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Introduction
A detailed binocular vision assessment is often omitted 

in  the examination of people with visual impairment. Two re-
asons for that seem most probable. First, it is often assumed 
that the pathology causing low vision is the major cause 
of  the  visual problems. Second, evaluation of binocular vision 
may be perceived as difficult and time consuming in people 
with visual impairment, especially those with central vision 
loss. It seems obvious that different methods of assessment are 
needed for this group of people. The aim of this paper is to re-
view the literature on the assessment of binocular vision in pe-
ople with visual impairment and to provide some basic informa-
tion about the meaning of binocularity in low vision.

Binocular vision in people with good vision
Binocular vision is commonly described as having three le-

vels: simultaneous perception, fusion and stereopsis (e.g. 1–4). 
The simplest level – simultaneous perception – means the abi-
lity to see two images at the same time, one of which is  for-
med at the retina of the right eye and the other one at the retina 
of the left eye. For normal binocular vision, each image has to be 
formed simultaneously at the fovea of the corresponding retina 
and both images must be superimposed (simultaneus foveal per-
ception). Thanks to the more advanced level of binocular vision 
called fusion such two images can be blended as one in the bra-
in, provided they are similar enough. Usually two types of fusion 
are distinguished, namely sensory and motor fusion. Practical-
ly, sensory fusion means blending of simultaneously perceived 
images from both retinas in visual cortex. The  eye movement 
which enables this is called motor fusion. The basis of stereo-
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psis, the most refined level of binocular vision, is a phenomenon 
named binocular parallax. Because of the interpupillary distance, 
each eye observes objects from a slightly different perspective. 
Fusion of such two images results in perception of depth.

Efficient binocular vision comprising simultaneous perception, 
sensory-motor fusion and stereopsis provides numerous benefits 
which could not be obtained by monocular viewing only (3–6). 
Greater visual field in binocular vision, as compared to monocu-
lar viewing, facilitates orientation and mobility, and leads to blind 
spot compensation. Moreover, binocular summation of acuity 
and low light detection enables easier perception and recognition 
of stimuli in complex visual tasks. Binocular acuity and contrast 
summation occur regardless of age when monocular sensitivities 
are similar (7). In terms of spatial vision, binocularity allows ste-
reopsis to occur. This ensures more precise evaluation of distan-
ces, size and position of body and other objects in space, as well 
as better detection of speed and motion of objects. Binocular 
clues in depth perception are then much more advanced and de-
pendable than monocular ones, especially in unusual situations.

Binocularity in people with low vision
Even after appropriate refractive correction and the prescrip-

tion of low vision devices and other rehabilitative aids, people 
with visual impairment experience difficulties in visual tasks.

Current knowledge about binocular vision in people with vi-
sual impairment remains rather restricted (5, 8). Measurement 
of binocular visual functions in this group of people is often 
omitted during a routine eye examination, which may lead to in-
effective recommendations causing frustration for both the pa-
tient and the specialist (9). An important reason for performing 
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binocular status assessment in people with low vision should 
be to differentiate between difficulty seeing caused by binocular 
anomalies and ocular pathology itself, as not all visual problems 
in these people are connected with the pathological cause 
of  the low vision. Further, full consideration of binocular vision 
will improve interaction with the environment (5, 9).

As mentioned above, people with good vision benefit most 
from binocularity when their monocular sensitivities are similar. 
According to some specialists (5), people with low vision also 
benefit from binocularity, at least in case of certain visual func-
tions, even when their eyes are affected unequally. Regardless 
of binocularity level in this group of people, it must be  kept 
in mind that people with low vision often use both eyes in their 
everyday activities, even if their monocular performance is si-
gnificantly better than binocular (10).

There are some reports of binocular vision in people with age-
-related macular degeneration (AMD). Tarita-Nistor and colleagues 
(5) report binocular contrast inhibition at low and medium spatial 
frequencies in such people, but simultaneously show that their  
binocular acuity gain is very similar to that of  a control group. 
Moreover, the authors suspect that binocular acuity summation 
may be affected by age more than by the AMD itself. However, 
rivalry processes in their participants were severely disrupted by 
the disease. Reduced binocular contrast summation and binocu-
lar inhibition in a group of people with AMD was also reported by 
Valberg and Fosse (10). They speculated this was caused by une-
qual macular scotomas failing to provide adequate light stimulation 
of corresponding foveal points in both eyes. As a result, proper fi-
xation and retinal correspondence were difficult to maintain, affec-
ting acuity, contrast sensitivity and stereopsis. This translates into 
difficulty with binocular orientation and reading.

Similarly, Markowitz (11) suggests that tridimensional per-
ception in people with visual impairment is affected by bino-
cular deficiencies. However, he indicates that with reasonable 
orthophoria peripheral fusion and (as a result) peripheral stereo-
psis are possible. Good mobility and successful spatial orien-
tation in people with low vision seem to confirm his approach.

In contrast, Rundström and Eperjesi (9) showed that bino-
cular status in people with visual impairment is rather complex. 
They  may experience common binocular vision anomalies such 
as heterophoria or heterotropia together with their pathology – 
in other words, muscle imbalance might be partially but not solely 
attributed to the disease. Consequences of ocular pathology can 
interfere with binocular vision anomalies, which the patient might 
have had before the disease occurred. For these reasons binocular 
vision assessment in low vision seems crucial to differentiate be-
tween pathology and binocular vision disorders, as management 
and rehabilitation techniques in both cases are different.

Evaluation of binocular vision in low vision
A few authors have made an attempt to suggest some me-

thods of assessing binocular vision in people with poor vision. 
Rundström and Eperjesi (9) conducted their research in people 
with different ocular pathologies (most of the participants had 
AMD). Besides a detailed history and symptoms the authors as-
sessed heterophoria and heterotropia at near (using cover test), 
ocular movements, convergence, retinal correspondence (with 
Bagolini glasses) and horizontal vergence reserves with prisma-

tic measurement of any observed anomaly. All procedures were 
performed with a use of a pen torch.

Trauzettel-Klosinski (12) suggests evaluation of the corneal 
reflexes as a means of assessing fixation. Markowitz recom-
mends using the Titmus Fly as a method for assessing gross 
stereopsis and the King-Devick test to assess oculomotor func-
tion (11). The Titmus Fly booklet consists of three stereoscopic 
tests (the fly, the animals and the Wirt rings) based on the vec-
tographic technique. Nasally displaced polarised vectographs 
create an effect of images coming up off the page. Horizontal 
disparities in the test are progressively more difficult to  follow 
(from 3.600 to 40 sec of arc, when presented at 40 cm). An ob-
server should indicate which elements of the test are seen 
as elevated. The King-Devick test, developed in 1976, is an ob-
jective method of assessing saccadic eye movements and  vi-
sual tracking. It consists of one demonstration card and  three 
test cards. Each card contains a sequence of single digit num-
bers that become progressively more difficult to read because 
of spacing between them. An examined person is asked to read 
the numbers aloud from left to right on each card as quickly 
as possible without making any mistakes. The score is based 
on both number of errors and reading speed.

Rubin and colleagues (7) suggest that monocular and bino-
cular acuity can be an efficient predictor of reading speed in pe-
ople with visual disability.

Influence of binocular anomalies on low vision  
rehabilitation
Despite effective methods of treatment and surgery, for many 

people rehabilitation remains the only possible means of  impro-
ving visual function (12). Rehabilitation in low vision comprises 
visual procedures (proper refractive correction, low vision aids, 
exercises and visual techniques), everyday activities, spatial 
orientation and special care provided by ophthalmologists, psy-
chologists, social workers and others.

Kabanarou and colleagues (8) reported that people with AMD 
tend to demonstrate monocular preferred retinal loci (PRLs) on non-
corresponding areas of retina in both eyes. Moreover, they often 
use different retinal locations while viewing a target binocularly 
and monocularly. Because of this, gaze position is shifted in one or-
both eyes under binocular compared to monocular viewing condi-
tions. The authors showed that this shift is significantly correlated 
with the worse eye. These facts may affect binocular behaviour 
of people with AMD and influence their rehabilitation, particularly 
for the development or training of eccentric viewing strategies.

According to Rundström and Eperjesi (9), the presence of bi-
nocular anomalies makes it difficult, or even impossible, to use 
potentially useful visual aids. As a result, the patient is often re-
viewed for further assessment, which may result in  monocular 
occlusion or in use of rule-of-thumb procedures. This is confirmed 
by Trauzettel-Klosinski (12), who reports that  negative effects 
of improper correction are enhanced while using magnifying aids.

Analysis of many studies (e.g. 13–16) suggests that the most 
frequently prescribed low vision (LV) aids are magnifying  
glasses of various kinds and monoculars. A possible reason 
for that might be that these types of LV devices are easily ava-
ilable and quite easy to use (especially hand magnifiers). Howe-
ver, it does not mean that binocular vision aids cannot be used 
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successfully by people with visual impairment. Despite being 
prescribed rarely, binocular aids were also dispensed in the stu-
dies mentioned above. Moreover, as shown by Fonda in 1970 
(17), success rates for binocular vision aids can be quite high. 
In his research with binocular reading additions with prisms, 56 
out of 65 people (88%) judged the corrections to be successful.

Anecdotal reports suggest that some low vision specialists 
recommend binocular low vision devices quite often, whereas 
others express their reluctance due to a high failure rate ob-
served in their patients. Overlooking binocular status may be 
one reason for this poor rate of success. Assuming that binocu-
lar low vision aids can influence a user’s binocularity, it seems 
probable that individuals with poor binocularity can experience 
discomfort using binocular LV devices. For instance, the amount 
of prisms incorporated in binocular ‘high adds’ used for reading 
– regardless of the method of calculation (17–20) – may not en-
tirely compensate for the convergence demand correlated with 
a short observation distance caused by the power of the glas-
ses. Moreover, the glasses disrupt a physiological relation be-
tween accommodation and convergence in user’s visual sys-
tem and thus, can cause heterophoria (20). It seems intuitive 
that the induced heterophoria superimposes with patient’s own 
binocular status and – depending on its direction – might am-
plify or reduce subjective symptoms in a user. In addition, as 
mentioned above, magnification is another factor able to inten-
sify existing visual difficulties and discomfort in people using 
low vision aids. However, since influence of low vision devices 
on binocularity in people with visual impairment is rarely con-
sidered in both routine examinations and research work, these 
speculations need further investigation and confirmation.

Conclusion
Although rarely conducted, binocular vision assessment 

in  low vision is extremely important. It can help specialists dif-
ferentiate between pathology and binocular vision disorders, 
which may overlap in people with visual impairment. Advanta-
ges of  such an approach may include properly adjusted treat-
ment and  rehabilitation, satisfaction and efficient cooperation 
of the specialist and the patient. It must be kept in mind that even 
a small improvement in visual system of people suffering from 
low vision means a practical change in their quality of life. This is 
especially valuable for those who cannot be treated effectively 
and in whom rehabilitation remains the only possible option.
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