FIGURE LEGENDS
FIGURE 29.1 Vestibular canals and otoliths. The position and orientation of the labyrinth (not to scale) in the head are shown at the upper left of the figure. An enlarged view of the labyrinth shows the directions of head rotation and endolymph flow (red arrows) that excite each of the three semicircular canals. The horizontal orientation of the utricular macula and vertical orientation of the saccular macula are shown schematically. More highly magnified views of the receptor regions of a canal and of the otolith organs are shown with the cupula of the canal colored dark gray and the best directions for excitation of otolith hair cells marked by black arrows. At the lower right are two anatomical types of hair cell: the calyx or type I and boutonending or type II receptor. The tallest cilial extension on each cell is the kinocilium. A, anterior semicircular canal; H, horizontal semicircular canal; P, posterior semicircular canal; S, saccule containing saccular macula; U, utricule containing utricular macula; I, type I receptor; II, type II receptor. Based on studies reviewed by Wilson and Melvill-Jones (1979).

FIGURE 29.2 Vestibular and proprioceptive reflex signal inputs and major pathways from the brainstem vestibular nuclei. The medial vestibulospinal tract projects bilaterally to the cervical spinal cord to mediate the vestibulocollic reflex. The lateral vestibulospinal tract descends to lumbar levels of the spinal cord to influence limb extensors involved in balance. Neck muscle proprioceptors send signals to vestibular nuclei to participate in cervicocollic reflexes and interactions among reflexes. d, descending vestibular nucleus; 1, lateral vestibular nucleus; m, medial vestibular nucleus; s, superior vestibular nucleus; VST, vestibulospinal tract.

FIGURE 29.3 Sequencing of muscle activation in response to displacement of a supporting platform. When the supporting surface is displaced backward (at 0 ms), flexor muscles are excited first in the distal lower limb segments (gastrocnemius, about 80 ms latency) and then in the proximal segment (hamstrings, about 100 ms latency). Forward displacement of the platform activates lower limb extensors, again in a distal (tibialis anterior) to proximal (quadriceps) sequence. Black arrows mark the first detected electromyographic response to displacement. Based on studies by Horak and Nashner (1986).

FIGURE 29.4 The corticospinal projection in the macaque monkey. (A) The density of corticospinal neuronal somata is shown by stippling in this lateral view of the left cerebral hemisphere; the superior medial surface of the hemisphere is also shown (above) as if reflected in a mirror. The central sulcus (C), arcuate sulcus (A), cingulate sulcus (Cg), intraparietal sulcus (Ip), and Sylvian fissure (S) are drawn as if pulled open to reveal the neurons in their banks. Two schematic corticospinal neurons, one relatively posterior and the other relatively anterior in area 4, send their axons down through the midbrain (B), pons (C), medulla (D), and spinal cord (E), which are drawn in cross section. In the spinal cord, the former corticospinal axon leaves the lateral column to terminate in the dorsolateral ventral horn, whereas the latter axon terminates in the ventromedial ventral horn.

FIGURE 29.5 Cortical motor areas. (A) Diagram of a macaque brain showing current parcellation of cortical motor areas in the frontal lobe. Modified from Matelli, Luppino, and Rizzolatti (1991). (B) Connections of the cortical motor areas. Most corticocortical connections are reciprocal. CGc,- cingulate motor area, caudal; CGr,-cingulate motor area, rostral; M1, primary motor cortex; PMdc, premotor cortex, dorsal caudal; PMdr, premotor cortex, dorsal, rostral; PMvc, premotor cortex, ventral, caudal; PMvr, premotor cortex, ventral, rostral; Pre-SMA, presupplementary motor area; SMA supplementary motor area proper. Thin lines to the spinal cord from PMvc, PMdc, SMA, and CGc indicate that corticospinal projections from these areas are not as strong as that from M1.

FIGURE 29.6 Sensory receptive fields in M1 and PMv. (A) Black regions show the tactile receptive fields of eight M1 neurons recorded at loci where intracortical microstimulation evoked flexion of the monkey’s index and middle fingers. Other neurons at the same loci responded to passive extension of those fingers. From Rosen and Asanuma (1972). (B) A single PMv neuron responded to visual stimuli moving near the mouth, to tactile stimulation of the lips and of the skin between the thumb and the index finger, and to flexion of the elbow. From Rizzolatti, Scandolara, Matelli, and Gentilucci (1981).

FIGURE 29.7 Somatotopic maps in M1. (A) Map by Woolsey et al. (1952) in which each figurine represents in black and gray the body parts that moved a lot or a little, respectively, when the cortical surface at that site was stimulated. In addition to the primary representation on the convexity, their map shows a secondary representation on the medial surface of the hemisphere, called the supplementary motor area (SMA). As defined in this study, M1 and SMA each included several of the currently defined cortical motor areas. (B) Intracortical microstimulation of M1 in an owl monkey produced this map, consisting of a complex mosaic of different body parts. In this species, the central sulcus is only a shallow dimple, and M1 is entirely on the surface of the hemisphere. Each dot represents a stimulated locus, and lines surround adjacent loci from which movement of the same body part was evoked. Note that the forepaw digits (purple) and the hindpaw digits (green) are represented in multiple areas separated by areas representing nearby body parts. Modified from Gould, Cusic, Pons, and Kaas (1986). In both A and B, the inset at the top indicates the region of the frontal lobe enlarged below.

FIGURE 29.8 Convergence of M1 outputs to single muscles. (A) Isothreshold contours show the points at which EMG responses were evoked in three different muscles—extensor digitorum communis (EDC), thenar, and first dorsal interosseus—by intracortical microstimulation in the anterior bank of the central sulcus. (B) Data shown in A indicate that the cortical input to the motoneurons of any muscle originates from a wide territory in M1 and that the cortical territory providing input to a given muscle overlaps extensively with the cortical territory providing input to other muscles in the same part of the body. Modified from Andersen, Hagan, Phillips, and Powell (1975).

FIGURE 29.9 Divergence of M1 outputs to multiple muscles. (A) Tracing of a single corticospinal axon ramifying in the ventral horn of the spinal cord shows terminal fields in the motoneuron pools of four forearm muscles. From Shinoda, Yokota, and Futami (1981). (B) Action potentials in a cortical neuron (top trace) are followed at a fixed latency by peaks of postspike facilitation in EMGs recorded from four of six recorded forearm muscles (lower traces), consistent with monosynaptic excitation of all four motoneuron pools by that cortical neuron. The EMGs are rectified and averaged responses to 7051 action potentials in the cortical neuron. From Fetz and Cheney (1980). (C) These anatomic and physiologic findings indicate that the output of single corticospinal neurons often diverges to influence multiple muscles. From Cheney, Fetz, and Palmer (1985).

FIGURE 29.10 Discharge of a single M1 neuron in a monkey making flexion and extension wrist movements with wrist flexors loaded (A) and unloaded (B) and with wrist extensors loaded (C). The discharge rate of this neuron was greatest when the monkey used its wrist flexor muscles against a load. Modified from Evarts (1968).

FIGURE 29.11 (A) Discharge of a single M1 neuron before and during arm movements in a monkey. Movements (represented by arrows) started from the same central point and ended at eight different points on a circle. The eight rasters show that the activity of this neuron was related to movements in four of the eight directions. The neuron discharged most intensely for movements down and to the right and was inhibited during movements up and to the left. (B) For each of the eight movements, the discharge of each M1 neuron is shown as a line pointing in the preferred direction of the neuron. Each line starts at the movement end point, and its length is proportional to the intensity of the discharge of that neuron during movement in that direction. Although the discharge of single neurons rarely identified any single movement direction with accuracy, the population vectors (arrows) summing the discharge of an ensemble of M1 neurons adequately specify each of the eight movement directions. From Georgopoulos (1988).

FIGURE 29.12 Directional delay period activity in a PM neuron. (A) As a monkey performed a delayed-reaction paradigm, this neuron began to discharge shortly after receiving instructions (IS) to perform a leftward movement. Discharge continued until after the monkey had subsequently received a separate triggering signal (TS, which occurred at three different time intervals after the IS) and performed the movement. During the delay between IS and TS, while the monkey did not move, the discharge of the neuron encoded the direction of the instruction, the direction of the impending movement, or both. (B) When the instruction was for rightward movement, this neuron did not discharge until after the movement had been made, presumably as the monkey was then preparing to move back to its original position. From Wise and Strick (1996).

FIGURE 29.13 Activity of three neurons—one in M1, one in PM, and one in SMA—recorded as a monkey pressed three buttons in sequence. The sequence was first cued visually by lighting the buttons and was then cued internally. The M1 neuron showed similar activity whether the monkey performed from visual or internal cues. The PM neuron, however, was much more active in response to visual than internal cues, whereas the opposite was true for the SMA neuron. Modified from Mushiake, Inase, and Tanji (1991).

