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Abstract

Human gait is a complex sensorimotor process that depends on the coordinated
interaction of cortical, subcortical, brainstem, and spinal neural networks.
Effective locomotion requires continuous integration of sensory information
from visual, vestibular, and somatosensory systems to maintain postural
stability, spatial orientation, and adaptive motor control. Among these inputs,
the visual system plays a crucial role in guiding locomotion by providing
information related to environmental structure, obstacle location, depth,
motion, and spatial navigation. Visual cues contribute to both anticipatory
(feedforward) and real-time (feedback) control of gait, influencing foot
placement, obstacle negotiation, and heading perception.

This chapter reviews current evidence on the relationship between visual
function and gait performance across the lifespan. The chapter also explores
neural mechanisms underlying visual-motor integration and the role of
multisensory processing in locomotor control.

Existing literature consistently demonstrates that visual impairments
significantly influence gait characteristics, including walking speed, stride
length, variability, and balance stability. Deficits in contrast sensitivity and
peripheral visual fields are particularly associated with mobility limitations and
increased fall risk. Additionally, disruptions in optic flow processing, binocular
depth perception, and motion detection affect accurate foot placement and
adaptive locomotor responses. Clinical populations such as individuals with
glaucoma, Parkinson’s disease, stroke, amblyopia, and other visual disorders
frequently exhibit altered gait patterns due to impaired visual input. Although
the nervous system can partially compensate for visual deficits through sensory
reweighting, delayed or ineffective reweighting may lead to instability and
increased fall susceptibility.

Understanding the interaction between visual function and locomotion has
important implications for clinical assessment, rehabilitation, and fall
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prevention strategies. Integrating comprehensive visual evaluation with gait and
balance assessment can improve diagnosis and guide targeted interventions
aimed at enhancing mobility and functional independence. The chapter
highlights the need for multidisciplinary approaches combining vision science,
neuroscience, and rehabilitation to optimize locomotor performance across
diverse populations.

Keywords: Gait, Visual function, Contrast sensitivity, Visual fields,
Stereopsis, Optic flow, Binocular vision, Fall risk, Locomotion, Neural
Integration, Multisensory Processing.

1. Introduction

Human gait is a complex sensorimotor activity that requires coordinated
interaction among cortical, subcortical, brainstem, and spinal systems. These
integrated neural processes enable locomotion to achieve five fundamental
objectives: maintenance of vertical support, balance control, task-appropriate
postural stability, safe foot trajectory, and stabilization of the visual and
vestibular apparatus during movement.!

Successful locomotion depends heavily on continuous sensory feedback from
visual, vestibular, and somatosensory systems. These sensory inputs contribute
to an internal representation of body orientation and environmental context,
allowing the nervous system to dynamically adapt motor output during walking.
Importantly, these modalities converge at multiple levels of the central nervous
system, enabling flexible and context-dependent modulation of gait.

Among these sensory systems, vision plays a particularly critical role. The
visual system provides essential information about environmental structure,
contrast, luminance, motion, depth, and object recognition. This information is
processed through two major cortical pathways: the dorsal stream (“vision-for-
action”) and the ventral stream (“vision-for-perception”). These parallel
pathways support both anticipatory and reactive control of locomotion by
guiding foot placement, obstacle negotiation, and navigation through complex
environments. 1

The significance of vision in locomotion is further highlighted by
epidemiological evidence. Falls represent a major public health concern
worldwide. In 2021 alone, an estimated 45,657,816 new falls occurred among
older adults globally, representing a 182% increase since 1990.2 Visual
impairment is one of the most important modifiable risk factors contributing to
falls and mobility limitations. Consequently, understanding the relationship
between visual function and gait control has become increasingly important for
clinicians, researchers, and public health professionals.
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2. Overview of Gait Control

2.1 Gait Cycle

The gait cycle represents the sequence of movements occurring between two
consecutive contacts of the same foot with the ground. It consists of two
primary phases: the stance phase and the swing phase.3

The stance phase accounts for approximately 60% of the gait cycle and
involves the period during which the foot remains in contact with the ground,
supporting body weight and providing propulsion. The swing phase comprises
the remaining 40% of the cycle and involves advancement of the limb forward
in preparation for the next step.

Each phase is further subdivided into functional components that allow precise
coordination of posture, balance, and forward progression. These subdivisions
ensure efficient weight transfer, maintenance of stability, and smooth
progression during locomotion.

2.2 Neural Control

Gait control is hierarchically organized across multiple neural structures.
Cortical regions such as the primary motor cortex, premotor cortex, and
supplementary motor area play crucial roles in the planning, initiation, and
adaptive regulation of locomotion.* These regions integrate sensory information
and generate voluntary motor commands necessary for purposeful walking.

The corticospinal tract serves as a primary pathway for voluntary motor control
of gait. Disruption of this pathway, as observed in various neurological
disorders, can lead to impaired motor coordination, reduced stability, and
altered locomotor patterns.®

Subcortical structures also contribute significantly to locomotor control. The
basal ganglia are involved in the initiation of movement and the rhythmic
patterning of stepping. The mesencephalic locomotor region provides
locomotor drive and regulates walking speed.®

The cerebellum plays an essential role in coordinating motor activity, ensuring
accurate timing, and correcting movement errors. ’ Through continuous
comparison of intended and executed movements, the cerebellum refines motor
output and contributes to smooth, coordinated gait.

2.3 Multisensory Integration in Locomotion

Human locomotion depends on the integration of multiple sensory modalities,
including vision, vestibular input, and proprioception.®

Visual information provides details about environmental layout, optic flow
patterns, and potential obstacles. Vestibular signals convey information about
head motion and orientation relative to gravity, which is essential for

43 Authors: Chiranjib Majumder, Mousom Sarkar



Vision and Human Gait: Neural Integration ... CHAPTER 6

maintaining balance and stabilizing gaze during movement. ® Proprioceptive
input from muscles, tendons, and joints informs the central nervous system
about limb position and movement dynamics.

The brain dynamically adjusts the relative importance of these sensory inputs
through a mechanism known as sensory reweighting.®

When one sensory modality becomes unreliable, the nervous system increases
reliance on alternative sources of information to maintain stability.

In neurological conditions such as Parkinson’s disease, impairments in visual—
vestibular integration can disrupt this adaptive process, leading to characteristic
gait disturbances and postural instability.'°

2.4 Role of Vision in Gait and Locomotion

Visual input plays a crucial role in regulating gait speed, direction, and
stability. Experimental studies have demonstrated that manipulating visual
information alone—such as simulating changes in terrain inclination—can
significantly alter walking speed, even when the physical walking surface
remains unchanged.

Conversely, removing or reducing visual information affects lower limb
coordination and disrupts control of the body’s centre of mass during walking.
12 These findings emphasize the importance of visual feedback for maintaining
stable locomotion.

2.5 Feed forward and Feedback Control

Visual control of gait involves both feed forward and feedback mechanisms.
Feed forward control refers to anticipatory adjustments made before movement
occurs. By visually scanning the environment ahead, individuals can anticipate
obstacles, changes in terrain, or hazards and adjust their stride characteristics
accordingly.13

Feedback control operates during movement and allows continuous adjustments
based on sensory information. Signals derived from optic flow and gaze
stabilization enable the nervous system to monitor self-motion and correct
deviations in real time, ensuring stable and efficient locomotion. 4

2.6 Foot Placement and Obstacle Avoidance

Accurate foot placement is essential for safe locomotion, particularly in
complex or cluttered environments. Research suggests that visual preview of
terrain at least two steps ahead is critical for effective navigation. '*Binocular
depth cues enhance the accuracy of foothold selection and contribute to
improved stability when walking over uneven surfaces.!®

During obstacle negotiation, visual search strategies strongly influence
locomotors behaviour. Individuals adjust gaze patterns to identify safe stepping
locations, which in turn affects limb elevation, swing duration, and trajectory.
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These visual strategies become particularly important when navigating
obstacles or irregular surfaces.!”

2.7 Optic Flow and Heading

Optic flow refers to the pattern of motion across the retina generated by self-
movement through the environment. This visual information provides important
clues about direction of travel, speed, and spatial orientation.!®

Experimental manipulation of optic flow characteristics—such as density or
velocity—can significantly influence locomotors trajectories and gait
variability.'

Integration of optic flow with vestibular signals improves the accuracy of
heading perception and enhances locomotors stability.2° This multisensory
interaction enables individuals to navigate dynamic environments while
maintaining balance and directional control.

3. Components of Visual Function Relevant to Gait

3.1 Visual Acuity

Central visual acuity provides the spatial resolution necessary for detecting
obstacles and environmental hazards during walking. Effective locomotion
often involves gaze strategies that allow individuals to fixate on areas ahead at
an optimal look-ahead distance, enabling predictive control of foot placement.2

3.2 Contrast Sensitivity

Contrast sensitivity is frequently a stronger predictor of gait impairment and
fall risk than visual acuity alone.z

Reduced contrast sensitivity has been associated with shorter stride length,
increased gait variability, and slower walking speed among older adults. 2
Additionally, impaired contrast sensitivity has been identified as an
independent predictor of recurrent falls.>*

3.3 Visual Field Integrity

Peripheral vision is critical for detecting hazards, maintaining spatial
awareness, and navigating through complex environments.2s

In conditions such as glaucoma, the severity of visual field loss correlates with
reduced gait speed and increased variability in walking patterns. 2¢ Similarly,
individuals with post-stroke visual field deficits often demonstrate increased
fall risk and adopt compensatory gait strategies.?’
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3.4 Depth Perception and Stereopsis

Depth perception and stereopsis are essential for judging distances, step
heights, and spatial relationships within the environment. Visual perception of
ground perturbations influences muscle activation patterns and limb clearance
during walking.?®

Interestingly, visual illusions such as the Muller—Lyer illusion can alter toe
clearance during stair ascent, illustrating the strong influence of perceptual
processing on motor behavior.?®

Monocular blur has also been shown to impair height estimation and reduce
gait precision.>® Furthermore; visual information from the lower visual field
plays an especially important role during tasks such as stair negotiation, where
accurate perception of step edges is necessary for safe locomotion.3!

3.5 Motion Perception

Motion perception allows individuals to interpret optic flow and regulate
walking speed and balance.3? Experimental reduction of optic flow gain
increases postural sway and destabilizes gait.3 Neurological conditions such as
Parkinson’s disease and multiple sclerosis often involve deficits in motion
processing, contributing to locomotors instability.>*

3.6 Binocular Vision

Binocular vision enhances depth perception and spatial accuracy during
locomotion. Research has shown that binocular summation improves foot
placement accuracy when walking across natural terrain.'¢

Children with amblyopia or strabismus frequently exhibit reduced postural
stability, demonstrating the importance of binocular visual input for balance
control.*s

Notably, surgical correction of strabismus has been associated with
improvements in dynamic balance and postural stability in children.* However,
spatial perceptual distortions related to amblyopia or strabismus may persist
and continue to influence environmental judgment during locomotion.*’

3.7 Sensory Reweighting and Compensation

The nervous system continuously adjusts the relative importance of sensory
inputs during locomotion through sensory reweighting mechanisms. *®In
individuals with visual impairment, reliance on proprioceptive and vestibular
cues often increases to compensate for reduced visual input.3®

However, neurological conditions may disrupt this adaptive process. For
instance, individuals with Parkinson’s disease frequently exhibit delayed or
inefficient sensory reweighting, which contributes to postural instability and
gait disturbances.*® Understanding these mechanisms is essential for developing
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rehabilitation strategies aimed at enhancing sensory integration and improving
locomotor stability.

Conclusion

Vision plays a fundamental role in the control of human gait through
mechanisms involving feed forward planning, real-time feedback, and
multisensory integration. Multiple components of visual function—including
visual acuity, contrast sensitivity, visual field integrity, depth perception,
motion processing, and binocular vision—contribute uniquely to locomotors
stability and environmental navigation.

A growing body of experimental, clinical, and epidemiological evidence
demonstrates that visual impairment is associated with altered spatiotemporal
gait parameters, increased gait variability, and a heightened risk of falls.
Importantly, interventions aimed at restoring or optimizing visual function can
lead to measurable improvements in gait performance and mobility.

These findings underscore the importance of incorporating visual assessment
and rehabilitation strategies into fall-prevention programs and mobility
interventions across the lifespan. Integrating vision science with locomotors
research will continue to enhance our understanding of human mobility and
inform clinical approaches to improving gait stability and reducing fall risk.
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