Lecture 2 – September 11 

LAST WEEK
· There are patterns and similarities in movement despite having so many possible choices
· Factors that influence RT support evidence that we process information according to information processing network 
· Hick’s law, Increase by set amount each time stimulus response increases 
· Speed-Accuracy tradeoff, can’t be fast and accurate 
· Usually reach in straight paths
· End-state comfort
· We usually have a general motor sequence, regardless of which hand for example
· Various techniques, 5 that we reviewed 
· EEG, MEG, Single-Unit Recordings measure neural activity
· PET measures 
· Causation using patient populations or using TMS (knock out an area and observe changes in behavior)

Example Question 1
You have been tasked with designing the control panel of an airplane. On this control panel here needs to be lights to indicate how the left and right engines are functioning and corresponding buttons to push if the pilot wants to shut down a particular engine
1. Do you expect performance to be better if the left stimulus (light) and left response (button are positioned on the left side of the pilot’s body compared to if the left stimulus is on the pilots left and the response button is on the his right?
2. How would performance differ between the two examples outlined above?
3. What is the phenomenon that gives rise to this effect?

ANSWER
· Better if the left stimulus is pared with left response
· Faster reaction time, greater compatibility, also look at errors
· Spatial compatibility, stimulus response compatibility 

Example Question 2
You are using EEG to record activity from frontal areas of the brain. These are EEG traces from two subjects over 5 seconds of data collection 
1. Which subject do you think has a greater level of arousal 
2. Why? In your answer include what signal EEG measure

ANSWER
· Subject a has greater level of arousal
· Greater frequency of activation
· More spikes in a given unit of time
· More often in subject A

Example Question 3
Fill in which techniques would be used in the following experiment 

Subjects were asked to memorize and repeat a stream of numbers. In order to determine if this was accompanied by neural activation in a specific area of the front cortex (area less than 5mm), the experimenter had subjects complete the task while using fMRI. After establishing activation in this frontal area, the researcher next interfered wit this area via TMS, to determine the causal relationship between activation in the frontal cortex and one’s ability to memorize number. 

ANSWER
· Technique with greatest spatial resolution 
· TMS 



OBJECTIVES OF THE LECTURE
· Outline the structure of an example neuron and the role of the different parts of the neuron (including how it fires)
·  What are the different types of neurons (where do they do/project to)?
· How are neurons arranged in the spinal cord? What kind of damage can we expect with certain spinal cord injuries (SCI)? Is there hope of recovery after a SCI?
· What is the role of the spinal cord in movement?
· Reflexive movements 
· Rhythmic movements
· How can we examine the excitability of neurons in the spinal cord?

OUTLINE
· Central nervous system: The neuron
· The role of the spinal cord in movement
· Monosynaptic reflex
· Locomotion  
· Spinal cord injury 
 
CENTRAL NERVOUS SYSTEM: THE NEURON

Central Nervous System (CNS)
· Brain and spinal cord together

CNS Connections: Neurons
· The signaling units are the neurons 
· Has to take in information, transmit it and then output it
· Cell body = SOMA, metabolic center, the heart of the cell 
· Attached are dendrites, picks up the information (ions, charged particles)
· Ions enter and leave the cell, movement of ions
· Different charges get integrated at the axon hillock
· End of cell body just before axon starts
· Information is carried along the axon
· The charge only flows in one direction, flows through an action potential 
· ACTION potential travels down axon to presynaptic terminal 
· Presynaptic terminal releases neurotransmitter which is then taken by another neuron at its postsynaptic terminal 
· Grey matter = cell bodies
· White matter = myelin sheath, acts as a insulator, allows action potential to travel faster, increases transmission speed, not all cells have it
· Multiple sclerosis effects the myelin sheath, signals aren’t as clean 
· Breaks in the sheath is where we get a re-propagation, fires again
· Means that the action potential maintains the same strength along the axon
· Action potentials do not differ in strength 
· DENDRITES = input component
· AXON HILLOCK = integration component
· AXON = transmission component
· SYNAPSE = output component

CNS Connections: Neurons
· At resting state, have an equal number of positive and negative ions floating
· MEMBRANE POTENTIAL = Difference in net electrical charge on either side of the membrane
· However just outside we have more positive ions
· More negative by the membrane and even everywhere else
· Has membrane potential, negative specifically RESTING MEMBRANE POTENTIAL
· In order to get the neuron to fire you have a net movement of ions
· Positive ions flow inside the membrane
· Start with net negative charge, inside has more negative ions than outside
· Get a RAPID increase of positive ions into neuron, depolarizes
· If it hits a threshold, action potential fires
· Once action potential fires we have another opening and the net positive charge flows out = repolarization 
· As positive charge leaves we dip below for a slight moment, millisecond
· Now cell is slightly more negative than before
· Action potential is especially rapid rise and fall of resting membrane potential 
· ACTION POTENTIAL = A short-lasting event in which electrical membrane potential (of a cell) rapidly rises and falls 

Types of Neurons 
· Sensory neuron 
· Connections are different 
· Input comes from different sources, not always from other neurons 
· Out in the periphery, not the central nervous system 
· The information is carried a long way before it gets to the cell body 
· Motor neuron 
· Endpoint is a muscle
· Contracts
· Input is another neuron, connection as at dendrites 
· Local interneuron
· In the brain and spinal cord 
· No myelin sheath 
· Very short, no axon 
· Stay in the brain and a certain level in the spinal cord 
· Connect with a neuron at either end 
· Projection interneuron 
· Input from a neuron and takes it to another neuron
· However it projects that information to a different area within the CNS
· Has myelin sheath
· Neuroendocrine cell 
· Connection with capillary 
· All situated in specific areas of the body 

Neuron firing 
· The greater the strength the greater frequency of the action potentials
· Action potentials do not change in amplitude instead more action potentials are sent 
· Increasing the duration of the stretch increases how long the action potentials fire 
· The more action potentials you have the more neurotransmitters released
· Allows easier signaling to the next neuron
· If the stimulus event is larger you get more evidence 
· Output is related to the number of action potentials
· Action potentials never change in amplitude and duration but rather frequency
· Dependent on how big the stimulus is 
1. The input signal is graded in amplitude and duration proportional to the amplitude and duration of the stimulus 
2. The trigger zone integrates the input signal into a trigger action that produces action potentials that will be propagated along the axon. An action potential is generated only if the input signal is greater than a certain spike threshold. Once the input signal surpasses this threshold, any further increase in amplitude of the input signal increases the frequency with which the action potentials are generated, not their amplitude. The duration of the input signal determines the number of action potentials 
3. Action potentials are all-or-none. Every action potential has the same strength and duration. Since action potentials are conducted without fail along the full length of the axon to the synaptic terminals, the information in the signal is represented only by the frequency and number of spikes, not by the amplitude
4. When the action potential reaches the synaptic terminal, the cell releases a chemical neurotransmitter that serves as the output signal. The total number of action potentials in a given period of time determines exactly how many neurotransmitters the cell will release.

Neurons in the Spinal Cord 
· Grey matter = mainly cell bodies 
· White matter = mainly axons
· Proportion of grey matter is larger at lower levels, ratio increases in proportion
· Idea is that the axons have already left, information stops 
· Cervical and lumbar enlargement, have a lot of neurons coming in or going out, axons that innervate the large muscles enter and leave those areas C and L
· Sensory comes in through the back, motor comes in through front 
· Spinal cord – neuron relationship happens as each level of spinal cord 
· At sacral level we don’t have much input, most neurons have already left

Types of the spinal cord neurons
· Interneurons
· Don't travel far
· Stay at same segment of spinal cord 
· Project within their own adjacent spinal segments
· Propriospinal neurons
· Carry information between levels 
· Reach distant spinal segments
· Projection interneuron
· Go to areas that are higher up in nervous system
· Ascend to the brain 
· Motor neurons 
· Exit CNS to innervate muscles  
· Cervical level = innervates muscles higher up in body
· Neurons in middle part innervate medial muscles 
· Somatotopic organization 

The Spinal Cord: Somatotopic Organization
· Neurons in the medial gray matter control axial muscles (trunk) and proximal muscles (e.g. shoulder and elbow)
· Neurons in the lateral ventral horn control distal muscles (e.g. wrist and fingers)

Changes to Neuron Firing 
· ALS/ Lou Gehrig’s disease
· Degeneration of motor neurons  lose the ability to initiate and control voluntary movement
· Deficits are motor, not cognitive function 
· Multiple sclerosis 
· Damage to myelin sheath  Visual, motor and sensory problems

THE ROLE OF THE SPINAL CORD IN MOVEMENT

Movements
· Three overlapping categories: 
· Reflex
· Involuntary  Happens without conscious planning but may be modified or suppressed voluntarily, fast
· Stereotyped  Always roughly the same response to the same simple stimulus
· Fast-responding  Some reflexes respond in just 10ms
· Response to an external signal (loud noise)
· Suggests that brain is not playing a role
· Rhythmic
· Examples = chewing, breathing, locomotion
· Repetitive, automatic 
· Driven by circuits in brain stem and spinal cord
· Maybe we don’t need higher brain function (conscious effort) but still have influence 
· Voluntary 
· Movements that are learned
· Could become rhythmic eventually 



Monosynaptic Reflex Pathway 
· Knee reflex, tendon tap
· Testing activation circuits in spinal cord
· No interneuron, one synapse, only 2 types sensory and motor 
· When muscle tendon is stretched that sensory neuron changes membrane potential and fires an action potential
· Decreases length also decreases firing 
· Information is sent to the spinal cord and directly interacts with attached motor neuron 
· Tells muscle to contract
· [bookmark: _GoBack]Perception of the length is what changed, spinal cord tries to contract muscle to get back to original position
· Results in kicking motion
· Activation of agonists and deactivation of antagonists
· Need an interneuron to shut down the antagonist  
· Higher areas of the brain not involved 

Jendrassik
· If an individual is distracted, providing same stimulus will give a different output
· A larger output for a distracted person  example, clasped hands
· Implication, areas that are higher up in the system influence the reflex, it’s magnitude
· Implies that we can change it’s desire to respond

Hoffman reflex
· Artificially stimulate the sensory and motor neuron 
· Can manipulate the strength of the stimulus, how much the muscle is activated 
· Record activity with EMG
· H-wave/H-reflex is typical response, from sensory nerve to motor nerve via spinal cord, can make inferences to spinal cord
· M-wave = information is sent straight to the muscle, no input from the spinal cord
· If you stimulate the same way over 10 trials the M-wave should always be the same
· Then make a comparison of what’s going on in the H-wave
· Gain of System = relationship between the output and input 
· Idea is higher structures will influence the input 
· Low-gain, inhibition coming down and preventing a large response 

Locomotion 
· Have a motor program for stepping somewhere in the spinal cord
· Having a rhythmic repetitive pattern of locomotion
· Don’t need higher brain system 
· Cat walking on a treadmill, body wait it supported
· EMG electrodes on hind leg
· Active during the stance phase
· Opposite activation pattern during swing phase
· What they did after is they cut the spinal cord, no information from brain is reaching areas on leg and vice versa
· See the same pattern of activation even after the surgery 
· No input from higher structures, cat was still able to walk 
· No need for input from higher structures, repetitive motion 
· Increasing the frequency of the treadmill resulted in changes in the gait pattern of the cat 
· Can change locomotion pattern, sensory information is taken in a motor output is changed 
· No visual aspects
· Central pattern generator (CPG)
· Sensory input and motor output 
· Cannot support your own weight without the higher centers being involved 
· Cat required an external stimulus, could not initiate the movement 

SPINAL CORD INJURY

Spinal Cord Injury
· Occurs after damage to neurons in the spinal cord
· Extent of the damage is the site and how many neurons are damaged 
· More commonly there is partial damage 

SCI Classification 
· Complete/incomplete
· Where along the spinal cord injury occurs
· Impairment scale
· Depends on which way the damage comes from, front or back for example, motor or sensory damage?

*Can neurons form new connections? Can play around with resistance when using the Lokomat machine 




