Lecture 4 – September 25

LAST WEEK 
Circuitry o the Basal Ganglia 
· Thalamus sends input to the motor areas of the cortex
· Activates and excites other areas
· Globus pallidus and substania work together to inhibit 
· Lowers the resting membrane potential of the thalamus which means it wont activate neurons in the cortex
· Neurons active in caudate/putamen turns off globus pallidus internal
· Means they aren’t going to fire which means they wont nhibit the thalamus 
· Means thalamus can activate the motor areas
· Globus pallidus external inhibited which means it will excite the other connections 
· Indirect pathways stop movement (unwanted movements)
· Direct pathways get movement out (can sustain or initiate movement)
· Substantia nigra can modify each pathway
· Has dopamine neurotransmitter
· Some neurons get excited by dopamine therefore movement gets out
· Another set of neurons inhibits which turns off the pathway 


OBJECTIVES TO THE LECTURE 
· What are the different lobes, functional areas of the cerebellum?
· How are these areas connected to the CNS (i.e. inputs and outputs)?
· What is the role of the cerebellum in movement?

OUTLINE
· Cerebellum 
· Anatomy and Function

CEREBELLUM 

Cerebellum 
· Anterior lobe
· Posterior lobe
· Flocculonodular lobe
· Spinocerebellum
· Receives sensory information from spinal cord
· Important for posture, locomotion and gaze
· Chronic alcohol abuse destroys this area
· Vestibulocerebellum
· Equilibrium and stability 
· Balance and eye movements 
· Neocerebellum 
· Does not receive input from spinal cord
· But gets heavy projections from cortex
· Involved in planning and mental rehearsal of complex movements, as well as assessment of movement errors 

Role of Cerebellum in Movement
· Locus of time, motor learning and posture 
· While voluntary movement is largely cortical, most learned physical activity is cerebellar
· Does not initiate nor can it terminate motor activity
· Involved in comparing intended movements with actual movements, and making the appropriate corrections (fine tunes movements)
· Adjusts operation of motor centers in cortex and brainstem
· Plays a large role in prediction

Input to the Somatosensory Cortex
· 4 or 5 sensory receptors depending on the area
· Called mechanoreceptors
· Neuron attached to them, when touching an object it changes the shape of the receptor
· That changes the membrane potential which then causes it to fire
· Mechanical stimulus 
· Deeper and larger = ruffinni and pacinian
· Less in tn number 
· More shallow and smaller = m&m
· Hair receptors  change position of hair receptors which will start their sensory neurons firing 
· Mesissner’s  Respond to light touch
· Merkel  a little more force 
· Pacinian  respond to vibration 
· Ruffini  a stronger stimulus, stretch of the skin 
· Based on which of the receptors are firing we can code the kind of stimulus 

ANATOMY AND FUNCTION

Neuron firing 
· How big, how intense and how long it goes on tells us many things
· The intensity of the stimulus, the kind of stimulus, the force applied etc. 

Touch 
· Receptor fields vary in size and location
· The number of receptors also very 

Hand Diagram 
· You have to get 2 separate stimuli for body to record that there are 2 sources of stimuli
· Otherwise receptors simply record a larger stimulus 

Input to the Somatosensory Cortex
· In the hands you have lots of receptors in a small area therefore receptors don’t need a distance to detect 2 separate stimuli 
· Larger areas means you are less sensitive to stimuli, requires larger distance apart

Image
· Stimulus enters spinal cord, crosses through medulla and goes to opposite hemisphere
· Dorsal column until is crosses into medial lemniscal system 

Somatotopy
· The more receptors means the more we care how the sensory information coming in 
· Hands and mouth for example  


OBJECTIVES TO THE LECTURE 
· What inputs reach S1 and different areas of S1?
· What are the different sensory receptors?
· How are the receptors activated? Where does this activation go?
· What is proprioception?
· What is the role of proprioception in movement? (Open vs. Closed-loop control)
OUTLINE
· The cortex
· The somatosensory system 
· Proprioception 
· The role of proprioception in movement 

CORTEX

Structure
· Frontal lobe 
· Contains motor cortex
· Planning, reasoning, movement (map of the body) some aspects of speech
· Occipital lobe
· Seat of the visual cortex
· Deals with visual information
· Parietal lobe
· Handles skin based proprioceptive information (heat, cold, pressure and pain)
· Works closely with the motor areas
· Temporal lobe 
· Speech, hearing and language

THE SOMATOSENSENSORY SYSTEM

Input to the Somatosensory Cortex
1. Touch
· Sensations
· Detect gentle contact of the of the skin and localize the position that is touched
· Recognize vibration and determine its frequency and amplitude
· Resolve spatial detail by touch (e.g. texture, spacing of two points touched simultaneously)
· Recognize the shape of objects grasped in the hand
· 5 sensory mechanoreceptors that are sensitive to touch
· Hair receptors 
· Meissner’s corpuscles
· Merkel Cells
· Pacinian Corpuscles
· Ruffini Endings
2. Pain 
· Through the thalamus to S1
· Anterior lateral system 
3. Temperature
4. Proprioception 

Homunculus 
· Little human 
· Areas of the human brain map to certain areas of the body
· Amount of area in cortex dependent on the amount (density) and importance of somatosensory input from that area

What is Proprioception?
· Sense body position and orientation in space
· Conscious perception of movement
· Sensation
· Sense of position and movement in the limbs
· Sense of force (effort and heaviness)
· Sense of timing of muscular contractions 

Input to the Somatosensory Cortex
· Proprioceptive Input 
· Sense of position and movement 
· We know when our limbs are stationary and roughly their position 
· We also know when we are moving 
· 4 different proprioceptors
· Mechanoreceptors 
· In the joint 
· In the muscle tendons 
· Ruffini endings
· Muscle spindle 

Somatotopy and cortical magnification in S1
· Carries information same way touch receptors do
· S1 has 4 somatosensory maps 
· Process different sources of information 
· 3a = proprioceptive input
· 3b = skin (touch)
· 1 = skin (touch)
· 2 = combination of input
· 3b has simple processing
· 1 is more complex
· 3a proprioceptive to 2

Position Sense: Muscle Spindles 
· Muscle spindle fibers are 2 types 
· If fibers change shape it activates neurons 
· If either type are activated, either bag or chain, it activates A
· Muscle then changes length 
· Either phasic or tonic response 
· Change how it fires based on the position of the muscle 

Messing up position sense: Muscle Spindles
· Pinocchio Illusion 
· Vibrate muscle externally, changes the way muscle spindles are firing
· Perception then is that limb has moved positions
· Ask subject to touch nose/perception is that nose has grown 

The Role of Proprioceptive Input in Motor Control?
· Principles of control systems
· Open-loop
· Closed-loop  feedback

Open-Loop control 
· Movements that are preprogramed
· Don't have time to correct them online 
· Movement cannot be redirected
· No time for feedback 
· Even if something in the environment has changed we will still carry out that movement 

Ingredients of Open-loop control 
· The controller generates a command to bring about the desired state
· If it errors or malfunctions, or if the system is disturbed, there will be no correction; e.g. a quick movement like a punch can’t be redirected en route
· This is the main disadvantage of open-loop control

Closed-Loop control 
· A feedback system constantly monitors is own progress and adjusts its control accordingly  e.g. thermostat, balance
· Continual using of movement to make adjustments
· Notion of balance
· Enough time for feedback to influence movement 
· A comparator computes the error: the difference between the desired state and the actual state reported by feedback
· If something disturbed the system away from its desired position, the feedback signal will report it to the comparator

A Role for Proprioception in Movement 
· Have higher structures and motor output but no sensory input 
· Monkeys could still perform motor acts but were still clumsy 
· They had no idea where their arm was, had to see their limb 
· Inaccurate movements 
· [bookmark: _GoBack]Proprioceptive feedbac was not necessary for movement production but important for finer control

Deafferented Patient (GL)
· No tactile input 
· Does not feel vibration 
· A little sensation in pricking 
· Temperature a light deficit 
· Proprioception is non existent 
· Different conditions
· See the target or target disappears 
· See limb or not see limb 
· When she lost vision of limb she had a greater deficit 
· Even worse when target not visible
· Suggests that proprioception is used for planning movements 

Deafferentation Humans
· Control of Rapid Limb Movements 
· Subjects asked to make movements to different targets, either longer or further
· Antagonist came on faster in shorter movements for control
· Longer movements it turns on later 
· Blocked trials, subjects don't know their going to be blocked
· On short movements when blocked we still we still see some activation in the antagonist 
· If antagonist is turned on early (preplanned) its part of the open loop
· If however antagonist doesn't have to come on until after the 100ms its run under closed loop
· Deafferented subject 

Question
· Need to see earlier onset of antagonist and activity on the antagonist on blocked task
· Would see same pattern in normal condition and blocked condition 
· Use visual information as feedback, see limb not moving and don’t activate 
· Would produce a tri-phasic pattern but it would be all over the place 
· When blocked a deafferented patient would still produce a triphasic muscle pattern 
· Even with the longer movements DL has still preplanned the movement 
· Blocked condition has not affected her movement pattern 

Roles of Proprioception in Movement 
· Use proprioception constantly as feedback 
· Allows us to know where we are in space
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