Introduction to Binocular Vision

Introduction to Binocular Vision
Key concepts, anatomy, physiology, and functional significance

1. Definition

e Binocular vision = visual perception that results from the simultaneous use of both eyes.
¢ Allows the brain to combine two slightly different images into a single, three?dimensional (37
D) perception of the world.

2. Anatomical Foundations

Structure Role in Binocular Vision
Eyes (globes) Capture two separate retinal images.

Align the eyes so that corresponding points on each
Extra?ocular muscles (six per eye) retina receive images from the same object
(conjugate movements).

Carry visual signals to the lateral geniculate nucleus

Optic nerves
(LGN).
) , Partial crossing of fibers; ensures each hemisphere
Optic chiasm _ ] _ )
receives input from both visual fields.

Lateral geniculate nucleus (LGN) Relays signals to the primary visual cortex (V1).
Primary visual cortex (V1) Begins processing of disparity and orientation.
Extrastriate areas (V2, V3, V4, MT) Refine depth cues, motion, and form.

Binocular integration centers (e.g.,
visual area V1 “ocular dominance Merge the two monocular images.
columns”, dorsal stream)

3. Physiological Mechanisms

3.1. Ocular Alignment
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e Conjugate (vergence) movements:
o Convergence: eyes rotate inward for near objects.
o Divergence: eyes rotate outward for far objects.
e Version movements: horizontal/vertical shifts of both eyes together (right/left gaze,

up/down).

3.2. Correspondence & Fusion

e Corresponding retinal points: locations on each retina that receive light from the same
object when the eyes are properly aligned.
e Fusion: brain merges the two images into one percept.
o Panum’s fusional area: region around a corresponding point where slight disparity still
yields a single image.

3.3. Stereopsis (Depth Perception)

e Binocular disparity: tiny differences in the images on the two retinas due to the eyes’
horizontal separation (~6—7?cm).

e Disparity processing: neurons in V1-V3 detect horizontal offset; higher?order areas
compute depth.

e Result: perception of relative depth (near vs. far) and absolute distance cues.

3.4. Vergence? Accommodative Link

e Near focus triggers both convergence and lens accommodation (focus).
e Neural coupling ensures coordinated response (the near response triad).

4. Types of Binocular Vision Disorders

Disorder Typical Cause Primary Symptom(s) Clinical Test

Misalignment of ocular axes o
Double vision, eye turn,  Cover test,

Strabismus (muscle imbalance, neurologic _ _
] loss of stereopsis Hirschberg test
lesions)

Suppression of one eye’s input Reduced visual acuity in ) .
Visual acuity chart,

Amblyopia (often secondary to strabismus the affected eye, poor _
_ _ _ stereopsis tests
or anisometropia) depth perception
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Disorder Typical Cause Primary Symptom(s) Clinical Test

. o . Near point of
Convergence Weakness of medial rectus or  Difficulty focusing on near

. _ _ _ convergence
Insufficiency central processing objects, eye strain

(NPC) test
Failure of fusion (neurologic,

Diplopia
ocular)
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