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F. Sensory Signal Pathways
Ascending Pathways, Part I: Overview

The spinothalamic tract, the spinoreticular tract, the spinomesencephalic tract, the
spinocerebellar tract, and the dorsal columns are the major ascending pathways of the spinal cord. Each
tract carries specific information in a topographic fashion, i.c., the sensory information from different parts
of the body is specifically organized in the ascending sensory pathways. The dorsal columns and various
spinal tracts always decussate or cross the midline. Therefore, the sensory information they carry is
ultimately processed in the contralateral cerebral hemisphere (the opposite of contralateral is ipsilateral).
In Fig. 47, typical ascending pathways are shown, i.c., input signals due to tactile sensation or pain will
enter the cord where there is a synapse at the dorsal horn. Then the axons of the secondary neurons
decussate and ascend following one of the spinal tracts, and synapse again in the thalamus. Tertiary
neurons from the thalamus then project to and terminate in the corresponding cortical area or areas. In the
accompanying diagrams, some detailed sensory pathways of the spinothalamic, spinoreticular, and
spinomesencephalic tracts are shown. Except for the spinothalamic tract, both spinoreticular and
spinomesencephalic tracts project to various nuclei along the brainstem, such as the reticular formation and
the periaqueductal gray matter, as well as the hypothalamus in the diencephalon. These projections are
believed to be the sources of the various pain inhibiting neurotransmitters and peptides that will be

discussed later.

Major Ascending Spinal Tracts ¢+ =

o b oty g e B e B g B e TH g g b
Spinothalamic Tracts
; )




Chapter 1V. F. Sensory Signal Pathways - Ascending Pathways, Part |

Typical Ascending Spinal Tracts

To association cortex
(Diffuse projection)

Thalamus

-----------------------------------------------------------------------------------------------------------------

.................................................................................................................



Chapter 1V. F. Sensory Signal Pathways - Ascending Pathways, Part Il

Ascending Pathways, Part Il : Spinothalamic Pathways

In the spinal cord, the anterolateral spinothalamic tract is classified into two tracts: the lateral
spinothalamic tract and the anterior spinothalamic tract. These two tracts eventually merge. The pathway
to the medial (centromedian nucleus) nucleus of the thalamus was the first direct spinothalamic projection
to appear in evolution, and thus is known as the paleospinothalamic tract. On the other hand, the lateral
projection to the ventral posterior lateral nucleus (VPL) of the thalamus, which developed later, is called
the neospinothalamic tract. The paleospinothalamic tract projects diffusely to several regions of the
ipsilateral cortex, while neurons in the ventral posterior lateral (VPL) thalamic nuclei project directly to
the primary somatosensory cortex, suggesting that there may be several pathways that process nociceptive
information from the thalamus to the cortex. This may allow for one pathway to mediate the sensation of
pain, while another pathway may mediate negative emotions about pain. Fig.48 illustrates the spinothalamic
tract that projects to both medial and lateral nuclei of the thalamus. Although the spinothalamic tract is
subdivided into the anterior spinothalamic and lateral spinothalamic tracts, due to the fact that they merge at

the level of the brainstem, they are usually just called the anterolateral spinothalamic (ALS) tract.
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Fig. 48. Ascending pathways for sensory and nociceptive signals - the spinothalamic tracts. The
spinothalamic tract is the major somatic signal pathway that projects to the thalamus, mostly to the thalamic
ventral posterior lateral (VPL) nucleus (from the body) and the ventroposteriormedial (VPM) nucleus (from
face and head), and some to the centromedian (CM) nucleus of the thalamus. The latter mostly projects
diffusely to many cortical areas. The former pair, the VPL and VPM, project to more specific,
topographically-organized, cortical areas depending on the sites and types of stimulation.



Chapter 1V. F. Sensory SigpqlﬁPathlvia&* - Ascending PathwavsL Part 11

Ascending Pathways, Part III : Spinoreticular Pathways

In Fig. 49, the spinoreticular tract projects to two different areas, at the reticular formation and
at the medial nucleus of the thalamus. The former, terminating at the reticular formation, may be involved
in the pain inhibitory mechanism. From the medial nucleus the tertiary neuron appears to project diffusely

to several association areas.
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