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Anatomy and Physiology of Balance

Sun Im, M.D., Ph.D.

Department of Rebabilitation Medicine, College of Medicine, The Catholic University of Korea

Postural balance is controlled by intricate connections between the vestibular, visual and proprioception
system. Among these, the vestibular system is one of the key factors in coordinating and maintaining
balance. The peripheral apparatus for the vestibular system consists of the semicircular canals, which
sense head rotation; and the otoliths, which sense gravity and linear acceleration. The central vestibular
pathways form a large network from the vestibular nuclei, ocular motor nuclei, integration centers in
the pons and rostral midbrain, vestibulocerebellum, thalamus, to the multisensory vestibular cortex areas
in the temporoparietal cortex. The most important structures for the central vestibular pathways are those
mediating the vestibulo-ocular reflex (VOR), and the descending pathways into the spinal cord along
the medial and lateral vestibulospinal tract which mediate postural control. The cortical structures involved
in vestibular function are the parietoinsular vestibular cortex, the retroinsular cortex, the superior temporal
gyrus and the inferior parietal lobule. Activation of the cortical network during vestibular stimulation is
not symmetrical; dominance is stronger in the nondominant hemisphere, in the hemisphere ipsilateral
to the stimulated ear and in the hemisphere ipsilateral to the slow phase of the vestibular caloric
nystagmus. Disorder of the vestibular pathway, anyway along its various tracts, may result in balance
and coordination impairments and lead to misperception of motion. (Brain & NeuroRehabilitation 2013;

6: 47-53)
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Fig. 1. Lateral view of the right human labyrinth (adapted from
Hardy 1934).

Fig. 2. Schematic drawing of the semicircular canal showing the
ampulla and cupula.
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Fig. 3. Diagram showing the various connections of the vestibular nuclei (modified from Lundy-Ekman 2012).
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Table 1. Pathways Involved in the Vestibular Control (Modified from Lundy-Ekman)

Destinations Function
Medial longitudinal fasciculus Connections with the extraocular nuclei  Influence eye and head movements
(CN 1L, IV, and V)
Vestibulospinal tracts Medial and lateral vestibulospinal tracts  Posture control
Vestibulocolic pathways To the nucleus of the CN XI Influence head position

Vestibulothalamocortical pathways  Thalamus and vestibular cortex
Vestibulocerebellar pathways Vestibulocerebellum

Vestibuloreticular pathways Reticular formation

Provide conscious awareness of head position and
movement

Control the magnitude of muscle responses to
vestibular information

Control autonomic centers for nausea and vomiting

Table 2. Innervation from the Semicircular Canals (SCC) through the Vestibular Nucleus (VN) to the Ocular Muscles (Adapted from

Schubert et al. 2004)

Primary afferent Secondary neuron Extraocular motoneuron Muscle
Lateral (right) SCC Medial VN Right oculomotor nucleus Right medial rectus
Left abducens nucleus Left lateral rectus
Anterior (right) SCC Lateral VN Left oculomotor nucleus Left inferior oblique
Right superior rectus
Posterior (right) SCC Medial VN Left trochlear nucleus Right superior oblige
Left oculomotor nucleus Left inferior rectus
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in the vestibulo-ocular reflex (adapted from Dieterich 2007).
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