KIN 437, Lecture 9


I. Traumatic Brain Injury 

A. Protection of the brain

1. skull (cranium)

2. pia mater, arachnoid mater, dura mater cover external surface

3. extensions of the dura mater into the brain divides cranium into compartments

a. falx cerebri: divides left and right hemispheres

b. tenorium cerebelli: divides cerebrum from cerebellum

c. falx cerebelli: divides left and right cerebellar hemispheres

4. entire brain “floats” in cerebrospinal fluid

5. note, there is a lack of free space inside the compartments that house the brain

B. Mechanisms of traumatic brain injury

1. direct injury

a. skull, dura and brain is penetrated by foreign object (bullet etc.)

b. bone fragments in the brain worsen the injury extent

c. focal deficits

2. contusions or bruises in specific area of brain 

a. blunt trauma bows the skull inward, inducing a “punch” to the brain surface

b. injury more severe and diffuse

3. intracranial hemorrhages 

a. hematoma: localized mass of blood (epidural, subdural)

b. increased pressure which compresses brain tissue and cause a herniation (brain tissue is squeezed from one compartment to another)

c. leads to ischemia (lack of oxygen to neurons)

4. lacerations or tears 

a. brain moves against the sharp edges of dura and rough interior of skull

b. can be caused by contusions, hemorrhaging

5. diffuse axonal injury

a. forces violently move brain  enough to damage (stretch, tear) white matter tracts in brain

b. transneuronal degeneration may occur (cells that synapse on or receive input from damaged neurons degenerate)

c. associated with fast accelerations/decelerations in motor vehicles

C. Motor Impairments 

1. rigidity: resistance to passive movement (flexors and /or extensors)

2. spasticity

3. hypotonia

4. abnormal reflexes (i.e. clonus)

5. weakness (hemiparesis vs quadriparesis): inability to generate muscle tension

6. altered timing and sequencing of muscle activation

a. flexor/extensor co-contractions

b. abnormal muscle synergies

7. ataxia and apraxia (disorder of motor planning)

II. Cerebrovascular Disease: Stroke

A. Characteristics

1. neurons require constant supply of blood to function (e.g. if blood supply ceases, unconscious after 4 seconds)

2. cerebrovascular disease: any disorder in which an area in the brain is transiently or permanently affected by ischemia or bleeding (blood vessels are impaired by some pathological process)

B. Classification

1. ischemic strokes

a. brain has no glucose or oxygen reserves and depends on constant blood supply

b. lack of blood flow which deprives brain tissue of oxygen and metabolites can cause neuronal dysfunction and even cell death

c. thrombotic strokes: blood clot or thrombus within vascular system (usually from atherosclerosis, i.e. plaque build up)

d. embolic strokes: substance formed elsewhere in vascular system (i.e. air bubble, fat, tumor cell, etc.)

2. hemorrhagic strokes

a. bleeding causes increased pressure and compression of brain

b. intracerebral hemorrhage: common cause is aneurysm associated with hypertension (small vessel bursts)

c. subarachnoid hermorrage: bleeding in subarachnoid space, common cause is aneurysm of major blood vessels

C. Motor impairments

1. hemiparesis

a. contralateral deficits usually occur ipsilateral to the damaged region

b. ipsilateral function is usually “unaffected”

2. hypotonia, spasticity

3. hyperreflexia, clonus

4. muscle weakness

a. loss of motor units (up to 50%)

b. motor neurons degenerate from destruction of descending pathways (transynaptic degeneration)

c. fast type fibers are most susceptible

d. decreased motor unit firing rate

5. altered muscle synergies: i.e. unintentional movement of one limb during intentional movement of another limb

