KIN 437, Lecture 15:  Winter 2010


I. Locomotor Recovery 

A. Definition of activity-dependent plasticity

1. Neurons in the spinal cord can change

2. These changes are driven by activity from descending pathways and sensory signals

B. Control of movements in the legs:  Descending Control Theory vs Central Pattern Generation

1. Descending Control Theory

a. Descending pathways activate the lower motor neurons to generate locomotion

2. Central Pattern Generation Theory
a. Descending pathways activate networks of spinal interneurons neuron which generate locomotion. 

C. Sensory information shapes the activity of flexor and extensor spinal neurons allowing for adjustments

1. The control of locomotion (walking)

a. The step cycle is divided into two parts, swing (when leg is in the air) and stance (when leg is weight bearing)

b. Swing is controlled by “flexor” spinal neurons which activate flexor motor neurons and inhibit extensor motor neurons

c. Stance is controlled by “extensor” spinal neurons which activate extensor motor neurons and inhibit flexor motor neurons

2. Important sensory information

a. Load: Weight bearing enhances ipsilateral extensor neuron activity and contralateral flexor neuron activity

b. Joint angle:  Hip extension enhances ipsilateral flexor neuron activity and contralateral extensor neuron activity 

c. Cutaneous stimulation:  Contact of the foot with the ground indicates it is safe to transfer weight onto the limb.

3. If descending pathways are eliminated (complete spinal cord transection), sensory information alone must drive the spinal neurons that generate locomotion to compensate for lack of descending input

D. New theory: The spinal cord “learns” to step

1. Spinal cord learns to use sensory information to drive activity in the flexor and extensor spinal neurons that generate locomotion

2. Learning by the spinal cord requires repetitive activation of these sensory and spinal neurons, i.e. practice or training, which strengthens and reinforces synapses in these neural pathways

3. Evidence for spinal learning theory:  Experiments in animals
a. Adult animal receives a complete surgical spinal cord transection (thoracic level), leaving the hindlimbs “paralyzed” but the forelimbs are intact

b. Locomotor training is performed for several weeks

c. Initially, poor stepping is observed but after 6 weeks of training, hindlimb stepping improves significantly

d. Animals with a spinal transection but no training (control group), step poorly relative to the trained 

e. Interpretation: Locomotor training has reinforced synaptic connections in the lumbar spinal cord that control hindlimb stepping in the absence of descending input from the brain

E. Locomotor Training in humans
1. Emphasis on helping the spinal cord to re-learn to step after descending control of locomotion is impaired.
2. Concepts: Appropriate sensory information, practice, translation to overground walking.

3. Differences between humans and animals?

a. Quadrupedal stepping, cerebral cortex, functional recovery?

F. Other ways to modify locomotion (external sources of stimulation)
1. pharmacological

2. electrical
