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Cortical columns and layers
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Lower Motor Neuron Circuits and Motor Control

DESCENDING SYSTEMS

Upper motor neurons

Motor cortex
Planning, initiating, and
directing voluntary movements

BASAL GANGLIA
Initiation of intended movement and
suppression of unwanted movement

Brainstem centers
Rhythmic, stereotyped
movements and postural control ‘L

CEREBELLUM
Coordination of ongoing movement
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Sensorimotor integration and

Local circuit neurons
central pattern generation

Motor neuron pools
Lower motor neurons

SPINAL CORD AND
BRAINSTEM CIRCUITS

Sensory inputs j [

Skeletal muscles W

Lower motor neuron:
Motor neurons that
innervate skeletal
muscles

Organization of neural
structures involved in the
control of movement.

4 systems:

» Spinal cord

* Cerebellum

» Descending control
centersin
cortex/brainstem
 Basal ganglia



Motor Neuron-Muscle relationship

(A) i

Dorsal —_
horn

Ventral horn

Topography: Mapping of

skeletal muscles in the
Lower motor neurons ventral horn.

Lower motor neurons that innervate

skeletal muscles can be seen in

histology, in the ventral horn. Proximal muscles: Medial

Distal muscles: Lateral



Two types of lower motor neurons

e Alpha motor neurons: Innervate striated muscle fibers (force needed for
posture and movement)

e Gamma motor neurons: Innervate specialized muscle fibers that, in
combination with the nerve fibers that innervate them, are actually sensory

receptors arranged in parallel with force generating striated muscle fibers
(muscle spindles).



The Motor Unit

Each alpha motor neuron
synapses with multiple fibers in
one muscle.

Motor unit: Alpha neuron +
muscle fibers it contacts

NT at NMJ: Acetylcholine

Muscle fibers innervated
by a single o motor neuron




The spinal cord circuitry underlying muscle stretch reflexes
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Muscle spindle

Homonymous
muscle

\PaSSive

Synergist
Antagonist

From the same muscle spindle:
- Flexor muscle gets excited
- Extensor muscle gets inhibited



Cortical pathway to cerebellum

(A)

Frontal/parietal

cortex

Midline

Inferior cerebellar

peduncle

Inferior
olive

Middle cerebellar
peduncle

Cerebellar cortex/
deep nuclei

Vestibul

Red Pontine :
nucleus nuclei :

nuclei
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Cerebellum takes inputs from cerebral
cortex via pontine nuclei - middle
peduncle pathway and inferior olive-
inferior peduncle pathway

Transverse pontine fibers, starting
from pontine nuclei, crossing midline
and entering cerebellum at middle
cerebellar peduncle.

This is the means by which signal from
one side of cerebral hemisphere is
sent to the opposite cerebellar
hemisphere



Somatosensory relay neurons in
dorsal nucleus of Clarke and
external cuneate nucleus send
axons to spinocerebellum.

External cuneal Dorsal nieleus
nucleus / of Clarke

To external To
cuneate nucleus  cerebellum

Rostral
medulla
Gracile nucleus
(pathways from
lower body)
g\temal arcuate. Cuneate nucleus
bers (pathways from
)\ upper body) Clarke’s
Caudal nucleus
medulla

Gracile tract



Topographic maps in cerebellum
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o~ Somatosensory input is topographically

&/ -\ \ mapped in spinocerebellum.
i((ﬁ .‘ﬁ} / Spinocerebellum However, these maps are fractured (meaning
\\\\: — iy A each body area can be represented multiple
\\ € r N\ times by separated clusters)
\ Y

This map is ipsilateral unlike most other areas
in the brain that has contralateral map

/
Flocculus Nodulus



Outputs of cerebellum

(A) Midline

1
Primary motor and | .
premotor cortex

{} ! ‘ Cerebellar cortex

L VL complex J ' {}
(thalamus) -

! Deep cerebellar nuclei
i dentate/interposed
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Superior cerebellar
peduncle

{ Superior colliculus J E

Efferent neurons of cerebellar cortex project
to the deep cerebellar nuclei, which in turn,
to upper motor neurons in brainstem and
thalamic nuclei.

Pathway to cortices via VL complex
(thalamus)

Has to cross midline again because
cerebellar cortex has ipsilateral map while
cortices have contralateral map.

Dendrites

Purkinje Neurons are
the principle output of
the cerebellar cortex!

Micropipette
(for dye injection) —




Research in Spinal Cord Injury

@EPFL, restoring locomotion through spinal cord stimulation around partial spinal
cord section location.

- https://www.youtube.com/watch?v=ejwEgpV8ak4
- https://www.youtube.com/watch?v=4wUADfnCMdc



https://www.youtube.com/watch?v=ejwEqpV8ak4
https://www.youtube.com/watch?v=4wUADfnCMdc
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