ACTIVE SENSING

Lecture5: Proprioception

SIR CHARLES BELL ‘ON THE NERVOUS CIRCLE, ETC.
(Read before the Royal Society, February 16, 1826)

Between the brain and the muscles there is a circle of nerves; one
nerve conveys the influence from the brain to the muscle, another gives
the sense of the condition of the muscle to the brain. If the circle be
broken by the division of the motor nerve, motion ceases; if it be broken
by the division of the other nerve there is no longer a sense of the con-
dition of the muscle, and therefore no regulation of its activity.
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Visual proprioception
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The extra-ocular muscles (EOMS)
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Domnd:eiridisina nd:

Valid when looking with the head fixed

Donder 1 G law . states that the'
orientation of the eye when lookingin =

a specific direction is always the same.

Listing's law - specifies-what this -
orientationiis. -

It refersto'the =~ axes: (the bars -
protruding from the eyes) usedto = =
rotate from center to various eccentric =«
positions.

Listing found that all these axesare -~
confined to ~ a common plane .

This planeis called ' Listing's plane .
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Ocular mechanics?

Neuronal mechanisms?



Special design of extraocular muscles

Orbital pulleys system
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FICURE 5. Sagittal MREI
of human orbit showing that
the inferior oblique (10
moves anteriorly in supradue-
tion and posteriorly in infra-
doction. The global layer
(GL) of the inferior rectus
(IR) contracts modestly in in-
[raduction and inserts on the
globe, while the orbital layer
contracts more vigorously and
inserts on the IOVIR pulley.

\ ON, optic nerve.
Orbital

Layer

Demmer JL, Ann. N.Y. Acad. Sci. 956: 17-32 (2002)
Ahic
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Special design of extraocular muscles

» Suspension

o
NW Medial

The active pulley hypothesis

O’:’M .

Each extraocular muscle (EOM) consists ofa  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 .

Lateral

The pulley controls the EOM path and serves as the EOMO s
functional origin.
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.

Half-angle behavi or i s equivalent to LI
torsion, and makes 3-D ocular rotations effectively
commutative.
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Special design,of extraocular muscles
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I ig. 9. A schematic drawing of the location of sensory receptors in the extraocular eye showing that different receptors are associted
with a different muscle layers. The muscle spindles lie in and around the orbital layer, palisade endings in the global layer and Golei
tendon organs (only present in artiodactyls) in the peripheral patch layer. ) \

Al t hough the | ocation of the cell body of PEOGs ha
morphological and histological evidence suggesting that PEs are among the sensory receptors which

provide the CNS with proprioceptive information about eye position.
( et al Vision Research 46: 2268-2279 , 2006)
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Fig. 10. Hypothetical proprioceptive pathways based on known connections: if proprioceptive signals are generated in the palisudc
endings on multiply innervated extraocular muscle fibers (MIFs), the information may first relay in the spinal trigeminal nucleus (SP
trig. n). From here axons project to the superior colliculus tier, which is closely interconnected to the central mesencephalic reticular

formation (¢(MRF), and the supraoculomotor area (SOA). The cMRF and SOA are direct premotor structures for the oculomotor
neurons of the MIFs.
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Targets of proprioceptive info

EOM proprioceptors run with the motor fibers of the muscle nerves

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

EOM proprioceptive information ->

brain stem structures
the superior colliculus
Thalamic nuclei (LGN, LP,  Pulvinar )

the cerebellum
cortical areas: V1,V2,S1, frontal cortex.

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



Roles of visual proprioception

oculomotor = control
binocular vision
spatial vision



Role of visual proprioception in spatial vision

Localization
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F1G. 5. Errors in visual direction judgment with sustained deviation
of covered eye. Human subjects were asked to point at perceived posi-
tion of a visual target viewed by left eye in 3 positions, straight ahead
and 12° on each side, before (mean position, closed circles) and after
(open circles and arrows) their right covered eye was moved horizon-
tally over an angle of 30° either to right (1) or left (2), with pointing mean
crrors in degrees. Errors were systematically ipsiversive, decreasing in
amplitude when target position was closer to position that covered ro-
tated eye would have seen. [Redrawn from Gauthier et al. (89),]

(P. BUISSERET, PHYSIOLOGICAL REVIEWS Vol. 75, No. 2, April 1995
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Role of visual proprioception in spatial vision

Orientation selectivity (development)

Paralysis => no orientation selectivity
Paralysis + passively moved => no Orientation selectivity

Thus active movement of the animalisa  prerequisite for the development
of orientation selective cells during visual experience.

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

Thus eye movements associated with vision are necessary to provide
normal visual experience.

Eye movement with no proprioceptive input => no orientation selectivity

Thus proprioceptive extraocular input has to be associated with retinal
input  during visual experience to allow development of orientation selectivity
in visual cortical cells.

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



Dependency: of orientation:selectivity, oryeM
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