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ACTIVE SENSING 

Lecture 5: Proprioception 

Between the brain and the muscles there is a circle of nerves;   
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Visual proprioception 
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The extra-ocular muscles (EOMs) 

From Bearôs Neuroscience text book 
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Axes of eye movement control 
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Donderôs and Listingôs laws 

É Donder ôs law  states that the 

orientation of the eye when looking in 

a specific direction is always the same.  

É Listing's law  specifies what this 

orientation is.  

É It refers to the axes  (the bars 

protruding from the eyes) used to 

rotate from center to various eccentric 

positions.  

É Listing found that all these axes are 

confined to a common plane .  

É This plane is called Listing's plane .  

 

Valid when looking with the head fixed 
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How does the system keep Listingôs plane? 

É Ocular mechanics?  

É Neuronal mechanisms?  
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Special design of extra-ocular muscles 

Orbital pulleys system 
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Demmer JL, Ann. N.Y. Acad. Sci. 956: 17-32 (2002)   



Ahissar/ Proprioception 

10 

Demmer JL, Ann. N.Y. Acad. Sci. 956: 17-32 (2002)   



Ahissar/ Proprioception 

11 
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Special design of extra-ocular muscles 

É Each extraocular  muscle (EOM) consists of a global layer 
(GL) contiguous with the tendon and inserting on the 
eyeball, and a similar -sized orbital layer (OL) inserting on 
a connective tissue ring forming the EOM pulley .  

É The pulley controls the EOM path and serves as the EOMôs 
functional origin.  

É Activity of the OL positions the pulley along each rectus 
EOM to assure that its pulling direction shifts by half the 
change in ocular orientation, the half -angle behavior 
characteristic of a linear ocular motor plant.  

É Half -angle behavior is equivalent to Listingôs law of ocular 
torsion, and makes 3-D ocular rotations effectively 
commutative.  

The active pulley hypothesis 



Special design of extra-ocular muscles 

proprioceptors 

Although the location of the cell body of PEôs has not been established, several studies provide 

morphological and histological evidence suggesting that PEs are among the sensory receptors which   

provide the CNS with proprioceptive information about eye position.   

   (E. Niechwiej-Szwedo et al Vision Research 46: 2268-2279 , 2006) 

 

? 
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proprioceptors 

Although the location of the cell body of PEôs has not been established, several studies provide 

morphological and histological evidence suggesting that PEs are among the sensory receptors which   

provide the CNS with proprioceptive information about eye position.   
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Eye velocity is probably the primary controlled variable 
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ocular proprioceptive loops 

Buttner-Ennever PBR 2006 

Palisade endings loop 
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Targets of proprioceptive info 

É EOM proprioceptors run with the motor fibers  of the muscle nerves  

EOM -> Gasserian ganglion -> trigeminal nuclei   (pars interpolaris  
and pars caudalis) .  

É brain stem structures  

É the superior colliculus  

É Thalamic nuclei (LGN, LP, Pulvinar )  

É the cerebellum  

É cortical areas: V1, V 2, S 1, frontal cortex.  

 

 
Most of these structures are involved in either vision or oculomotor control.  

EOM proprioceptive information -> 
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Roles of visual proprioception 

É oculomotor  control  

É binocular vision  

É spatial vision  
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Role of visual proprioception in spatial vision 

P. BUISSERET, PHYSIOLOGICAL REVIEWS Vol. 75, No. 2, April 1995 

Localization 



20 

Roles of visual proprioception 

É oculomotor  control  

É binocular vision  

É spatial vision  
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É Paralysis => no orientation selectivity  

É Paralysis + passively moved  => no Orientation selectivity  

É Thus active movement  of the animal is a prerequisite  for the development 

of orientation selective cells during visual experience.  

É Eye movements  with no body movement => orientation selectivity  

É No eye movements  with body movement => no orientation selectivity.  

É Thus eye movements associated with vision are necessary  to provide 

normal visual experience.   

É Eye movement with no  proprioceptive input => no orientation selectivity  

É Thus proprioceptive extraocular input has to be associated with retinal 

input  during visual experience to allow development of orientation selectivity 

in visual cortical cells.  

P. BUISSERET, PHYSIOLOGICAL REVIEWS Vol. 75, No. 2, April 1995 

Role of visual proprioception in spatial vision 

Orientation selectivity (development) 



Dependency of orientation selectivity on eyeM 
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