inc). Refractive correction, keratometry values, and AXL were 

specified before acquisition of data to correct for magnification effects on fundus image size, 

including the scan circle size on which circumpapillary retinal nerve fiber layer thickness 

(cpRNFLT) and circumpapillary choroidal thickness (cpChT) were measured. Corrections 

were made using a modified Littmann equation 30 provided by the manufacturer that is 

based on refractive error, corneal radius, and AXL.

For each participant, 6.0 × 6.0-mm raster scans centered on the optic disc, 24-line Bruch 

membrane opening (BMO)–centered radial scans (BMO was manually identified in 2 

perpendicular ONH radial scans prior to acquisition to determine BMO center), and 12.0 

× 9.0-mm-wide scans including both the ONH and macula were obtained. Measurements 

were repeated 3 times and data with the best quality factor were used. Images influenced by 

involuntary blinking or saccade or those with a quality factor < 60% were excluded.

Raw OCT data were exported from the device and imported into an original software 

developed for this study. Eight BMO points were identified on 4 scans to determine 

the BMO center on the raster scan. Circumpapillary retinal nerve fiber layer thickness 

(cpRNFLT) and circumpapillary choroidal thickness (cpChT) were measured along a 3.4-

mm BMO-centered diameter annulus. All scans were checked and corrected for cpRNFLT 

and cpChT segmentation errors by 3 experienced examiners (H.S., M.K., T.K.).

Twelve BMO-centered radial scans were reconstructed from the raster scan for final 

segmentation. The fovea was manually determined on the wide scans and were registered 

with the raster scans to calculate the fovea-BMO (Fo-BMO) center axis. The retinal pigment 

epithelium (RPE) edge, BMO, and anterior scleral canal opening (ASCO) (determined as 
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the point where the projection of the anterior scleral surface intersects with the neural canal) 

were manually determined on both sides of the 12 BMO-centered radial scans reconstructed 

from the raster scans by 2 experienced examiners (H.S., M.K.) (Figure 1).

The 24-line radial ONH scans (and not the reconstructed radial scans) were used as a 

reference to confirm the manually determined segmentation when necessary (Supplemental 

Figure S1). When there was segmentation disagreement between the 2 examiners, a third 

examiner (M.Ar.) arbitrated the decisions. Intraobserver (H.S.) and interobserver (H.S. 

and K.M.) repeatability for RPE-, BMO-, and ASCO-related parameter measurements 

were calculated on 30 randomly selected participants. Reexaminations were performed on 

separate days with examiners masked to previous results.

The clinical disc margin was manually delineated on the infrared images of the raster scans. 

Disc area, disc ovality (the ratio of the long and short axes), and disc torsion (angle between 

the long axis of the optic disc and a line perpendicular to the Fo-BMO axis, with a positive 

torsion angle signifying an inferotemporal torsion) 31 were calculated for analysis.

ONH parameters including the area and ovality of the BMO and ASCO, and minimum rim 

width (MRW) were calculated from the obtained segmentation information. ASCO-BMO 

plane misalignment parameters were adapted from the definition described by Hong and 

associates. 22 Magnification effects of area and magnitude parameters were also corrected 

according to the manufacturer’s formula as mentioned before.

ASCO-BMO offset magnitude (representing the magnitude of ASCO plane misalignment in 

reference to the BMO plane) was defined as the distance between the BMO centroid and 

ASCO centroid projected onto the BMO plane (Figure 2).22 ASCO-BMO offset direction 

(representing the direction of misalignment of the ASCO plane in reference to the BMO 

plane) was defined as the angle between the Fo-BMO axis and the vector connecting the 

BMO centroid and ASCO centroid projected onto the BMO plane 22 (Figure 2).

The region of perineural canal RPE atrophy (clinically referred to as the PPA region with 

RPE atrophy, beta-zone PPA, 9, 32, 33 or βPPA + BM 6, 8, 34, 35) was defined as the area 

between the RPE edge and BMO contour. The region of externally oblique choroidal border 

tissue configuration (clinically referred to as the PPA region without BM, gamma-zone PPA, 
7, 9, 32, 33 or βPPA-BM 6, 8, 34, 35) was defined as the area between the BMO contour and 

ASCO contour.

LC and peripapillary scleral (PPS) measurements were made using commercial artificial 

intelligence software, Reflectivity (Abyss Processing). 36, 37 The software automatically 

delineated the Bruch membrane, anterior LC surface, and peripapillary anterior scleral 

surface after enhancing visibility of the OCT raster scan by removing noises, shadows, 

and artifacts. In regions where there was not enough information for automatic delineation, 

the segmentations were left blank. Segmentation errors were checked by 2 experienced 

ophthalmologists (H.S., N.E.), and eyes with Bruch membrane, anterior LC surface, or 

peripapillary anterior scleral surface segmentation errors and/or invisibility were excluded 

from the study.
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LC depth was defined as the distance between the BMO plane and anterior LC surface at 

the BMO center. The LC global shape index (LC-GSI) is an index with a numerical value 

between –1 and 1 that quantifies the global shape of the LC anterior boundary calculated 

from the maximum and minimum principal arc curvatures of the anterior LC surface. 36 The 

PPS angle quantifies the amount of PPS bowing and is defined as the angle between 2 lines 

parallel to the anterior scleral boundaries on a single horizontal B-scan in the nasal-temporal 

direction (Figure 3). A larger angle represents a more posteriorly bowed V-shaped PPS 

configuration.37,38

STATISTICAL ANALYSIS:

All statistical analyses were performed with IBM SPSS statistics (version 27; International 

Business Machines Corp). Pearson correlation tests were used for univariate correlation 

analysis in a sub dataset of 140 eyes of 140 participants to avoid intereye correlation. Intra- 

and interobserver repeatability of the RPE-, BMO-, and ASCO-related parameters were 

calculated by intraclass correlation coefficients using a 2-way mixed model for agreement.

Multivariate linear mixed models taking intereye correlations into account with AXL as the 

response variable were used to determine explanatory variables independently associated 

with longer AXL. The considered explanatory variables were age, BMO area, BMO ovality, 

ASCO area, ASCO ovality, ASCO-BMO offset magnitude, ASCO-BMO offset direction, 

area of region of perineural canal RPE atrophy, area of region of externally oblique 

choroidal border tissue configuration, MRW, cpRNFLT, cpChT, LC depth, LC-GSI, and 

PPS angle. Mixed linear models of all possible combinations of these 15 parameters (215 

– 1 combinations in all) were generated, and the model with the best fit (lowest Akaike 

information criterion) was selected for discussion.

Because both ASCO-BMO offset magnitude and the region of externally oblique choroidal 

border tissue configuration are parameters quantifying the misalignment of BMO and ASCO 

planes, they are strongly correlated with each other (R = 0.800, P < .0001; Supplemental 

Table 1). We created 2 models with region of externally oblique choroidal border tissue 

configuration excluded from the model when the ASCO-BMO offset magnitude was 

included and vice versa to avoid multicollinearity.39 Bonferroni correction by the number of 

included explanatory variables in the best-fit model were conducted to account for multiple 

comparisons.

RESULTS

Data of 230 eyes of 155 healthy participants were collected. After excluding 19 eyes because 

of LC and scleral segmentation errors, 211 eyes of 140 participants that met the inclusion 

criteria were enrolled in the study. Baseline characteristics and results of the SS-OCT–

derived ONH parameters of the healthy participants are presented in Table 1.

All RPE-, BMO-, and ASCO-related parameters showed good to excellent reproducibility, 

with intraclass correlation coefficients ranging from 0.889 (region of perineural canal RPE 

atrophy) to 0.988 (BMO area) for intraobserver reproducibility and 0.809 (ASCO-BMO 

offset direction) to 0.972 (BMO area) for interobserver reproducibility.
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Univariate correlation analysis revealed that multiple ONH parameters were correlated with 

each other as well as with age and AXL, indicating the necessity to correct for these 

intercorrelations (all P < .005) (Supplemental Table 1).

The best-fit model including ASCO-BMO offset magnitude (but excluding the region of 

externally oblique choroidal border tissue configuration) indicated that longer AXL was 

significantly associated with larger ASCO-BMO offset magnitude, thinner cpChT, larger 

PPS angle, and thicker cpRNFLT (Table 2). The best-fit model that includes the region 

of externally oblique choroidal border tissue configuration (but excludes the ASCO-BMO 

offset magnitude) demonstrated similar results except that the ASCO area was significantly 

associated with longer AXL whereas the PPS angle was not selected in the model (Table 2).

Identical results were obtained when best-fit models were generated with optic disc 

parameters (disc area,4 disc ovality,5 and disc torsion,31 which are reported to be associated 

with myopia or as risk factors for progression of myopic normal-tension glaucomatous 

eyes) additionally included as explanatory variables (Supplemental Table 2). ASCO-BMO 

offset magnitude and region of externally oblique choroidal border tissue configuration 

demonstrated the strongest association with AXL within each model, and a scattergram of 

the distribution of ASCO-BMO offset magnitude and AXL is presented in Figure 4.

DISCUSSION

Our results from the 2 best-fit models found that larger ASCO-BMO offset magnitude 

and region of externally oblique choroidal border tissue configuration had the strongest 

associations with AXL, suggesting that a greater misalignment of the BMO and ASCO 

planes leading to a region of externally oblique choroidal border tissues was the structural 

change most strongly associated with the degree of myopia in healthy myopic eyes. 

The mean ASCO-BMO offset direction was 162.8°±45.1°, indicating an inferior temporal 

misalignment of the BMO plane in reference to the ASCO plane. However, the direction 

itself did not demonstrate a significant association with AXL.

Recently, a study on mainly emmetropic Caucasian eyes revealed that the ASCO-BMO 

offset magnitude was positively associated with AXL.22 The same investigators also 

reported that this magnitude was even larger in highly myopic healthy and glaucomatous 

eyes (AXL > 26.5 mm),25 suggesting the role of ASCO-BMO plane misalignment in 

myopia. Our study attempted to further elucidate the nature of relationship of this 

misalignment, other ONH morphologic parameters, and AXL in an analysis including other 

peripapillary structural changes accompanying myopic AXL elongation such as area of 

region of perineural canal RPE atrophy, area of region of externally oblique choroidal 

border tissue configuration, choroidal thickness, LC, and peripapillary scleral configuration 

in healthy myopic eyes.

Our results were in accordance with the reports by Hong and associates finding greater 

ASCO-BMO offset magnitude to be associated with longer AXL.22 This temporal shift 

of the BMO plane in myopic eyes also has been reported in histologic reports and on 

longitudinal observation in young children developing myopia.7, 32
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Because the region of externally oblique choroidal border tissue configuration (clinically 

referred to as gamma-zone PPA or βPPA-BM) is defined as the region between the BMO 

and temporal ASCO margin, it can be thought of as representing the presence and degree 

of misalignment between BMO and ASCO planes. This is in accordance with histologic 

findings that suggest βPPA-BM results from stretching of the PPS that accompanies AXL 

elongation in myopic eyes.7

It has been generally assumed that the association of AXL is stronger with βPPA-BM6-9 

and that the region of perineural canal RPE atrophy (clinically referred to as beta-zone 

PPA or βPPA BM) is more strongly associated with aging and glaucomatous changes.6, 33 

However, reports on the characteristics of each type of PPA have been varied, and the precise 

relationship between PPA subtypes and myopia remains to be elucidated. βPPA BM and 

βPPA-BM width were both reported to be correlated with AXL in 74 moderately myopic 

(SE <–2 D)9 and 80 highly myopic (AXL > 26 mm)34 healthy eyes.

Dai and associates33 also reported similar results on a wider range of AXL in 80 healthy 

eyes (21.9–33.6 mm). A longitudinal study on 23 myopic children by Lee and associates35 

reported that AXL elongation was mostly associated with the development of βPPA-BM, 

although significant concomitant development of βPPA BM was observed. Meanwhile, Kim 

and associates suggested that only βPPA-BM width is associated with AXL whereas βPPA 

BM may be an age-related atrophic change in 161 glaucomatous eyes.6

Our current study revealed that when adjustments for all measurable ONH parameters 

are taken into consideration, only the region of externally oblique choroidal border tissue 

configuration (βPPA-BM) area but not the region of perineural canal RPE atrophy (βPPA 

BM) area is positively associated with longer AXL (P < .001), and that this inferior temporal 

misalignment of the BMO plane quantified by the ASCO-BMO offset magnitude is the most 

important deep ONH change associated with longer AXL in healthy myopic eyes.

Our average ASCO-BMO offset magnitude (236.8±158.9 μm) was much larger in 

comparison to Hong and associates’ report of 89.01±63.15 μm.22 Values were most likely 

larger in our cohort because our average AXL was longer. (23.7 vs 24.82 mm) Although 

our ASCO-BMO offset magnitude was smaller than that of Jeoung and associates’ cohort 

of mainly Caucasian highly myopic eyes with an average AXL of 26.96 mm (264.3±131.1 

μm),25 our values were very close to theirs despite the eyes in our cohort being much 

less myopic. This may be explained by some racial differences that Hong and associates 

reported. Asian eyes (n=22) in their cohort tended to have larger ASCO-BMO offset 

magnitude even after correction for AXL.22 In addition, the ASCO-BMO offset values 

may vary because different OCT scans were used to measure the ASCO-BMO offset by 

Hong and associatesy22 (Spectralis optic nerve head radial circle scans) than that used in the 

current study.

Correlation between longer AXL and thinner circumpapillary choroid has been reported 

from previous studies investigating the relationship between AXL and individual ONH 

parameters.23 Thinning of the choroid is of special interest because it is also affected 

in glaucomatous eyes, and its associations with glaucomatous progression has been 
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suggested.40 However, a recent study on glaucomatous eyes reported that thinner cpChT was 

only associated with longer AXL but not with glaucomatous visual field indices, suggesting 

that choroidal thinning is a myopic characteristic more than a glaucoma-related finding.41 In 

accordance with previous studies, our study indicated that thinner choroid is associated with 

longer AXL even after taking other confounding ONH parameters into consideration.

Our study revealed that AXL is also associated with a larger PPS angle, which represents a 

more posteriorly bowed V-shaped PPS. This V-shaped PPS configuration has been reported 

to become more pronounced with older age,37, 42 thinner choroidal thickness,42 and in 

glaucomatous eyes when compared to healthy eyes.38 A weak association between the PPS 

angle and AXL in univariate analysis but not in multivariate analysis taking age and cpChT 

into consideration was reported by Tun and associates in a cohort of middle-aged to elderly 

healthy participants.37 We confirmed and expanded on their results by evaluating the effect 

of AXL on PPS structure on a cohort with a wider range of age and AXL including highly 

myopic eyes to demonstrate that posterior PPS bowing was independently associated with 

longer AXL after taking age and cpChT into consideration.

Larger ASCO area was also suggested to be associated with longer AXL. Our average 

ASCO area (2.82±0.58 mm2 ) was larger than that of both the mostly emmetropic and 

highly myopic cohort of mainly Caucasian eyes reported by Hong and associates22 and 

Jeoung and associates25 (2.22 and 2.26 mm2, respectively). Because BMO area has been 

reported to be larger in Asian eyes when compared to European and African descent eyes,10, 

43 similar racial differences may be observed in ASCO area. Furthermore, the nasal ASCO 

was often difficult to determine in eyes with tilted discs because of limits in visibility, 

and there remains a possibility that the nasal ASCO is located even further nasally. If this 

is the case, the difference in ASCO area between our report and previous reports will be 

even larger, necessitating future multiracial studies to further elucidate the role of ASCO 

enlargement in myopic eyes.

Posterior pole scleral thinning and deformation is known to occur histologically in highly 

myopic eyes,44 and scleral changes such as posterior staphyloma are strongly associated 

with pathologic AXL elongation.45 Our data imply that a mild scleral stretching and 

deformation caused by AXL elongation can already be observed in healthy myopic eyes 

with no apparent peripapillary scleral deformation on routine ophthalmic examination.

CpRNFLT has long been reported to become thinner with longer AXL.46 However, when 

using a non-telecentric optical system such as in the case with the Topcon SS-OCT, the 

measurement circle under which cpRNFLT is measured is enlarged in eyes with longer AXL 

when magnification error correction is not performed.47 If the total volume of RNFL can be 

assumed to be uniform within the scan area, the measured cpRNFLT will become thinner 

as the measurement circle diameter increases in eyes with longer AXL, which leads to the 

negative correlation between AXL and cpRNFLT reported in the magnification-uncorrected 

studies (Supplemental Figure S2).46

Later studies have estimated the magnification-corrected cpRNFLT from cpRNFLT values 

measured on the magnification uncorrected measurement circle, assuming that all RNFL 
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pass through both the uncorrected and corrected measurement circles and that the cross-

sectional area under both circles are the same.46 However, the linear relationship between 

the measurement circle diameter and RNFLT differs among ONH sectors,48 and a uniform 

estimation may not be optimal. Hence, an evaluation of the relationship of cpRNFLT with 

AXL conducted with cpRNFLT measured on the corrected measurement circle position 

rather than the estimated cpRNFLT will be expected to be beneficial.

Our current results using cpRNFLT from AXL magnification-corrected measurement circle 

position demonstrated a positive association with longer AXL. Sector analysis of our data 

set (data not shown) revealed that only the temporal cpRNFLT is positively associated 

with AXL in accordance with previous reports using estimated magnification corrected 

cpRNFLT.49, 50 One possible reason for a thicker cpRNFLT associated with longer AXL 

may be the temporally deviated cpRNFL distribution observed in highly myopic eyes.51 

The fact that MRW, which uses the BMO as a reference, was not significantly associated 

with AXL in our study suggests that MRW would be a more stable parameter to quantify 

peripapillary nerve fiber layer thickness in myopic eyes.

One limitation of this study is that we excluded eyes with hyperopia (SE >1 D) and may 

have overlooked hyperopic eyes with moderately elongated AXL. However, the incidence of 

myopia-like ONHs in hyperopic eyes is rare, and our AXL range of 22.2 to 27.4 mm should 

be enough to analyze the effect of AXL on the ONH structures of healthy myopic eyes.

Another limitation is the use of the BMO plane as a reference for measurement of LC depth. 

LC depth based on the BMO plane is known to be affected by age and choroidal thickness.10 

To manage this problem, we corrected for both effects of age and cpChT in our analysis to 

estimate the effect of LC depth referenced by the BMO plane on AXL.

Lastly, although the magnification correction method we used is considered to be the most 

accurate among the currently available methods, it may not be flawless and further research 

on the relationship between cpRNFLT and AXL may be necessary.

In conclusion, our study revealed that a greater misalignment between BMO and ASCO 

planes, which resulted in a more oblique choroidal border tissue configuration, a thinner 

choroid, a more posteriorly bowed peripapillary sclera configuration, and a larger ASCO 

area are associated with longer AXL in healthy myopic eyes. These findings are a 

foundation for future investigations to elucidate glaucoma-specific ONH changes that occur 

in glaucomatous myopic eyes.
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FIGURE 1. 
Optic nerve head (ONH) segmentation determination on optical coherence tomography 

B-scans. Retinal pigment epithelium (RPE) edges (green dots), Bruch membrane opening 

(BMO) (pink dots), anterior scleral canal opening (ASCO) (yellow dots) were determined 

manually on 12 BMO-centered radial scans reconstructed from ONH raster scans. Contours 

of the RPE, BMO, and ASCO are overlayed on the infrared image on the right.
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FIGURE 2. 
Parameters defining the misalignment between Bruch membrane opening (BMO) and 

anterior scleral canal opening (ASCO). ASCO-BMO offset magnitude is the distance 

between the BMO centroid (pink dot) and ASCO centroid projected on the BMO plane 

(yellow dot with black outline). ASCO-BMO offset direction (ω) is the angle between 

fovea-BMO axis (gray dotted line) and ASCO/BMO centroid vector projected on the BMO 

plane (orange line).
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FIGURE 3. 
Illustration of measurement of peripapillary scleral (PPS) angle. PPS angle (α) is defined as 

the angle between 2 lines parallel to the anterior scleral boundaries on a single horizontal 

B-scan in the nasal-temporal direction. A larger angle represents a more posteriorly bowed 

V-shaped PPS configuration.
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FIGURE 4. 
Scattergram of axial length and ASCO-BMO offset magnitude.
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Table 1.

Baseline characteristics

211 eyes of 140 subjects

sex M: 65 F: 75

R/L R: 108 L: 103

Age 46.7±10.1 (30–71)

SE (diopter) −3.09±2.41 (−9.13~+1.00)

AXL (mm) 24.79±1.15 (22.20~27.43)

MD (dB) −0.22±1.14 (−3.48~2.29)

BMO area (mm2) 2.17±0.54

BMO ovality 1.11±0.07

ASCO area (mm2) 2.82±0.58

ASCO ovality 1.15±0.11

ASCO/BMO offset magnitude (μm) 236.8±158.9

ASCO/BMO offset direction (°) 162.8±45.1

Area of peri-neural canal RPE atrophy (mm2) 0.75±0.56

Area of externally oblique choroidal border tissues (mm2) 0.25±0.33

LC depth (μm) 427.0±98.4

LC-Global shape index −0.78±0.22

Peripapillary Scleral angle (°) 6.43±4.19

Average MRW (μm) 292.6±51.0

cpRNFLT (μm) 108.5±6.0

cpChT (μm) 137.7±55.3

*
values shown as average±standard deviation; () range

M=male; F=female; R=right; L=left; SE=spherical equivalence; AXL: axial length; MD: mean deviation; BMO=Bruch’s membrane opening; 
ASCO=anterior scleral canal opening; PPA=peripapillary atrophy; LC=lamina cribrosa; MRW=minimum rim width; cpRNFLT=circumpapillary 
retinal nerve fiber layer thickness; cpChT=circumpapillary choroidal thickness.
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Table 2.

Best fit linear mixed models with axial length as response variables.

Standardized 
regression 
coefficient

Non-
standardized 
regression 
coefficient

Standard 
Error

p-value*

Best fit model including ASCO-BMO offset 
magnitude

ASCO/BMO offset 
magnitude

0.318 0.002 0.000 <0.0001

cpChT −0.221 −0.004 0.001 <0.0001

Peripaillary 
Scleral angle

0.210 0.05 0.011 <0.0001

cpRNFLT 0.156 0.017 0.005 0.008

MRW 0.102 0.002 0.000 0.72

LC-GSI 0.043 −0.198 0.122 0.88

ASCO ovality 0.042 0.381 0.233 0.88

BMO ovality 0.037 0.536 0.395 0.96

Best fit model including area of externally 
oblique choroidal border tissues

Area of externally 
oblique choroidal 
border tissues

0.288 0.861 0.182 <0.0001

ASCO area 0.228 0.391 0.114 0.007

cpChT −0.221 −0.004 0.001 0.0007

cpRNFLT 0.146 0.016 0.006 0.04

BMO area 0.250 −0.359 0.156 0.05

MRW 0.102 0.002 0.001 0.52

LC-GSI 0.043 −0.197 0.126 0.85

ASCO=anterior scleral canal opening; BMO=Bruch’s membrane opening; cpChT=circumpapillary choroidal thickness; cpRNFLT=circumpapillary 
retinal nerve fiber layer thickness; LC-GSI=lamina cribrosa global shape index; MRW=minimum rim width;

*
p-values after Bonferroni’s correction by the number of included explanatory variables.
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