KIN 437, Lecture 10

I. Recovery of Function after Central Nervous System Damage

A. Definition

1. what is recovery?

2. if we consider recovery as achievement of a goal after a brain injury, does recovery occur if and only if the same mechanisms are used to achieve this goal before and after the injury? (note: nearly impossible after injury)

3. another view is that recovery occurs regardless of how the goal is achieved after the injury

4. recovery vs compensation

B. Mechanisms of recovery

1. theoretical mechanisms

a.  “unassigned” or “unoccupied” areas of the brain take over function (true of early brain damage?)

b. redundancy theory: function is distributed over many brain areas, thus if one area is damaged, there is still the capacity to control function

2. anatomical mechanisms

a. regenerative sprouting: damaged axons regenerate to regain function

b. collateral sprouting: axons from intact neurons sprout to take over function

3. physiological mechanisms

a. diaschisis: after brain injury, neurons stop functioning not due to cell death, but rather because of transient physiological processes (e.g. neural shock, edema, loss of blood flow), but if these physiological processes are overcome, recovery occurs (remove “inhibition” and function returns)

b. denervation supersensitivity: after a neuron is partially denervated, it becomes more responsive to neurotransmitters from the remaining synaptic inputs

c. silent synapses: after major inputs to a neuron are damaged (i.e. inputs on the cell body), other inputs that previously were insignificant (i.e. on the dendrites) take on a greater role in activation of the neuron 

II. Factors Influencing Recovery

A. Lesion characteristics

1. size of the lesion, i.e. larger the lesion, the less recovery is expected and the slower the rate of recovery

2. rapidity of onset, i.e. slowly developing lesions create less disruption than a lesion of the same size and extent that occurs rapidly (e.g. tumor vs traumatic brain injury)

a. serial lesion experiments

b. remove part of the cortex in stages over a period of time vs removing even a larger area of the cortex all at once

c. recovery is greater and more rapid if the lesion occurs in stages

d. mechanisms may have to do with optimizing sprouting and denervation supersensitivity

B. Age at time of damage 

1. infant lesion effect: early brain damage results in greater recovery than if damage occurs later in life

2. Kenard experiment: unilateral lesions in cortex of monkeys and chimpanzees as infants versus adults, paresis and paralysis was observed in adults, but not in infants

3. mechanisms

a. “unoccupied” or “unassigned” areas of brain take over function

b. Robinson and Goldberger experiment shows that rats whose receive complete spinal cord injuries as neonates (5 days old) recovery hindlimb stepping, but not adult spinal cord transected rats, recovery may be due to lack of a development of descending inhibition of spinal neurons 

c. Rats that receive spinal cord hemisections (i.e. cut lateral corticospinal tract) as neonates recover hindlimb function and may be due to either sprouting of ventral corticospinal tract or regeneration of the lateral corticospinal tract 

C. Environmental exposure

1. an enriched environment before and/or after a brain injury can improve recovery

2. background: Rosenweig and Bennett’s class study showing rats housed in enriched environment have increased brain weight, greater dendritic branching, enzyme activity in the brain compared to impoverished environment rats

3. Held study showed that enriched environment before or after brain injury in rats improved recovery

a. Running wheel exercise was part of enriched environment

b. Enriched group had greater sparing of locomotor function than improverished animals

4. clinical study: stroke patients in special, stroke units (with social interaction) improved functional recovery relative to stroke patients in typical wards

5. mechanism?

D. Specific training and therapeutic intervention

1. Ogden and Franz forced-use experiments

a. Unilateral damage to motor cortex in monkeys

b. 4 post-operative groups 1) no training 2) massage of limb, 3) restraint of noninvolved arm, 4) combination of restraint and noninvolved arm + activity of involved arm

c. recovery occurred in the combination restraint + activity group

2. Nudo study of cortical representation after brain injury

a. After cortical damage of the area that represents the hand, the representation in the cortex in the areas surrounding hand decreased but an increase in cortical representation of the arm

b. Retraining of hand use results in some recovery of hand representation in the cortex, i.e. those areas that were for arm representation had an increased representation of the hand

