Sensory Systems

Senses

Most important for neural engineering:
* Vision

* Hearing

 Vestibular (balance/rotation)
* Somatosensation

* Proprioception

* Pain

Additional senses include:

* Smell

* Taste

* ltch

* Temperature

* Hunger

* Thirst

* Circadian rhythm

* Andso on...

10/11/17



General principles - receptive
fields

Receptive

Receptive

&

General principles - slow and
rapid adaptation

=

=

10/11/17



10/11/17

General principles - features of
Sensory organs
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The eye
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Color
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Pathway to brain

Right visual field I  Left visual field
1
Binocular field

Visual field Visual field
of right eye of left eye
Right side Left side
Pituitary gland
Optic nerves
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Sup Optic tract
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nucleus of thalamus
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Occipital cortex and beyond

Frontal lobe Parietal lobe
/ Dorsal visual stream;
. this portion determines
“Where is it?”
Occipital lobe

Ventral visual stream;
this portion determines
“What is it?”

Temporal lobe

(1)

OpenStax

Special processing - faces

[ Bodies

[ Faces

B Houses

[ Other objects




AAO

Eye movements

HEARING
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Ear anatomy

Semicircular canals:
Horizontal Posterior Anterior
|

ddle ear
ossicles
Vestibule
Vestibular nerve

Bon .
pitd Facial nerve

Cochlea

auditory
(Eustachian)

I
Oval window
with stapes

Cartilage

Nasopharynx
Brodel in Vanderah

Ear sound transduction

. @ Tympanic membrane  (3) Vibrations are
vibrates in response amplified across
to sound wave. ossicles.

(@ Sound wave represents alternating |

" i areas of high and low pressure. |

| )))))))))D))

Wavelength

fAang,

Frequency of sound wave
megsureg in Hz (cycles @ Vibrations against oval window set up standing
per second) wave in fluid of vestibuli.
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Scala
vestibuli
Cochlear
duct

Organ of Corti

Basilar

Scala tympani

@ Pressure bends the membrane of the

cochlear duct at a point of maximum \/\/\/\/\/\/
vibration for a given frequency, causing

hair cells in the basilar membrane to Frequency of standing
vibrate. wave is the same as
sound wave

OpenStax
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Cochlea

1,500 Hz

cochlear duct

1,000 Hz

7,000 Hz

5,000 Hz
©1997 Encyclopaedia Britannica, Inc. 3

basilar
membrane

B basilar membrane

base apex

high-frequency waves
(1,500-20,000 Hz)

C basilar membrane

base apex

medium-frequency waves
(600-1,500 Hz)

D  basilar membrane

base apex

low-frequency waves
(200-600 Hz)

Inside the cochlea

OpenStax

Tectorial
membrane

Tether

Stereocilia
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Destinations in brain

Anterior
Left | Right
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VESTIBULAR tal

The inner ear - double duty

Hearing Vestibular
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Position
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OpenStax

Rotation

As the head rotates,
cupula bends in opposite
direction of the rotation

Ampullary nerve

Vanderah
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Vestibular destinations

* Cerebellum

* Thalamus

* Reticular formation
(brainstem)

* Spinal cord

PERIPHERAL RECEPTORS
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Touch receptors

Dermis

Al SAl-LTMR)
B M J

—

= Ruffini
7/ ending
7%
AB SA2-LTMR

AB RA1-LTMA

Zimmerman 2014

* Free nerve endings -

e Tactile or Meissner

corpuscle — light
touch

*  Merkel cell -

pressure, firm touch

¢ Bulbous or Ruffini

corpuscle — stretch

¢ Lamellar or Pacinian

corpuscle —
vibration, pressure

¢ Hair follicles

()

pain

Proprioceptors

muscle spindle receptor

tendon receptor
(tension)

joint receptor

(deformation) :

Ric Robinson

Muscle spindles
Golgi tendon organs

Fibrous joint capsules
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Proprioceptors

" Peripheral nerve
(motor and
sensory fibers)

Muscle spindle

Skeletal muscle

Tendon

()
Bone

()
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Pain - nociceptors

dermis

Linder

Ad

Ap

Axon diameter

from what receptors?

proprioceptors in

skin mechanoreceptors

skin pain & temp receptors

skin pain & temp receptors,

striated muscle (previous figure) (previous figure) itch (previous figure)
conduction speed 80 - 120 m/sec 35-75 m/sec 35- 75 m/sec 0.5 - 2 m/sec
axon diameter 10-20 ym 6-9 um 1-5 um 0.2-1.5 um
[}

relative size of
cross section

Ric Robinson

©

10/11/17

16



10/11/17

()

BODY TO BRAIN
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Dermatome
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Spinal cord

DRG
} g From sensory receptors
« <«

AG :
To viscera

»—>
To skeletal muscle 35

Vanderah

Postcentral gyrus M\ E

Dorsal column: - /" | spinothalamic
Third-order neuron .
touch, & |tract: pain,
X . Thafhmus 2 ¥ 4
proprioception ‘ > O temperature
=
Midbrain —————
Medial leminiscus g \ V2N
Nucleus gracilis ——_ )
Nucleus cuneatus ——— @ { 5
Medulla ———————— N
\, ~
Fasciculus gracilis | La;:ral o
Fasciculus cuneatus | / s"i"a"”"’\ é‘r’;momm &
w ‘S Fi rdet
Dorsal root Dorsal root
ganglion {h J‘ ») " ganglion
Fine touch and proprioception Pain and temperature
sensations from right side of body sensations from right side of body
OpenStax Dorsal column system Spinothalamic tract
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Principal somatosensory areas

Pre-central Post-central Gyrus ~ Sups f

Gyrus )y
-
F

,
5

Central
sulcus

Intraparietal
Pp . sulcus

Ackerley 2015

Somatosensory cortex

B T — Lowerlip
¥~ Teemn, gums and jaw

— Tongue

NG i

Mancall
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pain)

Premotor

Prefrontal; inhibitory
control of behavior;
higher intelligence

Fronto-
cingulate
pathway

Cingulate gyrus
(emotional behavior)
and cingulum

Olfactory

Jones

Nociception

Ceresrat CORTEX: LOCALIZATION OF FUNCTION AND ASSOCIATION PATHWAYS

Motor-sensory { Met

Sm1 1 ensory-moto
smp f Sensenmeter

Premotor; orientation;
eye and head movements

Sensory analysis

Prefrontal; inhibitory
control of behavior;
higher intelligence.

Motor control of speech

S Sensory-motor
o Jsensory-motor

Temporoci
parietocinguiate patnway

Corpus callosum [ 39 ]
Hippocampal commissure

Anterior commissure

OTHER SENSES (NOT IN NEURAL ()
ENGINEERING MUCH)
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Smell

Purves

(A)

stem cell
Developing —_— receptor cell
receptor cell .
5"]?]’}’0"1"8
cel

Olfactory
knob

Olfactory
cilia
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Taste

OpenStax

Taste hairs \ /Taste pore

Basal cell Transitional cell

Gustatory cell

10/11/17

21



10/11/17

Vomeronasal
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