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ABSTRACT 

 

Binocular vision is a highly coordinated neurophysiological process that depends on the precise integration of 

sensory and motor mechanisms across cortical, subcortical, cerebellar, and brainstem networks. Neurological 

disorders can disrupt this complex system, resulting in binocular imbalance characterized by diplopia, 

suppression, impaired stereopsis, and anomalous retinal correspondence. These abnormalities arise from diverse 

pathophysiological mechanisms, including cranial nerve palsies, brainstem lesions, cortical dysfunction, 

cerebellar disorders, and maladaptive neuroplastic changes affecting binocular integration. Understanding the 

neural basis of binocular imbalance is essential for accurate neurological localization, diagnosis, and 

rehabilitation. This chapter provides a comprehensive overview of the neuroanatomical foundations of binocular 

vision, the mechanisms underlying binocular dysfunction in neurological diseases, associated clinical 

manifestations, modern diagnostic approaches, and emerging neuro-optometric rehabilitation strategies. By 

integrating contemporary neuroscience with clinical neuro-optometry, it highlights binocular imbalance as both 

an important diagnostic indicator and a major target for therapeutic intervention. 
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13.1 INTRODUCTION 
 

The human visual system is fundamentally 

binocular. The fusion of two slightly dissimilar 

retinal images provides spatial localization, depth 

perception, and improved visual acuity (Howard & 

Rogers, 2012). This integration depends on precise 

ocular alignment, cortical sensory fusion, and 

higher-order perceptual fusion. Neurological 

disorders, by disrupting one or more of these 

hierarchical processes, create profound disruptions 

in binocular equilibrium. Unlike primary ophthalmic 

disorders that mainly affect the optics or mechanical 

structures of the eye, neurological conditions 

manifest their effects through lesions or dysfunction 

at supranuclear, nuclear, or cortical levels, resulting 

in highly variable clinical presentations (Gonzalez & 

Wong, 2021). The concept of binocular imbalance 

extends beyond simple strabismus. It encompasses a 

range of dysfunctions, including phenomena of 

suppression, fusion failure, anomalous 

correspondence, and discrepancies in stereopsis 

(Birch, 2013). Importantly, such dysfunctions may 

not only reflect the primary neurological lesion but 

also contribute significantly to patient disability,  

 

 

 

 

 

affecting mobility, reading ability, spatial 

orientation, and overall quality of life (Bohotin et al., 

2021). With the advent of modern neuroimaging, 

electrophysiology, and innovative rehabilitation 

procedures, our understanding of this phenomenon 

has expanded significantly. 

 

13.2 NEUROANATOMICAL FOUNDATIONS 

OF BINOCULAR VISION 

 

Binocular vision arises from a distributed neural 

network. The retina initiates binocular processing by 

transmitting partially overlapping fields of view 

through the optic nerve to the lateral geniculate 

nucleus (LGN). In the LGN, monocular signals 

remain separated but are aligned in a laminar 

architecture, preparing for integration in the primary 

visual cortex (Wong, 2012). Disparity-sensitive 

neurons in V1 respond to differences between the 

images of the two eyes, forming the basis of depth 

perception. These signals are processed in 

extrastriate areas like V2, V3, and MT/V5, which 

specialize in motion-in-depth and stereo motion 
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processing. The dorsal visual stream, projecting 

towards the parietal lobe, facilitates visuospatial 

analysis and guides vergence and tracking ocular 

movements, while the ventral stream towards the 

temporal lobe integrates binocular cues for object 

recognition (Rizzo & Vecera, 2002). Subcortical 

structures like the superior colliculus facilitate 

reflexive binocular movements, and the cerebellum 

ensures adaptive fine-tuning of vergence amplitude 

and ocular alignment (Leigh & Zee, 2015). The 

brainstem, through the medial longitudinal 

fasciculus, links the nuclei of cranial nerves III, IV, 

and VI to coordinate conjugate gaze (Strupp & 

Kremmyda, 2013). This orderly and interconnected 

framework illustrates why lesions at different sites of 

the nervous system can generate highly varied 

binocular disturbances. 

 

13.3 PATHOPHYSIOLOGY OF BINOCULAR 

IMBALANCE IN NEUROLOGICAL 

DISORDERS 

 

Neurological diseases disturb binocular balance 

through varied mechanisms. Supranuclear lesions, as 

found in stroke, may generate skew deviation due to 

disruption of graviceptive pathways. Hemispheric 

infarctions can also result in spatial neglect, where 

inputs from one hemifield or one eye are suppressed, 

creating asymmetric binocular perception (Müri & 

Nyffeler, 2008). In multiple sclerosis, demyelination 

of the medial longitudinal fasciculus produces 

internuclear ophthalmoplegia, a classic form of 

binocular imbalance characterized by defective 

adduction of one eye and nystagmus of the abducting 

fellow eye (Strupp & Kremmyda, 2013). Basal 

ganglia disorders like Parkinson’s disease generate 

insufficiency of convergence due to impaired 

dynamics of vergence, often manifesting as visual 

fatigue during near tasks (Safran & Gambazzi, 

2015). Similarly, progressive supranuclear palsy 

results in profound deficiency of vertical gaze and 

vergence mechanisms (Leigh & Zee, 2015). At the 

infranuclear and nuclear levels, cranial neuropathies 

generate predictable patterns of binocular 

misalignment. Oculomotor nerve palsy produces 

ptosis, exotropia, and pupil involvement, while 

trochlear nerve palsy generates torsional and vertical 

imbalance, characteristically compensated with a 

contralateral head tilt. Abducens nerve palsy is 

commonly related to raised intracranial pressure or 

microvascular ischemia, resulting in horizontal 

diplopia and esotropia. These disturbances 

underscore the susceptibility of ocular motor cranial 

nerves to both focal and systemic insults. Cortical 

lesions exert more subtle yet profound effects. 

Occipital lobe damage can reduce stereopsis and 

depth perception (Rizzo & Vecera, 2002). Parietal 

lesions impair spatial localization and binocular 

coordination, often developing mislocalization 

phenomena and neglect syndromes. Frontal lobe 

dysfunction disturbs saccadic planning, leading to 

unstable binocular fixation (Müri & Nyffeler, 2008). 

Prolonged discordance between the two eyes often 

leads to adaptive cortical strategies like anomalous 

retinal correspondence, suppression, or even 

functional amblyopia, particularly in children 

(Pineles & Velez, 2015; Birch, 2013). Adults, with 

less adaptive plasticity, often suffer chronic diplopia 

and perceptual instability. 

 

13.4 CLINICAL MANIFESTATIONS 

 

Patients with binocular imbalance due to 

neurological disorders present with a wide spectrum 

of symptoms. Diplopia remains the most common 

and disabling complaint, frequently associated with 

an abnormal posture or head tilt adopted to minimize 

diplopia (Gonzalez & Wong, 2021). Suppression 

phenomena may manifest as a subjective 

disappearance of one eye’s contribution, particularly 

in chronic cases (Pineles & Velez, 2015). Reduced 

stereopsis impairs depth judgment, leading to 

difficulties in driving, mobility, and eye-hand 

coordination (Howard & Rogers, 2012). Some 

patients may experience oscillopsia due to unstable 

binocular fusion or nystagmus (Strupp & 

Kremmyda, 2013). Pediatric populations may 

develop strabismic amblyopia as a consequence of 

prolonged imbalance (Birch, 2013). Notably, the 

psychological burden of binocular dysfunction is 

considerable, often contributing to depression, 

anxiety, and reduced social participation (Bohotin et 

al., 2021). 

 

13.5 DIAGNOSTIC APPROACHES 
 

The assessment of binocular imbalance requires a 

multimodal approach. Clinical evaluation begins 

with a comprehensive history, testing of ocular 

alignment, and measurement of fusion reserves and 

stereopsis (Scheiman & Wick, 2014). Maddox Rod 

testing, the prism cover test, and Hess charting help 

to quantify misalignment. Neuro-ophthalmological 

testing often integrates visual field testing to detect 

associated cortical deficits. Neuroimaging plays a 

pivotal role in identifying structural lesions. 

Magnetic resonance imaging (MRI) is essential for 

detecting demyelination, infarcts, tumors, or 

compressive neuropathies (Gonzalez & Wong, 

2021). Functional imaging such as fMRI elucidates 

cortical activation patterns during binocular tasks. 

Electrophysiological measures, including visual 

evoked potentials, provide insights into the dynamics 

of binocular integration and vergence control 
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(Wong, 2012). Advances in eye-tracking technology 

allow precise quantification of saccades and 

vergence responses, enabling objective assessment 

of binocular coordination (Krauzlis, 2004). 

 

13.6 MANAGEMENT STRATEGIES 
 

Therapeutic interventions for binocular imbalance 

are tailored to the underlying pathology and the 

functional needs of the patient. In acute neurological 

disorders like multiple sclerosis or stroke, 

management is often supportive initially, with 

spontaneous recovery possible. Prisms remain a 

mainstay for alleviating diplopia, particularly in 

stable cranial nerve palsies. Occlusion therapy may 

be advised for intractable diplopia but sacrifices 

binocular function (Scheiman & Wick, 2014). 

Vision therapy, particularly for convergence 

insufficiency, has shown promise in improving 

vergence amplitudes and restoring functional 

binocular comfort (Scheiman & Wick, 2014). 

Neuro-optometric rehabilitation involves structured 

exercises aimed at recalibrating ocular alignment 

and fusion reserves. Surgical interventions may be 

indicated for chronic, stable strabismus due to cranial 

neuropathy, offering both functional and cosmetic 

improvement. Emerging approaches include non-

invasive brain stimulation techniques like 

transcranial magnetic stimulation, which target 

cortical plasticity to improve binocular integration 

(Kim & Park, 2020). Pharmacological correction of 

neurotransmitter imbalances in disorders like 

Parkinson’s disease may also improve binocular 

control (Safran & Gambazzi, 2015). 

 

13.7 FUTURE DIRECTIONS 
 

The study of binocular imbalance in neurological 

disorders is evolving rapidly. Advancements in 

connectomics and high-resolution imaging promise 

to unravel the complex connections between cortical 

and subcortical circuits involved in binocular vision. 

AI-driven eye tracking and VR-based diagnostic 

platforms hold potential for objective, real-world 

evaluation of binocular function (Peli, 2016). 

Rehabilitation is moving towards these new 

technologies, with VR-based vision therapy offering 

dynamic and personalized retraining of binocular 

coordination (Kim & Park, 2020). Moreover, long-

term studies are increasingly identifying binocular 

dysfunction as an early marker in neurodegenerative 

conditions like Parkinson’s disease, opening avenues 

for early diagnosis and intervention (Gonzalez & 

Wong, 2021). 

13.8 CONCLUSION 
 

Binocular disparity in neurological disorders 

demonstrates the complicated interplay between 

neural networks, ocular motor pathway and cortical 

plasticity. The range of manifestations, extending 

from overt diplopia to elusive suppression 

phenomena, reflects the disseminated nature of 

binocular control across multiple levels of the 

nervous system. A multi disciplinary method is 

important for accurate diagnosis and detailed 

management. As our considerate of neural 

mechanism deepens, advanced rehabilitative and 

neuro modulatory approaches are evolving, offers 

the promise of enhanced visual function and 

improved quality of life for affected individual.  
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