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Somatic sensory pathways

* Primary afferents occupy posterior root ganglia.
« Somas of second order neurons are on the
same side as first order neurons.

« Second order axons cross midline to ascend

to thalamus.

« Third order neurons project to somatic sensory
cortex.

* Both pathways are somatotopic.

« Synaptic transmission can be modulated by other
neurons.



Sensory pathways

Receptor fields differ in superficial and deep layers

Inhibitory network limits excitation spread (stronger
field)

Discriminative touch, proprioception, and vibratory
sense in dorsal column.

Crude touch, pain and temperature sense In
ventrolateral column.

3 neuron systems.

Cross either in the brainstem (dorsal columns) or In
the spinal cord (ventrolateral system).

Relay through the thalamus.



Dorsal column
(medial lemniscal system)

Primary neuron is larger spinal ganglion neuron.

Axon ascends in the dorsal funiculus to synapse in
either the nucleus gracilis (lower body) or nucleus
cuneatus (upper body).

Axon of secondary neuron crooses as part of the
Internal arcuate fibers and ascends in the medial
lemniscus to reach the ventro-posterio-lateral
nucleus of the thalamus.

Tertiary neuron in thalamus gives rise to an axon
that synapses in the sensory cortex (Area 3,1,2).



Spinothalamic system

Primary neurons are small spinal ganglion cells.

Their axons ascend or descend (1-2 segments) In
Lissauer’s tract before they synapse on secondary
neurons in the ipsilateral dorsal horn (lamina | or V).

Secondary axons cross in the anterior white
commisure before ascending in the antero-lateral
funiculus.

Synapse of tertiary neurons in the ventro-posterio-
lateral nucleus in the thalamus.

Tertiary axons synapse in the sensory cortex (Areas
3,1,2).



Slices
through the
brain stem

relating

nuclel to
cranial
nerves and
major tracts

MNucleus gracilis
Nucleus cuneatus

Spinal nucleus of V

Spinothalamic tract

Ventral horn of C1

Decussation of pyramids

puL
B I. B. Closed medulla

Medial longitudinal fasciculus
Hypoglossal nucleus
Dorsal motor nucleus of X

Fourth ventricle
Vestibular nuclei
Inferior cerebellar peduncle

Solitary nucleus and tract

Vi
Cochlear nuclei

Ambiguus nucleus
Descending spinal tract of V

X (and IX)
Medial lemniscus
Xl

> \
Pyramid (corticospinal tract)

C. Open medulla

Inferior olivary nucleus

- Dentate nucleus

| Cerebellym
(cut section)

Superior cerebellar
peduncle

Fourth ventricle —_|
—— Vermis
Facial colliculus

Pontine reticular —__|

formation
Nucleus of nerve VI

Nucleus of nerve VI

Descending spinal —=1
tract and nucleus of V

Superior
olivary nucleus

Medial lemniscus = [/ \\
I \

VI
D. Lower pons; level of nerves VI and VIl

Source: Waxman SGi Climical Maurosnstamy, 26th Editiom:
http:/fwww accessmedicine. com

Copyright ® The McGraw-Hill Companies, Inc Al rights reserved.

Fig. 7-7 Accessed
02/01/2010



Vermis

[ ]
Cerebellar
hemisphere

. Superior cerebellar peduncle
(cut section)

Fourth ventricle
Medial longitudinal

through the

Spinothalamic —
tract

brain stem

Corticospinal tract

nuclei to '
cranial
nerves and

Periaqueductal gray matter Superior colliculus

major tracts

Medial geniculate body
Temporopontine tract

Main sensory nucleus of V

Motor nucleus of V

Nucleus of nerve IV

Superior cerebellar peduncle
Medial lemniscus

— Basis pontis

Red nucleus

Substantia nigra
Cerebral peduncle
Z"~ Crus cerebri

Corticospinal tract
Frontopontine tract

G. Upper midbrain; level of nerve |l Flg 7-7 Accessed 02/01/2010

Source: Waxman 5G: Clnical Newraanatarry, 254 Editiam:
hittp 1/ warw, accessmedicine, com

Copyright @ The McGraw-Hill Companies, Ine All rights reserved,



Slices
through the
brain stem

Oculomotor
nuclei (I11)

Trochlear
nucleus (IV)

Mesencephalic

Oculomotor
nucleus

Medial longitudinal
fasciculus

Main sensory
ucleus of V

Motor ey ¢
nucleus of V/ i \ HUCI?US orv NS Motor
n \ Main sensory Z nucleus
Abducens / nucleus of V of V
r e a I n g nucleus (V1) Y //;
Vestibular S
Facial nucleus (VIII)
nucleus Cochlear

nuclerto @

Superior
salivatory
nucleus (VII)

cranial e
nerves and
major tracts

nucleus (I1X) tract and
Ambiguus nucleus of V
nucleus

(IX, X, XI)

Dorsal motor
nucleus (X)

Source: Waxman 5G: Clinical Mavrasnstanry, 26¢h Editiam
http i/ www accessmedicine, cam

Copyright @ The McGraw-Hill Cornpanies, Inc All rights reserved.

nuclei (VIII)

Nucleus of
solitary tract
(VII, IX, X)

Descending
spinal tract

Hypoglossal
nucleus (X1I)

Paramedian pontine
/ reticular formation

— Vestibular
nuclei

Nucleus

nucleus of V. 2~ . of VI

Cochlear
nuclei

Descending spinal
tract of V

Fig. 7-6 Accessed
02/01/2010



Cerebellar
projections

(Adapted by permission from
House EL et al: A Systematic
Approach to Neuroscience, 3rd
ed. New York, McGraw-Hill,
1979.)
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Ascending tracts

System Function Origin Ending Location in
Cord
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Reticular formation
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Spinocerebellar tract

* The posterior spinocerebellar is principally
concerned with non-conscious proprioception in the
lower limb and trunk. Originates in posterior thoracic
nucleus (Clarke’s) in lamina VII. The nucleus runs
from T1-L1.

* Recelves afferents (joints, muscles, muscle spindle
primaries) via the gracile fasciculus. Collaterals are
received from cutaneous sensory neurons.

* Enters inferior cerebellar peduncle.



Spinocerebellar tract

* The cuneocerebellar tract is principally concerned
with non- conscious propriocetion in the upper limb
and trunk. Arises from the accessory cuneate
nucleus. Afferents reach the tract via the cuneate
fasciculus. As with the posterior spinocerebellar
tract, this also enters the inferior cerebellar
peduncle.

« Large, fast conducting (first-order) neurons

« Anterior and rostral spinocerebellar tracts report
continuously the relation among the internuncial
neurons of the spinal cord (spinal reflex arcs).



Spinocerebellar tract

* From the lower half of the cord, the component
fibers of the anterior tract cross initially, enter the
superior cerebellar peduncle, and re-cross within the

cerebral white matter.

* From the upper half of the cord, the tract ascends
without crossing and enters the inferior cerebellar
peduncle.



Other ascending pathways

* The spinotectal tract runs alongside the spino-
thalamic pathway which it resembles in origin and
functional composition. It terminates in the superior
colliculus where it joins crossed visual inputs
Involved In turning the eyes, head, trunk toward
sources of sensory stimulation.

« The spino-olivary tract sends tactile information to
the inferior olivary nucleus in the medulla oblongota.
It may have a role in modifying olivary discharge
when a moving part encounters an obstacle.



Reticular system

Spinoreticular fibers originate in laminae V-VII and
accompany the spinothalamic pathway as far as the
brainstem.

Half the fibers may be uncrossed.

Terminate at all levels of the brainstem.

Not somatotopically arranged.

Impulse traffic is continued rostrally to the thalamus.
Arouse the cerebral cortex.

Inform limbic cortex of anterior cingulate gyrus about
the nature of the stimulus.

Can influence motor neurons as well as visceral
functions via connections to autonomic centers



Reticular system

 The reticular formation can be divided into a number
of distinct groups:

* Pre-cerebellar

* Central group is located mainly in the midbrain and
Includes the paramedian pontine reticular formation.
This group contributes to the reticulospinal tract
(motor) and the central tegmental tract (to thalamus).

* Cholinergic

« Catecholaminergic. Locus ceruleus.
 Lateral Parvocellular

« Parabrachial

* Medullary



Reticular system

The parvocellular area is co-extensive with the
“expiratory center” and the parabrachial area with
the “pneumotaxic center”.

Damage to the pontine (or higher) reticular formation
results in coma.

Damage to the medullary reticular formation results
In Insomnia.

Projects to the thalamus as part of an ascending
pathway for poorly localized pain.

Descending 5HT neurons target sensory centers to
prevent the relay of pain information.



Raphe nuclel

 Situated adjacent to the midline.

* Most raphe nuclei use 5HT and distribute to sensory
centers, cerebral cortex, brainstem, cerebellum, and
autonomic centers.

* Inputs to raphe nuclel arise in the cerebral cortex,

hypothalamus, peri-acqueductal gray, and sensory
centers.



Pain

C fiber is not myelinated (autonomic, pain)
Aa fiber thickly myelinated (motor)
AP fiber (nociceptor)

A0 fiber thinly myelinated

AB, Ad, C found Iin layers I, V

Large AP fibers inhibit level V

AQ, C inhibitory, principally found in level Il (gating)

In the dorsal horn, NMDA receptor activated by
glycine; glutamate activates AMPA receptor. Voltage
gated Na* channels altered. Hyperexcitability.



Pain

« ATF3 upregulated in small neurons in dorsal root
ganglion. ATF3 is a cAMP dependent transcription
factor (part of CREB complex).

« c-FOS upregulated in cells of lamina 1 and 2. FOS
dimerizes with JUN to activate transcription factor
AP1.

 Allodynia due to loss of central inhibition (GABA).
Increased activity in descending inhibitory pathways.



Pain

* Burning pain as a result of ectopic C fiber discharge.
(TRPV1 upregulated, particularly at 41C).

* If nociceptors damagec
production increases.

(AP fibers), TRPV1

TRPV1 is a non-selective

Ca?* permeant cation channel that leads to

Increased H* influx and

Intracellular acidosis.

Related to capsaicin function.
* Neuropathic pain characterized by sensory loss and

hyperesethesia as well

as allodynia.



Pain

* Pulsed radiofrequency (ultrasound) induces
temperature change (loss) of C and Ad fibers.

EPSP

diminished.

« Glutamate opens post synaptic NDMA channels,
may lead to central hypersensitization. Following

centra

firing t
* Urece

horn

sensitization, nociceptive neurons lower
nreshold.

ntors found in PAG, ventral medulla, dorsal



Chronic pain

Ventral posterolateral and ventral posteriormedial
nuclel hyperactive in chronic pain; stimulation
produces parasthesia.

Cortical stimulation increases interval firing in
thalamus; effective in reducing pain if central lesion
of spinal cord.

Periventricular gray stimulation leads to endorphin
release.

Amygdala activated in helplessness.
Increased limbic area activity in pain anticipation.



ermatomes and myotomes
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Hliacus m.
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Referred pain

TV nITauvownc

Carotid artery (common, external, internal)

Vertebral, basilar, posterior cerebral arteries; Superior sagittal sinus
transverse/sigmoid sinus

Referred pain due to cerebrovascular lesions



Referred abdominal pain
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Chapman reflex points
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cupuncture points and meridians
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Acupuncture points and meridians
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Solar reflex points
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Shoulder —

Diaphragm —
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