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The tape machine was broken for this lecture, so I apologize if some parts are unclear but I used many parts from last year’s transcript to fill in the details.  Definitely look at Dr. Ghez’ outline of the lecture and the figures in the book because he followed both pretty precisely.

Representation of movement parameters and planning:
1. The somatotopic organization of the motor cortex is plastic. (pp. 761-764)

· Brain and cortex are organized in a somatotopic way.

· Changes of cortical representation can occur with motor learning or following lesion.

· The organization of the brain is not fixed, like scientists previously thought.

· An increasing number of experiments show that major aspects of brain can be reorganized.

· Experiment demonstrating plasticity:  (performed by Merzenich, similar to fig 38.6)  

· Experimenters mapped out the primary motor cortex of a monkey using blood vessels to identify regions.

· They produced an infarct in a small blood vessel to an area that represented digit movement.

· After infarct, analysis showed that the representation of the digit disappeared.  An expansion of elbow and shoulder representation into the cortical area previously occupied by the digits occurred.  This demonstrates a reorganization of muscle representation.

· Similar results occur if certain fingers are immobilized: one would see an expansion of finger representation of the other mobile fingers into the area previously occupied by the immobilized fingers.  The mapping of function in the primary motor cortex changed.

( Cortical areas are not permanent or stable.

· In addition, this experiment also demonstrated that subsequent rehabilitative therapy increased the representation of the digit area after the infarct. 

· After a cortical infarct of the area representing the digits, animals were trained to practice the use of their digits.  Analysis showed re-representation in the primary motor cortex, with undamaged cortical areas controlling the digits expanding into adjacent cortex.

· This has major clinical implications in rehabilitation of patients following a stroke.

(  The somatotopic map is not fixed, but modified by experience.

· Experiment showing that with repetition and practice of a movement, similar cortical re-organization occurs in normal subjects: (performed by Karni, fig. 38.7)

· Human subjects were asked to prelearn and practice a simple sequence of digit movements.  FMRI scans were taken of the subjects as they performed the practiced sequence and as they performed a new, untrained sequence of digit movements (with the same fingers used in both).

· The cortical area activated during the performance of the prelearned sequence was larger than that activated during the performance of the new sequence.  Therefore, it was shown that as a movement becomes more practiced (such as piano playing), changes in cortical representation occur and the representation of digits in the cortex expands.


2.  The discharges of motor cortex neurons encode movement parameters during execution.  (pp. 764-770)  Dr. Ghez introduces the topic by asking, “What is happening in the motor cortex and other cortical areas when subjects are actually using them, and what is encoded in the discharge of neurons?”

· Evarts performed the first experiment investigating this topic.  Evarts studied the discharge of single neurons during the performance of a trained movement in a monkey.   He found that:

· Activity of individual neurons is modulated when monkeys either flex or extend individual joints of their contralateral limbs.

· A topographic organization exists in the primary motor cortex such that individual neurons are maximally activated during movement of a particular joint and in a particular direction.

· Cell firing occurs not only during the movement, but also before the movement is executed. This shows the presence of command processing.

· Evart’s experiment asked, “What is encoded in the discharge of neurons in the primary motor cortex (PMC): the angular displacement or the amount of force exerted by the muscle?” (fig. 38.10)

· Monkeys were trained to rotate their wrist back and forth, and in doing so, lift a weight that opposed wrist extension or flexion.  The weight was manipulated and it was found from cell recordings in the PMC that:

· When no load was applied, the wrist flexor neuron fired before and during flexion.  

· When a load opposing flexion was applied, activity in the neuron increased.

· When a load assisting flexion was applied, the neuron did not fire at all because the weight assisted the flexor muscle.

( Thus, the firing of neurons in the PMC in this experiment encoded for a specific parameter of the movement, the force exerted during the movement and not to the displacement of the wrist (since in all three conditions, wrist displacement was equal).

· In an experiment in which cells are recorded when an animal pushes a force sensor, it was found that some cells exhibited characteristic response patterns:  (fig. 38.12)
· Some cells fire briskly at the beginning of the movement, and then decrease to a steady tonic level of activity when a steady force is reached.  These cells are called phasic-tonic cells and encode the rate of change of force.

· Other neurons show a linear relationship between cell firing and the amount of force exerted.  These cells encode absolute force and are called tonic cells. 

· The correlation, in most cells, between cell activity (firing rate) and force produced, can be seen in the plot in figure 38.12b.

· Some PMC neurons are connected directly to spinal motor neurons and some are connected by interneurons.  This experiment asked the question: “In what way does the activity of neurons which are directly connected to motor neurons differ from those that are not directly connected, such as those that are connected by interneurons?” (fig. 38.16)
· Neuronal activity from directly connected, corticomotoneuronal (CM) cells was recorded during a precision grip vs. a power grip.  In the precision grip, two digits were used to pinch a spring, while in the power grip, the whole hand was used to squeeze an object.

· Only during the precision movement, when a small number of digit muscles were activated, did the CM cells fire.  When the monkey made a movement with the entire hand (power grip), the CM cells did not fire. 

 This experiment showed that the motor cortex has a vocabulary and uses a particular set of neurons for precise activities, and a different set for power activities.  The precision grip is lost in animals in which the corticospinal fibers are cut (pyramidotomy), but the power grip is not lost (see Figure 38.8).  This suggests that the power grip can be produced not only by cortical neurons, but also by neurons of other descending systems that are not directly connected to spinal neurons.

· “What is it that is encoded in cells of the primary motor cortex when a directional movement is made?”

(performed by Georgopoulos, fig. 38.13)

· In this experiment, motor cortical neuron activity was recorded during arm movements in multiple directions.  It was shown that any particular cell did not fire corresponding to a particular direction precisely, but instead, to a broad range of directions. 

· Different cells have different preferred movement directions.  If you activate a wide number of motor cortical neurons, and determine the preferred direction of each neuron, you will be able to predict the direction of movement of the arm.

( Therefore, movement in a particular direction is not encoded by individual cells, but instead, by a population of cells.  By representing each neuron by its preferred direction, and by doing a vector sum of all neurons active in a given movement, the resultant population vector closely matches the direction of movement.  Thus, individual cells are broadly tuned, and by combining their activity, movement can be reconstructed ( called population coding.

· Motor cortical neurons coding for direction will also code for force.  (fig. 38.14)
· If a load opposes movement of the arm in its preferred direction, the cell’s activity increases.  If the load pulls the arm in its preferred direction, cell activity decreases.

( The activity of directionally tuned primary motor cortical neurons varies with the direction of force as well as with movement direction during reaching with the entire arm.

3.  The Frontal Cortex contains 4 premotor areas that organize different aspects of voluntary motor behavior. (p. 770)

· Where does the primary motor cortex get its information?  (similar to fig. 38.4)

· Its input arises from a number of premotor areas.  Premotor areas are defined by having dual projections: to the primary motor cortex and to the spinal cord.

· The premotor areas are:

· Supplementary motor area

· Ventral lateral premotor area

· Dorsal lateral premotor area

· Cingulate premotor area (its function is not well known)

· The PMC cortex also receives input from the sensory cortex, so it has a receptive field in which stimulation can drive the PMC.  This is responsible for rapid responses to highly expected stimuli.

4. Internally paced movements and motor sequences are organized in the supplementary and pre-supplementary motor areas. (pgs. 771-774)  
An important feature of voluntary behavior is that the component of movements can be prepared in advance of their being made.  They can also be rehearsed in their entirety in our mind without being actually performed.

· What is encoded in the premotor areas?  They are not as involved in fine details as the PMC, but rather are more involved in global aspects of behavior.  

· Experiments performed to determine the role of premotor areas recorded potentials over the brain during voluntary movements.   These experiments showed that changes in potential occur in pre-motor areas before movement is initiated.  These premotor preparatory potentials display the brain preparing for a movement.

· Neuroimaging is being used to record blood flow (as oxygen usage is increased in active brain regions) to show activation of premotor and motor cortex during internally rehearsed movements.

· An experiment was conducted to compare the activation of different areas of the cortex during three different tasks:  (fig. 38.17)
· During the performance of a simple, repetitive gesture where the finger was pressed repeatedly against a spring, the primary motor and sensory cortices were activated.

· During the performance of a complex sequence of movements that required planning, supplementary motor cortex and primary motor cortex were activated.
· During the mental rehearsal of the same complex sequence, only the supplementary motor cortex was activated.

· The supplementary motor area (SMA) is primarily involved in internally generated behaviors and does not require external triggers.  This was demonstrated in an experiment where the activity of neurons in the SMA were compared with that of the lateral premotor area during two conditions: (fig. 38.18)
· Touching of a button in response to visual cues: Primary motor cortex was active, lateral premotor cortex was active, but the supplementary motor area was not active.

· Press sequence of buttons (internally driven): supplementary motor area was active, lateral premotor area was not.

( Therefore, the lateral premotor area is involved in the transfer of sensory information and is active when a visual cue is used but falls silent during the performance of a prelearned sequence.  Conversely, the supplementary motor area is active only when an internally driven movement is performed.

· Another experiment showed that some neurons in the SMA are activated only with a very specific sequence of movements, as shown by different turn/push/pull sequences of a knob.

· Some neurons are only active during particular sequences and not during others.

· Thus, in the SMA, there are neurons that encode specific components of behavioral sequences, and there is a high degree of specificity in the discharge of SMA neurons during internally generated movements.

· In addition, these experiments showed further evidence of plasticity.  The primary motor cortex gets input from the SMA, which is involved in the early planning of movement.  The motor cortex can take control of movements that have become stereotyped due to extended practice, as the SMA neurons become less recruited.  Therefore, it is enough to rehearse movements to improve performance, which is important in sports.  

· After a subsequent lesion in the PMC, the behavioral control will return to the SMA.

5.  Reaching and grasping involve separate visuomotor channels.  (pgs. 774-779)

Visual information for reaching and grasping is processed in distinct parieto-frontal pathways. (fig. 38.20)
· Reaching involves transferring information from the posterior parietal cortex to the lateral dorsal premotor area.

· Grasping (shaping the hand for what to do once it gets to the desired location) involves transferring information from the posterior parietal cortex to the lateral ventral premotor area.

· Neurons in the premotor and posterior parietal cortex show “set-related” activity, as demonstrated in an experiment by Wise.  (fig. 38.19)

· A monkey is trained to reach for one in a series of four illuminated panels in from of it and is provided with two different signals: an instruction signal informing it which panel to reach for and a trigger signal providing the cue to perform the reaching movement.

· This experiment demonstrated that neurons in the dorsal premotor area exhibit “set-related” activity.  These “set-related” neurons fire when the animal prepares to make the move (when the instruction signal was given) and fires continuously until the initiation of the movement (when the trigger signal was given).

· Therefore, the lateral premotor area is involved in learning to associate a particular sensory event/stimulus with a specific movement.

· In the ventral premotor area, individual neurons fire during specific hand actions only.  (fig. 38.21)
· In an experiment recording from neurons in the ventral premotor areas, monkeys were trained to form either a precision grip or a power grip with their fingers.  

· Recordings showed that activity was specific to the grip type employed by either hand.  Therefore, cells in the ventral premotor area were attuned to the type of movement, but not to the laterality.  Different cells encode for different hand configurations in preparation for grasp.

· Cells cannot only recognize their own movements, but also movements of others. (fig. 38.22)
· A unique type of neuron in the ventral premotor area codes for a particular hand configuration under a variety of situations.  The cell will fire while the monkey is producing the grasping movement or if it sees another animal/experimenter produce the same movement.  

(  These neurons are called mirror cells.

Conclusion:

· The motor cortex is not simply a keyboard of upwardly displaced motor neurons, but instead, is capable of encoding specific features of motor actions and combining different movements according to different contexts.

· Different cells are active for different types of movements, encoding for internally generated movements, externally generated movements, and fairly abstract movements.

· The premotor areas encode global aspects of behavior, with the supplementary motor area being primarily involved in encoding internally generated movements, particularly sequences of behaviors.  The lateral premotor areas are involved in sensory motor transformations, whereby the cortex is transforming spatial information from external space to the hand space, where the planned movement is then encoded.

