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Purpose: Conventional optic disc margin-based neuroretinal rim measurements lack a solid anatomic and
geometrical basis. An optical coherence tomography (OCT) index, Bruch’s membrane opening minimum rim
width (BMO-MRW), addresses these deficiencies and has higher diagnostic accuracy for glaucoma. We char-
acterized BMO-MRW and peripapillary retinal nerve fiber layer thickness (RNFLT) in a normal population.

Design: Multicenter cross-sectional study.
Participants: Normal white subjects.
Methods: An approximately equal number of subjects in each decade group (20e90 years of age) was

enrolled in 5 centers. Subjects had normal ocular and visual field examination results. We obtained OCT images of
the optic nerve head (24 radial scans) and peripapillary retina (1 circular scan). The angle between the fovea and
BMO center (FoBMO angle), relative to the horizontal axis of the image frame, was first determined and all scans
were acquired and analyzed relative to this eye-specific FoBMO axis. Variation in BMO-MRW and RNFLT was
analyzed with respect to age, sector, and BMO shape.

Main Outcome Measures: Age-related decline and between-subject variability in BMO-MRW and RNFLT.
Results: There were 246 eyes of 246 subjects with a median age of 52.9 years (range, 19.8e87.3 years). The

median FoBMO angle was �6.7� (range, 2.5� to �17.5�). The BMO was predominantly vertically oval with a
median area of 1.74 mm2 (range, 1.05e3.40 mm2). Neither FoBMO angle nor BMO area was associated with age
or axial length. Both global mean BMO-MRW and RNFLT declined with age at a rate of �1.34 mm/year and �0.21
mm/year, equivalent to 4.0% and 2.1% loss per decade of life, respectively. Sectorially, the most rapid decrease
occurred inferiorly and the least temporally; however, the age association was always stronger with BMO-MRW
than with RNFLT. There was a modest relationship between mean global BMO-MRW and RNFLT (r ¼ 0.35),
whereas sectorially the relationship ranged from moderate (r ¼ 0.45, inferotemporal) to nonexistent (r ¼ 0.01,
temporal).

Conclusions: There was significant age-related loss of BMO-MRW in healthy subjects and notable differences
between BMO-MRW and RNFLT in their relationship with age and between each other. Adjusting BMO-MRW and
RNFLT for age and sector is important in ensuring optimal diagnostics for glaucoma. Ophthalmology 2015;122:1786-
1794 ª 2015 by the American Academy of Ophthalmology.

Supplemental material is available at www.aaojournal.org.
Spectral-domain optical coherence tomography (OCT) has
become an important imaging method in the diagnosis and
follow-up of glaucoma and retinal diseases. Furthermore,
OCT has permitted important anatomic insights into the
optic nerve head (ONH) structures that correspond to the
clinically perceived optic disc margin1,2 and visualization of
deep ONH structures, such as the anterior laminar surface3,4

and the termination of the Bruch’s membraneeretinal
pigment epithelium complex within the ONH.2e4
1786 � 2015 by the American Academy of Ophthalmology
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Optic disc margin-based indices that quantify the neu-
roretinal rim, such as cup-to-disc ratio and rim area, lack a
solid anatomic and geometrical rationale.2,5 Conventional
funduscopy and disc photography do not permit clinicians to
visualize critical anatomic features that delineate the outer
edge of the rim, principally because of extensions of
Bruch’s membrane well inside the clinical disc margin that
are present in variable amounts in all eyes2 and that yield
critical errors in rim estimates.5
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Recently, we and other investigators5e8 have proposed an
anatomically and geometrically accurate neuroretinal rim
parameter, which is one aspect of an OCT-based paradigm
change in the clinical assessment of the ONH.9 This
parameter, Bruch’s membrane opening minimum rim width
(BMO-MRW),5 measures the rim from a logical outer
border of the neuroretinal rim, that is, BMO, which
represents the maximum aperture at the level of the ONH
through which retinal ganglion cell axons can pass. It
also is a geometrically accurate measurement because it
measures the minimum rim width from BMO to the internal
limiting membrane, and not conventionally along or parallel
to the fixed plane of the disc margin or BMO. Recent
publications have shown a higher diagnostic accuracy for
glaucoma with BMO-MRW10e12 and a stronger relation-
ship with the visual field compared with conventional rim
parameters.12e14

The orientation of the fovea relative to BMO impacts the
accuracy of sector-based rim measurements of the ONH and
of peripapillary and macular retinal nerve fiber layer thick-
ness (RNFLT).9 Although the mean angle between the fovea
and BMO center (termed the FoBMO angle) is
approximately �7�, relative to the horizontal axis of the
image frame, it can vary from 6� to �17� among
individuals.15 As a result, the current strategy of assigning
Figure 1. Schematic illustrating regionalization of neuroretinal rim and
current conventional methods, data acquisition and regionalization is relativ
sectors contain the same anatomic locations. In 2 cases (A and B), the orient
(BMO) center (FoBMO axis) varies by 20�; hence, the sectors contain me
and regionalization, sectors contain data from the same anatomic locations.
ST ¼ superotemporal; T ¼ temporal.
sectors relative to the fixed horizontal and vertical axes of
the imaging device could result in artificially large
variability among individuals (Fig 1) and could decrease
diagnostic accuracy. It also results in significant
differences in BMO-MRW in most clock hour sectors
compared with computation according to the FoBMO
axis.15 For these reasons, we recently proposed that both
image acquisition and analysis be performed according to
the individual subject’s FoBMO axis.9

Incorporating BMO-MRW into clinical devices requires
a robust description of BMO-MRW and the parameters that
could influence it, including age and BMO area, to pheno-
type the normal ONH and construct prediction intervals to
determine the likelihood that a test result is within normal
limits. The objective of this research was to provide such a
description of BMO-MRW in data acquired and analyzed
according to the eye-specific FoBMO axis in a multicenter
study with a white population.
Methods

Participants

Study participants of self-identified white descent were recruited in
5 centers: 1 in Canada, 2 in the United States, and 2 in Germany.
peripapillary retinal nerve fiber layer (grey annulus) sectors. With
e to the horizontal axis of the imaging frame with the assumption that
ation of the lines connecting the fovea to the Bruch’s membrane opening
asurements from different anatomical locations. In FoBMO acquisition
IN ¼ inferonasal; IT ¼ inferotemporal; N ¼ nasal; SN ¼ superonasal;
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The study was approved by the ethics review board at each insti-
tution. In accordance with the Declaration of Helsinki, all subjects
gave informed consent to participate.

A verbal screening for participation was conducted first. A
medical history then was obtained, followed by an ocular health
assessment that included visual acuity measurement with a stan-
dard Snellen or Early Treatment Diabetic Retinopathy Study chart,
refraction, keratometry, and axial length measurement. Visual field
examination then was conducted with standard automated peri-
metry (Humphrey Field Analyzer; Carl Zeiss Meditec, Dublin,
CA), with the 24-2 Swedish interactive thresholding algorithm,
repeated once if not deemed reliable or within normal limits (see
below), OCT examination (see below), ophthalmoscopic exami-
nation of the posterior pole, and ONH stereophotography. Finally,
Goldmann tonometry and pachymetry were performed. All test
procedures were carried out in both eyes of each subject, if eligible;
however, for the purpose of this study, data analysis was performed
in 1 randomly selected eye only.

Subjects were included in the study if all the following in-
clusion criteria were met: (1) age between 18 and 90 years, (2)
clinically normal eye examination results without clinically sig-
nificant vitreoretinal or choroidal disease and prior intraocular
surgery except cataract or refractive surgery, (3) intraocular
pressure of 21 mmHg or less, (4) best-corrected visual acuity of
20/40 or better, (5) refractive error within 6 diopters (D) spherical
error and 2D astigmatic error, and (6) normal visual field with the
glaucoma hemifield test and mean deviation within normal limits.
Subjects were excluded if any of the following were found: (1)
unreliable visual field examination results based on the reliability
indices and the perimetrist’s notes, (2) ONH photographs of
insufficient quality, or (3) OCT images of insufficient quality (see
below).

Spectral-Domain Optical Coherence Tomography

The ONH, peripapillary RNFL, and macula were imaged with
OCT (Spectralis; Heidelberg Engineering GmbH, Heidelberg,
Germany) with prototype software (Heyex VV; Heidelberg En-
gineering). A scan pattern containing 24 radially equidistant B-
scans, each subtending 15�, was centered first on the ONH. The
foveal pit was identified manually with a live B-scan, followed by
the 2 BMO points in each of 2 radial B-scans that were perpen-
dicular to each other. These points were used to identify the
FoBMO axis which served as a reference for the scans. Radial B-
scans, each containing 1536 A-scans and that represented the
average of 25 individual scans, were obtained with standard and
enhanced depth imaging methods. Circular peripapillary scans
with 768 A-scans, each which represented the average of 100
individual scans, were obtained with circles subtending 12�, 14�,
and 16� and also diameters measuring 3.5 mm, 4.1 mm, and 4.7
mm to measure RNFLT. Finally, also with reference to the
FoBMO axis, horizontal (61 B-scans subtending 30��25�) and
vertical (19 B-scans subtending 15��30�) volume scans centered
on the fovea were obtained. Axial length and corneal curvature
measurements were entered into the instrument software to ensure
accurate scaling of all measurements. Eyes with poor-quality
OCT scans (truncated B-scans where the internal limiting mem-
brane could not be segmented, image quality score <20, or both)
were excluded. For brevity, in this report, only results with the
standard ONH and the 3.5-mm diameter RNFL scans were
analyzed and are presented.

Data Analysis

All eyes were converted to right-eye format. The software auto-
matically segmented the internal limiting membrane and the 48
1788
BMO points from the 24 radial B-scans. The segmentations were
checked manually in each B-scan and corrected when necessary.
The BMO-based parameters were computed as described before.5

Briefly, the shortest distance from each BMO point to the
internal limiting membrane in each B-scan was defined as
BMO-MRW (48 values per eye). The BMO points were fitted
with a spline to derive a closed curve to represent the BMO
around the ONH. The torsion angle of the ONH was defined as
the orientation of the long axis of BMO (the radial with the
longest length) relative to the perpendicular of the FoBMO axis
(Fig 2, available at www.aaojournal.org). The global and the
four 40� (superonasal, inferonasal, inferotemporal, and
superotemporal), one 90� (temporal), and one 110� (nasal)
sectoral BMO-MRW values were computed. The corresponding
global and sectoral peripapillary RNFLT values also were
computed. Data also were analyzed for the twelve 30� clock-
hour sectors. For each subject, all orientations were relative to
the FoBMO axis.

Strengths of associations between variables were determined
with Pearson’s correlation coefficient. Rank-order (r) correlations
were determined with Spearman’s correlation coefficient.
The annual rates of BMO-MRW and RNFLT loss were adjusted
for significant covariates. The measured BMO-MRW and
RNFLT values were extrapolated linearly at each degree
around the BMO and RNFLT scan circle, respectively. There-
after, the prediction limits for BMO-MRW and RNFLT were
derived.
Results

There were 259 subjects enrolled and tested, of whom 13 (5.0%)
were excluded because of poor OCT image quality. Among the
remaining 246 subjects, there were approximately 35 to 40 subjects
in each decade group, except the group 80 to 89 years of age,
which included 14 subjects. The median age was 52.9 years (range,
19.8e87.3 years).

The FoBMO angle varied widely (Fig 3), with a median
of �6.7� (range, 2.5� to �17.5�), relative to the horizontal axis
of the image frame. The FoBMO angle was unrelated to age
(r ¼ �0.11; P ¼ 0.09) or axial length (r ¼ 0.11; P ¼ 0.08). The
median BMO area was 1.74 mm2 (range, 1.05e3.40 mm2; Fig 4,
available at www.aaojournal.org) and similarly was unrelated to
age (r ¼ �0.10; P ¼ 0.14) or axial length (r ¼ �0.02; P ¼ 0.81).

Torsion angle was not correlated to the FoBMO angle (r ¼
0.12; P ¼ 0.06). The BMO was predominantly vertically oval with
the BMO long axis situated within the 12-o’clock 30� sector in 116
(47%) subjects. The median torsion angle was �15� (range, �83�
to 90�; Fig 3).

Both global mean BMO-MRW and RNFLT were associated
significantly with age (P < 0.01; Fig 5). Global mean BMO-
MRW loss (adjusted for BMO area and BMO long axis length)
was �1.34 mm/year (R2 ¼ 0.25; P < 0.01), whereas RNFLT
loss (adjusted for BMO area, BMO long axis length, and axial
length) was �0.21 mm/year (R2 ¼ 0.24; P < 0.01). Relative to
median values, these rates are equivalent to 4.0% and 2.1%
loss per decade of life in global mean BMO-MRW and
RNFLT, respectively. Sectoral mean BMO-MRW values also
were associated significantly with age (P < 0.01; Fig 6,
available at www.aaojournal.org), with the adjusted mean rates
varying from �1.79 mm/year (inferonasal) to �1.1 mm/year
(temporal). The corresponding sectoral mean RNFLT values
consistently were less correlated with age (P < 0.02 for all but
the temporal sector, where P ¼ 0.15; Fig 6, available at
www.aaojournal.org), with the adjusted rates varying
from �0.45 mm/year (inferonasal) to �0.03 (temporal). The
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Figure 3. Graph showing the relationship between the fovea to Bruch’s membrane opening (FoBMO) angle and optic nerve head torsion angle. Histograms
for FoBMO angle and torsion angle also are shown.

Chauhan et al � Minimum Rim Width and RNFLT
spatial pattern of mean age-related loss in BMO-MRW and
RNFLT in clock-hour segments is shown in Figure 7 and
demonstrates a high degree of similarity, confirmed by the
correlation between BMO-MRW and RNFLT sectors ranked
according to age-related loss (r ¼ 0.94; P < 0.01). The
Figure 5. Scatterplots showing the age-related loss of (A) global mean Bruch’s m
retinal nerve fiber layer thickness (RNFLT). Pearson’s correlation coefficients a
highest rate of age-related loss occurred in the 6-o’clock sector in
both parameters (�1.75 mm/year for BMO-MRW and �0.42 mm/
year for RNFLT), whereas the lowest rates occurred in the 9-
o’clock sector in both parameters (�0.98 mm/year for BMO-
MRW and �0.04 mm/year for RNFLT).
embrane opening minimum rim width (BMO-MRW) and (B) peripapillary
re shown for each plot.
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Figure 7. Graphs showing age-related loss of (A) mean Bruch’s membrane opening minimum rim width (BMO-MRW) and (B) peripapillary retinal nerve
fiber layer thickness (RNFLT) in the twelve 30� clock-hour sectors. Mean sector values are color coded according to the scale in the legend. C, Rank-order
correlation plot showing a high degree of spatial similarity in the rates of BMO-MRW and RNFLT age-related loss.
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Mean global BMO-MRW and RNFLT were correlated posi-
tively (r ¼ 0.35; P < 0.01; Fig 8); however, sectorially, the
relationship varied notably (Fig 9), with the highest correlation
in the inferotemporal sector (r ¼ 0.45; P < 0.01) and the
weakest in the temporal sector (r ¼ 0.01; P ¼ 0.85). The
differences in the strength of the correlations were not the result
of the range of the measurements; for example, the range of 2
variables were comparable in the inferotemporal and superonasal
quadrants, yet the correlations were remarkably different (Fig 9).

The age- and BMO-area adjusted prediction limits for
BMO-MRW and RNFLT are shown in Figure 10. The median
BMO-MRW was thinnest in the temporal sector and widest in the
superonasal, nasal, and inferonasal sectors, whereas the median
RNFLT was thinnest in the temporal and nasal sectors and widest
in the superotemporal and inferotemporal sectors. Variability in
RNFLT depended more on location compared with BMO-MRW.
Discussion

Phenotyping the normal ONH and RNFL and constructing
accurate normative databases helps the clinician in
Figure 8. Scatterplot showing the correlation between global mean
Bruch’s membrane opening minimum rim width (BMO-MRW) and peri-
papillary retinal nerve fiber layer thickness (RNFLT).
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diagnosing glaucoma. The current study is important
because it characterizes for the first time, to the best of our
knowledge, indices based on BMO in a normal population
acquired and analyzed with respect to the eye-specific
orientation of the fovea relative to the ONH.

We confirmed the notable variation in the position of the
fovea compared with the ONH16 or BMO center.15 In the
current study, the FoBMO angle ranged by 20� between
subjects, verifying that large errors in designating sectors
to the neuroretinal rim15 and RNFLT in the peripapillary
retina and macula occur with current methods. Our
findings re-emphasize that the FoBMO axis in individual
subjects should be the reference axis for image acquisition
and sectorization of all ONH, RNFL, and retinal thickness
measurements.9

There are a limited number of studies with actual lon-
gitudinal ONH or RNFLT data in healthy subjects,17e19

most with relatively small sample sizes and short follow-
up periods. A likely limitation of these studies is impre-
cise estimates of the effects of age. However, studies such as
ours, with usually larger sample sizes and age ranges, as-
sume that cross-sectional observations are valid surrogates
for average longitudinally derived age-related changes.

Most previous cross-sectional studies20e27 did not find
an age-related decline in disc margin-based rim parameters
in normal subjects. In contrast, in the current study,
BMO-MRW decreased significantly with age, at a rate of
approximately 4.0% per decade of life, suggesting that this
index is more in line with the decrease in RGCs with age
observed in histomorphologic studies.28e30 The anatomic
and geometric errors in neuroretinal rim measurements
associated with conventional disc margin measurements5 at
least partially may explain the poor relationship between
conventional rim area and age. The rate of loss of RNFLT
was �0.21 mm/year, or approximately 2.1% per decade of
life, and is within the range of �0.13 mm/year31 to �0.33
mm/year18 reported in previous cross-sectional studies of
normal subjects imaged with OCT.18,31,32 The strength of



Figure 9. Scatterplots showing the correlation between sectoral mean Bruch’s membrane opening minimum rim width (BMO-MRW) and peripapillary
retinal nerve fiber layer thickness (RNFLT). Pearson correlation coefficients are shown for each plot. ST ¼ superotemporal; SN ¼ superonasal; N ¼ nasal;
IN ¼ inferonasal; IT ¼ inferotemporal; T ¼ temporal.

Chauhan et al � Minimum Rim Width and RNFLT
the correlation between global mean BMO-MRW and age
was similar to that between global mean RNFLT and age;
however, in each sector, the correlation was stronger with
BMO-MRW.

It is natural to assume that because both BMO-MRW and
RNFLT are measurements made perpendicular to the
orientation of RGC axon bundles that these measurements
should be highly correlated. Surprisingly, although the
correlation between mean global BMO-MRW and RNFLT
was statistically significant, it was practically weak with
mean global RNFLT explaining only 12% of the variation in
BMO-MRW. Among the 6 sectors examined, mean RNFLT
explained between 0% (temporally) to 20% (inferotempor-
ally) of the variation in BMO-MRW. This large range in the
strength of the correlations was not an artifact resulting from
the measurement range of the 2 parameters. Instead, there
are at least 2 possible explanations. First, the papillomacular
bundle, which makes up most of the temporal rim and
RNFL, contains more slender axons,30 which pass through
smaller pores and denser connective tissue in the lamina
cribrosa.33,34 The temporal rim as a consequence may
contain a different proportion of neural tissue compared
with the inferotemporal rim, where axons pass through
larger pores with relatively less dense connective tissue.33,34
1791



Figure 10. Graphs showing the covariate-adjusted prediction limits for (A) Bruch’s membrane opening minimum rim width (BMO-MRW) and
(B) peripapillary retinal nerve fiber layer thickness (RNFLT). Bold line ¼ 50th percentile; upper faint line ¼ 95th percentile; lower faint line ¼ 5th
percentile; T ¼ temporal; ST ¼ superotemporal; SN ¼ superonasal; N ¼ nasal; IN ¼ inferonasal; IT ¼ inferotemporal; T ¼ temporal.
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The relative proportion of neural tissue in the RNFL in
different sectors also may vary. Second, it is assumed that
there is a corresponding sector-to-sector projection of the
RNFL to the rim whereby the RNFL in a given sector makes
up the rim in the same ONH sector. There is an incomplete
understanding of the path of axons as they traverse the
retina, approach the ONH, and exit the eye, and it is plau-
sible that the projection is more complex and variable
around the ONH,35,36 resulting in the observed variability in
the correlation between sectoral BMO-MRW and RNFLT.

There were notable differences in the mean age-related
loss among the clock hour sectors for both BMO-MRW
and RNFLT often varying by orders of magnitude. From the
perspective of accurate diagnostics, these findings under-
score the importance of adjusting normative limits accord-
ing to location within the ONH or peripapillary retina. There
was high spatial correlation between clock-hour sectors
ranked according to magnitude of age-related loss, sug-
gesting similarity between these 2 parameters despite
notably different correlations between them.

Although the age- and BMO-adjusted BMO-MRW pre-
diction limits were less dependent on sector than the cor-
responding RNFLT limits, there was a tendency for higher
variability in both parameters at the superior and inferior
poles. The superior and inferior blood vessel trunks are at
least partially responsible for the higher variability, because
computation of BMO-MRW or RNFLT does not account
for blood vessels. This inherent limitation in current
methods, which could adversly impact detection of glau-
comatous damage in locations thought to be affected earliest
and most frequently,37 could be alleviated by future
algorithms that subtract the contribution of blood vessels
within the rim or RNFL tissue.38

Because of the large between-subject variability in the
FoBMO angle, image acquisition and sectorization of rim and
RNFLT values would be expected to have a lower between-
subject variability, and therefore narrower prediction limits.
In turn, the use of these normative values could lead to more
accurate diagnostics. A limitation of the current study is that
1792
for minimizing examination time, we did not perform paired
image acquisition and sectorization of parameters with the
conventional methods, whereby it is assumed that ONH and
RNFL sectors according to the fixed horizontal and vertical
axes of the image frame represent the same anatomic locations
between subjects. Such a comparison could have allowed us to
confirm whether FoBMO axis acquisition yielded narrower
prediction intervals. In a recent study, Amini et al16 concluded
that adjusting for the discefovea angle did not yield better
diagnostic accuracy in glaucoma. However, because data
acquisition was not performed according to the discefovea
angle and the normative limits were derived by interpolation,
it is likely that the methods used in the current study will
yield different results. Further studies to determine whether
clinicians will benefit from these proposed methods of data
acquisition and analysis are now necessary.

Our data are limited to findings in white subjects.
Although numerous studies have demonstrated statistically
significant differences in conventional rim parameters and
RNFLT among subjects of different races,39e44 there is little
evidence that using race-specific databases yields higher
diagnostic accuracy.45e48 The most plausible explanation
for these findings is that the between-subject variation in the
structural parameters within a single race far exceeds the
average difference between the races. Normative values of
BMO-based ONH parameters, such as those investigated in
this study, have not been studied before. It is likely that
these new parameters also are different among races and that
race-specific normative values may help phenotype better
the ONH and may yield higher diagnostic accuracy. Further
studies are underway to characterize these new parameters
in other racial groups.

References

1. Strouthidis NG, Yang H, Reynaud JF, et al. Comparison of
clinical and spectral domain optical coherence tomography
optic disc margin anatomy. Invest Ophthalmol Vis Sci
2009;50:4709–18.

http://refhub.elsevier.com/S0161-6420(15)00547-3/sref1
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref1
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref1
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref1


Chauhan et al � Minimum Rim Width and RNFLT
2. Reis AS, Sharpe GP, Yang H, et al. Optic disc margin anatomy
in patients with glaucoma and normal controls with spectral
domain optical coherence tomography. Ophthalmology
2012;119:738–47.

3. Srinivasan VJ, Adler DC, Chen Y, et al. Ultrahigh-speed op-
tical coherence tomography for three-dimensional and en face
imaging of the retina and optic nerve head. Invest Ophthalmol
Vis Sci 2008;49:5103–10.

4. Strouthidis NG, Grimm J, Williams GA, et al. A comparison
of optic nerve head morphology viewed by spectral domain
optical coherence tomography and by serial histology. Invest
Ophthalmol Vis Sci 2010;51:1464–74.

5. Reis AS, O’Leary N, Yang H, et al. Influence of clinically
invisible, but optical coherence tomography detected, optic
disc margin anatomy on neuroretinal rim evaluation. Invest
Ophthalmol Vis Sci 2012;53:1852–60.

6. Povazay B, Hofer B, Hermann B, et al. Minimum distance
mapping using three-dimensional optical coherence tomogra-
phy for glaucoma diagnosis. J Biomed Optics 2007;12:
041204.

7. Chen TC. Spectral domain optical coherence tomography in
glaucoma: qualitative and quantitative analysis of the optic
nerve head and retinal nerve fiber layer: an AOS thesis. Trans
Am Ophthalmol Soc 2009;107:254–81.

8. Strouthidis NG, Fortune B, Yang H, et al. Longitudinal
change detected by spectral domain optical coherence to-
mography in the optic nerve head and peripapillary retina in
experimental glaucoma. Invest Ophthalmol Vis Sci 2011;52:
1206–19.

9. Chauhan BC, Burgoyne CF. From clinical examination of
the optic disc to clinical assessment of the optic nerve head:
a paradigm change. Am J Ophthalmol 2013;156:
218–227.e2.

10. Chauhan BC, O’Leary N, Almobarak FA, et al. Enhanced
detection of open-angle glaucoma with an anatomically ac-
curate optical coherence tomography-derived neuroretinal rim
parameter. Ophthalmology 2013;120:535–43.

11. Mizumoto K, Gosho M, Zako M. Correlation between optic
nerve head structural parameters and glaucomatous visual field
indices. Clin Ophthalmol 2014;8:1203–8.

12. Pollet-Villard F, Chiquet C, Romanet JP, et al. Structure-
function relationships with spectral-domain optical coher-
ence tomography retinal nerve fiber layer and optic nerve
head measurements. Invest Ophthalmol Vis Sci 2014;55:
2953–62.

13. Gardiner SK, Ren R, Yang H, et al. A method to estimate the
amount of neuroretinal rim tissue in glaucoma: comparison
with current methods for measuring rim area. Am J Oph-
thalmol 2014;157:540–549.e1e2.

14. Danthurebandara VM, Sharpe GP, Hutchison DM, et al.
Enhanced structure-function relationship in glaucoma with an
anatomically and geometrically accurate neuroretinal rim
measurement. Invest Ophthalmol Vis Sci 2015;56:98–105.

15. He L, Ren R, Yang H, et al. Anatomic vs. acquired image
frame discordance in spectral domain optical coherence to-
mography minimum rim measurements. PLoS One 2014;9:
e92225.

16. Amini N, Nowroozizadeh S, Cirineo N, et al. Influence of the
disc-fovea angle on limits of RNFL variability and glaucoma
discrimination. Invest Ophthalmol Vis Sci 2014;55:7332–42.

17. See JL, Nicolela MT, Chauhan BC. Rates of neuroretinal rim
and peripapillary atrophy area change: a comparative study of
glaucoma patients and normal controls. Ophthalmology
2009;116:840–7.
18. Leung CK, Yu M, Weinreb RN, et al. Retinal nerve fiber layer
imaging with spectral-domain optical coherence tomography:
a prospective analysis of age-related loss. Ophthalmology
2012;119:731–7.

19. O’Leary N, Artes PH, Hutchison DM, et al. Rates of retinal
nerve fibre layer thickness change in glaucoma patients and
control subjects. Eye (Lond) 2012;26:1554–62.

20. Funk J, Dieringer T, Grehn F. Correlation between neuro-
retinal rim area and age in normal subjects. Graefes Arch Clin
Exp Ophthalmol 1989;227:544–8.

21. Tsai CS, Ritch R, Shin DH, et al. Age-related decline of disc
rim area in visually normal subjects. Ophthalmology 1992;99:
29–35.

22. Varma R, Tielsch JM, Quigley HA, et al. Race-, age-, gender-,
and refractive error-related differences in the normal optic disc.
Arch Ophthalmol 1994;112:1068–76.

23. Garway-Heath DF, Wollstein G, Hitchings RA. Aging changes
of the optic nerve head in relation to open angle glaucoma. Br
J Ophthalmol 1997;81:840–5.

24. Nakamura H, Maeda T, Suzuki Y, Inoue Y. Scanning laser
tomography to evaluate optic discs of normal eyes. Jpn J
Ophthalmol 1999;43:410–4.

25. Ramrattan RS, Wolfs RC, Jonas JB, et al. Determinants of
optic disc characteristics in a general population: the Rotter-
dam Study. Ophthalmology 1999;106:1588–96.

26. Xu L, Wang Y, Yang H, et al. Size of the neuroretinal rim and
optic cup and their correlations with ocular and general pa-
rameters in adult Chinese: the Beijing eye study. Br J Oph-
thalmol 2007;91:1616–9.

27. Bourne RR, Foster PJ, Bunce C, et al. The morphology of the
optic nerve head in the Singaporean Chinese population (the
Tanjong Pagar study): part 1. Optic nerve head morphology.
Br J Ophthalmol 2008;92:303–9.

28. Balazsi AG, Rootman J, Drance SM, et al. The effect of age on
the nerve fiber population of the human optic nerve. Am J
Ophthalmol 1984;97:760–6.

29. Mikelberg FS, Drance SM, Schulzer M, et al. The normal
human optic nerve. Axon count and axon diameter distribu-
tion. Ophthalmology 1989;96:1325–8.

30. Jonas JB, Muller-Bergh JA, Schlotzer-Schrehardt UM,
Naumann GO. Histomorphometry of the human optic nerve.
Invest Ophthalmol Vis Sci 1990;31:736–44.

31. Demirkaya N, van Dijk HW, van Schuppen SM, et al. Effect of
age on individual retinal layer thickness in normal eyes as
measured with spectral-domain optical coherence tomography.
Invest Ophthalmol Vis Sci 2013;54:4934–40.

32. Bendschneider D, Tornow RP, Horn FK, et al. Retinal nerve
fiber layer thickness in normals measured by spectral domain
OCT. J Glaucoma 2010;19:475–82.

33. Quigley HA, Addicks EM. Regional differences in the struc-
ture of the lamina cribrosa and their relation to glaucomatous
optic nerve damage. Arch Ophthalmol 1981;99:137–43.

34. Jonas JB, Mardin CY, Schlotzer-Schrehardt U, Naumann GO.
Morphometry of the human lamina cribrosa surface. Invest
Ophthalmol Vis Sci 1991;32:401–5.

35. Jansonius NM, Schiefer J, Nevalainen J, et al. A mathematical
model for describing the retinal nerve fiber bundle trajectories
in the human eye: average course, variability, and influence of
refraction, optic disc size and optic disc position. Exp Eye Res
2012;105:70–8.

36. Lamparter J, Russell RA, Zhu H, et al. The influence of inter-
subject variability in ocular anatomical variables on themapping
of retinal locations to the retinal nerve fiber layer and optic nerve
head. Invest Ophthalmol Vis Sci 2013;54:6074–82.
1793

http://refhub.elsevier.com/S0161-6420(15)00547-3/sref2
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref2
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref2
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref2
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref3
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref3
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref3
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref3
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref4
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref4
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref4
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref4
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref5
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref5
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref5
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref5
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref6
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref6
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref6
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref6
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref7
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref7
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref7
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref7
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref8
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref8
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref8
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref8
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref8
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref9
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref9
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref9
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref9
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref10
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref10
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref10
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref10
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref11
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref11
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref11
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref12
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref12
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref12
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref12
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref12
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref13
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref13
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref13
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref13
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref13
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref14
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref14
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref14
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref14
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref15
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref15
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref15
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref15
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref16
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref16
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref16
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref17
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref17
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref17
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref17
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref18
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref18
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref18
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref18
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref19
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref19
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref19
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref20
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref20
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref20
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref21
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref21
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref21
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref22
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref22
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref22
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref23
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref23
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref23
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref24
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref24
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref24
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref25
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref25
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref25
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref26
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref26
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref26
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref26
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref27
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref27
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref27
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref27
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref28
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref28
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref28
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref29
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref29
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref29
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref30
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref30
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref30
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref31
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref31
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref31
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref31
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref32
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref32
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref32
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref33
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref33
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref33
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref34
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref34
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref34
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref35
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref35
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref35
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref35
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref35
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref36
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref36
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref36
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref36


Ophthalmology Volume 122, Number 9, September 2015
37. Quigley HA, Addicks EM, Green WR, Maumenee AE. Optic
nerve damage in human glaucoma. II. The site of injury and
susceptibility to damage. Arch Ophthalmol 1981;99:635–49.

38. Patel NB, Wheat JL, Rodriguez A, et al. Agreement between
retinal nerve fiber layer measures from Spectralis and Cirrus
spectral domain OCT. Optom Vis Sci 2012;89:E652–66.

39. Tsai CS, Zangwill L, Gonzalez C, et al. Ethnic differences in
optic nerve head topography. J Glaucoma 1995;4:248–57.

40. Girkin CA, McGwin G Jr, Long C, et al. Subjective and
objective optic nerve assessment in African Americans and
whites. Invest Ophthalmol Vis Sci 2004;45:2272–8.

41. Zangwill LM, Weinreb RN, Berry CC, et al. Racial differences
in optic disc topography: baseline results from the confocal
scanning laser ophthalmoscopy ancillary study to the ocular
hypertension treatment study. Arch Ophthalmol 2004;122:
22–8.

42. Girkin CA, Sample PA, Liebmann JM, et al. African Descent
and Glaucoma Evaluation Study (ADAGES): II. Ancestry
differences in optic disc, retinal nerve fiber layer, and macular
structure in healthy subjects. Arch Ophthalmol 2010;128:
541–50.

43. Girkin CA, McGwin G Jr, Sinai MJ, et al. Variation in optic
nerve and macular structure with age and race with spectral-
1794
domain optical coherence tomography. Ophthalmology
2011;118:2403–8.

44. Knight OJ, Girkin CA, Budenz DL, et al. Effect of race, age,
and axial length on optic nerve head parameters and retinal
nerve fiber layer thickness measured by Cirrus HD-OCT. Arch
Ophthalmol 2012;130:312–8.

45. Zelefsky JR, Harizman N, Mora R, et al. Assessment of a
race-specific normative HRT-III database to differentiate
glaucomatous from normal eyes. J Glaucoma 2006;15:
548–51.

46. De Leon-Ortega JE, Sakata LM, Monheit BE, et al. Compar-
ison of diagnostic accuracy of Heidelberg Retina Tomograph
II and Heidelberg Retina Tomograph 3 to discriminate glau-
comatous and nonglaucomatous eyes. Am J Ophthalmol
2007;144:525–32.

47. Rao HL, Babu GJ, Sekhar GC. Comparison of the diagnostic
capability of the Heidelberg Retina Tomographs 2 and 3 for
glaucoma in the Indian population. Ophthalmology 2010;117:
275–81.

48. Girkin CA, Liebmann J, Fingeret M, et al. The effects of race,
optic disc area, age, and disease severity on the diagnostic
performance of spectral-domain optical coherence tomogra-
phy. Invest Ophthalmol Vis Sci 2011;52:6148–53.
Footnotes and Financial Disclosures
Originally received: April 6, 2015.
Final revision: May 25, 2015.
Accepted: June 2, 2015.
Available online: July 21, 2015. Manuscript no. 2015e569.
1 Department of Ophthalmology and Visual Sciences, Dalhousie Univer-
sity, Halifax, Canada.
2 Devers Eye Institute, Portland, Oregon.
3 Department of Ophthalmology, University of Alabama at Birmingham,
Alabama.
4 Department of Ophthalmology, University of Erlangen, Erlangen,
Germany.
5 Department of Ophthalmology, University of Heidelberg, Heidelberg,
Germany.

Financial Disclosure(s):
The author(s) have made the following disclosure(s):

B.C.C.: Financial support - Heidelberg Engineering GmbH, Heidelberg,
Germany

S.D.: Financial support - Heidelberg Engineering GmbH, Heidelberg,
Germany

C.A.G.: Financial support - Heidelberg Engineering GmbH, Heidelberg,
Germany

C.Y.M.: Financial support - Heidelberg Engineering GmbH, Heidelberg,
Germany
A.F.S.: Financial support - Heidelberg Engineering GmbH, Heidelberg,
Germany

C.F.B.: Financial support - Heidelberg Engineering GmbH, Heidelberg,
Germany

Supported by the Canadian Institutes of Health Research, Ottawa, Ontario
(grant no.: MOP11357 [B.C.C.]), National Eye Institute, National Institutes
of Health, Bethesda, MD (grant no. EY021281 [C.F.B.]); and the Center for
Disease Control, Atlanta, GA (C.A.G.).

Author Contributions:

Conception and design: Chauhan, Burgoyne

Analysis and interpretation: Chauhan, Danthurebandara, Burgoyne

Data collection: Chauhan, Sharpe, Demirel, Girkin, Mardin, Scheuerle,

Obtained funding: Chauhan

Overall responsibility: Chauhan

Abbreviations and Acronyms:
BMO ¼ Bruch’s membrane opening; FoBMO ¼ fovea to Bruch’s mem-
brane opening; MRW ¼ minimum rim width; OCT ¼ optical coherence
tomography; ONH ¼ optic nerve head; RNFL ¼ retinal nerve fiber layer;
RNFLT ¼ retinal nerve fiber layer thickness.

Correspondence:
Balwantray C. Chauhan, PhD, Department of Ophthalmology and Visual
Sciences, Dalhousie University, 1276 South Park Street, 2W Victoria,
Halifax, Nova Scotia, Canada B3H 2Y9. E-mail: bal@dal.ca.

http://refhub.elsevier.com/S0161-6420(15)00547-3/sref37
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref37
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref37
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref38
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref38
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref38
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref39
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref39
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref40
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref40
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref40
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref41
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref41
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref41
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref41
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref41
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref42
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref42
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref42
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref42
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref42
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref43
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref43
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref43
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref43
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref44
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref44
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref44
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref44
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref45
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref45
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref45
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref45
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref46
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref46
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref46
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref46
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref46
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref47
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref47
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref47
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref47
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref48
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref48
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref48
http://refhub.elsevier.com/S0161-6420(15)00547-3/sref48
mailto:bal@dal.ca

	Bruch's Membrane Opening Minimum Rim Width and Retinal Nerve Fiber Layer Thickness in a Normal White Population
	Methods
	Participants
	Spectral-Domain Optical Coherence Tomography
	Data Analysis

	Results
	Discussion
	References


