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e somatosensory system

(aka, why you feel touch and
can locate your body: the 6t sense...)

1 Prof. Mackenzie Mathis




Welcome!

Today’s topics:
- Somatosensory system
- (anatomy) and function
- Proprioception
- Touch

Reading Material:
- Chapter 9

Videos of interest:
https://www.youtube.com/watch?v=kUsSU MVYd8
https://www.youtube.com/watch?v=2ENakkilZcO
https://www.youtube.com/watch?v=2ENakkilZcO



https://www.youtube.com/watch?v=kUsSU_MVYd8
https://www.youtube.com/watch?v=2ENakkiIZc0
https://www.youtube.com/watch?v=2ENakkiIZc0

What is the somatosensory system?
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THE SOMATOSENSORY SYSTEM is arguably
the most diverse of the sensory systems,
mediating a range of sensations

—touch, pressure, vibration, limb position,
heat, cold, itch, and pain—that are transduced
by receptors within the skin, muscles, or joints
and conveyed to a variety of CNS targets.



sensory transduction—the process
of converting the energy of a
stimulus into an electrical signal—
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Neurotrophin Signalling and Transcription Programmes

Interactions in the Development of Somatosensory Neurons



https://www.researchgate.net/publication/261104863_Neurotrophin_Signalling_and_Transcription_Programmes_Interactions_in_the_Development_of_Somatosensory_Neurons?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/publication/261104863_Neurotrophin_Signalling_and_Transcription_Programmes_Interactions_in_the_Development_of_Somatosensory_Neurons?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ

sensory transduction:
Mechanoreceptors!

Reminder:

Na+/K+ channels:
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2 relevant ion channels:

1) Mechanosensitive ion channel (create "graded response®)
2) Voltage-gated Na* channel (not shown):

make the action potential (AP), called here "spike potential"
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David Julius  Ardem Patapoutian

“for their discoveries of receptors
for temperature and touch”

THE NOBEL ASSEMBLY AT KAROLINSKA INSTITUTET

David Julius used capsaicin, the
compound in chili pepper that elicits
the sensation of heat, to identify the
gene encoding the first temperature
sensor, the ion channel TRPV1.

Ardem Patapoutian discovered a
family of pressure-sensitive ion
channels, the Piezos that are

highly conserved throughout the
animal kingdom.



Breaking it down: types of receptors are linked to sensory function!

TABLE 9.1 ® Somatosensory Afferents That Link Receptors to the Central Nervous System

Afferent

Sensory function Receptor type axon type® Axon diameter Conduction velocity
Proprioception Muscle la, |l 13-20 um 80-120 m/s

spindle
Touch Merkel, Meissner, Pacinian, AB 6-12 um 35-75m/s

and Ruffini cells
Pain, temperature Free nerve endings Ad 1-5 um 5-30 m/s
Pain, temperature, itch, Free nerve endings (& 0.2-1.5 um 0.5-2m/s

non-discriminative fouch (unmyelinated)

Axon diameter is one factor that differentiates classes of somatosensory afferents:

- The largest-diameter sensory afferents (designated Ia) are those that supply the sensory receptors in the muscles.
- Most of the information subserving touch is conveyed by slightly smaller diameter fibers (A3 afferents)
- Information about pain and temperature is conveyed by even smaller diameter fibers (Ad and C).



Into the brain: overview of the anatomy of feedback
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Feedback is essential for the accurate
execution of movement execution

Neuroscience, 3" Edition



Into the brain: overview of the anatomy of feedback
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Adapted from Scott, 2004



Proprioception: from muscles to the CNS

M. J. Prud'homme and J. F. Kalaska 1994

Adapted from Scott, 2004
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Sensorimotor control: somatosensory feedback is critical
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to flexor muscles. ) L inhibited. )

CH 1, FIGURE 1.7



Sensorimotor control: somatosensory feedback is critical
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CH 1, FIGURE 1.8



Sensory transduction:
across the somatosensory
afferents

Reminder:
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Reminder: a “spike

Microelectrode
to measure
membrane potential

Sensory
neuron

Interneuron

Motor neuron \ ! :
(extensor) \y

_/\

Motor neuron
(flexor)

CH 1, FIGURE 1.9
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is an action potential!
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Activate inhibitory
synapse

Time (ms)

Real science example:
- spikes recorded in awake, behaving animals

-
o

1 10 100 1000 =
E I
Light-evoked energy (mV?x s) o

1ms
C ) E

Spike latency (ms) -

8 - 26

g _g‘) ° o [e) é
2ol MMl MEJda,f , B0y :
0 3 60 1 2 1 20 50 1 20 50
Mean SD Frequency (Hz) Frequency (Hz)

Cohen et al eLife 2015



Sensorimotor control: somatosensory feedback is critical
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The stretch reflex: how long does it take to act?

sensing
delay

Stimulus onset

external
stimulus o
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nerve fibre 9 |
potential

0 motor

nerve fibre 9 |

®_6 potential

muscle fibre

potential e |
muscle
force 6 |
(]
(|) : time (ms) 20 3|0
|
Adapted from Scaling of sensorimotor delays in total delay

terrestrial mammals. DOI: (10.1098/rspb.2018.0613)



Feedback delays in biology: from shrews to elephants

100-fold increase
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Adapted from Scaling of sensorimotor delays in
terrestrial mammals. DOI: (10.1098/rspb.2018.0613)
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Feedback delays in biology: from shrews to elephants

100-fold increase

in leg length
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* larger animals are

burdened with relatively
long physiological delays

* Implications for
behavior, &
requirements for
prediction to help
control movements

Adapted from Scaling of sensorimotor delays in
terrestrial mammals. DOI: (10.1098/rspb.2018.0613)
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1997 BBC documentary, The Man Who Lost His Body.
https://www.dailymotion.com/video/x12647t



https://www.dailymotion.com/video/x12647t
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Different types of mechanoreceptors in skin ("cutaneous mechanoreceptors")

Chapter 9 Fig. 9.5
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Slide courtesy of R.S.



ka don'k you
constantly fecl your
clobhes on your Boclj?

Slowly adapting receptors continue responding to a
stimulus

Rapidly adapting receptors respond only at the onset
(and often the offset) of stimulation.

These functional differences allow
mechanoreceptors to provide information about both
the static (via slowly adapting receptors) and dynamic

(via rapidly adapting receptors) qualities of a stimulus.

Stimulus

I

Slowly adapting

—

Rapidly adapting

0 1 2

Time (s)

(69
S

Chapter 9, f. 9.4



Different types of mechanoreceptors in skin ("cutaneous mechanoreceptors")

TABLE 9.2 m Afferent Systems and Their Properties
Small receptive field Large receptive field
Merkel Meissner Pacinian Ruffini
Location Tip of epidermal sweat Dermal papillae Dermis and deeper Dermis
ridges (close to skin tissues
surface)
Axon diameter 7-11 um 6-12 um 6-12 um 6-12 um
Conduction velocity 40-65m/s 35-70m/s 35-70m/s 35-70m/s
Sensory function Shape and texture Motion detection; Perception of distant Tangential force;
perception grip control events through hand shape;
tfransmitted vibra- motion direction
tions; tool use
Effective stimuli Edges, points, corners, Skin motion Vibration Skin stretch
curvature
Receptive field area® 9 mm? 22 mm? Entire finger or hand 60 mm?
Innervation density (finger pad)  100/cm? 150/cm? 20/cm? 10/cm?
Spatial acuity 0.5 mm 3 mm 10+ mm 7+ mm
Response to sustained Sustained None None Sustained
indentation (slow adaptation) (rapid adaptation) (rapid adaptation) (slow adaptation)



Piezo1 and Piezo2 are essential Gene silencing Gene silencing
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Piezo1 and Piezo2 are essential
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Piezo1 and Piezo2 are essential components of
distinct mechanically activated cation channels

Bertrand Coste ', Jayanti Mathur, Manuela Schmidt, Taryn J Earley, Sanjeev Ranade,
Matt J Petrus, Adrienne E Dubin, Ardem Patapoutian



The two-point discrimination test for spatial mapping

(A)

Left side
B Right side

Spike rate

‘J Sole |
T

Toe
0 5 100 15 20 25 30 35 40 45 50
Mean two-point discrimination threshold (mm)

Receptive fields and the two-point discrimination threshold.
Figure 9.3



How do neuroscientists
study touch?







Small receptive field

Large receptive field

Merkel Meissner Pacinian Ruffini
Location Tip of epidermal sweat Dermal papillae Dermis and deeper Dermis
ridges (close to skin fissues
surface)
Axon diameter 7-1T um 6-12 um 6-12 um 6-12 um
Conduction velocity 40-65m/s 35-70 m/s 35-70 m/s 35-70 m/s
Sensory function Shape and texture Motion detection; Perception of distant Tangential force;
perception grip control events through hand shape;
tfransmitted vibra- motion direction
tions; fool use
Row of receptors on a finger Effective stimuli Edges, points, corners,  Skin motion Vibration Skin stretch
moving across a row of raised curvature
Braille letters
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activity patterns in different mechanosensory afferents in the fingertip




Somatotopic order in the human primary somatosensory cortex

([0 Areal
Primary [0 Area 2
somatosensory <
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Thumb._ 2
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Face ——= Tongue
Upper lip &
Lower lip — Teeth, jaw, gums

Chi
Chapter 9, 9.11 m Lateral



Neurons in the primary somatosensory cortex form functionally
distinct columns

(A) 3b 1 (B)
—Mr
0.5 mm
°A
Distal Middle Proximal
Slowly adapting Rapidly adapting

Chapter 9, 9.13



Functional expansion of a cortical representation by a repetitive behavioral task.

(B) Q)
Before differential After differential
stimulation stimulation
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Chapter 9, 9.15



Clinical application: mapping deficits to spinal injury location

(A) The innervation arising from a single dorsal root gangli-
on and its spinal nerve is called a dermatome. The full
set of sensory dermatomes is shown here for a typical
adult. Knowledge of this arrangement is particularly
important in defining the location of suspected spinal
(and other) lesions. The numbers refer to the spinal
segments by which each nerve is named. (A,C after
Rosenzweig et al., 2005; Haymaker and Woodhall, 1967;

B after Haymaker and Woodhall, 1967.)
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https://www.epfl.ch/labs/tne/

Summary:
Important concepts and keywords to master

- What senses are covered by the term somatosensory system?

- What are the 4 receptor types (la ... ) and what distinguishes them?
- What is involved (anatomy, function) of the Myotatic reflex

- Afferent | Efferent | muscles spindles!

- Mechanoreceptors & How do they work?

- What relevant cell types are found in the 3 layers of skin?

- How do we study these systems — touch, proprioception?

- What was the Nobel Prize in 2021 awarded for?

- What is a somatotopic map? How detailed is it (limbs? Fingers?)

- How do you “map” the somatatopic map?!



