FIGURE LEGNEDS
FIGURE 24.1 A dorsal root ganglion cell is a pseudo-unipolar neuron with an axon that divides at a T-junction into a peripheral branch and a central branch. At the tip of the peripheral branch are receptor proteins that, through opening of cation channels, produce a depolarization called a generator potential. With sufficient depolarization, voltage-gated Na+ channels open to initiate action potentials. These action potentials are conducted down the axon and into the central branch that innervates second-order neurons in the spinal cord or in the medulla.

FIGURE24.2 A somatosensory ganglion (center) is populated by a broad range of neurons that differ in size, gene expression and receptive field properties. Mechanoreceptors (in blue) differ in how they respond to a sustained stimulus. Rapidly adapting (RA) afferents of the glaborous skin and D-hair receptors or hair follicle receptors generate short bursts of action potentials at stimulus onset and offset. Slowly adapting (SA) afferents respond to a sustained indentation of skin with a prolonged series of action potentials. Nociceptors (in red) also vary in size and conduction velocity of their axons (Aδ vs. C) and in their response to noxious mechanical stimulation, such as a hard pinch. Some receptors respond specifically to this stimulus (AM nociceptors and C-mechanonociceptors) whereas others respond to a broad range of noxious stimuli (C-mechanoheat nociceptors). From Lewin and Moshourab (2004).

FIGURE 24.3 Peripheral receptors of the hairless (glaborous) skin are present in dermis, epidermis and subcutaneous tissue. Superficial receptors at the dermis-epidermis border include the free nerve endings of nociceptors and thermo-receptors, the rapidly adapting afferents associated with Meissner’s corpuscle and the type I slowly adapting afferents that end as Merkel’s disks. Deep receptors include a rapidly adapting receptor enclosed by a Pacinian corpuscle and a type II slowly adapting afferent in some species. Those SAII afferents are associated with Ruffini corpuscles in domestic cats but appear to have some other arrangement in most of the human hand. SAII afferents are missing from the skin of macaques and mice. From Johnson (2002).

FIGURE 24.4 Responses of peripheral axons to a Braille pattern of dots scanned over the surface of a human fingertip at a rate of 60mm/s with 200-μm shifts in position after each pass. Dots represent individual action potentials. Only the response of the SAI afferents (Merkel disk receptors) follows the Braille pattern faithfully, whereas RA afferents and Pacinians (PC) produce a response that distorts the input. SAIIs display little response to this stimulus. Adapted from Phillips et al. (1990).

FIGURE 24.5 Proprioceptive afferents. (A) Golgi tendon organs and afferent termination along collagen fibers of the tendon capsule. These afferents respond when the entire capsule is stretched, usually by overvigorous contraction of the muscle. (B) Muscle spindle afferents (Ia and II) terminate on the noncontractile portions of intrafusal muscle fibers. They are arranged in parallel with working muscle fibers and respond to stretch of the entire muscle. Specialized motoneurons (γ) provide the motor innervation of the intrafusal muscle fibers and control the overall sensitivity of the muscle spindle.

FIGURE 24.6 The two classes of nociceptors that conduct action potentials in the C and Ad ranges are peripheral components for two types of pain. First pain carried by Ad axons reaches consciousness rapidly and is discriminative. Both the location and the subjective intensity of the stimulus can be judged with relatively good precision in first pain. Second pain, in contrast, is much slower and is agonizing pain, with greatly reduced discriminative value.

FIGURE 24.7 The receptor protein, TRPV1, provides a nociceptor with the ability to respond to many noxious stimuli. In addition to heat, TRPV1 is directly gated by a reduction in pH (afferent of H+) produced in response to tissue swelling. Either or both opens a nonspecific cation channel that, through an influx of Na+, depolarizes the nociceptor axon. Circulating agents that signal the presence of tissue damage (ATP and bradykinin) bind to a G-protein coupled receptor (GPCR). Through a series of steps PKCε is activated and TRPV1 subunits are phosphorylated, leading to a sensitization of the receptor. One result of this cascade is an opening of the cation channel at body temperature.

FIGURE 24.8 Anatomy of ascending somatosensory paths. (A) Organization of the dorsal column-medial lemniscal system from entry of large diameter afferents into the spinal cord to the termination of thalamocortical axons in the first somatosensory area of the cerebral cortex. An obligatory synapse occurs in the gracile and cuneate nuclei, from which second-order axons cross the midline and ascend to the ventral posterolateral nucleus of the thalamus (VPL) by way of the medial lemniscus. (B) Organization of the spinothalamic tract and the remainder of the anterolateral system. Primary axons terminate the spinal cord itself. Second-order axons cross the midline and ascend through the spinal cord and brainstemto terminate in VPL and other nuclei of the thalamus. Collaterals of these axons terminate in the reticular formation of the pons and medulla.

FIGURE 24.9 The first somatosensory cortex of humans and other primates is an amalgam of four areas, each of which has a complete map of the body surface. (A) SI and SII are located posterior to the central sulcus. (B) SI is shown at higher magnification. Areas are numbered according to the original scheme by Brodmann as areas 3a, 3b, 1, and 2 (from rostral to caudal in the postcentral gyrus). (C) Thalamic input from the core of VPL and VPM carries cutaneous mechanosensory information to areas 3b and 1, while a parallel route from the shell of VPL and VPM carries deep (e.g., muscle spindle) information to areas 3a and 2. Intracortical connections from area 1 to area 2 make up a route by which cutaneous information also reaches area 2. As a site of convergent deep input from thalamus and cutaneous input from area 1, area 2 is the most likely location in which a complete proprioceptive map emerges.

FIGURE 24.10 Schematic representation of the path taken by mechanoreceptor input to eventually reach three cortical targets. All relevant information reaches the ventrobasal complex and most is relayed to the areas of SI. From there, by steps through SII and the posterior parietal areas, somatosensory information reaches (1) the limbic system (entorhinal cortex and hippocampus), as a means for becoming part of or gaining access to stored memories; (2) the motor system (primary and supplementary motor cortex), where the continuous sensory feedback onto the motor system occurs; and (3) the polysensory cortex in the superior temporal gyrus, in which creation of a complete and abstract sensory map of the external world is thought to occur.

FIGURE 24.11 The medial path taken by spinothalamic neurons in lamina I (driven by C fibers) differs from the lateral path taken by neurons in laminae IV and V (driven by C and Aδ nociceptors and Aβ mechanoreceptors). Anterior spinothalamic tract axons are given off by the deeper neurons and terminate in lateral thalamus (VPL and VPI and the centrolateral nucleus). Lateral spinothalamic tract axons given off by lamina I neurons innervate medial thalamus, including the ventral caudal division of the mediodorsal nucleus (MDvc) and a region in posterolateral thalamus. In this figure, the region is labeled a separate, nociceptive/thermoreceptive-specific nucleus called VMpo, but several lines of evidence indicate lamina I neurons also innervate VPL and VPM, as well as VPI. From this varied thalamic innervation, nociceptive information reaches SI and SII for discriminative aspects of pain and temperature and the anterior cingulate and rostral insula for the affective, punishing aspects of pain.

FIGURE 24.12 Sensory components of the trigeminal system. (A) Path for discriminative touch. Large diameter afferents from the face innervate second-order neurons in the spinal trigeminal nucleus (pars oralis) and the principal sensory nucleus. Neurons in these nuclei give rise to axons that cross the midline, ascend in the trigeminothalamic tract, and terminate in the ventral posteromedial (VPM) nucleus of the thalamus. (B) Path for pain and temperature in the trigeminal system. Small diameter afferent axons descend in the spinal trigeminal tract and terminate in the pars caudalis of the spinal nucleus. Second-order axons cross the midline and ascend to the thalamus.

