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Abstract: 

 

Combining information from optical coherence tomography (OCT) imaging and visual 

field testing is useful in the clinical assessment and monitoring of patients with 

glaucoma. Measurements of retinal nerve fibre layer thickness or neuroretinal rim width 

taken around the optic nerve head may be related to the visual field using a structure-

function map. In this article, the structure-function mapping methods in clinical use are 

discussed. Typical clinical maps provide a population average, ‘one size fits all’ 

representation, but in recent years methods for customising structure-function maps to 

individual eyes have been developed and these are reviewed here. In the macula, 

visual field stimuli stimulate photoreceptors whose associated retinal ganglion cells are 

peripherally displaced. Recently developed methods that relate OCT measurements to 

visual field test locations in the macula are therefore also reviewed. The use of 

structure-function maps to relate OCT measurements to localised visual field sensitivity 

in new applications is also explored. These new applications include the selection of 

visual field test locations and stimulus intensities based on OCT data, and the formal 

post-test combination of results across modalities. Such applications promise to exploit 

the structure-function relationship in glaucoma to improve disease diagnosis and 

monitoring of progression. Finally, limitations in the validation and use of current 

structure-function mapping techniques are discussed. 
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Structural measures from optical coherence tomography (OCT), and functional 

measures across the visual field, are cornerstones of the diagnosis and management 

of glaucoma. Whilst it is common for visual field and imaging data to be acquired and 

analysed separately, increasingly sophisticated approaches are being proposed to 

combine information from these two modalities. In order to relate the degree of damage 

between OCT and visual fields on a localised scale, it is critical to ensure that 

corresponding locations from visual space and OCT landmarks are being compared. 

For outer retinal disease, such mapping between visual field space and anatomical 

features visible with OCT is relatively simple because readily observable damage to 

outer retinal layers causes a direct deficit in the detectability of light in that co-localised 

region of retina and visual field.. This direct mapping is not the case for glaucoma. 

Regional retinal nerve fibre layer (RNFL) damage that is quantifiable at the optic nerve 

head maps to large areas of the retina, including wide tracts of retina outside the region 

tested by standard assessment of the central visual field. Furthermore, in the macula, 

the retinal ganglion cells are displaced from their photoreceptors, leading to a spatial 

shift between retinal ganglion cell damage reported on OCT and the corresponding 

visual field locations.  

 

Developments in how we relate information from OCT and visual field tests could prove 

key to unlocking greater diagnostic and monitoring potential from existing clinical tools.  

This review will first cover models that have been proposed to relate anatomical 

features of relevance to glaucoma, and that are typically measured with current clinical 

OCT devices, to visual fields on both a population level (one-map-fits-all) and on an 

individual patient level (one-map-fits-one). We will then discuss recent research that 

illustrates how such information could be used in the future to improve visual field test 

procedures and the interpretation of test results. This includes improved structure-

function relationships for individual patients, visual field test procedures that are 

seeded by structural data and testing of custom visual locations according to structural 

data from the individual patient.  

 

The structure-function relationship in glaucoma  

 

Glaucoma destroys retinal ganglion cells, resulting in structural and functional changes 

to the visual system that can be measured clinically. Structural changes include loss of 

neuroretinal rim at the optic nerve head and thinning of the RNFL. These changes 
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occur as a direct consequence of the loss of retinal ganglion cell axons and can be 

measured by OCT. The loss of retinal ganglion cells also causes functional damage in 

the form of visual field sensitivity loss, measured by perimetry. The nature of the 

relationship between these structural and functional changes in glaucoma and their 

relative time course has been the topic of much debate over several decades as 

advances in both perimetry and ocular imaging have improved our ability to measure 

glaucomatous damage.1-3 Most current thinking suggests that structural and functional 

changes occur simultaneously as a result of common causation, but the manifestation 

of the measured relationship depends on the measurement techniques used. This topic 

has been reviewed extensively elsewhere.1-3  

 

A common finding of such previous research is that the measured relationship between 

structural and functional changes at a given retinal/visual field location in glaucoma is 

imperfect, meaning that any predictions of visual field sensitivity from structural 

measures will be imprecise (for review see: 1-3). The source of the variability in the 

relationship is likely to be multifactorial, and includes discordance between the region 

of retina tested by the visual field stimulus and that measured by structural imaging 

techniques, as discussed in detail in the next section. Measurement errors in both 

structural (imaging) and functional (visual field) tests also contribute to variability in the 

structure-function relationship. It is likely, though, that even if measurement error were 

eliminated and structural and functional tests were perfectly aligned on corresponding 

retinal structures, there would still be some scatter in the structure-function relationship. 

Such scatter is predicted to arise because structural imaging techniques do not capture 

neurophysiological or functional alterations further along the visual pathway that may 

occur as a consequence of retinal ganglion cell loss. Current OCT measures also do 

not readily capture information regarding cells that may be poorly functioning, yet are 

still largely structurally intact.4 

 

Relating OCT measurements to the visual field 

 

As glaucoma causes damage to retinal ganglion cells in localised patterns, a further 

dimension to the problem of relating structural and functional changes in glaucoma is 

their spatial relationship. Measurements of RNFL thickness made by OCT are typically 

taken from a circumpapillary scan that encircles the optic nerve head and captures the 

thickness of the RNFL near its thickest point, where axons are approaching their 
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entrance to the optic nerve. Measurements on such scans are typically related to visual 

field test locations by the end points of retinal nerve fibre bundle trajectories passing 

through the RNFL.5 These bundles form an arcuate pattern that results in some of the 

common patterns of visual field loss seen in glaucoma.6, 7 To relate OCT 

measurements taken at or around the optic nerve head to visual field locations or 

regions, we require a map that describes this spatial relationship. 

 

Population maps between the optic nerve head and visual field 

 

Although previous attempts to map the optic nerve head to the visual field had been 

made,8-12 perhaps the most well-known map relating the optic nerve head to the visual 

field is the Garway-Heath map that was produced by hand tracing either visible RNFL 

defects or prominent nerve fibre bundles in retinal photographs taken from 63 patients 

in a normal tension glaucoma clinic.5 Visible defects or bundles were traced from the 

points of a scaled and superimposed 24-2 visual field test grid, to the optic nerve head 

where their point of insertion was noted. The final map that was produced by this 

method divides the optic nerve head and 24-2 visual field into six sectors that 

correspond on average according to the findings of the study. The map was later 

adjusted to match the six optic nerve head sectors used by the Heidelberg Retina 

Tomograph (HRT, Heidelberg Engineering GmbH, Germany).13 Figure 1 illustrates the 

Garway-Heath map, which is a population map because it is designed to be a 

reasonable representation of the “average eye”.  

 

INSERT FIGURE 1 ABOUT HERE 

 

The method of hand-tracing visible nerve fibre bundles was later extended by 

Jansonius et al. to produce a mathematical model describing the average trajectories 

of visible bundles hand traced from retinal photographs in a sample of 55 eyes.14 An 

advantage of the mathematical model is that it is not restricted to a particular visual 

field pattern, and can therefore be used to relate any point in the visual field to the optic 

nerve head. The original model was constrained to within 20 degrees of fixation and 

nasal to the blind spot,14 but the model was later extended to cover the entire area 

tested by the 30-2 visual field test grid.15  
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Alternative approaches to mapping the population average relationship between the 

optic nerve head and the visual field have been taken by Gardiner et al.16, Turpin et 

al.17, and Ferreras et al.18. Gardiner et al. produced a map based on maximum 

correlation between normalised neuroretinal rim area measured by HRT and visual 

field sensitivity on the 24-2 grid in 166 people with glaucoma.16 Turpin et al. combined 

a computational model of axon growth in the RNFL (similar to the approach of Carreras 

et al.19, 20) with a correlational approach similar to that of Gardiner et al.16 They derived 

a map that optimally connected normalised Medmont visual field data to normalised 

HRT measurements of neuroretinal rim area and volume in a sample of 57 people with 

glaucoma or ocular hypertension.17 The computational model was used to constrain the 

region within which correlations were considered, thus restricting the final map to be 

anatomically plausible.17 Ferreras et al. used factor analysis to divide the 24-2 visual 

field into 10 sectors, 5 in each of the superior and inferior hemifields, which were 

assumed to be anatomically separate.18 The factor analysis allocated test locations to 

sectors according to the inter-relationship between measured visual field sensitivities in 

104 people with glaucoma.18 A similar correlational method to that of Gardiner et al.16 

and Turpin et al.17 was then used to produce a structure-function map between the 10 

predefined visual field sectors and the strongest correlating “clock hour” sectors of 

peripapillary RNFL thickness measure by OCT.18 The correlational approach employed 

by all of these studies is somewhat limited by the variability in the structure-function 

relationship and the distribution of visual field defects and neuroretinal rim loss in the 

study populations. These factors meant that correlations were weak overall and 

particularly so in some areas of the visual field. Nevertheless, the maps produced were 

all in broad agreement with the earlier Garway-Heath map,5, 13 providing cross-

methodological validity. 

 

Relating OCT measurements to the visual field in the macular region 

 

There has been increasing attention in recent years given to OCT structural 

parameters in the macular region (for review see 21) and their relationship to visual field 

sensitivity in glaucoma.22 While there are differences between the routine clinical 

parameters returned from commercial OCT devices in the macular area, most include 

some measure of RNFL thickness, and ganglion cell layer or combined ganglion cell 

layer and inner plexiform layer thickness (sometimes termed “RGC+” layer thickness).  

An interesting challenge arises when relating such ganglion cell-derived OCT 
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information to visual field sensitivity on a localised level because in the fovea ganglion 

cell bodies are displaced from their input photoreceptors. Hence the location of OCT-

measured thinning of inner retina is physically displaced from the location of the 

photoreceptors that are activated by the presence of a visual field stimulus. The size of 

this anatomical displacement depends on the length of the Henle fibres and has been 

measured histologically as well as modelled in human vision.23-26 A population average 

model of the length of the Henle fibres, and therefore the relevant displacement of OCT 

data from visual field test locations, has been proposed and assists in localised 

mapping between OCT measurements and perimetric sensitivity in the macular 

region.27 28  An example of this map and its relationship to macular OCT is shown in 

Figure 2. 

 

INSERT FIGURE 2 ABOUT HERE 

 

 

Why population structure-function maps might not fit all patients 

 

The approaches for mapping between structural measures and perimetric sensitivity 

described above represent the best fit to the population average and therefore assume 

common anatomy across all eyes. The pathway that retinal ganglion cell axons follow, 

and therefore the position that they enter the optic nerve head, can differ between 

individuals. Substantial inter-individual variation in the trajectory of nerve fibre bundles 

is visible in retinal photographs.5, 14, 15, 29-31  

 

It is increasingly recognised that there are several key anatomical factors that influence 

the mapping from visual field space to the peripapillary position of retinal ganglion cell 

axon entry to the optic nerve head. These include axial length, the position of the optic 

nerve head relative to the fovea, and the angle of the temporal raphé dividing the 

approximately superior and inferior RNFL hemifields. The differences in axial length 

between people are relatively well understood.32 More recently, the advent of high 

resolution OCT has enabled visualisation of en-face reconstructions of the temporal 

raphé,33, 34 and methods have been developed to extract information regarding the 

raphé position from clinical scan protocols.35 A example high resolution en-face OCT 

image of the temporal raphé is shown in Figure 3. The position of the optic nerve head 

relative to the fovea can vary in polar angle by up to 20 degrees between individuals 
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(from above to below the fovea)36-40 and the angle of the temporal raphé can also vary 

between 8 degrees above and 8 degrees below the horizontal midline (see Figure 4).33, 

37, 41 One study has demonstrated a further predictive association between the angle of 

major peripapillary retinal blood vessels and the trajectories of nerve fibre bundles 

visible in retinal photographs.31  

 

INSERT FIGURE 3 ABOUT HERE 

INSERT FIGURE 4 ABOUT HERE 

 

Patient customised structure-function maps  

 

Given the variability in ocular anatomy that affects the mapping between the optic 

nerve head and the visual field, attempts have been made to develop techniques for 

producing structure-function maps that can be customised to the anatomy of individual 

eyes. 

 

Jansonius et al. provided multiple linear regression coefficients for the influence of 

refractive error and optic nerve head position on their mathematical model for hand-

traced nerve fibre bundle trajectories in a further 28 retinal photographs.15 The aim of 

this analysis was to estimate the effects of between-patient anatomical variation on 

their model, and the results in this small sample showed an effect of refractive error 

and a smaller effect of optic nerve head position (but not size).15 The multiple 

regression coefficients given by Jansonius et al. could be used with their mathematical 

model to produce patient-specific structure-function maps. 

 

Denniss et al.42 extended the principals of the axon growth model developed by Turpin 

et al.17 to produce a computational model that predicts the mapping from any chosen 

visual field location to the optic nerve head, taking into account individual ocular 

anatomy. The model is based on simple principles of axons taking the shortest 

available path from their origin in the retina to a region of the optic nerve head with 

sufficient ‘space’ to accommodate them, without crossing the fovea.17, 42 Given typical 

anatomical parameters, the model produces maps that are qualitatively similar to the 

Garway-Heath map5.17, 42 An analysis of the influence of different ocular anatomical 

variables on the individualised maps produced by the model showed that optic nerve 

head position had the greatest effect on the maps, followed by axial length, whilst optic 
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nerve head size had only a small effect.42 The model predicted large variations in 

mapping between eyes with different anatomy in the nasal visual field, particularly 

further away from the optic nerve head/physiological blind spot.42 The influence of the 

different anatomical parameters on the maps produced was comparable with empirical 

studies of hand-traced retinal nerve fibre bundles.15, 30 A surprising prediction at the 

time of publication was that under certain anatomical conditions, some locations within 

the nasal step area of the 24-2 pattern would map to the opposite side of the horizontal 

midline to that conventionally expected, challenging the notion that the temporal raphé 

of the retina was necessarily horizontal.42 Since then, improved imaging of the temporal 

raphé using en face OCT has shed increased light on raphé position (see Figure 5).33, 

35, 37 This new evidence confirms the possibility of non-conventional hemifield mapping 

for the most nasal points of the 24-2 pattern in some eyes, and has allowed the model 

to be refined in later versions.36 Examples of the structure-function mapping produced 

by this approach are illustrated for several anatomical variants in Figure 5.  

 

 

INSERT FIGURE 5 ABOUT HERE 

 

The model produced by Denniss et al. has been compared to hand-traced retinal nerve 

fibre bundles in short wavelength scanning laser ophthalmoscope images from ten 

eyes selected to have a wide variation in axial length and optic nerve head position.29 

Further, the tracing of nerve fibre bundles was repeated by a cohort of 8 clinically-

trained and 6 naïve observers, allowing the repeatability of hand-tracing methods to be 

investigated alongside the comparison to the computational model.29 The study 

showed negligible systematic differences between the model and hand-tracing 

estimates, and the magnitude of differences at individual locations to be smaller than 

the between-observer variability in hand-tracing of retinal nerve fibre bundles in most 

locations.29 It was noted that hand-tracing of retinal nerve fibre bundles exhibited 

significant variability, and that this variability increased substantially with distance from 

the optic nerve head.29 Along with the inability to visualise deeper layers of the retinal 

nerve fibre layer where fibre bundle paths may differ from those on the surface, these 

findings demonstrate the limitation of hand-tracing as a reference standard for 

comparison of structure-function maps.29 
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The precision with which the model can be used to map structure to function in 

individual eyes has also been investigated by considering the measurement error 

present in anatomical measurements such as biometry and estimation of optic nerve 

head position from OCT images.40 Although the available precision varied across the 

visual field due to differences in the influence of anatomical variables on different 

locations, 30° optic nerve head sectors were considered to be the optimum 

compromise between resolution and repeatability.40 

 

Patient customised maps from visual field space to macular inner retinal 

measures 

 

As discussed above, there is an anatomical displacement between photoreceptors and 

their connected ganglion cell bodies in the very central retina. The most common 

approach used to map between these features (Figure 1) is based on average 

histological data of Henle fiber length.22, 23, 28 There are, however, marked individual 

differences in the shape of the macular region between healthy individuals 43-45 which 

suggests that a one-size-fits all approach to such mapping may be inadequate in some 

situations. A method for customisation of the mapping based on individual foveal shape 

data has been developed 46 and may have some advantages, however the clinical 

utility of such an approach is yet to be verified. 

 

 

Potential use of OCT to predict visual field thresholds or to seed test procedures 

 

Probably the main current clinical use of structure-function maps is the quantitative or 

qualitative post-hoc combination of OCT imaging information with visual field test 

results, as is commonly performed in the diagnostic evaluation of patients for glaucoma. 

For example, one study has demonstrated significant improvements in structure-

function correlations in a group of patients with glaucoma when considering the 30° 

sector of RNFL furthest below normative limits from a circumpapillary OCT scan and 

the corresponding visual field region according to patient-customised mapping.47 

Another study, however, found that patient-customised mapping had limited effect on 

the strength of the structure-function relationship measured over a large sample of 

people.48 It is possible that the lack of effect seen when averaged across larger 

samples may be due to benefits being largest in those with less common anatomy 
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(approximately 12% of individuals36), with potential individual benefits being masked 

when averaged across many people.36  

 

Whilst most structure-function models that could be used to predict visual field 

sensitivity from OCT data require the use of a structure function map as discussed 

above, one approach has been published that predicts whole visual fields without the 

use of an implicit map.49-51 Zhu et al. used a neural network approach to predict visual 

field sensitivity from RNFL thickness taken from scanning laser polarimetry with results 

more accurate than conventional statistical approaches and only a little outside of the 

test-retest variability of perimetry.49-51 Whilst the approach has not yet been extended to 

OCT data, one would expect predictions of visual field sensitivity to be at least as 

accurate. 

 

One further potential clinical exploitation of the structure-function relationship in 

glaucoma is to incorporate information from OCT into visual field testing procedures 

aiming to improve the accuracy and precision of results. This can be achieved by 

making predictions of sensitivity at each visual field location based on OCT 

measurements as above, and then using these predictions as a starting point for 

testing the visual field. Denniss et al. took this approach, using a modified Zippy 

Estimation by Sequential Testing procedure with Gaussian prior probability mass 

function centred on hypothetical predictions from structural data to investigate the 

possibility of improving visual field sensitivity measurements in this way.52 The study 

showed that the procedure seeded by predictions from structural measures could 

deliver benefits over existing procedures when the structure-derived predictions of 

visual field sensitivity were accurate to within +/-9dB.52 Similar advantages over 

existing visual field test procedures were demonstrated by Ganeshrao et al., who 

incorporated structure-based predictions of visual field sensitivity into a combined 

suprathreshold-threshold procedure.53  

 

Potential use of OCT to guide the spatial region of interest for visual field testing 

 

A further potential use for accurate mapping between areas of structural damage 

identified by OCT and visual field space is the opportunity to spatially place visual field 

locations for testing in a region of interest for the specific patient. For example, if it is 

clear that there is a sector of RNFL damage, then there is potentially merit in 
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concentrating visual field assessment in this area. Many commercial perimeters allow 

custom placement of additional test points, and some clinicians do such additional 

testing manually based on a clinical expert-guided region of interest approach. The 

manual addition of spatially denser visual field stimuli according to likely RNFL defects 

identified on OCT has been shown to better characterise visual field damage.54, 55 It is 

also now established that the inferotemporal region of the optic nerve head partially 

maps to the superior macular visual field in eyes with typical anatomy22, 42 (see Figure 

3). Denser testing of visual fields in that area, for example with the 10-2 test pattern 

rather than the 24-2 test pattern, demonstrates visual field loss in the superior 

paracentral area that can be missed with standard sparse testing grids.22, 27, 28 

 

Adding additional test locations does however lengthen test time and currently requires 

manual decisions to be made by the clinician regarding where to additionally test, or 

complete retesting on a denser grid (e.g. a macular visual field test). A future goal is to 

truly guide the placement of perimetric stimuli based on OCT results in an algorithmic 

fashion to automate the procedure and improve efficiency. Some initial attempts to do 

this are emerging in the literature. One such approach has been to place half the 

standard number of test points at locations in the visual field that are regularly sites of 

early damage in glaucoma, and then to distribute the rest of the visual field locations in 

regions of interest that are automatically determined based on areas of localised RNFL 

thinning.56 In effect, this approach decreases the spatial resolution of testing in normal 

areas of the visual field, and increases the number of test locations in potentially 

damaged areas. Initial analysis suggests that such an approach would increase the 

number of damaged visual field locations identified,56 however, this method has yet to 

be tested in a clinical setting. Testing different test locations in different patients also 

requires the development of new analytical approaches for detection of progression. 

Nevertheless, a combined approach to leverage the information gained from OCT to 

enhance visual field testing is an exciting prospect for the future. 

 

Limitations of structure-function mapping 

 

Current methods for mapping OCT data taken from the optic nerve head or 

peripapillary RNFL to the visual field are limited by several factors. Firstly, current 

mapping approaches relate sectors at the optic nerve head, to wider regions of interest 

in the measured visual field (see Figure 3 for examples). If the RNFL or neuroretinal 
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rim is totally lost in a sector it may be reasonable to assume that the corresponding 

visual field damage will affect all corresponding points in the related visual field 

mapping. However, in cases of partial damage to an RNFL or neuroretinal rim sector, it 

is not currently possible to predict whether there will be diffuse damage to the entire 

visual field sector, or localised damage to an area within the sector. Further, if the 

damage is localised, it is not currently possible to predict its location within the sector. 

 

Structure-function maps that are customised to the individual patient are limited in their 

spatial resolution by measurement errors in the input anatomical data such as axial 

length measurement and estimation of optic nerve head position relative to the fovea.40 

Further, whilst we have advocated the use of freely-variable optic nerve head sectors 

centred on the point predicted to relate to the visual field location of interest for 

research applications (see 40), these may not be feasible for all clinical applications. In 

clinical applications where fixed optic nerve head sectors are employed with any of the 

described methods, there may be additional variability in mapping at visual field 

locations that map to areas of optic nerve head close to the boundaries between 

sectors.40 For these locations, small differences in individual anatomy or biometric 

measurement error may result in visual field locations being mapped to different optic 

disc sectors.40 

 

Structure-function mapping methods are difficult to validate due to lack of an objective 

reference standard. Comparison with human histological or autoradiographic data is 

difficult due to the difficulty of flat-mounting intact retinae without disrupting the very 

organisation of interest. The limitations of comparing against hand-tracing of retinal 

nerve fibre bundles have been demonstrated by Denniss et al.29 and include operator 

bias, both within- and between-individual variation in tracing, and difficulties in 

visualising more peripheral nerve fibre bundles. Further, with existing clinical imaging 

tools it is only possible to visualise the most prominent superficial retinal nerve fibre 

bundles. Some evidence exists that underlying bundles may take a different course to 

the overlying bundles57 that are likely to originate from more peripheral retina58 and 

have larger diameter59, 60.  

 

Finally, to our knowledge, no current structure-function mapping method has been 

developed or tested beyond 30° eccentricity. Potential differences in structure-function 
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mapping between ethnic groups has received minimal attention61 and whether there 

are changes across the lifespan has not been investigated.  

 

Conclusions 

 

Neither OCT nor visual fields yield data that are sufficient alone for detecting or 

monitoring glaucoma. The relationship between clinical OCT and visual field data is 

also imperfect. As such, there are likely to be benefits to the initial diagnosis of 

glaucoma and the detection of disease progression if information is combined across 

the two modalities. To combine OCT and visual field information on a localised scale 

generally requires a structure-function map. Although population average structure-

function maps have been in clinical use for at least two decades (and gross estimates 

much longer), recent advances have led to development of maps that can be 

customised to the individual patient and that can be used to combine the latest 

advances in macular OCT imaging with more densely sampled visual field data such as 

from 10-2 tests, delivering potential clinical benefits over established approaches. 

It is currently possible to combine OCT and visual field data manually or by eye, but 

emerging studies are developing ways to automate this process that may be both more 

efficient for the clinician and more robust. Further studies are unlocking potential routes 

to integrate OCT imaging and visual field testing at the point of conducting the test by 

customising both the visual field locations tested and the stimulus intensities presented 

during the test according to OCT data. These methods may lead to more accurate and 

precise visual field tests, but pose new problems in the detection of change over time. 

Future innovations are likely to lead to better integration of OCT imaging and visual 

fields both at the point of testing and in the post hoc combination of results. For people 

with glaucoma, these innovations will lead to earlier disease detection, more accurate 

monitoring of progression and treatment efficacy and more personalised care. 
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Figure Captions 

Figure 1: A spatial map between visual field locations and the optic nerve head for a 

right eye as published by Garway-Heath et al.13  The circle on the left denotes the 

division of the optic nerve head into six sectors. The visual field denotes a 24-2 test 

pattern, with the number within each visual field location illustrating the corresponding 

sector of the optic nerve head.  

 

Figure 2.  Population average displacements of relevant RGC bodies from visual field 

test locations as modelled according to Drasdo et al.23 Visual field locations are 

superimposed on a macular cube image of segmented ganglion cell layer thickness 

from a healthy eye obtained using the Spectralis OCT (Heidelberg Engineering, 

GmBH). For each grey 10-2 visual field location, the connected black line leads to the 

displacement of that location as a small black circle. Blue circles are the 1mm, 3mm 

and 6mm ETDRS rings. 

 

Figure 3: High resolution en-face OCT image of a left eye showing the anatomical 

temporal raphé. The temporal raphé is the area where the superior and inferior RNFL 

bundles meet, close to the horizontal midline, as shown by the white line to the right of 

the fovea (F). Image was obtained using the Spectralis OCT (Heidelberg Engineering, 

GmBH). 

 

Figure 4.  Anatomical variation of several key ocular landmarks that influence the 

pathways of retinal nerve fibre bundles. Data was taken from 60 healthy participants 

and 64 participants with glaucoma. A) The distribution of the angle between the centre 

of the optic nerve head, the fovea and the temporal raphé; B) the angle between the 

fovea and the temporal raphé; and C) the angle between the fovea and the optic nerve 

head. The sign convention of each metric is shown in the diagrams on the right hand 

side which show landmarks on the retina. Figure adapted from Bedggood et al. 37 
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Figure 5. Illustrations of customised maps between 30 degree clock hour sectors of the 

optic nerve head to the 24-2 visual field test pattern locations in visual field space. 

Maps for three different anatomical situations are shown to illustrate the effect of 

different positions of the optic nerve relative to the fovea. For the purposes of 

illustration, the temporal raphé is assumed to be at 172 degrees from the fovea-disc 

angle (the average shown in Figure 2). The corresponding predicted structure-function 

maps are illustrated on the right hand side for an axial length of 22mm. Maps were 

produced by the model described in Denniss et al.42 
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