BOX 31.4

COGNITION, EMOTION, AND THE CEREBELLUM

It no longer is viable to consider the function of the cerebellum as being confined to the control of voluntary movement, speech, and equilibrium. Considerable evidence suggests that the cerebellum is critical also for cognition and emotion. Anatomical studies demonstrate that the cerebellum is an important part of the distributed neural circuitry that subserves cognitive processing. The frontal, association, and paralimbic cerebral cortices known to subserve higher-order functions are linked with the cerebellum in a precisely organized systemof feedforward and feedback loops, and physiological studies indicate that these pathways are functionally relevant (Strick et al., 2009). Cerebellar ablation and stimulation experiments in animals have demonstrated cerebellar influences onmany nonmotor functions, including classical conditioning, navigational skills, cognitive flexibility, sham range, predatory attack, and aggression. Functional neuroimaging investigations of the morphologic correlates of cognitive processing using PET and fMRI in humans have revealed sites of activation in the cerebellum in a number of cognitive tasks. These include linguistic processing, verbal working memory, shifting attention, mental imagery, classical conditioning, motor learning, sensory processing, and modulation of emotion. Furthermore, there appears to be a topographic organization of the sites within the cerebellumactivated by these different cognitive processes. 

Clinical investigations of adults and children with diseases confined to the cerebellum have defined a cerebellar cognitive affective syndrome characterized by impairments of executive processing, working memory, visual spatial reasoning, language disturbances (ranging from mutism to agrammatism), and a flattened or inappropriate affect. The net effect of these deficits is a lowering of overall intellectual ability. The posterior lobe of the cerebellumappears particularly important in the generation of this syndrome, and the vermis is consistently involved when the affective component is pronounced. Elements of this clinical syndrome have also been noted in patients with developmental cerebellar anomalies, cerebellar degeneration, autism, and fragile X syndrome. In addition, cerebellar abnormalities, particularly in the vermis, have been observed in patients with schizophrenia. 

The relationship between the cerebellum and nonmotor function has been conceptualized as follows.

1. The cerebellum is able to subserve cognitive and emotional functions because it is anatomically interconnected with the associative and paralimbic cortices.

2. The convergence of inputs from multiple regions of the cerebral cortex to adjacent areas within the cerebellum facilitates cerebellar regulation of supramodal functions.

3. The cerebellar contribution to cognitive and emotional processes is one of modulation rather than generation.

4. The cerebellum performs computations for cognitive functions similar to those for the sensorimotor system—but the nature of the information being modulated is different.

5. The disruption of the cerebellar influences on higher functions can lead to dysmetria of thought or impairment of mental agility.

6. The cerebellum may play an important role in the development of cognitive and emotional function. 

The potential for further discovery in this field places the cerebellum, previously thought of as a motor control device, in the forefront of current behavioral neuroscience research.
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