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PURPOSE. We have developed customized maps that relate visual field and optic nerve head
(ONH) regions according to individual anatomy. In this study, we aimed to determine feasible
map resolution for research use, and to make a principled recommendation of sector size for
clinical applications.

METHODS. Measurement variability in fovea–ONH distance and angle was estimated from 10
repeat OCT scans of 10 healthy people. Errors in estimating axial length from refractive error
were determined from published data. Structure–function maps were generated, and
customized to varied clinically-plausible anatomical parameters. For each parameter set (n ¼
210), 200 maps were generated by sampling from measurement/estimation error
distributions. Mapped 18 sectors at each visual field location from each parameter set were
normalized to difference from their mean. Variation (90% ranges) in normalized mapped
sectors represents the precision of individualized maps.

RESULTS. Standard deviations of repeated measures of fovea–ONH distance and angle were 61
lm and 0.978 (coefficients of variation 1.3% and 12.0%, respectively). Neither measure varied
systematically with mean (Spearmans’s q ¼ 0.26, P ¼ 0.47 for distance, q ¼ �0.31, P ¼ 0.39
for angle). Variation (90% ranges) in normalized mapped sectors varied across the visual field
and ranged from 38 to 188 when axial length was measured accurately, and from 68 to 328
when axial length was estimated from refractive error.

CONCLUSIONS. The 90% ranges represent the minimum feasible ONH sector size at each visual
field location. For clinical use an easily interpretable scheme of 308 sectors is suggested.

Keywords: structure–function, visual field, optic nerve head, glaucoma, perimetry

In glaucoma and other optic neuropathies no single test can
currently provide a complete picture of a patient’s disease

state. It is common in clinical practice to combine information
from several tests in order to increase certainty in diagnosis of
disease or disease progression. Combining information from
localized measurements of ocular structure, such as retinal
nerve fiber layer (RNFL) thickness, and visual function, such as
visual field sensitivity, requires the use of a structure–function
map that relates regions of the visual field to areas of the
relevant ocular structure. Population average maps1–4 have
become established in clinical and research use for this
purpose; however, recent studies have highlighted consider-
able between-individual variability in the mapping of visual field
regions to the optic nerve head (ONH).5,6 It is possible that by
producing structure–function maps that are customized to the
individual patient, better concordance between measurements
may be obtained, improving the information available to the
clinician.

In previous articles,7,8 we have described a computational
model that maps any given retinal location to the ONH,
customized to the individual patient’s ocular anatomy. We have
also shown that the major influences on the mapping of the 24-
2 visual field locations typically tested in clinical practice to the
ONH are the position of the ONH relative to the fovea and axial

length.8 The maps produced by the model broadly agree with
the established population–average maps,8 and the influences
of ocular anatomical variation have proved strikingly similar to
the results of a recent empirical study of visible nerve fiber
bundle pathways in retinal images.6 Further, we have demon-
strated agreement between the mapping predicted by the
model and maps produced by hand-tracing of visible nerve fiber
bundle pathways in individual retinal images.9

The model takes measurements of axial length and ONH
position as inputs, and maps the given set of visual field
locations to the ONH in 18 sectors. In clinical practice,
measurements of ONH position relative to the fovea can be
made by imaging instruments such as optical coherence
tomographers, while axial length measurements can be
obtained by biometry, or estimated from refractive error.10–13

These measurements, however, are associated with a degree of
error that affects the precision with which we can map
individualized structure and function. This effect is borne out
clinically as a widening of the necessary size of ONH sectors
used in structure–function mapping, such that where anatom-
ical measurements are imprecise, sector size must be increased.
The effect of anatomical measurement imprecision on mapping
individual visual field locations to the ONH is, however,
unlikely to be uniform across the visual field, due to the
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nonuniform effect of anatomical variation on mapping of
individual locations.8

In this study, we investigate the effects of imprecision in
clinical measurement of ONH position and axial length on the
mapping of visual field locations to the ONH using our
previously described model.7,8 We use this information to
derive a principled, overall sector size that can be used for
general clinical application of individualized structure–func-
tion mapping, as well as identifying local variations in a
minimum feasible sector size that may be useful for research
applications. We further demonstrate the clinical application of
individualized structure–function mapping using the derived
sectors by means of case examples. Ultimately, we aim to
facilitate the transition of individualized structure–function
mapping from the laboratory to general clinical use in
glaucoma and other optic neuropathies.

METHODS

ONH Position

The position of the ONH relative to the fovea, measured by
distance and angle, can be captured clinically using readily
available imaging devices. In this study, we used an optical
coherence tomographer (Spectralis; Heidelberg Engineering
GmbH, Heidelberg, Germany). Following RNFL circle scans,
the instrument provides the angle (degrees) between the
fixation point and the center of the user-placed scan circle
around the ONH, relative to horizontal. The distance (lm)
between these two locations can then be measured using the
caliper tool in the instrument software provided.

To determine the precision of fovea–ONH distance and
angle measurements made this way, we studied one eye each of
10 healthy, young adults who were imaged with the RNFL
circle scan protocol of the optical coherence tomographer 10
times in a single session. Participants were aged 23 to 43 years,
had Snellen visual acuity 6/6 or better with spectacle
correction, refractive error less than 5.00 diopters (D)
spherical equivalent and 1.50 D cylinder, clear ocular media,
and no current or previous ocular disease. In between image
captures, the participants moved away from the instrument
and the instrument was repositioned into a random position in
order to simulate the clinical scenario, whereby patients are
imaged once only. There are three main sources of variation in
these measurements: variations in the positioning of the scan
circle by the operator, variations in head position by the
subject, and variations in fixation that affect the accuracy of the
registration with the fovea. The same experienced operator
captured all the images, and took care to center the scan circle
on the ONH as accurately as possible. The operator also
monitored image quality, ensuring that the captured fundus
image was well focused and evenly illuminated, and the optical
coherence tomography (OCT) image quality was greater than
20 dB. Any poor images were recaptured. Subjects were asked
to position their head straight on the chin/forehead rest as
would be done in clinic, and no further adjustment was made.
Registration of previous images was not used. Fixation
variation was minimized by recapturing images where there
was a clear misregistration between the fixation location and
the fovea in the infrared retinal image. Within-subject
variability in fovea–ONH distance and angle measurements
was assessed for use as input to the structure–function model
(see the Structure–Function Mapping Simulations section).
Ethics approval for collection of these data was given by the
University of Melbourne Human Research ethics committee
(Melbourne, Australia). The study protocol adhered to the

tenets of the Declaration of Helsinki, and all subjects provided
written informed consent to participate.

Estimation of Axial Length From Refractive Error

Since axial length and spherical equivalent refractive error are
linearly related in phakic eyes,10–13 it is possible to estimate
axial length from refractive error. In clinical scenarios where
axial length is not routinely measured (such as in the
management of glaucoma), estimating the axial length input
to the structure–function model from available information
that does not require the use of an additional instrument may
be beneficial. For this reason, we investigated the error in
estimating axial length from refractive error, based on the
findings of previous studies.12,13

Axial length and spherical equivalent refractive error data
from myopic eyes (n¼ 87, refractive error range,�11.95–0.74
D) were digitized from Figure 3A of Atchison et al.12 Similar
data for hypermetropic eyes (n ¼ 43, refractive error range,
1.08–9.35 D) were digitized from Figure 3 of Mallen et al.13 It
was not possible to digitize all the data from Figure 3 of Mallen
et al.13 due to overlap of data points, so only data for refractive
error greater than 1.00 were digitized in order to extend the
range of data beyond that of Atchison et al.12 Ordinary least
squares linear regression was used to determine the relation-
ship and 95% prediction interval for the combined data. The
95% prediction interval was then used to simulate the error in
estimating axial length from refractive error for input to the
structure–function model (see Structure–Function Mapping
Simulations section).

Structure–Function Mapping Simulations

The computational model used to generate structure–function
maps was as previously described.8 Briefly, the model maps a
given set of visual field locations to the ONH in 18 sectors. In
this study we use the 24-2 visual field locations (n ¼ 52) as
these are commonly used in clinical practice. The model’s
output depends on input biometric information (axial length,
ONH position), and so is customized to the ocular anatomy of
the individual patient. The model can be further customized
(e.g., ONH dimensions, predisease neuroretinal rim dimen-
sions), but in this study we only vary axial length and ONH
position as these have the greatest effect on output maps
(vertical ONH position mean R2 ¼ 0.52, horizontal ONH
position mean R2¼ 0.20, and axial length mean R2¼ 0.15 from
previous study).8

To assess the effect of measurement error in axial length
and ONH position, a variety of clinically plausible inputs to the
model were generated. The values were chosen to approxi-
mate the ranges of previously published clinical data12–14 for
patients with low to moderate refractive error. This was done
under two conditions: where axial length was known, and
where refractive error was known (but axial length was not).
These parameters were considered the ‘‘true’’ values that were
then to be measured clinically, inducing measurement error
(see later). The Table shows the true anatomical parameters
used in the simulations under each condition, every possible
combination of these parameters was considered a simulated
‘‘patient.’’

For each combination of parameters in each condition (n¼
84 for axial length known, n¼ 126 for refractive error known),
we generated a set of 200 parameters with added measurement
error according to the results of the investigations described in
the ONH Position and Estimation of Axial Length from
Refractive Error sections. Measurement error for fovea–ONH
distance and angle was added by sampling from a Gaussian
distribution with mean 0 and SD equal to the SD of within-
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subject differences from the mean measurement (see Results
section). In the refractive error known condition, axial length
was estimated using the linear model fit, and measurement
error added by sampling from a Gaussian distribution with
mean 0 and central 95% equal to the width of the 95%
prediction interval of the fitted model at the relevant refractive
error (see Results section). In the axial length known condition
we assume that the measurement error in biometry is
negligible for our purposes, and therefore do not add
measurement error to axial length. In this way, a total of
42,000 structure–function maps were generated, representing
200 repeated measurements of each of 210 simulated patients
(84 with axial length known, 126 with refractive error known).

Different true anatomical parameters input to the model
result in different mapped ONH sectors for each visual field
location. To create a comparable metric for the effect of
measurement error across all locations, the 18-ONH sectors
mapped from each visual field location for each simulated
patient (n¼ 200 parameter sets) were normalized to represent
angular difference from their mean. Normalized data were then
combined across all simulated patients such that we report the
90% range widths (angular difference between the fifth and
95th percentile of the mapped 18 sectors) for each visual field
location.

Clinical Case Examples

We present two glaucoma case examples to illustrate the use of
custom structure–function mapping in clinical practice. The
participants featured in the case examples gave written
informed consent to participate and ethics approval was given

by the University of Melbourne Human Research ethics
committee. Data were collected according to the tenets of
the Declaration of Helsinki. The data presented in the case
examples are from four averaged OCT RNFL scans (Spectralis;
Heidelberg Engineering GmbH) and a custom, high-spatial
resolution (38 3 38 grid) visual field test (Octopus 900
perimeter; Haag-Streit AG, Koeniz, Switzerland, controlled via
the Open Perimetry Interface15).

RESULTS

ONH Position

All captured OCT images were high quality (median image
quality 33 dB, range, 25–41 dB). Figure 1 shows the variation
in fovea–ONH angle and distance for each subject across 10
repeats. Within-subject variation in both measurements did
not vary systematically with the mean (Spearman’s q¼�0.31,
P ¼ 0.39 for rank correlation between angle and variance of
angle, Spearman’s q ¼ 0.26, P ¼ 0.47 for rank correlation
between distance and variance of distance) and was normally
distributed around the mean measurement (confirmed by
histograms and normal quantile–quantile plots). It was
therefore considered appropriate to summarize the measure-
ment error in fovea–ONH by their SDs from the mean.
Standard deviation of repeat fovea–ONH angle measurements
was 0.978, and SD of repeat fovea–ONH distance measure-
ments was 61 lm. These values were used as the SD of the
Gaussian measurement error (mean ¼ 0) added to the fovea–
ONH angle and distance parameters in the simulations. For
comparison, between-subject SD of mean fovea–ONH angle

FIGURE 1. Repeatability of fovea-ONH angle (a) and distance (b) as measured using the optical coherence tomographer. Subjects are arranged along
the horizontal axis in rank order for both plots. Filled gray circles show the 10 individual repeat measurements made on each subject, unfilled black

circles show the mean of the 10 repeats.

TABLE. The Parameters Used as Input to the Model Before Measurement Error Was Added

Parameter Axial Length Known Refractive Error Known

Axial length, mm 23, 24, 25, 26 -

Refractive error, D - �6.00, �4.00, �2.00, 0.00, þ2.00, þ4.00

Fovea–ONH distance, mm 4.0, 4.5, 5.0 4.0, 4.5, 5.0

Fovea–ONH angle, deg �15, �12, �9, �6, �3, 0, 3 �15, �12, �9, �6, �3, 0, 3

Total combinations 84 126

The two conditions simulated are shown in separate columns, with the total number of simulated ‘‘patients’’ shown at the bottom of each
column.
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was 2.298, and between-subject SD of mean fovea–ONH
distance was 222 lm, indicating that for both measures
between-subject variation was more than double within-
subject variation in our sample.

Estimation of Axial Length From Refractive Error

Figure 2 shows the spherical equivalent refractive error
versus axial length data taken from both previous studies.12,13

The accuracy of the digitization process was confirmed by
ordinary least squares linear regression on the data from
Atchison et al.,12 which yielded identical model coefficients,
95% confidence intervals (CIs), and R2 to those reported in
the original study. Figure 2 shows the best fitting linear model
(ordinary least squares linear regression, R2 ¼ 0.72) to the

combined data from both studies, and the 95% prediction
interval for this model. The model had slope �0.37 mm/D
(95% CI�0.41 to�0.33 mm/D) and intercept 23.18 mm (95%
CI 23.03–23.33 mm). The width of the 95% prediction
interval at the appropriate refractive error was used as the
central 95% of the Gaussian measurement error (mean ¼ 0)
added to the model prediction of axial length in the
simulations.

Structure–Function Mapping Simulations

For each of the parameter combinations shown in the Table (n
¼ 84 for the axial length known condition, n ¼ 126 for the
refractive error known condition), 200 structure function
maps were generated with added measurement error. There-
fore, we generated 16,800 different maps for the axial length
known condition, and 25,200 different maps for the refractive
error known condition.

Figure 3 shows all the 18-ONH sectors mapped from each
visual field location under each condition for the input
anatomical parameters simulated. Note that some locations in
the nasal step area can map to either side of the ONH
depending on anatomy, as described previously.8 In brief, this
situation occurs when the ONH position is such that a line
extended through the ONH and the fovea passes the visual
field point on the opposite side to that conventionally
expected, making the opposite side of the ONH closer to the
visual field point.

Figure 4 shows the 90% range widths of normalized mapped
sectors across all simulated patients repeated with measure-
ment errors. Circle sizes at each location are proportional to
the variation in mapping (also given numerically). Data are
shown at each visual field location, under each measurement
error condition. At some locations in the nasal step area a
second circle represents the 90% range width of the minor
component of the bimodal distribution where locations can
map to either side of the ONH depending on anatomical
parameters.8 For simulated patients who did not produce
bimodal distributions of mapped angles at these locations,

FIGURE 3. The 18 ONH sectors mapped from each 24-2 visual field location when axial length input to the model is (a) measured accurately and (b)
estimated from refractive error. Shaded areas represent the mapped sectors. Note that, in general, locations in the superior visual field map to the
inferior ONH and vice versa due to the inversion of the visual field relative to the retina.

FIGURE 2. The relationship between spherical equivalent refractive
error and axial length. Data were taken from two previous studies;
filled symbols represent data from Atchison,12 unfilled symbols

represent data from Mallen.13 The solid line represents the best fitting
linear model by ordinary least squares linear regression (see text);
dashed lines represent the 95% prediction interval of the model.
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angles were treated the same as the major component of
bimodal distributions produced. Ninety percent range widths
varied from 38 to 188 when axial length was measured
accurately, and from 68 to 328 when axial length was estimated
from refractive error. Comparison of individual locations
showed that 90% range widths were median 48 (interquartile
range, 38–68) bigger when axial length was estimated than
when it was measured. The 90% range widths can be
considered to represent the precision of custom structure–
function mapping when clinical data are used as input to the
model. For research use, sector sizes could be customized to
each location using these ranges, or could be continuous, using
a moving window of appropriate fixed or variable size. For
routine clinical use, however, it is probably more appropriate
to use a single, fixed size for ONH sectors in order to facilitate
easy interpretation by a range of clinicians.

Figures 5 and 6 show examples of how custom structure–
function mapping might be applied clinically to visual field and
OCT data from patients with glaucoma. Data are shown from
detailed visual field examination (Figs. 5a, 6a) and the average
of four RNFL circle scans from OCT (Figs. 5c, 6c). Based on the
ranges shown in Figure 4 we used 308 ONH sectors for
structure–function mapping, which is wide enough to capture
all of the 90% ranges when axial length is measured accurately,
or all but one (328) when axial length is estimated from
refractive error (Fig. 4). For the fixed sectors that we
recommend for general clinical use, the first sector is centered
on the fovea–ONH axis, and the others adjoin around the ONH.
A color-coded map using this scheme, customized to the
anatomical data of the patient is shown in Figures 5b and 6b.
Figures 5d, 5e, 6d, and 6e show combined structure–function
plots to aid visualization of concordance between the two
measures. Figures 5d and 6d use continuous ONH sectors, such
that the sector used for each visual field location is a 308 sector
centered on the angle predicted by the model (this means that
sectors can overlap, and areas of the ONH may not be mapped
to at all since the visual field locations do not cover the entire

retina). Figures 5e and 6e use the simpler fixed 308 sectors as
shown in Figures 5b, 5c, 6b, and 6c.

Figure 5a shows a deep, localized inferior paracentral visual
field defect, as well as more mild defects affecting the area
superior to the physiological blind spot and the nasal step area.
The paracentral scotoma appears concordant with the area of
apparent RNFL thinning at approximately 208 to 508, while the
milder defects superior to the blind spot and in the nasal step
area may be consistent with another area of apparent thinning
around 2608 to 2808 (Figs. 5c–e).

Data from a patient with advanced glaucoma are shown in
Figure 6. Almost all locations in the visual field plot (Fig. 6a)
are perimetrically blind, except for remaining areas of vision
centrally and temporal to the blind spot. Circumpapillary
RNFL thickness is also well below population norms in many
areas, with only a few regions remaining within normal limits.
As can be seen in Figures 6c through 6e, the areas of
remaining vision correspond well with the nasal and temporal
areas of thicker RNFL, while the regions of deep visual field
loss are generally predictable from the regions of apparent
RNFL thinning.

DISCUSSION

Structure–function maps currently in widespread clinical use
represent population average relationships and may not
accurately describe individual patients. Our data, and that of
others, demonstrate considerable variation in the ocular
anatomical parameters that affect individual relationships
between regions of the ONH and the visual field.5,6,8,9

Consequently, it may be clinically advantageous to customize
structure–function maps to the anatomy of the individual
patient when considering structural imaging data and visual
field data together.

Our previously described model7,8 produces structure–
function maps customized to the input anatomical parameters
relating to the individual patient. Maps can be produced

FIGURE 4. Ninety percent range widths of normalized mapped sectors across all simulated patients repeated with measurement error only in ONH
position (a) and with measurement error in optic nerve head position and error in estimating axial length from refractive error (b). Circle size at
each location is proportional to the variation in mapping, which is also given numerically. Six locations in the nasal step area exhibited bimodal
variation in mapping, mapping to opposite sides of the horizontal midline according to anatomy. Second unshaded circles at these locations show
the 90% range width of the minor distribution (the distribution of sectors mapped on the less frequently mapped side of the ONH).
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FIGURE 5. Clinical example of a 64-year-old female with glaucoma. The patient had an axial length of 22.89 mm, a fovea-ONH distance of 4.03 mm,
and a fovea-ONH angle of�8.138. (a) Visual field plot with dense stimulus pattern (38 3 38 grid), red points represent areas of poor sensitivity. Optic
nerve head position and fovea–ONH axis are indicated. (b) Custom structure–function map with color-coded 308 sectors. The red sector is centered
on the indicated fovea–ONH axis, remaining sectors adjoin around the ONH. The number at each location represents the 18 ONH sector mapped to.
(c) Retinal nerve fiber layer thickness (black line) as measured by OCT. The 308 ONH sectors shown in (b) are designated by the vertical dashed

lines and the schematics in each sector. Visual field points, color-coded as in (a) are shown along the top, positioned horizontally according to their
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relating any visual field pattern to the ONH for use with any
imaging methodology; however, the precision with which the
input anatomic parameters are measured is a limiting factor in
the precision and, therefore, minimum ONH sector size of the
output map. In this study, we have considered the effects on
output maps of variability in measurements of ONH position
using a clinically available technique, and of the errors inherent
in estimating axial length from refractive error. The pattern of
variability in output maps across the visual field (Figs. 3, 4) is
consistent with the effects of axial length and ONH position
shown in both our own previous study8 and a recent empirical
study.6

Based on the variability in output maps resulting from
measurement errors in input parameters we have demonstrat-
ed the minimum ONH sector sizes that are feasible for use at
each of the 24-2 visual field locations under conditions where
axial length is accurately measured, and also where axial length
can only be estimated from refractive error (Fig. 4). For general
clinical use, we suggest a simple scheme of 308 ONH sectors
with the first sector centered on the fovea–ONH axis and the
remaining sectors adjoining around the ONH, though note that
under this scheme there will still be variations in the number
and location of visual field points mapping to the ONH sectors.
While accurately measuring axial length yields smaller mini-
mum feasible ONH sector sizes, we have also demonstrated,
based on previously published data,12,13 that for clinical
purposes estimating the axial length input parameter from
refractive error is sufficiently accurate and precise for the use
of 308 sectors, and indeed has little impact in some areas of the
visual field (Fig. 4). The use of smaller or continuous ONH
sectors may be appropriate in some circumstances, particularly
in a research environment where increased resolution in
mapping may be desired; however, it should be remembered
that larger sectors hold advantages such as being less
vulnerable to the effects of small inaccuracies in mapping
and of imperfections in the imaging and visual field measure-
ments. A further consideration that impacts choice of sector-
size for users of any structure–function mapping scheme is
how to summarize data within sectors. A detailed discussion of
possible summary statistics is outside the scope of this article,
but it is worth mentioning that averaging data within larger
sectors holds potential to mask small, localized defects, and so
these trade-offs require careful consideration by users depend-
ing on their own purpose.

The ranges of variability found in this study are not without
caveats. For some patients, measurement errors in ONH
position or estimation errors in axial length may be larger
than those found here. The 10 subjects of our ONH position
experiment were all young, healthy observers with normal
posture and mobility, and the published data used for
estimating axial length from refractive error also relates to
observers without eye disease or history of eye surgery.
Postural problems may render the measured ONH position
inaccurate unless adequately compensated for, while the
presence of cataract or history of cataract or refractive surgery
may render estimation of axial length from refractive error
inaccurate. It should be noted that these caveats apply not only
to our custom structure–function model, but also to any other

mapping scheme, including the population maps currently in
widespread use.

Many studies have investigated the relationship between
structural and functional changes in glaucoma.16,17 From these
studies it is clear that although measurements from ONH or
RNFL imaging and perimetry are related, the relationship is far
from perfect. In addition to measurement error and variabil-
ity,18 many reasons exist for discordance between structural
and functional measures in individual patients, for example,
the effects on imaging measurements of blood vessels and glial
tissue, and the effects on perimetric measurements of spatial
stimulus localization, retinal and higher visual processing, and
attention. Because the structure–function relationship is
imperfect, it is unrealistic to expect perfect spatial correspon-
dence between measured defects in ONH or RNFL parameters
and the visual field. Nevertheless, it seems likely that
customizing structure–function maps to individual anatomy
will improve this spatial correspondence in many patients, and
therefore represent a step forward in the clinical appraisal of
glaucomatous damage.

An assumption of our model is that the spatial relationship
between retinal locations and the ONH or RNFL is entirely
defined by the retinal ganglion cell axons that connect them.
This is also an assumption of most other structure–function
mapping schemes, however, it is known that in the central 38

of the human macula retinal ganglion cells are laterally
displaced from their corresponding photoreceptors by up to
approximately 28 of visual angle.19–21 This displacement may
represent a source of error in this area when using the model
for centrally dense visual field patterns such as the 10-2
pattern. Future iterations of our model may incorporate these
details in order to produce individualized maps of the macula
area for use with such visual field patterns. The most central
locations of the 24-2 pattern commonly used clinically are
4.248 from fixation, and so are relatively unaffected by this
displacement.

In this paper, we have presented two case examples of
glaucoma patients whose visual fields have been measured
with a spatially dense perimetric grid pattern. These cases are
presented herein to demonstrate how custom structure–
function mapping might be applied to clinical data, and to
demonstrate the 308 ONH sectors suggested. Of course, a
much larger study is needed to investigate the spatial
concordance between structural and functional defects in
glaucoma, and ideally such a study would consider disease
progression in both domains, rather than departures from
population norms. It would then be possible to gauge the
clinical benefit of using customized structure–function maps
over existing population average maps.

In conclusion, we have demonstrated that it is feasible to
apply custom structure–function mapping to the clinical
management of patients with glaucoma or other optic
neuropathies. The anatomical parameters that are most
important to the model, ONH position and axial length, can
be estimated from readily available clinical information with
sufficient accuracy and precision for this purpose. The
minimum feasible ONH sector size for custom structure–
function mapping using our model varies across the visual

mapped 18 ONH sector. (d) Structure–function map using continuous 308 sectors. At each visual field location the visual field sensitivity (central

filled circle) is color-coded as in (a), and the surrounding gray ring contains a 308 sector color-coded according to the RNFL thickness relative to
population norms (c). The continuous sectors are centered on the 18 sector shown in (b) so may overlap and may not cover the entire ONH
circumference. (e) Structure–function map as in (d) but using the fixed 308 sectors as shown in (b) and as represented by the dotted lines and
schematic diagrams in (c). The circumference of the ONH is shaded according to the RNFL thickness relative to population norms as shown in
(c).
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FIGURE 6. Clinical example of a 76-year-old male with advanced glaucoma. The patient had an axial length of 23.85 mm, a fovea-ONH distance of
4.37 mm, and a fovea-ONH angle of �3.818. Panels are as described for Figure 5.
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field, but for general clinical use a simple scheme of 308 sectors
is suggested.
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