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ABSTRACT 

 

Traumatic brain injury is a multifaceted neurological condition with prevalent consequences across cognitive, 

motor and sensory domains. Among these, visual dysfunction is one of the most predominant yet underappreciated 

sequalae. Post visual syndromes subsequent TBI manifest through a spectrum of disorders which includes oculo 

motor dysfunction, cortical visual impairment, visual field deficiency and visuo perceptual anomalies. These 

deficiencies arise from diffuse axonal injury, cortical and subcortical lesions, metabolic compromise and 

maladaptive neural reorganization. Since vision reinforces navigation, learning and functional independence, 

impairment leads to thoughtful disability and psychological burden. This chapter provides as in-depth assessment 

of the neurobiological keystones, clinical manifestations, diagnostic approaches and rehabilitation approaches for 

visual dysfunction after TBI, while prominently showing future directions in neuro optometric care.  
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7.1 INTRODUCTION 
 

Traumatic brain injury (TBI) is recognized as a 

leading cause of acquired disability worldwide, 

primarily affecting young adults, military veterans, 

and the elderly (Greenwald et al., 2012). Advances 

in critical care management have increased survival 

rates, but they have also revealed the long-term 

burden of persistent neurological sequelae. Vision, 

as the predominant sensory modality, is highly 

vulnerable to disruption following trauma (Ventura 

et al., 2014). The intricate architecture of the visual 

system, spanning from the retina through subcortical 

pathways to higher cortical centers, means that even 

minor injuries can cause significant visual 

dysfunction (Mendoza & Foundas, 2007; Zasler et 

al., 2022). Post-TBI visual syndromes contribute to 

disability in both obvious and subtle ways. 

Individuals may present with hemianopia that 

directly compromises mobility, or they may suffer 

from oculomotor fatigue, visual motion 

hypersensitivity, or cortical visual impairment 

(CVI), which interrupt daily living and academic or 

occupational functioning (Kapoor & Ciuffreda, 

2002; Rowe et al., 2019). Unfortunately, many of 

these disturbances remain underdiagnosed due to 

their variable presentation and overlap with post- 

 

 

 

 

 

concussive cognitive symptoms (Goodrich et al., 

2014). Distinguishing and addressing post-TBI 

visual sequelae is, therefore, a critical component of 

comprehensive neurorehabilitation (Pappadis et al., 

2017). 

 

7.2 NEUROBIOLOGICAL BASIS 

 

The visual consequences of TBI arise from a 

convergence of functional and structural disruptions 

within the brain. Diffuse axonal injury (DAI) is a 

hallmark feature, occurring when shear forces from 

acceleration-deceleration impact disrupt white 

matter tracts (Zasler et al., 2022). The optic 

radiations, corpus callosum, and long association 

fibers connecting parietal, occipital, and temporal 

lobes are particularly susceptible, leading to 

impaired integration of visual information (Ventura 

et al., 2014). Direct cortical damage to the occipital 

lobe results in visual field deficits, whereas parietal 

injury produces visuospatial neglect and temporal 

lobe trauma disturbs object recognition (Mendoza & 

Foundas, 2007). Subcortical structures including the 

lateral geniculate nucleus (LGN) and superior 

colliculus may also be affected, impairing reflexive 
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visual responses. Moreover, brainstem or midbrain 

trauma can involve ocular motor nuclei and 

supranuclear pathways, leading to gaze palsy, 

diplopia, and vergence dysfunction (Ciuffreda et al., 

2007). Secondary metabolic and vascular changes 

like ischemia, hypoxia, and excitotoxicity further 

exacerbate neuronal loss within visual circuits (Sabel 

et al., 2011). 

 

7.3 CLINICAL MANIFESTATIONS 
 

Visual dysfunction following traumatic brain injury 

(TBI) presents with a broad spectrum of clinical 

manifestations that reflect the complex involvement 

of cortical, subcortical, and brainstem visual 

pathways. The type and severity of symptoms vary 

according to the location and extent of neural injury, 

ranging from subtle ocular motor abnormalities to 

profound cortical visual impairment. These deficits 

significantly interfere with reading, mobility, 

occupational performance, and activities of daily 

living, thereby reducing overall quality of life. One 

of the most common manifestations of TBI is 

oculomotor dysfunction, which affects the 

coordination and control of eye movements. Patients 

frequently exhibit impaired saccades, reduced 

smooth pursuit, convergence insufficiency, 

accommodative dysfunction, and fixation instability. 

These abnormalities result in poor tracking of 

moving objects, blurred near vision, difficulty 

reading, visual fatigue, headaches, and intermittent 

diplopia. Convergence insufficiency is particularly 

prevalent following mild traumatic brain injury and 

post-concussion syndrome, contributing 

substantially to persistent visual discomfort and 

reduced reading efficiency (Ciuffreda et al., 2007; 

Capó-Aponte et al., 2012; Hunfalvay et al., 2020). 

Visual field defects are another important 

consequence of traumatic brain injury and 

commonly result from damage to the optic 

radiations, occipital cortex, or posterior visual 

pathways. Depending on the location of injury, 

patients may develop homonymous hemianopia, 

quadrantanopia, or localized scotomas that 

compromise peripheral vision and spatial awareness. 

These deficits increase the risk of falls, impair 

driving performance, reduce environmental 

awareness, and negatively affect independent 

mobility.  

 

Although some spontaneous improvement may 

occur through cortical adaptation, many individuals 

require compensatory visual scanning strategies to 

improve functional performance (Suchoff et al., 

2008). Cortical visual impairment (CVI) represents a 

higher-order visual disorder in which visual 

processing is impaired despite structurally normal 

eyes and intact anterior visual pathways. The 

condition arises from injury to the occipital cortex or 

association visual areas and primarily affects the 

dorsal ("where") and ventral ("what") visual 

processing streams. Patients may experience 

difficulty recognizing faces or objects, interpreting 

complex visual scenes, maintaining visual attention, 

and integrating visual information with cognitive 

function. Consequently, activities such as reading, 

navigation, and object localization become 

significantly impaired despite preserved visual 

acuity (Zasler et al., 2022). Many individuals with 

TBI also develop photosensitivity and visual motion 

hypersensitivity, particularly following concussion 

or diffuse axonal injury. Increased sensitivity to 

bright light often produces headaches, dizziness, 

ocular discomfort, nausea, and reduced visual 

endurance. Similarly, visually complex or dynamic 

environments, including crowded public spaces, 

scrolling computer screens, or moving traffic, may 

provoke disorientation, imbalance, and motion 

intolerance. These symptoms frequently overlap 

with post-concussion syndrome and substantially 

limit social participation, occupational performance, 

and community reintegration (Alnawmasi et al., 

2022; Capó-Aponte et al., 2012). In addition, 

visuospatial and visuoperceptual deficits commonly 

occur following injury to the parietal and occipital 

association cortices. Patients may demonstrate 

impaired depth perception, spatial neglect, reduced 

visual-motor integration, impaired hand-eye 

coordination, and difficulties with spatial 

orientation. These higher-order visual deficits 

interfere with balance, navigation, reaching 

movements, driving, and the execution of complex 

daily tasks, creating significant safety concerns and 

increasing dependence on caregivers (Greenwald et 

al., 2012). 

 

7.4 DIAGNOSTIC APPROACHES 

 

The evaluation of visual dysfunction following 

traumatic brain injury requires a comprehensive, 

multidisciplinary approach that integrates detailed 

clinical assessment, neuro-optometric examination, 

neuroimaging, electrophysiological testing, and 

cognitive visual evaluation. Accurate diagnosis is 

essential for identifying the specific visual deficits, 

determining their underlying neuroanatomical basis, 

and developing individualized rehabilitation 

strategies. Assessment begins with a thorough 

clinical history focusing on symptoms such as 

blurred vision, diplopia, headaches, photosensitivity, 

reading difficulty, dizziness, visual fatigue, motion 

sensitivity, and problems with balance or navigation. 

The temporal relationship between symptom onset 

and traumatic injury, together with their impact on 
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functional activities, provides valuable information 

regarding the severity and progression of visual 

dysfunction (Richmond & Whittaker, 2020). 

Comprehensive neuro-optometric examination 

evaluates both sensory and motor components of 

vision. Testing includes measurement of visual 

acuity, refractive status, accommodation, 

convergence, binocular vision, ocular alignment, 

vergence ranges, fixation stability, saccadic eye 

movements, smooth pursuit, and vestibulo-ocular 

reflex function. These assessments help identify 

subtle ocular motor abnormalities that frequently 

remain undetected during routine ophthalmological 

examinations (Goodrich et al., 2014). 

 

Objective investigations further enhance diagnostic 

accuracy. Automated perimetry is used to detect 

visual field defects, while contrast sensitivity testing 

identifies subtle impairments in visual perception 

that may not be reflected by standard visual acuity 

measurements. Electrophysiological investigations, 

particularly visual evoked potentials (VEP), assess 

the functional integrity of the visual pathways and 

assist in differentiating cortical from pre-cortical 

visual dysfunction. Advanced neuroimaging 

techniques provide valuable insights into the 

structural and functional consequences of traumatic 

brain injury. Structural magnetic resonance imaging 

(MRI) identifies focal cortical lesions, hemorrhage, 

and diffuse brain injury, whereas diffusion tensor 

imaging (DTI) evaluates white matter integrity and 

demonstrates diffuse axonal injury involving visual 

pathways. Functional magnetic resonance imaging 

(fMRI) further contributes by identifying altered 

cortical activation patterns and neural reorganization 

associated with visual recovery and compensatory 

neuroplasticity (Ventura et al., 2014). Evaluation of 

higher-order visual function is equally important, 

particularly in patients suspected of cortical visual 

impairment. Cognitive visual testing examines 

object recognition, facial recognition, visual 

attention, spatial perception, visual memory, 

executive visual processing, and visuospatial 

integration, thereby facilitating comprehensive 

assessment of cortical visual dysfunction and 

guiding appropriate rehabilitation strategies (Rowe 

et al., 2019). 

 

7.5 REHABILITATION STRATEGIES 
 

Rehabilitation of visual dysfunction following 

traumatic brain injury is individualized and 

multidisciplinary, combining neuro-optometric 

interventions, vision therapy, optical correction, 

compensatory training, and neuroplasticity-based 

rehabilitation to maximize functional recovery. 

Treatment aims to restore visual performance, 

improve ocular motor control, reduce symptoms, and 

enhance independence in daily activities. Vision 

therapy remains one of the primary rehabilitation 

approaches for post-traumatic visual dysfunction. 

Structured therapeutic exercises target impaired 

saccades, smooth pursuit, convergence, 

accommodation, fixation stability, and binocular 

coordination through repetitive, task-specific 

training designed to promote adaptive 

neuroplasticity. Regular therapy improves reading 

efficiency, reduces visual fatigue, enhances eye 

movement accuracy, and facilitates functional visual 

performance (Ciuffreda et al., 2007). Optical 

rehabilitation also plays a significant role in 

managing post-TBI visual disorders. Prism lenses 

are frequently prescribed to reduce diplopia, improve 

binocular alignment, compensate for ocular 

misalignment, and expand functional visual fields. 

Specialized tinted lenses, anti-glare coatings, and 

precision optical filters are beneficial for managing 

photosensitivity and improving visual comfort 

during prolonged visual activities. 

 

Patients with visual field defects benefit from 

compensatory rehabilitation techniques that teach 

systematic visual scanning strategies to improve 

environmental awareness and mobility. In selected 

cases, computer-based visual field restitution 

therapy may stimulate residual cortical function and 

promote partial recovery of visual field awareness 

(Suchoff et al., 2008). Management of cortical visual 

impairment focuses on improving higher-order 

visual processing through multisensory integration 

training, cognitive rehabilitation, simplified 

environmental design, and task-specific functional 

exercises. These interventions encourage cortical 

reorganization while reducing visual complexity to 

facilitate more effective information processing 

(Zasler et al., 2022). Individuals experiencing 

motion hypersensitivity and vestibular symptoms 

often benefit from vestibulo-ocular rehabilitation, 

which combines gaze stabilization exercises, balance 

training, habituation therapy, and gradual exposure 

to visually stimulating environments. These 

interventions reduce dizziness, improve postural 

stability, and enhance tolerance to complex visual 

motion (Capó-Aponte et al., 2012). 

 

Recent advances in neurorehabilitation have 

introduced innovative therapies aimed at enhancing 

cortical plasticity. Non-invasive brain stimulation 

techniques, including transcranial direct current 

stimulation (tDCS) and repetitive transcranial 

magnetic stimulation (rTMS), are being investigated 

as adjunctive therapies to facilitate neural recovery. 

Similarly, virtual reality (VR)-based rehabilitation 

provides immersive, interactive environments that 
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simulate real-world visual challenges while 

promoting adaptive neuroplasticity, improving 

visuomotor integration, and enhancing functional 

recovery (Sabel et al., 2011). Successful 

rehabilitation requires close collaboration among 

neuro-optometrists, neurologists, ophthalmologists, 

occupational therapists, physiotherapists, 

psychologists, and rehabilitation specialists to 

address the diverse visual, cognitive, and functional 

impairments associated with traumatic brain injury 

(Pappadis et al., 2017; Rowe et al., 2019). 

 

7.6 FUTURE DIRECTIONS 

 

Research into post-traumatic visual dysfunction is 

progressing rapidly with advances in neuroimaging, 

artificial intelligence, and neurorehabilitation 

technologies. Emerging neuroimaging biomarkers 

based on functional MRI, diffusion tensor imaging, 

and connectomic analysis are expected to improve 

early diagnosis, characterize cortical reorganization, 

and predict long-term visual outcomes following 

traumatic brain injury. Artificial intelligence and 

machine learning algorithms integrated with 

advanced eye-tracking systems have the potential to 

automate visual function assessment, identify subtle 

ocular motor abnormalities, and develop 

personalized rehabilitation programs tailored to 

individual patterns of neurological impairment. 

Virtual reality and augmented reality platforms 

continue to evolve as immersive rehabilitation tools 

that simulate realistic visual environments while 

providing real-time performance feedback and 

objective monitoring of recovery. Future 

rehabilitation is likely to adopt precision medicine 

approaches that combine neuroimaging, digital 

biomarkers, and individualized neuroplasticity-

based interventions. Furthermore, greater integration 

of neuro-optometry within multidisciplinary 

neurorehabilitation teams will enhance 

comprehensive patient care and maximize functional 

recovery for individuals living with traumatic brain 

injury. 

 

7.7 CONCLUSION 

 
Traumatic brain injury frequently produces a diverse 

range of visual disorders that substantially impair 

functional independence, occupational performance, 

learning, mobility, and overall quality of life. 

Oculomotor dysfunction, visual field defects, 

cortical visual impairment, photosensitivity, motion 

intolerance, and visuospatial deficits reflect the 

vulnerability of the visual system to traumatic injury 

and the complex disruption of cortical and 

subcortical visual networks. Comprehensive clinical 

evaluation supported by advanced neuroimaging, 

neuro-optometric assessment, and 

electrophysiological testing is essential for accurate 

diagnosis and effective treatment planning. 

Individualized rehabilitation programs that integrate 

vision therapy, optical correction, compensatory 

strategies, neuroplasticity-based interventions, and 

emerging technologies such as virtual reality and 

non-invasive neuromodulation offer promising 

opportunities for functional recovery. Continued 

advances in neuroscience, neuroimaging, artificial 

intelligence, and multidisciplinary rehabilitation are 

expected to further improve the diagnosis, 

management, and long-term outcomes of visual 

dysfunction following traumatic brain injury, 

emphasizing the central role of vision in successful 

neurorehabilitation. 

 

7.8 BIBLIOGRAPHY 

 

1. Alnawmasi, M. M., Mann, D. L., & Lee, H.-S. 

(2022). The effect of mild traumatic brain injury 

on the visual processing of global form and 

motion. Brain Injury, 36(6), 743–752. 

https://doi.org/10.1080/02699052.2022.206316

5 

2. Capó-Aponte, J. E., Urosevich, T. G., Temme, 

L. A., Tarbett, A. K., & Sanghera, N. K. (2012). 

Visual dysfunctions and symptoms during the 

subacute stage of blast-induced mild traumatic 

brain injury. Military Medicine, 177(7), 804–

813. https://doi.org/10.7205/milmed-d-12-

00061 

3. Ciuffreda, K. J., Kapoor, N., Rutner, D., 

Suchoff, I. B., Han, M. E., & Craig, S. (2007). 

Occurrence of oculomotor dysfunctions in 

acquired brain injury: A retrospective analysis. 

Optometry, 78(4), 155–161. 

https://doi.org/10.1016/j.optm.2006.11.011 

4. Goodrich, G. L., Martinsen, G. L., Flyg, H. M., 

Kirby, J., Garvey, K. A., & Dawe, N. (2014). 

Development of a mild traumatic brain injury-

specific vision screening protocol: A Delphi 

study. Journal of Rehabilitation Research and 

Development, 51(6), vi–xviii. 

https://doi.org/10.1682/JRRD.2013.10.0227 

5. Greenwald, B. D., Kapoor, N., & Singh, A. D. 

(2012). Visual impairments in the first year after 

traumatic brain injury. Brain Injury, 26(11), 

1338–1359. 

https://doi.org/10.3109/02699052.2012.706356 

6. Hunfalvay, M., Roberts, C.-M., Murray, N., 

Tyagi, A., Barclay, K., & Bolte, T. (2020). 

Oculomotor behavior as a biomarker for 

differentiating Pediatric patients with mild 

traumatic brain injury and age matched controls. 

Frontiers in Behavioural Neuroscience, 14, 

https://doi.org/10.1080/02699052.2022.2063165
https://doi.org/10.1080/02699052.2022.2063165
https://doi.org/10.7205/milmed-d-12-00061
https://doi.org/10.7205/milmed-d-12-00061
https://doi.org/10.1016/j.optm.2006.11.011
https://doi.org/10.1682/JRRD.2013.10.0227
https://doi.org/10.3109/02699052.2012.706356


Chapter-7                                                               Traumatic Brain Injury and Post-Visual Syndromes 

 

35 | P a g e  
 

581819. 

https://doi.org/10.3389/fnbeh.2020.581819 

7. Kapoor, N., & Ciuffreda, K. J. (2002). Vision 

disturbances following traumatic brain injury. 

Current Treatment Options in Neurology, 4(4), 

271–280. https://doi.org/10.1007/s11940-002-

0027-z 

8. Mendoza, J. E., & Foundas, A. L. (2007). 

Clinical neuroanatomy: A neurobehavioral 

approach. Springer Science & Business Media. 

9. Pappadis, M. R., Sander, A. M., Łukaszewska, 

B., Struchen, M. A., & Leung, P. (2017). The 

need for a holistic approach to post-traumatic 

brain injury visual impairment: A case report. 

Journal of Vocational Rehabilitation, 47(2), 

235–246. https://doi.org/10.3233/JVR-170896 

10. Richmond, P. W., & Whittaker, K. W. (2020). A 

practical approach to vision after brain injury. 

Practical Neurology, 20(3), 181–188. 

https://doi.org/10.1136/practneurol-2019-

002384 

11. Rowe, F. J., Hepworth, L. R., & Howard, C. 

(2019). Vision after acquired brain injury: A 

Delphi study of expert consensus on effective 

assessment and intervention. Disability and 

Rehabilitation, 41(21), 2521–2532. 

https://doi.org/10.1080/09638288.2018.147116

8 

12. Sabel, B. A., Henrich-Noack, P., Fedorov, A., & 

Gall, C. (2011). Vision restoration after brain 

injury and blindness: Therapeutic strategies and 

current achievements. Restorative Neurology 

and Neuroscience, 29(6), 395–411. 

https://doi.org/10.3233/RNN-2011-0613 

13. Suchoff, I. B., Kapoor, N., Ciuffreda, K. J., 

Rutner, D., Han, E., & Craig, S. (2008). The 

frequency of occurrence, types, and 

characteristics of visual field defects in acquired 

brain injury: A retrospective analysis. 

Optometry, 79(5), 259–265. 

https://doi.org/10.1016/j.optm.2007.10.012 

14. Ventura, R. E., Balcer, L. J., & Galetta, S. L. 

(2014). The neuro-ophthalmology of head 

trauma. The Lancet Neurology, 13(10), 1006–

1016. https://doi.org/10.1016/S1474-

4422(14)70111-5 

15. Zasler, N. D., Katz, D. I., & Zafonte, R. D. 

(Eds.). (2022). Brain injury medicine: Principles 

and practice (3rd ed.). Demos Medical 

Publishing.        

 

 

https://doi.org/10.3389/fnbeh.2020.581819
https://doi.org/10.1007/s11940-002-0027-z
https://doi.org/10.1007/s11940-002-0027-z
https://doi.org/10.3233/JVR-170896
https://doi.org/10.1136/practneurol-2019-002384
https://doi.org/10.1136/practneurol-2019-002384
https://doi.org/10.1080/09638288.2018.1471168
https://doi.org/10.1080/09638288.2018.1471168
https://doi.org/10.3233/RNN-2011-0613
https://doi.org/10.1016/j.optm.2007.10.012
https://doi.org/10.1016/S1474-4422(14)70111-5
https://doi.org/10.1016/S1474-4422(14)70111-5

