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Human Bipedalism – a unique evolutionary feet

• Economy of energy expenditure

•Freeing of upper limbs

•Transient unstable erect positions (dance, sports etc)

(Pontzer 2017)



(Pontzer 2017)



A strong co-evolution

• Balance 

• Cognition

• Emotion

• Upper limb function



Maintaining balance 

is a major 

Physiological function



The Human Balance System











The Efferent System
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The Connectors



The Long Association Fibers



The Afferent System
Beyond Vestibular Nucleus









Vestibulo-Ocular Reflex



1. horizontal vestibulo-ocular impulse originating in the horizontal canal is relayed from the ipsilateral MVN to 

the contralateral abducens and the ipsilateral MR subnuclei neurons, resulting in deviation of the eyes to the contralateral

side

2. Stimulation of the anterior canal (e.g., by downward head acceleration) excites the ipsilateral SR muscle 

and the contralateral IO muscle, whereas stimulation of the posterior canal (e.g., by upward head acceleration) 

excites the ipsilateral SO muscle and the contralateral IR muscle









Smooth Pursuit







Saccades









Cerebellum



Cerebellar Connections







Proprioception

















Putting them all together





Vertigo:

A Disconnection Syndrome



Disconnection Syndromes

• Generic term for a number of neurological symptoms caused by 
damage to the white matter axons of communication pathways—via 
lesions to association fibers or commissural fibers—in the cerebrum, 
independent of any lesions to the cortex

Conduction Aphasia: 

Can Read/Understand, 

Can Speak,

Cannot Repeat

https://en.wikipedia.org/wiki/White_matter
https://en.wikipedia.org/wiki/Association_fiber
https://en.wikipedia.org/wiki/Commissural_fiber
https://en.wikipedia.org/wiki/Cerebral_cortex
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