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Figure 30-1 The corticospinal and bulbospinal upper motor neuron pathways. Upper motor neurons have their cell bodies in layer V
of the primary motor cortex (the precentral gyrus, or Brodmann’s area
4) and in the premotor and supplemental motor cortex (area 6). The
upper motor neurons in the primary motor cortex are somatotopically
organized (right side of figure).
Axons of the upper motor neurons descend through the subcortical white matter and the posterior limb of the internal capsule.
Axons of the pyramidal or corticospinal system descend through the
brainstem in the cerebral peduncle of the midbrain, the basis pontis,
and the medullary pyramids. At the cervicomedullary junction, most
corticospinal axons decussate into the contralateral corticospinal tract
of the lateral spinal cord, but 10–30% remain ipsilateral in the anterior
spinal cord. Corticospinal neurons synapse on premotor interneurons,
but some—especially in the cervical enlargement and those connecting with motor neurons to distal limb muscles—make direct monosynaptic connections with lower motor neurons. They innervate most
densely the lower motor neurons of hand muscles and are involved in
the execution of learned, fine movements. Corticobulbar neurons are
similar to corticospinal neurons but innervate brainstem motor nuclei.
Bulbospinal upper motor neurons influence strength and tone but are
not part of the pyramidal system. The descending ventromedial bulbospinal pathways originate in the tectum of the midbrain (tectospinal
pathway), the vestibular nuclei (vestibulospinal pathway), and the reticular formation (reticulospinal pathway). These pathways influence axial
and proximal muscles and are involved in the maintenance of posture
and integrated movements of the limbs and trunk. The descending
ventrolateral bulbospinal pathways, which originate predominantly in
the red nucleus (rubrospinal pathway), facilitate distal limb muscles.
The bulbospinal system sometimes is referred to as the extrapyramidal
upper motor neuron system. In all figures, nerve cell bodies and axon
terminals are shown, respectively, as closed circles and forks.
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Figure 30-2 Lower motor neurons are divided into α and γ types.
The larger α motor neurons are more numerous and innervate the
extrafusal muscle fibers of the motor unit. Loss of α motor neurons
or disruption of their axons produces lower motor neuron weakness.
The smaller, less numerous γ motor neurons innervate the intrafusal
muscle fibers of the muscle spindle and contribute to normal tone
and stretch reflexes. The α motor neuron receives direct excitatory
input from corticomotoneurons and primary muscle spindle afferents.
The α and γ motor neurons also receive excitatory input from other
descending upper motor neuron pathways, segmental sensory inputs,
and interneurons. The α motor neurons receive direct inhibition from
Renshaw cell interneurons, and other interneurons indirectly inhibit
the α and γ motor neurons.
A muscle stretch (tendon) reflex requires the function of all the
illustrated structures. A tap on a tendon stretches muscle spindles
(which are tonically activated by γ motor neurons) and activates the
primary spindle afferent neurons. These neurons stimulate the α
motor neurons in the spinal cord, producing a brief muscle contraction, which is the familiar tendon reflex.
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fiber discharges, or fibrillation potentials, cannot be seen but can be
recorded with EMG. Weakness leads to delayed or reduced recruitment of motor units, with fewer than normal activated at a particular
discharge frequency.
Neuromuscular Junction Weakness Disorders of the neuromuscular
junctions produce weakness of variable degree and distribution. The
number of muscle fibers that are activated varies over time, depending on the state of rest of the neuromuscular junctions. Strength is
influenced by preceding activity of the affected muscle. In myasthenia
gravis, for example, sustained or repeated contractions of affected
muscle decline in strength despite continuing effort (Chap. 461).
Thus, fatigable weakness is suggestive of disorders of the neuromuscular junction, which cause functional loss of muscle fibers due to failure
of their activation.
Myopathic Weakness Myopathic weakness is produced by a decrease
in the number or contractile force of muscle fibers activated within
motor units. With muscular dystrophies, inflammatory myopathies,
or myopathies with muscle fiber necrosis, the number of muscle fibers
is reduced within many motor units. On EMG, the size of each motor
unit action potential is decreased, and motor units must be recruited
more rapidly than normal to produce the desired power. Some myopathies produce weakness through loss of contractile force of muscle
fibers or through relatively selective involvement of type II (fast)
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