APA3150 Midterm Prep

Processes for making a movement:

· visual info
· frontal lobe motor areas plan response

· spinal cord carries info to hand

· motor neurons cause hand to move

· spinal cord carries info back

· basal ganglia judges movement and cerebellum corrects errors

· sensory cortex receives info of successful movement

Degrees of freedom
· infinite number of ways to carry out a certain movement

· which one is chosen?

End-state comfort effect

· a movement which is planned so initial discomfort and instability is tolerated for stability and comfort later
Movement equivalence
· similar movements can be achieved using different muscle groups (writing with different hands)

· motor planning centres in the brain allow it to specify abstract properties of the movement that are then used by the periphery to obtain the desired goal

· DOF problem?

3 Stage Brain model

Stimulus Identification ( Response Selection ( Response Programming

Technology Involved:

· EEG

· Movement of ions in brain create electrical singles picked up from scalp surface

· Cheap and easy to record, but signals are “smeared” before reaching scalp

· MEG

· Electrical currents in brain create magnetic fields

· Expensive and insensitive to radial currents, but clean signals

· fMRI

· measures blood-oxygen levels

· expensive and low temporal resolution (no clear way to analyze), but shows 3D volume resolution

· PET

· Ingestion of radioactive solution, which emits positrons. They interact with electrons to make electromagnetic radiation seen by a scanner

· Expensive and requires training, but cleanest signal
Lecture 2
Neurons in the spinal cord

· In flow through the dorsal horn (afferent)
· Motor commands through the ventral horn (efferent)
The Spinal Cord: Somatotopic Organization 
· Neurons in the medial gray matter control axial muscles (trunk) & proximal muscles (ex: shoulder & elbow movers)

· Neurons in the lateral ventral horn control distal muscles (ex: wrists and fingers)
Types of Movements
· Reflex

· Involuntary

· Voluntary

Muscle Spindles

· Stretch increases afferent firing rate, vice versa

Jendrassik maneuver
· knee reflex while making subject lock hands in order to make them focus on something else

Locomotion!

- rhythmic movement generated in spinal cord without any high end brain activity

- neural networks within spinal cord create alternating flexor and extensor rhythmic activity, known as cental pattern generator (CPG)
The brain stem

· sensation from and motor control of the neck and face
Reticulospinal Pathway
· One of the phylogenetically oldest descending motor pathway
· Individual axons project widely, coordinating different regions of spinal cord
· Influence axial & proximal muscles

Divisions of the Spinal Cord
· Medulla

· Regulates BP and respiration

· Involved in control of face and neck muscles

· Receives sensory info (taste, balance, hearing)

· Pons

· Relays info to cerebral cortex

· Respiration, taste and sleep

· Midbrain

· Forms link between parts of motor system

· Involved in processing sound and visual info (control of eye movements)

Tri-phasic muscle burst

· Agonist

· Antagonist

· 2nd Agonist

Startle movement and pre-planned response?

Lecture 3
Thalamus – integrates motor information
Basal Ganglia
· connects to thalamus and brain stem

· cerebral cortex (direct connections not motor areas)

Direct path (Decrease inhibition of thalamus): 

- Leads to less inhibition of the thalamus, i.e. striatum inhibits GPi which in turn inhibits its normal (inhibitory) action on the thalamus, thus leading to greater excitation from the thalamus to the cortex 

Allows one to sustain actions or initiation of action 

Indirect path (Increase Inhibition of thalamus): 

· Excites the GPi thereby increasing its inhibition of the thalamus

· Suppresses unwanted movements 

What does the Basal Ganglia do?

· selects and maintains motor activity and suppresses unwanted movement

· controls force production

· fine tunes movements

· makes movements smooth

· autopilot for well-learned movements

Parkinson’s = damage to Basal Ganglia

· several factors involved: accelerated aging, environmental toxins, genetic predisposition
· NOT ENOUGH DOPAMINE due to degeneration of dopaminergic neurons in the substanti nigra pars compacta
· Symptoms arise after 80% degeneration

· Hypokinetic: reduced voluntary movement

Symptoms

- Typical symptoms: tremor, rigidity, and akinesia, bradykinesia

- Difficulty of initiating and carrying out complex voluntary movements

- Postural instability or impaired balance and coordination 

includes a stooped posture, reduced postural reflexes and a tendency to fall down easily

- Gait disorders -tend to walk with short shuffling steps
Go from walking to running; stopping in a doorway (freezing of gait)

Body may be bent forward and unsteadiness on turns

Dementia –20-60% of individuals

Cognitive and motoricslowing

Executive dysfunction and poor memory retrieval

Lecture 4
Cerebellum

· latin for little brain

· contains more than 50% of neurons in 10% of brain volume

· Input: brain stem, spinal cord, cerebral cortex
· Output: primarily motor regions of the brain stem and cerebral cortex

Cerebellum parts:

· Frontal Lobe

· Contains motor cortex, planning, reasoning, movement, some aspects of speech

· Occipital Lobe

· Visual cortex, visual information

· Parietal Lobe

· Skin-based proprioceptive info, works with motor areas

· Temporal Lobe

· Speech, hearing, language

Somatosensory cortex (cerebellum):
· Touch

· Detect gentle skin contact
· Recognize vibrations (frequency and amplitude)

· Spatial detail (texture etc.)

· Recognize object shape

5 sensory mechanoreceptors for touch:

Hair Receptors
Meissner’s Corpuscles (superficial skin, stroking and fluttering)
Merkel Cells (superficial skin, pressure and texture)
Pacinian Corpuscles (deep subcutaneous, vibration)
Ruffini Endings (deep subcutaneous, stretch of skin)
2 point discrimination: measures minimum distance at which 2 stimuli are processed as distinct stimuli

Other somatosensory information:

· temperature

· pain

· proprioception

Messing up position sense: muscle spindles

· vibration activates muscle spindles

· perception: muscle has stretched

Principles of Proprioception:

· Open loop (ballistic)
· Cannot be controlled after movement is completed, no time for feedback (shooting a ballistic missile)

· Closed loop|: feedback

· Uses feedback to control and adjust movement (heat-seeking missile)

· Allows a higher level of accuracy in movement

· If movement is disturbed, it can be adjusted

Deafferenation: Afferent nerves (sensory info going to the brain) are damaged

· studies then done on monkey’s and shown that proprioceptive feedback is not necessary but is important for finer movements

· without vision, they struggled significantly more

What is pre-planned?

- movements in which antagonist onset occurs later than 100 ms after initial agonist onset:

preparation of the antagonist occurs on-line, after initiation of agonist activity

- movements in which antagonist activity begins within 100 ms of agonist onset:

antagonist control is preplanned along with the agonist

Lecture 5
The eye

· rods 

· high sensitivity to light, night vision (black and white)

· cones (colour, rgb)

· love sensitivity to light, colour during the day

Function of vision

· Visual perception
· Identifying objects and events and their relations
· Visual-Motor control

· Processes that lead to the control of movement or action

Does brain have the same or separate systems to serve perception and action?
Ambient vision vs focal vision (trevarthen 1968)
· Ambient : guides whole body movements, a midbrain system

· Focal: guides fine motor acts, a cortical system

Cortical system vs Midbrain system (Schneider 1969)
· cortical system identifies (what)

· midbrain localizes and orients stimulus in space (where)

Blindsight
· seeing what you don’t see

· cortical blindness – damage to the visual cortex
· patients have no visual experience but can respond accurately on visual tasks

· mediated by sub-cortical visual pathways to extra-striate (non-primary) visual cortex

Ungerleider and Mishkin (1982)
· “what” system

· Processing in inferior-temporal cortex

· Monkey’s with lesion show impaired visual pattern recognition

· “where” system

· Processing in posterior parietal cortex

· Monkey’s with lesion show impaired spatial discrimination

Milner and Goodale (1995)
· “what” system
· Ventral stream

· Visual processing for formation of perceptual and cognitive representations

· “how” system

· Dorsal stream

· Visual processing for goal-directed actions

Patient DF

· suffered anoxia from CO poisoning

· developed visual form agnosia

· vision without shape

· can see colour and texture

· impaired form, size, shape

Cerebral damage to ventral stream!

Patient RV
· cerebral damage in dorsal stream

· interrupted visually-guided actions

· preserved areas in ventral stream

Saccades

· rapid eye movement

· high velocity

· initiated voluntarily or reflexive

· saccadic suppression

· reduction in visual sensitivity

· reduced awareness of visual events

Eye-hand coordination
· when reaching to a target in the peripheral visual field

· eye often moves first, followed by head and hand

· eye movement completed while hand is still moving

Movement corrections to displaced targets

· limb movement modified to new target position without conscious perception

· posterior parietal cortex

DF (ventral) vs RV (dorsal)
· perceptual relies on ventral stream

· action relies on dorsal stream

· memory-guided action relies on ventral stream

