
258  |   	﻿�  Ophthalmic Physiol Opt. 2022;42:258–271.wileyonlinelibrary.com/journal/opo

R E V I E W  A R T I C L E

Binocular visual function and fixational control in patients with 
macular disease: A review

Irina Sverdlichenko1  |    Mark S Mandelcorn2,3  |    Galia Issashar Leibovitzh2  |    

Efrem D Mandelcorn2,3  |    Samuel N Markowitz2,3  |    Luminita Tarita-Nistor2

Received: 26 August 2021  |  Accepted: 31 October 2021  |  Published online: 4 December 2021

DOI: 10.1111/opo.12925  

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, 
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Ophthalmic and Physiological Optics published by John Wiley & Sons Ltd on behalf of College of Optometrists.

1Faculty of Medicine, University of Toronto, 
Toronto, Ontario, Canada
2Krembil Research Institute, Donald K 
Johnson Eye Institute, University Health 
Network, Toronto, Ontario, Canada
3Department of Ophthalmology and Vision 
Sciences, Toronto Western Hospital, Toronto, 
Ontario, Canada

Correspondence
Luminita Tarita-Nistor, Krembil Research 
Institute, Donald K Johnson Eye Institute, 
University Health Network, Toronto, Ontario, 
Canada.
Email: lumi.tarita-nistor@rogers.com

Abstract

For normally sighted observers, the centre of the macula—the fovea—provides 

the sharpest vision and serves as the reference point for the oculomotor system. 

Typically, healthy observers have precise oculomotor control and binocular visual 

performance that is superior to monocular performance. These functions are dis-

turbed in patients with macular disease who lose foveal vision. An adaptation to 

central vision loss is the development of a preferred retinal locus (PRL) in the func-

tional eccentric retina, which is determined with a fixation task during monocular 

viewing. Macular disease often affects the two eyes unequally, but its impact on 

binocular function and fixational control is poorly understood. Given that patients’ 

natural viewing condition is binocular, the aim of this article was to review current 

research on binocular visual function and fixational oculomotor control in macular 

disease. Our findings reveal that there is no overall binocular gain across a range 

of visual functions, although clear evidence exists for subgroups of patients who 

exhibit binocular summation or binocular inhibition, depending on the clinical 

characteristics of their two eyes. The monocular PRL of the better eye has different 

characteristics from that of the worse eye, but during binocular viewing the PRL of 

the better eye drives fixational control and may serve as the new reference posi-

tion for the oculomotor system. We conclude that evaluating binocular function 

in patients with macular disease reveals important clinical aspects that otherwise 

cannot be determined solely from examining monocular functions, and can lead 

to better disease management and interventions.

K E Y W O R D S
AMD, binocular inhibition, binocular summation, binocular vision, central vision loss, fixation 
stability, PRL location

INTRO DUC TIO N

Our two eyes view the world from slightly different angles, 
resulting in binocular disparity.1  The brain receives signals 
from both eyes and with well-functioning binocular vision 

can use these differences to perceive single objects in three 
dimensions.1 Healthy binocular vision provides stereopsis 
and enhances depth perception.2 Performance under bin-
ocular viewing conditions has consistently shown an ad-
vantage over monocular viewing, a phenomenon called 
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binocular summation. For example, experiments compar-
ing binocular and monocular performance found binocular 
superiority of visual functions such as contrast sensitivity 
and visual acuity. Broadly speaking, binocular summation 
can be attributed to either probability summation or neu-
ral summation. Probability summation assumes complete 
independence of the two eyes and predicts enhancement 
of binocular vision due to the statistical consideration that 
a binocular observer has two opportunities to detect weak 
signals.3  Neural summation is the result of binocularly en-
hanced performance that exceeds what would be expected 
from probability summation alone. It has been shown that 
the mechanism for binocular neural summation may be me-
diated, at least in part, by the same channels that provide 
stereopsis.4–6 Optimal binocular summation on resolution 
tasks and stereopsis are achieved from equal monocular 
foveal inputs in observers with a healthy visual system and 
proper eye alignement. However, these visual functions can 
be compromised in patients with pathological eye condi-
tions, to the point that the binocular gain is negative (i.e., 
binocular visual performance is worse than monocular per-
formance with the better eye, a phenomenon known as 
binocular inhibition) and stereopsis is completely damaged. 
For example, individuals with strabismus that have abnor-
mal retinal disparity due to eye misalignment, and those 
with amblyopia that have unbalanced monocular inputs, 
exhibit poor or no stereopsis and impaired binocular sum-
mation.3,7 Although the asymmetric contributions between 
the two eyes can reduce binocular summation, the underly-
ing neural mechanism of this function in the visual cortex 
may remain intact in pathologies such as strabismic ambly-
opia.8 This is because it has been shown that when visual 
input is enhanced in the affected eye to match the sensitiv-
ity of the fellow eye, binocular summation recovers.9

Central vision is important for tasks involving high spa-
tial acuity, including recognizing faces, reading and driv-
ing.10 Visual information is acquired mostly when fixating 
briefly on targets with the fovea—the part of the central 
retina that provides the sharpest vision. Additionally, the 
fovea serves as the reference position for the oculomotor 
system;11 precise oculomotor control with the two eyes is 
paramount for optimal binocular vision. The fovea is often 
damaged by irreversible macular diseases such as age-
related macular degeneration (AMD), Stargardt disease, 
cone dystrophy or myopic macular degeneration. Among 
them, AMD is the most prevalent and the leading cause of 
blindness in individuals over 60 years of age.12

Macular diseases destroy central vision, leading to se-
vere impairments in visual functions13 and disturbances in 
oculomotor control.14  Patients compensate by directing 
the image to a peripheral location on the retina that func-
tions as a pseudo-fovea, called the peripheral retinal locus 
(PRL);11 however, fixational oculomotor control with the PRL 
is worse than with the fovea, which may affect visual perfor-
mance.15,16 An additional consequence of macular disease 
is that it usually does not affect both eyes equally, resulting 
in differences between the visual inputs received from each 

eye. This difference may arise from corresponding PRLs fall-
ing onto unequally functional retinal locations or from the 
PRL of the worse eye falling directly onto the scotoma when 
coming into retinal correspondence with that of the better 
eye during binocular viewing. For these patients, high in-
terocular asymmetry,17 and possible abnormal disparity pro-
duced by eccentric locations of the PRL in the two eyes18 can 
affect binocular summation and stereopsis. Unfortunately, 
these binocular functions and oculomotor control of patients 
with macular disease are not well understood.

Given that patients’ natural viewing condition is bin-
ocular, the goal of the present study is to review the dif-
ferences in binocular and monocular viewing on visual 
functions and fixational oculomotor control in the context 
of macular disease. We highlight the importance of assess-
ing binocular function for better disease management and 
interventions.

BIN OCUL AR VISUAL FUNC TIO N

In order to understand the influence of macular disease on 
binocular vision, two aspects of binocular visual function 
were examined: (1) differences in binocular and monocular 
viewing as well as prevalence of binocular summation and 
inhibition of various outcome measures and (2) stereopsis. 
The articles reviewed are presented in Table 1.

Binocular summation and inhibition

Binocular summation and inhibition in patients with cen-
tral vision loss were reviewed for contrast sensitivity, visual 
acuity and reading performance.

Key points

•	 It is important to assess binocular vision in 
patients with macular disease because their 
binocular performance may be worse than mo-
nocular performance with the better eye, im-
pacting daily living tasks.

•	 Asymmetric macular damage in the two eyes 
compromises binocular summation and ste-
reopsis, adding to visual disability; therefore, 
impairments in binocular function should be 
evaluated and managed through appropriate 
rehabilitation techniques.

•	 Binocular fixational control is driven by the bet-
ter eye, but more technological advances are 
needed to understand oculomotor adaptation 
during binocular viewing in patients with macu-
lar disease.
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Contrast sensitivity

Contrast sensitivity is a measure of how much contrast a 
person requires to see a target.19 Faubert and Overbury20 
assessed contrast sensitivity in patients with central vi-
sion loss across six spatial frequencies and found that 
45% of patients showed binocular inhibition, while the 
remainder showed binocular summation or equivalence; 
binocular inhibition was more likely to occur at me-
dium and lower spatial frequencies. Valberg and Fosse17 
also found that in a sample of 13 patients with central 
vision loss, 8 exhibited binocular contrast inhibition; 
similarly, binocular inhibition tended to occur at lower 
spatial frequencies. Kabanarou and Rubin21 reported a 
benefit to binocular viewing for 18.1% of patients with 
AMD, while 9% of patients showed binocular inhibition. 
Lastly, Silvestri et al.22 reported a small but statistically 
significant binocular advantage for contrast sensitivity 
in a large sample of 71 patients with AMD and Stargardt 
disease.

It has been suggested that unequal monocular contrast 
sensitivities can lead to a decrease in binocular contrast 
summation. Faubert and Overbury20 reported a large 
difference in the absolute contrast spatial frequency be-
tween the better and worse eye, with the binocular inhibi-
tion group having the poorest sensitivity. In line with this, 
Pardhan23 used neutral density filters to vary binocular 
and monocular contrast sensitivities in the two eyes in 
healthy observers. In this study, binocular contrast sum-
mation was at a maximum when the sensitivities of the 
two eyes were equal but decreased with increased dif-
ferences until binocular sensitivity dropped below mon-
ocular sensitivity. The occurrence of unequal macular 
scotomas in AMD may prevent adequate light stimulation 
of corresponding fixational points, and may be sugges-
tive of Fechner's paradox.17 Furthermore, patients who 
exhibited binocular contrast inhibition were more likely 
to have non-corresponding monocular PRLs, as well as a 
greater distance from the former fovea in the worse eye 
compared to the better eye.22 It has been found that when 
PRLs are in non-corresponding locations, binocular con-
trast thresholds are below probability summation, at least 
for certain spatial frequencies.24

One of the findings of the reviewed studies is that bin-
ocular inhibition in contrast sensitivity seems to occur 
more frequently in medium or lower spatial frequen-
cies.17,20  Neural binocular summation arising from the 
cortical layer of VI is most easily demonstrated at low con-
trast.3  Thus, perhaps patients with asymmetric visual im-
pairment, as in macular degeneration, show the greatest 
impairment in binocular viewing at low contrast.

Contrast sensitivity to medium and lower spatial fre-
quencies is generally related to tasks such as orienta-
tion and mobility, that require this type of information.20 
Furthermore, contrast sensitivity has also been correlated 
with the ability to discriminate objects, recognize faces and 
judge distances.25 Thus, patients with macular disease have 

greater difficulty performing activities of daily living and 
may experience reduced quality of life.25–27 Considering 
these challenges, it is important for clinicians to consider 
both eyes when evaluating contrast sensitivity in patients 
with macular disease, as greater interocular differences 
may indicate more difficulty on daily tasks.

Visual acuity

Visual acuity is the measurement of one's ability to dis-
criminate between two stimuli separated in space at high 
contrast compared to the background.28 Decreased visual 
acuity is a characteristic part of the macular disease pro-
cess, since it can affect the fovea, which is responsible for 
high resolution acuity and colour vision.29 Studies look-
ing at aggregate data report no differences between bin-
ocular and monocular visual acuity in AMD,21,22,30–33 but 
subgroups of patients with compromised binocular sum-
mation have been identified. For example, using a com-
puterised version of the multiple Tumbling E visual acuity 
test, Tarita-Nistor et al.32 found that 50% of patients with 
central vision loss demonstrated binocular acuity summa-
tion, and 39% binocular inhibition.32 The study found that 
binocular acuity showed a decline compared to monocu-
lar acuity of the better eye at low contrast. A later study 
by the same group found that out of 20 patients with cen-
tral vision loss, 25% (5) experienced acuity inhibition, 30% 
(6) experienced acuity summation and 45% (9) showed 
equality on the Early Treatment of Diabetic Retinopathy 
Study chart.31

The literature suggests that when monocular acuities 
are similar, there is binocular summation,34 but as the mon-
ocular acuities diverge, binocular equivalence or inhibi-
tion may occur.35 However, Kabanarou and Rubin did not 
observe binocular inhibition in cases of central vision loss 
with large interocular acuity differences, but important 
clinical characteristics such as PRL locations in the two eyes 
were not reported for this sample.21 Nonetheless, even a 
small difference between binocular and the better eye's 
visual acuity can confer significant differences in other 
visual tasks such as reading performance. For example, a 
significant positive relationship between the binocular 
summation ratio for distance visual acuity and maximum 
reading speed has been reported.31  This implies that pa-
tients demonstrating binocular acuity inhibition would 
have greater difficulty with binocular reading regardless of 
their distance visual acuity.

Binocular acuity inhibition may result in difficulties per-
forming distance and near vision activities, driving and 
facial recognition.36,37 Given the high prevalence of binoc-
ular acuity inhibition in this population, it is important to 
evaluate binocular function and its impact on activities of 
daily living. In particular, attention should be given to pa-
tients with interocular acuity differences because the mon-
ocular evaluation of their visual function in the clinic may 
underestimate the true visual impairment.
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Reading

Reading function can be assessed by measuring maximum 
reading speed (MRS), critical print size (CPS) and reading 
acuity. In patients with central vision loss, aggregate data 
show no binocular advantage for MRS,21,22,38 although in-
dividual differences exist between patients. For example, 
Kabanarou and Rubin21 reported 63.6% of patients dem-
onstrate a binocular advantage in MRS compared to 13.6% 
with binocular inhibition. Additionally, Silvestri et al.22 
found a similar proportion of patients exhibiting binocular 
summation and binocular inhibition for MRS, at 42% and 
41%, respectively. Patients with binocular inhibition also 
show a significantly lower binocular MRS than the summa-
tion and equality groups, as shown in Figure 1.18,25 Likewise, 
a similar pattern of results was found for CPS and reading 
acuity.21,22 For example, Kabanarou et al.21 reported that 
18.1% of patients demonstrated reading acuity summa-
tion, and 4.5% showed reading acuity inhibition.

Reading difficulties are a significant complaint for indi-
viduals with macular disease. Although there seems to be 
no binocular advantage for reading when considering the 
whole sample, the subgroup of patients who experience 
binocular reading inhibition should be examined sepa-
rately, because they have different clinical characteristics 
than those with binocular reading summation. For exam-
ple, Silvestri et al.22 reported the PRL in the worse eye was 
at a larger eccentricity than the PRL of the better eye in the 
binocular inhibition group. The PRLs were also frequently 
in non-corresponding locations and situated temporal or 
nasal to the scotoma in the better eye, locations which can 
shorten the visual span required for reading. Consequently, 
the PRL of the worse eye may fall on the scotoma when 
moving into retinal correspondence with the PRL of the 
better eye, and text might disappear into the scotoma 
during binocular viewing.

Because reading is such an integral function of daily life, 
the primary goal for many patients attending low vision 
clinics is to improve their reading ability.39 Considering 

that a proportion of patients experience inhibition, which 
is associated with a profound impairment in reading per-
formance, methods for reading rehabilitation should focus 
on addressing disadvantageous fixation patterns that are 
characteristic for this subgroup.40,41

Stereopsis

Stereopsis is the ability to perceive depth from binocular 
disparities. This function is severely disrupted in patients 
with central vision loss42,43 and this impairs other visual 
performances. For example, Silvestri et al.22 used the 
Stereo Fly Test to measure stereoacuity. They found that 
38% of cases that showed binocular inhibition in MRS had 
residual stereopsis, as was also the case for 50% of patients 
in the equality group and 73% in the summation group. 
Verghese et al.44 assessed the effect of central field loss 
on an eye-hand coordination task. The task was designed 
so that binocular depth cues were important for its per-
formance. There was a significant benefit for peg place-
ment time, errors and peg pick-up time in central field loss 
patients viewing under binocular conditions compared 
to monocular conditions. The authors also compared dif-
ferences in binocular and monocular viewing for patients 
with and without measurable stereopsis. There was a ben-
efit to binocular viewing for peg placement time and errors 
in the stereopsis group compared to the non-stereopsis 
group, but this difference was not significant. Among pa-
tients with measurable stereopsis, the binocular advan-
tage of peg-placement time correlated significantly with 
stereoacuity.

Stereopsis involves both fusion and suppression pro-
cesses. The fusion process constructs a stereo percept by 
integrating the inputs from similar features in the images 
seen by the two eyes. At the same time, dissimilar inputs 
are suppressed to promote a single binocular percept. 
Poor or no stereopsis is observed in patients with macu-
lar degeneration, particularly those with large asymmetry 
in retinal damage between the two eyes.22 The potential 
for at least coarse stereopsis in these patients may depend 
on whether they have intact visual function in roughly cor-
responding points in the two retinas (i.e., the PRLs fall on 
functional retina and corresponding positions in the two 
eyes),44 and if the distance between intact retinal locations 
is less than the upper disparity limit at the corresponding 
eccentricity.18

Coarse stereopsis in patients with central vision loss 
is important for performing tasks of daily living. The ab-
sence of stereopsis in patients with macular degenera-
tion with bilateral vision impairment has been associated 
with reduced overall quality of life, with these patients 
scoring low on reading ability scores.45 It has also been 
reported that reduced depth perception and stereoacu-
ity confers a significant relative risk of multiple falls and 
hip fractures secondary to falls. Thus, it is not suprising 
that patients with residual stereopsis have better visual 

F I G U R E  1   Maximum reading speed during binocular and 
monocular viewing with the better eye for patients with central 
vision loss who experienced binocular reading inhibition, equality, 
and summation. Error bars are ±1 SE. From Silvestri et al.22 © 2020 The 
Authors. Ophthalmic and Physiological Optics published by John Wiley 
and Sons Ltd on behalf of College of Optometrists
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function and motor skills than those who lose this func-
tion completely.42 There is potential for rehabilitation in 
some patients with stereopsis. For patients with an intact 
retina below the upper disparity limit, they can perhaps 
be trained to use alternate PRLs that fall within this limit 
to regain stereopsis.18 Therefore, it may be important to 
test for stereopsis during routine assessments in patients 
with macular disease to provide clarification on residual 
visual functions.

BIN OCUL AR FIX ATIO NAL CO NTRO L IN 
PATIE NTS WITH MACUL AR D ISE ASE

Patients with central vision loss develop a PRL that may 
serve as the new point of reference for the oculomotor 
system. To understand fixational oculomotor control of 
patients with macular disease, we reviewed two aspects of 
the PRL: its location on the retina and visual field, as well as 
fixation stability (see Table 1 for the included studies).

Preferred retinal locus (PRL) location

Monocular PRLs are determined during fixation tasks using 
imaging instruments such as microperimeters or scanning 
laser ophthalmoscopes. The literature reports a range of 
monocular PRL locations in patients with macular disease. It 
has been reported that over half of patients had a PRL supe-
rior to the macular scar, while the rest tended to have a PRL 
to the left or right of the scotoma.46 Others found the most 
common monocular PRL location was superior and nasal 
to the anatomical fovea. Considered in visual field space, 
the PRLs tended to be displaced to the left and inferiorly.47 
Interestingly, PRLs often fell on or near a part of the retina 
with significant visual loss. Kisilevsky et al.48 distinguished 
between the PRL in the better and worse eye; they re-
ported that most patients with central scotomas had PRLs 
in the left and inferior visual field segments of the better 
eye, but in the worse eye, there was no favoured location. 
White and Bedell49 found that most patients with macular 
disease had a PRL in the superior hemiretina. Silvestri et al.22 
evaluated the PRL location for patients exhibiting binocular 
summation or inhibition of MRS and found that for the bet-
ter eye, the PRL was most commonly inferior or superior to 
the scotoma in the equality group (75%) and summation 
group (67%). In the inhibition group, the PRL was temporal 
or nasal to the scotoma (38%). Finally, Erbezci and Ozturk50 
reported that the most frequent location of the PRL in the 
retina was nasal, or in the left visual field.

Cheung and Legge13 proposed three different hypoth-
eses that may explain PRL location: (1) the function-driven 
PRL, (2) the performance-driven PRL and (3) the retinotopy-
driven PRL. The function-driven hypothesis suggests that 
certain PRL locations might be more advantageous for per-
forming visual functions, such as reading. However, many of 
the studies reported a PRL in the left visual field, which may 

be maladaptive for reading performance as it can interfere 
with planning forward saccades and produces a limited 
visual span. In contrast, Somani and Markowitz46 hypoth-
esized that placing the PRL superior to the macular scar 
may offer advantages to ambulation and activities of daily 
living. The performance-driven hypothesis is based on the 
notion that when the macula becomes dysfunctional, the 
visual system places the PRL in that part of the retina hav-
ing the best visual acuity. However, Denniss et al.'s47 find-
ing that the PRL was located in an area of the retina with 
less sensitivity does not fully account for this. Moreover, 
their finding aligns with other reports that show visual acu-
ity and letter contrast sensitivity at the PRL are worse than 
that of visually healthy adults at the same retinal eccentric-
ity.51 Finally, the retinotopy-driven hypothesis predicts a 
PRL at the border of the central scotoma. Indeed, among 
883 eyes with different forms of maculopathy in Fletcher 
and Schuchard's52 study, 88.7% of the PRLs were within 3.5 
degrees of the borders of the scotoma.

Currently, technological limitations prevent in-depth 
study of PRL locations during binocular viewing in pa-
tients with central vision loss. Using a combination of 
the microperimeter and a custom-made eye-tracker that 
does not require calibration, Tarita-Nistor et al.53 found 
that the PRLs in the two eyes were in corresponding lo-
cations during binocular viewing, although this was not 
always the case for monocular PRLs (Figure 2, right panel). 
For patients with high interocular acuity differences, the 
monocular PRL of the worse eye would move into the cor-
responding position of the PRL of the better eye during 
binocular viewing. While the PRL of the worse eye fell on 
the scotoma, the location of the PRL in the better eye re-
mained unchanged.

Silvestri et al.22 examined the monocular PRLs and fun-
dus photographs of both eyes in patients with central vi-
sion loss. Assuming that the PRL of the better eye had the 
same location during monocular and binocular viewing, 
and that the PRL in the worse eye moved into retinal cor-
respondence with that of the better eye during binocular 
viewing, the authors reported that the PRL of the worse 
eye would fall onto the scotoma in 52% of cases of binoc-
ular inhibition for MRS. Tarita-Nistor and colleagues also 
assessed longitudinal changes in PRL location in patients 
with central vision loss.54 They found that, in the better eye, 
PRL distance from the former fovea increased with disease 
progression, while maintaining a relatively constant polar 
angle. For the worse eye, the PRL distance did not change 
on average, but for 39% of cases it decreased with time and 
often fell on the scotoma. Importantly, as the disease pro-
gressed, the PRL of the worse eye changed location relative 
to that of the better eye. These findings suggest that the 
referencing of the oculomotor system in macular disease 
is relative to the PRL of the better eye. In addition, relative 
change in PRL location when viewing condition changes 
from monocular to binocular can be inferred from eye po-
sition data recorded with eye-trackers during a fixation 
task. Kabanarou et al.55 reported that more than half of the 
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patients demonstrated a relative shift in gaze position in 
either one or both eyes when switching from monocular to 
binocular viewing. The magnitude of the shift distance in 
each eye reflected the amount of retinal correspondence 
and noncorrespondence of the monocular PRLs, suggest-
ing that patients with macular degeneration who exhibit 
monocular PRLs in noncorresponding locations show gaze 
changes, especially in worse-seeing eyes, when viewing 
binocularly.

Fixation stability

Fixation stability is the precision of eye position when one 
fixates intently on a stimulus for a period of time. It has 
become an important outcome measure for treatment, in-
tervention or disease progression in patients with central 
vision loss.56  There are several ways to quantify fixation 

stability, but the bivariate contour ellipse area (BCEA) is 
the most common measure, and is reported as an output 
of microperimeters. A larger BCEA corresponds to poorer 
fixation stability.16  Tarita-Nistor and colleagues evaluated 
fixation stability in patients viewing binocularly and mo-
nocularly.33  The authors found that when viewing bin-
ocularly, fixational oculomotor control was driven by the 
better eye, such that fixation stability of the better eye did 
not change between monocular and binocular viewing 
(Figure  3).33 However, fixation stability of the worse eye 
was 84% to 100% better in binocular compared to monoc-
ular viewing, and similar to that of the better eye.

Subsequently, Tarita-Nistor et al.57 examined fixational 
control by observing characteristics of the shift in eye po-
sition from binocular to monocular viewing. For the better 
eye, there was no difference in shift when viewing binoc-
ularly or monocularly with this eye. For the worse eye, the 
eye traces revealed good coordination with the better eye 

F I G U R E  2   Monocular preferred retinal locus (PRLs) recorded with the microperimeter and binocular PRLs estimated from the eye-tracker 
recordings. Left panel shows that the locations of the PRLs were in the same location during monocular and binocular viewing conditions. Right panel 
shows that the monocular PRL in the worse eye changes location during binocular viewing. From Tarita-Nistor et al.53 [Colour figure can be viewed at 
wileyonlinelibrary.com]

F I G U R E  3   Means (SE) of fixation stability recorded with the MP-1 microperimeter and the EyeLink (binocular and better eye viewing [n = 20] 
and worse eye viewing [n = 15]). From Tarita-Nistor et al.33 The Association for Research in Vision and Ophthalmology is the copyright holder of these 
figures

https://onlinelibrary.wiley.com/
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during binocular viewing, but a substantial loss of fixa-
tional control during monocular viewing (Figure 4).

Some studies examined the effects of factors such 
as viewing distance and time of examination recording 
on fixation stability across viewing conditions. Tarita-
Nistor30 examined fixation stability in patients with cen-
tral vision loss during monocular and binocular viewing 
at a distance of 6m, 1m and 40cm. The authors found 
no association between viewing distance and fixation 
stability during binocular or monocular viewing with 
the better eye. For the worse eye, the BCEA was slightly 
worse at a near viewing distance, but this was not statis-
tically significant. Samet et al.58 examined changes in fix-
ation stability with recording time. Fixation stability was 
recorded binocularly and monocularly with each eye for 
a duration of 15  seconds with the fellow eye covered, 
and data were analysed over consecutive 3 second inter-
vals. For binocular viewing as well as monocular viewing 
with the better eye, fixation stability of fixed-duration 
consecutive intervals did not change. However, fixation 
stability improved linearly with consecutive fixed dura-
tion intervals when viewing with the worse eye. In this 
study, many patients had large interocular acuity differ-
ences, and the authors predicted that during monocular 
viewing with the worse eye, the patient uses a PRL in the 
functional peripheral retina that is not habitual (i.e., dif-
ferent from that in binocular viewing) that may take time 
to establish.

Overall, findings suggest that fixation stability is poor 
when viewing monocularly with the worse eye, but im-
proves during binocular viewing because oculomotor con-
trol is driven by the better eye.15 Fixation stability affects 
the reading performance of patients with macular disease. 
Rehabilitative measures directed to fixational oculomo-
tor control can improve daily visual function, including 
reading.

N E X T STE PS AN D AR E AS O F 
FUTUR E INVESTIGATIO N

This review has summarised the impact of macular dis-
eases on binocular visual function and oculomotor 

control. There is strong evidence for subgroups of patients 
who demonstrate binocular summation and binocular in-
hibition on various outcome measures. In the clinic, visual 
function of patients with central vision loss is typically as-
sessed monocularly; however, for these patients, it may 
also be important to assess binocular function and stere-
opsis, to get a better understanding of how the disease 
affects patients’ daily function outside of clinic. With re-
spect to oculomotor control, while information on fixation 
stability during binocular viewing exists, data on the PRL 
location in binocular viewing is scarce due to technologi-
cal limitations. Tarita-Nistor et al.53 developed a custom-
made eye-tracker to track PRL location during binocular 
viewing; however, more advances are needed to evaluate 
PRL locations when viewing with both eyes. Lastly, there 
has been limited investigation of eye movement met-
rics in macular degeneration. As the oculomotor system 
needs to adapt to the new PRL-based reference frame, the 
eye movements of patients with central vision loss are ex-
pected to be less effective than for healthy individuals.11 
Such data can better help inform the relationship be-
tween oculomotor control in central vision loss and bin-
ocular visual functions. Therefore, more research on eye 
movements is needed to understand patients’ search ef-
ficiency. Most importantly, it may provide crucial informa-
tion necessary for better lens design and more effective 
smart glasses technology for patients with central vision 
loss.59 The surprisingly weak assistive technology for pa-
tients with central vision loss may stem from incomplete 
knowledge about the basic mechanisms of binocular ocu-
lomotor control with central vision loss.

Finally, the information presented in this review may be 
particularly useful for clinicians, visual skills instructors or 
low vision therapists who are directly involved in support-
ing the rehabilitation of patients with central vision loss. 
Through rehabilitative efforts, visual therapists aim to opti-
mise binocular visual function in their clients, as this is their 
natural viewing condition. Thus, the knowledge provided 
in this paper can be applied to further refine the rehabil-
itative interventions they use—for example, those related 
to eccentric viewing and biofeedback training—as well as 
to develop new research related to future techniques of vi-
sion rehabilitation.

F I G U R E  4   Loss of oculomotor control from binocular to monocular viewing with the worse eye, after the better eye was covered. There is also 
drift of the better eye during the better eye viewing condition that was associated with large phoria in the covered eye. From Tarita-Nistor et al.57
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CO NCLUSIO N

Normally sighted individuals usually benefit from bin-
ocular vision, but this may not always be the case for pa-
tients with central vision loss. Our review of the literature 
compared binocular and monocular function of patients 
with central vision loss with respect to visual function and 
fixational oculomotor control. It showed that, when con-
sidering aggregate data, there is no difference between 
binocular or monocular viewing conditions for visual acu-
ity or reading. However, certain subgroups of patients 
demonstrate binocular summation or inhibition depend-
ing upon the individual clinical characteristics of their 
eyes (i.e., correspondence of monocular PRLs, stability of 
fixation, asymmetric macular scotomas in the two eyes). 
With regards to monocular PRL location, most studies re-
ported locations in the left and inferior visual space, and 
superior to the scotoma. These locations may offer advan-
tages in visual acuity for PRLs in the lower visual field or to 
support ambulation and activities of daily living for PRLs 
superior to the macular scar. However, evidence regard-
ing this remains mixed. When comparing monocular and 
binocular viewing, PRLs are not always in corresponding 
locations monocularly. In patients with high interocular 
acuity differences, the monocular PRL of the worse eye 
may move into corresponding position to the PRL of the 
better eye during binocular viewing, although this loca-
tion can fall onto the macular scar. Lastly, binocular fixa-
tional stability seems to be driven by the better eye, as 
typically it does not change from monocular to binocular 
viewing with the better eye but is improved from mo-
nocular to binocular viewing with the worse eye. Overall, 
binocular visual function assessment—in addition to rou-
tine standard monocular measures available today—may 
result in an enhanced understanding of the impact of 
macular disease on patients’ visual function, and there-
fore can lead to better intervention decisions and disease 
management.
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