BOX 31.3

CLINICAL TESTING CAN REVEAL CEREBELLAR DAMAGE

In the early 1900s, Gordon Holmes carefully described the movement deficits associated with discrete cerebellar lesions caused by gunshot wounds (Holmes, 1939). Lesions caused by cerebellar infarct also provide information about the role of portions of the cerebellum, although interpretation of these data can be difficult because of the frequent spread of damage to extracerebellar regions. The common theme through these studies is that cerebellar damage does not impair sensory perception, but instead causes deficits in motor coordination and adaptation. These deficits are consistent with a role for the cerebellum in producing a forward model of movement, which predicts the expected sensory result of a movement and updates the forward model if errors occur (Shadmehr & Krakauer, 2008). Several types of cerebellar deficits are seen in human patients: 

Ataxia is a condition that involves lack of coordination between movements of body parts. The term often is used in reference to gait or movement of a specific body part, as in “ataxic arm movements.” Ataxia of posture, stance, and rhythm can derive from damage to vestibular and fastigial nuclei and vestibulocerebellum, while the intermediate and dentate nuclei and associated cortex appear more responsible for limb placement and multisegmental coordination. Asynergia is an inability of cerebellar patients to correct their movements for the interaction torques between multiple joints, leading to inaccurate reaching or stepping movements. 

Dysmetria is an inability to make a movement of the appropriate distance. Hypometria is undershooting a target, and hypermetria is overshooting a target. Patients with cerebellar damage tend to make hypermetric movements when they move rapidly and hypometric movements when they move more slowly and wish to be accurate. 

Dysdiadochokinesia is an inability to make rapidly alternating movements of a limb. It appears to reflect abnormal agonist-antagonist control. It is thought to be due to damage to the interpositus and/or dentate nuclei and resulting perturbation of muscle stretch reflexes. 

Action tremor, or intention tremor, is an involuntary oscillation that occurs during limb movement and disappears when the limb is at rest. Cerebellar action tremor is generally of high amplitude and low frequency (3–5Hz). Titubation is a tremor of the entire trunk during stance and gait. Lesions of cerebellar target structures (e.g., the red nucleus and the thalamus) often result in cerebellar outflow tremor, or postural tremor. Most prominent when a limb is actively held in a static posture, postural tremor attenuates during limb movement and disappears when the limb is at rest. Like dysdiadochokinesia, these tremors are also thought to be caused by deficient stretch reflexes. 

Hypotonia is an abnormally decreased muscle tone. It is manifest as a decreased resistance to passive movement, so that a limb swings freely upon external perturbation. Hypotonia often is limited to the acute phase of cerebellar disease. 

Nystagmus is an involuntary and rhythmic eye movement that usually consists of a slow and a fast phase. In a unilateral cerebellar lesion, the fast phase of nystagmus is toward the side of the lesion. 

Patients with cerebellar damage are impaired both in normal motion and during motor adaptation. For example, a normal subject can adapt to wearing prism eyeglasses that shift the world to one side. After the prisms are removed, the subject shows a slow return to normal behavior, indicating that learning took place. In contrast, a cerebellar patient shows neither adaptation to the prisms, nor any sign of learning afterwards. Saccade learning is similarly impaired in cerebellar patients. 

There is some promise for rehabilitation of cerebellar patients. Recent work suggests that these patients can learn to correct for small errors, either by using remaining functional circuits or through other brain circuits entirely. Cumulative learning of small adjustments can produce an overall large change in the resulting behavior, suggesting that compensation may be possible for certain types of deficit (Bastian, 2011).
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