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Abstract
● AIM: To evaluate and compare structural optical coherence 
tomography (OCT)-based parameters, such as Bruch’s 
membrane opening-minimum rim width (BMO-MRW), and 
retinal nerve fiber layer (RNFL) thickness in glaucoma 
patients with visual field (VF) defects, and to correlate 
both to mean deviation (MD) values of obtained standard 
achromatic perimetry (SAP) examinations. 
● METHODS: Patients with glaucoma and glaucomatous 
VF defects were enrolled in this prospective study and 
compared to age-matched healthy individuals. All study 
participants underwent a full ophthalmic examination and 
VF testing with SAP. Peripapillary RNFL thickness and 
BMO-MRW were acquired with SD-OCT. Correlation analy-
ses between obtained global functional and global as well 
as sectorial structural parameters were calculated. 
● RESULTS: A consecutive series of 30 glaucomatous right 
eyes of 30 patients were included and compared to 36 
healthy right eyes of 36 individuals in the control group. 
Global MD of values correlated significantly with global 
RNFL (Pearson corr. coeff: 0.632, P=0.001) and global 
BMO-MRW (Pearson corr. coeff: 0.746, P<0.001) values 
in the glaucoma group. Global MD and sectorial RNFL 
or BMO-MRW values correlated less significantly. In the 
control group, MD values did not correlate with RNFL or 
BMO-MRW measurements. A subgroup analysis of myopic 
patients (>4 diopters) within the glaucoma group (n=6) 
revealed a tendency for higher correlations between MD 
and BMO-MRW than MD and RNFL measurements. 
● CONCLUSION: In a clinical setting, RNFL thickness and 
BMO-MRW correlate similarly with global VF sensitivity 
in glaucoma patients with BMO-MRW showing higher 
correlations in myopic glaucoma patients.
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INTRODUCTION

G laucoma is a leading cause of irreversible blindness 
worldwide. Thus, early diagnosis of this chronic 

disease is of crucial importance[1]. Additionally to visual 
field (VF) tests obtained with standard achromatic perimetry 
(SAP) as functional parameters, measurements of structural 
variables at and around the optic nerve head (ONH) have 
become more and more popular given the significant advances 
in technology. Especially non-invasively obtained, optical 
coherence tomography (OCT)-based structural parameters 
such as the retinal thickness of the posterior pole or the retinal 
nerve fiber layer (RNFL) thickness can be measured precisely 
with an accuracy in the range of a few microns. Another huge 
advantage is the possibility to compare point to point in follow 
up examinations[2-5]. 
Recently, the novel OCT-based parameter Bruch’s membrane 
opening-minimum rim width (BMO-MRW) was introduced. 
This variable measures the shortest distance from Bruch’s 
membrane opening (BMO) to the internal limiting membrane[6-8] 
using radial cross-sectional images through the ONH. The 
acquisition time for BMO-MRW examinations is longer than 
for circular RNFL measurements alone and require a better 
compliance of the examined patients than OCT-based RNFL 
measurements. BMO-MRW as a structural parameter, together 
with the established RNFL thickness, has been shown to 
successfully measure and correlate with the loss of neuro-
retinal tissue, which happens in glaucoma patients as well as 
healthy elderly[9]. Yet, the significance or extent of novelty of 
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this relatively new structural parameter BMO-MRW in daily 
clinical practice remains unclear.
The goal of this prospective study was to evaluate the structural 
OCT-based parameter BMO-MRW in glaucoma patients and 
compare the results with RNFL thickness values by correlating 
both parameters, BMO-MRW and RNFL, to global mean 
deviation (MD) values of SAP in a clinical routine setting. 
SUBJECTS AND METHODS
Patients  This prospective cross-sectional study was conducted 
at the Glaucoma Department of a German University Eye 
Hospital (Department of Ophthalmology, Technical University 
of Munich). Inclusion criteria were patients with diagnosed 
primary open angle glaucoma (POAG) and documented 
glaucomatous VF defects in SAP who were compared to age-
matched healthy persons without glaucoma and inconspicuous 
VF testing (control group). Exclusion criteria for the “glaucoma 
group” were any non-glaucomatous VF defects, corneal scars, 
history of any corneal surgery, nystagmus, or any pathology or 
suspected disease of the ONH or RNFL that may influence VF 
testing or structural ONH parameters. 
All study participants underwent a full ophthalmic examination, 
including best-corrected visual acuity (BCVA) in decimals 
obtained with a Snellen projection chart, objective and 
subjective refraction, slit-lamp biomicroscopy, measurement 
of intraocular pressure (IOP) with Goldmann applanation 
tonometry (GAT), gonioscopy, and fundus examination by 
indirect ophthalmoscopy. The linear vertical cup disk ratio 
(CDR) was documented. VF testing with SAP was performed 
prior to dilation of pupils. The study adheres to the tenets of 
the Declaration of Helsinki (2008) and was approved by the 
Institutional Review Board. 
Standard Achromatic Perimetry  VF testing by SAP was 
obtained for each patient using Octopus 500 G1 (Haag-Streit 
Diagnostics, Köniz, Switzerland). A reliable VF test was 
defined as <25% of fixation losses, and <20% false positive 
and false negative answers. According to the definition of the 
European Glaucoma Society and previous works by Katz 
et al[10], a VF defect suspicious for glaucoma was defined as 
a cluster of at least three or more non-edge-contiguous points 
with significantly reduced sensitivity (P<0.05), out of these 
one with a significance of at least P<0.01 on the same side of 
the horizontal meridian in the pattern deviation plot. All of 
the included patients in the glaucoma group and none in the 
control group fulfilled these criteria. 
Optical Coherence Tomography Measurements  All 
included patients were imaged with conventional circular 
peripapillary ONH cross sectional scans using the Heidelberg 
Spectralis OCT with an excitation wavelength of 870 nm and 
40 000 A-scans per second. Global and six sectorial (supero-
temporal, temporal, infero-temporal, infero-nasal, nasal, and 

supero-nasal) values for both, RNFL thickness and BMO-
MRW (shortest distance from BMO to the internal limiting 
membrane) were obtained. The device-specific software-based 
classification scores for both parameters RNFL and BMO-
MRW classified each obtained global as well as sectorial value 
into “within normal limits”, “borderline”, and “outside normal 
limits”.
Structure-function Correlations  For further analysis, BCVA and 
global MD values of the right eye of each patient of the “glaucoma 
group” and the “control group” were correlated with sectorial 
and global RNFL and BMO-MRW measurements. 
Statistical Analysis  Data were collected and analyzed using 
SPSS Version 22.0 (SPSS Inc., Chicago, IL, USA). The 
Kolmogorov-Smirnov test was used for testing for normal 
distribution. Correlation analyses between obtained global 
functional (SAP) and global as well as sectorial structural (SD-
OCT) parameters were calculated. Linear regression analyses 
were performed for comparison between metric and nominal/
categorical data.  
RESULTS
A consecutive series of 30 glaucomatous right eyes of 30 
patients were included in this prospective study and compared 
to 36 right healthy eyes of 36 individuals in the control group. 
Patients’ characteristics are given in Table 1. The glaucoma 
and the control group are age-matched and show similar BCVA 
and IOP values.
Correlation Analyses  We did not find any correlations between 
BCVA or IOP and the structural OCT-based parameters RNFL 
or BMO-MRW measurements in the glaucoma group except 

Table 1 Characteristics of glaucoma group and control group

Characteristics Glaucoma group Control group P
n 30 36
Refraction (D) -1.51±2.97 -0.27±3.37 0.149
Age (a) 66.73±10.53 65.03±14.88 0.589
BCVA (decimal) 0.615±0.309 0.679±0.278 0.449
MD (db) 8.65±7.02 2.18±0.56 <0.001
IOP (mm Hg) 14.73±4.56 15.84±3.14 0.357
CDR 0.826±0.245 0.382±0.244 <0.001
RNFL global (μm) 66.33±17.16 93.98±15.88 <0.001
RNFL (BMO-MRW) 
global (μm) 66.47±19.54 95.22±15.67 <0.001

BMO-MRW global (μm) 192.84±74.74 303.61±48.53 <0.001

BCVA: Best corrected visual acuity; MD: Mean deviation of standard 
automated perimetry (SAP) testing; IOP: Intraocular pressure 
obtained with Goldmann applanation tonometry; CDR: Cup-to-
disc ratio; RNFL global: Global retinal nerve fiber layer thickness 
obtained with SD-OCT; RNFL (BMO-MRW) global: Global retinal 
nerve fiber layer thickness obtained with SD-OCT during BMO-
MRW measurements; BMO-MRW global: Shortest distance between 
bruch’s membrane opening and internal limiting membrane.
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for the temporal superior quadrant (BCVA and RNFL: Pearson 
corr. coeff.: 0.399, P=0.029; BCVA and BMO-MRW: Pearson 
corr. coeff.: 0.447, P=0.013).
Global MD values correlated significantly with global RNFL 
and global BMO-MRW values in the glaucoma group (Table 2). 
Correlation analyses between global MD and sectorial RNFL 
or BMO-MRW values correlated less significantly (Tables 3, 4). 
Correlation between MD and BMO-MRW was slightly better 
than between MD and RNFL, as can be seen in Figure 1. In the 
control group, global MD values did not correlate with global 
or sectorial RNFL or BMO-MRW measurements.
Subgroup Analysis for Myopia  We analyzed the myopic 
patients (>4 diopters) within the glaucoma group (n=6). Here 
we found a tendency for better correlation between MD and BMO- 
MRW than between MD and RNFL measurements (Table 5).
DISCUSSION
A clear understanding of the structure-function relationship 
in glaucomatous eyes remains a challenge and a subject of 
current and future research. The vast majority of patients with 
POAG reveal structural changes before functional impairments 
occur, while in some patients VF changes can either appear 
simultaneously with RNFL thinning or even precede the 
observed structural changes[2,11-12]. Despite the attempt to relate 
function to structure with various models[13-15], it remains of 
high importance to monitor functional as well as structural 
parameters in patients with known glaucoma[16].
The recently introduced novel structural parameter BMO-
MRW measures the shortest distance from BMO to the internal 
limiting membrane, and is regarded to be a sensitive and stable 
structural parameter in diagnosis and follow up of glaucoma 
patients[6,17]. 
When MD values of VF tests from patients with manifest 
glaucoma were correlated with both structural OCT-based 
parameters BMO-MRW and RNFL, we observed that sectorial 
structure-function analyses were inferior to global correlation 
analyses. Our observation of a moderate to good structure-
function relationship between global RNFL as well as BMO-

Table 2 Correlation (Pearson correlation coefficient) between global 
MD and global OCT-based RNFL and BMO-MRW measurements 

Correlations Correlation coefficient 
(Pearson) P

Global MD and RNFL 0.632 0.001a

Global MD and BMO-MRW 0.746 <0.001a

aP<0.05 are significant correlations.

Table 3 Correlations (Pearson correlation coefficient) between 
global MD and sectorial OCT-based RNFL measurements 

Global MD and 
sectorial RNFL

Correlation coefficient 
(Pearson) P

Temp 0.471 0.017a

Temp sup 0.733 <0.001a

Temp inf 0.579 0.002a

Nas 0.133 0.527
Nas sup 0.436 0.029a

Nas inf 0.394 0.051

Temp: Temporal sector; Temp sup: Temporal superior sector; Temp inf: 
Temporal inferior sector; Nas: Nasal sector; Nas sup: Nasal superior 
sector; Nas inf: Nasal inferior sector. aP<0.05 are significant correlations.

Table 4 Correlations (Pearson correlation coefficient) between 
global MD and sectorial OCT based BMO-MRW measurements

Global MD and
sectorial BMO-MRW

Correlation coefficient
(Pearson)

P

Temp 0.591 0.002a

Temp sup 0.671 <0.001a

Temp inf 0.629 0.001a

Nas 0.413 0.040a

Nas sup 0.569 0.003a

Nas inf 0.555 0.004a

Temp: Temporal sector; Temp sup: Temporal superior sector; Temp inf: 
Temporal inferior sector; Nas: Nasal sector; Nas sup: Nasal superior 
sector; Nas inf: Nasal inferior sector. aP<0.05 are significant correlations.

Figure 1 Scatter plots between MD (y-axis) and RNFL (x-axis) as well as BMO-MRW (x-axis) values revealing a higher R² for the 
correlations between MD and BMO-MRW.

Table 5 Correlation (Pearson correlation coefficient) between 
global MD and global OCT-based RNFL and BMO-MRW 
measurements of myopic patients (>4 diopters, n=6) 

Correlations Correlation coefficient 
(Pearson) P

Global MD and RNFL 0.623 0.186a

Global MD and BMO-MRW 0.874 0.023a

aP<0.05 are significant correlations.
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MRW and VF sensitivity in the glaucoma group are in 
agreement with our understanding of glaucoma being a general 
neurodegenerative disease[18-19]. 
The only exception were the temporal superior and temporal 
inferior sectors showing a higher structure-function relationship 
than the other sectors confirming our current understanding 
that those areas seem to be more sensitive to glaucomatous 
changes.
When comparing OCT-based RNFL to BMO-MRW, we 
observed that BMO-MRW showed slightly higher correlations 
to functional MD values compared to RNFL but interpret those 
findings only as tendencies and not significant differences.  
Our subgroup analysis of myopic patients (>4 diopters, n=6) 
revealed better correlations between functional VF sensitivity 
and BMO-MRW compared to RNFL measurements. The 
temporal superior sector was the only sector to show a constant 
significant sectorial structure-function relationship, thus again 
supporting the notion of the temporal sectors of the ONH 
and peripapillary region to reveal a better structure-function 
relationship than other sectors in glaucoma patients[20-21]. 
The varying structure-function correlations between both 
OCT-based RNFL and BMO-MRW parameters, especially 
in myopic patients, can be explained with the fact, that for 
RNFL measurements, the peripapillary circular scan is placed 
manually around the ONH and does not take into account 
altered anatomical papillary or peripapillary structures since 
the predefined diameter and circular shape of the scan remain 
the same. In contrast, BMO-MRW measurements are based 
on the actual anatomical opening of Bruch’s membrane of the 
examined eye and therefore automatically respect structural 
variations of the evaluated ONHs and their peripapillary 
structures. 
Recent publications have shown a decline of BMO-MRW and 
RNFL thickness as a natural degenerative process in healthy 
subjects over time. Interestingly, those changes of BMO-MRW 
measurements did not highly correlate with the observed 
changes of RNFL measurements[7]. This observed difference 
also might point to the above mentioned difference of the 
two obtained structural OCT-based parameters with BMO-
MRW being less dependent on structural variations of the 
ONHs. Future longitudinal studies will have to compare both 
parameters RNFL and BMO-MRW over time in glaucoma 
patients with an expected necessity to adjust for age[9] and 
eventually also for sectors.
A limitation of our one-center study is the relatively small 
number of patients and its cross-sectional character which does 
not allow for interpretation regarding possible developments 
over time. Another limitation is the small number of myopic 
patients in our subgroup analysis which does not allow to draw 
strong conclusions independent of the results, but provides 
a useful hint for a possible better suitability of BMO-MRW 

compared to RNFL measurements in myopic patients. This 
careful observation has to be evaluated in larger groups of 
myopic patients over time.
In summary, we were able to correlate the structural OCT-
based parameters RNFL and BMO-MRW to functional VF 
sensitivity in glaucoma patients. Both parameters RNFL and 
BMO-MRW seem to be similarly suitable for diagnosis in a 
clinical setting with BMO-MRW showing higher correlations 
than RNFL in myopic glaucoma patients.
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