Corticospinal tract

Pyramid pathway : trunk & limbs
Cortcospinal tract

» Upper motor neuron:

Cerebral cortex

Internal capsule

Ant. Surface medulla (pyramid)

80-90% cross midline(pyramid decussation)

Lat. corticospinal
10-20% not cross midline

Ant. Corticispinal

> Lower motor netiron:
Spinal nucleus

Function:

Speed & delicacy of voluntary movement

Cerebral cortex
(Areas 4, 6, 3, 2, 1)

0

Intemal capsule
Crus cerebri
Pons

Medulla

Ventral

corticospinal tract — :

Internuncial neurons

Ventral corticospinal fract

\ of pyramids

Corticonuclear

MIDBRAIN

Crus cerebri

£ N o D pons
(s

" fe Ty
PR

Pyramid MEDULLA

ERNET I
¢

Decussation

\— Lateral corticospinal
\ tract

Skeletal
muscle

Neuron in ventral
grey column

50.3: Scheme to show the course of the corticospinal tracts



Primary motor cortex cortex
Secondary motor cortex [somatosensory meuron fibers)
{upper motonewron fibers)
1
Posterior limb of the intemal capsule
{near its genu)
¥
Posterior limb of the intemal capsule
{in its posterior half or thind)
¥
Midbrain
Crus cerebri (basis pedunculi)
[mididie third)
¥
Pons
{fibers disperse into bundles) I
¥
Medulla
reassemble to form the
pyramid
|
¥ ¥
B5-90% of fibers decussate in the cawdal medulla 10-15% of fibers
to form the pyramidal decussation do not decussate
w fibers form the o fibers form the
| Lateral corticospinal tract | Anterior corticospinal tract |
{mmmm y it descends in the
| Lateral funiculus of the entire spinal cord | Anterior funiculus of the
1 cervical and upper thoracic
spinal cord
¥ ¥ T
The majority of fibers terminate primarily in A small number of
the cervical, lumbar, and sacral spinal cord levels, fibers terminate in the Near level of termination
in the intermediate zone, and in the ventral motor hom mwost fibers decussate in the
anterior hom gray matter of the spinal cord anterior white commissure,
tos termminate in the ventral
¥ form ¥ _form hom gray matter
synapses with excitatony Excitatory symapses with *m
or inhibitory intemeurons loweer motoneurons
with

Stimulate lower motoneurans I | Inhibit lower motoneurons I
v w
Muscle Musde
contraction relaxation

Muscle
contraction

Excitatory synapses
(primarily) intermeurons and
some lower motonewrons.

v

as well as the proximal wpper

Controld of axial musdes
[reck, shoulder, and trunk)

limb (girdie) musoulature




Extrapyramidal
pathways

Rubrospinal
Vestibulospinal
Tectospinal
Reticulospinal

olivospinal




Extrapyramidal pathways:

15t order neuron= cerebral cortex
2nd order neuron= subcortical center

3"d order neuron= cranial & spinal nucleus

Cerebral cortex
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Rubrospinal tract

Coordinator pathway for the effect of
Cerebral & cerebellar cortex on motor neuron
In spinal cord

Suppress extensor muscles activity
Facilitated flexor muscles activity

Red nucleus

Ventral tegmental
decussation

&>
Medial lemniscus

- Crus cerebri

— Rubrospinal tract

Caudal (and oral)
pontine reticular
nuclei

L ®88 = _gl/_ Vestibular nuclei
T Q,ﬁv_) Facial nucleus

——Anterolateral system

— Rubrospinal tract

. — Restiform body
Z:n—§ ;\{\\Spinal trigeminal

tract and nucleus

Gigantocellular
reticular nucleus

Gracile nucleus
Cuneate nucleus

Lateral

Rubrospinal

Lateral Medial tract
reticulospinal  reticulospinal
tract tract




Vestibular nuclei:

Lateral vestibular- \ < = J Superior
-*—__.__.__‘ /
nucleus T/ Medial
.
- Lateral
Facial motor
nucleus Medial lemniscus

Lateral vestibulospinal fibers -

Medial vestibular nucleus Inferior vestibular nucleu:

Reticular formation

Medial vestibulospina
fibers in the MLF

Inferior olivary complex

Spinal trigeminal: ® @Wmadle nucleus
7]

Nucleus Vi 0o \{ﬁ‘\ Cuneate nucleus
Trat — |© 3
-‘.Q
. e . = Pyramid
Vestibulispinal tract: « -

Afferent fibers: inner ear + cerebellum
Control of body movement in response to equilibrium stimulus

\

Anterior

Lateral vestibulospinal tract MLF horn




Tectospinal tract

sup. & inf. colliculus

cross midline

ant. cord of spinal cord

Ant. Horn of sup.
cervical segments

Midbrain

Optic radiation "
Lateral ﬁ\/ Auditory
geniculate ( __radiation
Bady 1 [ (‘ Medial
Optic tract ! gemcgla;e
oay

Dorsal tegmental <
decussation \\ “
Oculomotor nerve (CN I11)

Midbrain
Trochlear nerve (CN IV)

Ventral tegmental
decussation

Spinotectal tract

: — Tectospinal tract
g /4
/ W Red nucleus

Lateral lemniscus
Medial lemniscus

Inferior colliculus

erior
cerebellar peduncle

~ Medial longitudinal
fasciculus

Tectospinal tract

Function:

Visual & auditory pathway & reflex

——Middle cerebellar
peduncle

Pons
Facial nerve (CN VII)
Abducent nerve (CN VI)

Medulla

@®
Tectobulbar fibers \/>
Vagus nerve (CN X = {
g ( )ﬁ ) Lateral reticular
Nucleus ambiguus nucleus

Hypoglossal nerve

c8

Ventral root nerve fiber



Medial lemniscus

Reticulospinal tract

Crus cerebri

decussation Rubrospinal tract
g/_ Vestibular nuclei
Ea @UU‘@
Caudal (and oral) 57 @l Facial nucleus

n
% Anterolateral system

pontine reticular
RF of pons & medulla nuclei
cross midline / without cross
Medial reticulospinal fibers—
. - ) Restiform body
Gigantocellular = ! ——
ant. & lat. spinal column bl il ( § i s g B cpinal trigeminal
AN/ s tract and nucleus
'S % NI
ant. horn of spinal cord SN=

Rubrospinal tract

Lateral reticulospinal fibers :
Gracile nucleus

Cuneate nucleus

Function:

Lateral

corticospinal

' / tract
Activated or suppress voluntary & reflex movement ‘ 4 Q ra

/ \\ Rubrospinal

Lateral Medial tract

reticulospinal  reticulospinal
tract tract




Olivospinal tract

Function: motor learning

olivary
nucleus in
medulla

Cross
midline

ant. Horn of
spinal cord




Upper motor'neuron lesions:

Palsy

Espasticity

Suppress of reflexes (babinski / cremasteric)
Dystonia

(al'::dominal reflex,
Cremasteric reflex)

rallax

Cremastic Reflex

Abdominal Reflex

Toes i /
down e 8

(Aexion) Fanning
of toes

Extensor plantar response
{Babinski sign)

Normal plantar response

\ \k‘ ) ’?/r Abdceningl
i
P

Lower motor neuron lesions :

Palsy
Flaccid
Normal reflexes (babinski / cremastric




CREMASTERIC REFLEX

» The cremasteric reflex is a in human mal

» The cremasteric reflex is dependent upon the n
roots L1 and L2

» This reflex is elicited by lightly stroking the sup
and medial part of the thigh in a downward
direction. The normal response is a contraction
the that pulls up the

on the side stroked.

» Upper and lower motor neurone disorders can c
an absence of the cremasteric reflex.

B. Abdominal reflexes

* The patient should be supine and

relaxed.
* Use an orange stick and stroke briskly / \
but lightly in a medial direction across
the upper and lower quadrant of the
abdomen.

* The normal responses is contraction of
the underlying muscle with the 4
umbilicus moving laterally and up or
down depending upon the quadrant
tested.




ASCENDING TRACTS DESCENDING TRACTS
5 T

Septomarginal tract

Fasciculus gracilis Commatract
Comucommissural tract

' Lateral corticospinal

Fasciculus cuneatus

Dorsolateral
fasciculus

Dorsal |,
spinocerebellar

Rubro-
spinal
Lateral %
spino-
thalamic
Ventral Olivospinal

spinocerebellar Lateral reticulospinal

Spinotectal Vestibulospinal
Spino-olivary Medial reticulospinal
Ventral spinothalamic Teclospinal

Ventral corticospinal

50.2: Simplified scheme to show the positions of the main ascending and descending tracts present in the
spinal cord



Association pathways:

Coloration of different parts of
cerebrum & spinal cord & cerebellum & brain stem
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Autonomic nervous system:

Visceral Afferent = unipolar neuron / cell body located in dorsal root
ganglion & cranial nerve ganglion ( the same as somatic afferent)
Visceralefferent =

Preganglionic neuron / cell body located in motor nucleus of sympathetic
& parasympathetic in lat. Spinal horn or brain stem

Postganglionic neuron / cell body located in sympathetic &
parasympathetic ganglion




Sympathetic pathway parts:

Visceral afferent = the same as somatic afferent
Visceral efferent = have 5 parts

» Sympathetic control center =
Upper center / diencephalon (hypothalamus)
Lower center = lat. Horn of T1-L2

» Preganglionic fibers
» Sympathetic ganglion (sympathetic chain)

» Paravertebral ganglion = around vertebral column / 22-24 pair / C1-C3
/T1-T12 / L1-L4 / S1-S5 / Impar ganglion
» Prevertebral ganglion = around great vessels
» Postganglionic fibers = terminated in target organ
» White & gray communicants = association of paravertebral ganglion with ant.
Root of spinal cord
» White communicant = Preganglionic fibers
» Gray communicants = Postganglionic fibers
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Posteriar (dorsal)
- oot ganglian
_'_,-I"-

___Posterspe roat

(&l

JAnteriar root

I
Lowwsnst gfferent nerve staticn
of cerebrospenal cutflaw

Fig. 275 The essential
difference between the
c=rehrospinal and
autonoaroc outflows: (a)
—_Grey rafwus the cerebrespinal system
COMMUENICENS  bogits Lowest efferant
re=rve c=ll stabions within
the cns; [b) the
aubonorric system bors its
lowest efferent cell
stations in a peripheral
ganglion (here illustrated
by a typical sympathetic
rerve ganglion). Red,
afferent patbrway; yellow,
5I|I11'||'.'|-I!|I|'|E|.l-ti chain :Herentpamm}-:

L wWhite ramus3
el i il

Lowes1 elfersdnt merve Sialion
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> Note:

Preganglionic fibers have 3 pathways:

1. Synapse in paravertebral sympathetic ganglion
2. Synapse in lower & upper paravertebral sympathetic ganglion

3. Synapse in Prevertebral sympathetic ganglion

8) Sympa _/ I\_

[v—

White mmus | Ganglinnatmd chain

e —
N

Paripraral ganglon
N

N

:hﬁ?ulnmpnh‘lﬂ‘:




Sympathetic pathways in body

Head & face

from lat. horn of
T1

ant. root of
spinal cord

paravertebral
ganglion

without synapse

/ ascended

sup. cervical
ganglion/
synapse

Sympathetic
network around
carotid artery

head & face
viscera




Sympathetic pathways in body

Upper limb

from lat. horn of
upper thoracic
segments

ant. root of spinal paravertebral
cord ganglion

midd. & inf. without synapse /

ascended

brachial plexus cervical ganglion/
synapse

smooth muscles of vessels / erector
muscles of hair / sweat glands




Sympathetic pathways in body

Lower limb

from lat. horn of
lower thoracic &
upper lumbar
segments

ant. root of
spinal cord

paravertebr
al ganglion

lumbar
& sacral
plexus

inf.
sympathetic
ganglion /
synapse

without

synapse /
descended

smooth muscles
of vessels /
erector muscles
of hair / sweat
glands




Sympathetic pathways in body

Trunk

)
| ant. root of spinal
cord

\.

| paravertebral
ganglion / synapse

\.

trunk in T1-L2 trunk in upper &
level lower T1-L2 level

7

.

ant. root of spinal cord]

Ve

\.

paravertebral ganglion ]

Ve

without synapse / descended
or ascended

~N

sympathetic ganglion /
synapse




Sympathetic pathways in body

Thoracic viscera

formation
paravertebr of cardiac

from lat.
horn of T1-

Y

terminate
in viscera

ant. root of

) branches of
spinal cord

vessels

al ganglion &
/ synapse pulmonary
plexus

T5




Sympathetic pathways in body

Abdomen & pelvic viscera

from lat. horn of ant. root of paravertebral without

T6-T12 spinal cord

ganglion synapse

v

form greater / lesser /
aggregated least / lumbar
splanchnic nerve

transited from
diaphragm

Prevertebral ganglion formation

(celiac /sup. mesenteric / plexus around
inf. mesenteric) / synapse arteries

by branches of
artery

viscera




Sympathetic pathways in body Suprarenal gland

sympathetic fibers

med@llla of adrenal gland

synapse

the sam@las postganglionic fiber

secretion @fiadrenalin / n@radrenalin
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Anterior and posterior

wagal trunks
Greater splanchnic nerve —
- Celiac ganglion
Lesser splanchnic nerve — 3 e
firght-kitinety Aorticorenal ganglion
Right renal artery :
and plexus | —Sup-er!nr mesenternic
Lumbar splanchnic nerve — ganglion
2ympathetic trunk
and ganglion Aortic plexus
Abdominal acrta
Lireter and plaxus — Inferior mesenterc
Testicular [ovarlant ganglion
artery and plexus
Superior hypooastric
plexus

Interral iliac artery
Right hypogastric e

External iliac artery

Pelvic splanchnic nerves
(52,24}

Infariar hypagastric plexus



Autonomic nervous syste

isceral Afferent = unipolar neuron / cell body
located in dorsal root ganglion & cranial-aerve
sensory ganglion ( the same as somatic aff

—~___.__

Visceral efferent =

Preganglionic neuron / cell body located in motor nucleus of sympathetic
& parasympathetic

Postganglionic neuron / cell body located in sympathetic &
parasympathetic ganglion




Table 9.1 ® Functions of the sympathetic
nervous system.

Eccrine sweat glands of skin
Arrector pili muscle

Blood vessels of skeletal muscle
Blood vessels of skin/mucous membranes
Blood vessels of abdominal viscera
Coronary arteries

Sinoatrial node of heart
Ventricular myocardium
‘Alimentary canal

Iris

Levator palpebrae superioris
Ductus deferens

Bronchial smooth muscle

Suprarenal medulla

Release of sweat

Contraction

Dilation

Vasoconstriction

Vasoconstriction

No effect

Accelerates heart beat

Increases force of contraction

Reduces peristalsis; contraction of sphincters

Dilates pupils

Contraction of smooth muscles opens upper eyelids
Increases peristaltic movements carrying spermatozoa
Relaxation of smooth muscle causes easier breathing
Releases epinephrine




Sympathetic pathway function: (fight & flight)

T heart rate

Vasoconstriction

t BP

blood Shift to brain / heart / skeletal muscles

Dilation of pupils

Suppress smooth muscles of bronchi / intestine / bladder
Sphincters closed




\7 \”7

Q‘aonomic nervo@éystem:

Visceral Afferen‘ —

unipolar neura&éell body located &4
dorsal root ganglion & cranial nerve
ganglion ([ the same as son‘Jtic afferent)

Mral efferent = §4

Preganglionir:z@uron / cell body Ioca'e

d
in motor nucl ﬁf sympathetic & \/
/4 \Y4

parasympathet
Pgstganglionic neuron /[ ce]l body
I (i( ed in sympathetic & ‘

&;ympathetic ganglio&,

/




ParaSympathetic pathway parts:

Visceral afferent = the same as somatic afferent
Visceral efferent = have 4 parts

» ParaSympathetic control center =

Upper center / diencephalon (hypothalamus)

Lower center = lat. Horn of S2-S4 / brain stem ( parasympathetic nucleus
of cranial nerve3/7/9/10)

Edinger-Westphal / sup. Salivary — lacrimal / inf. Salivary / dorsal

» Preganglionic fibers (cranial / sacral )

» Sympathetic ganglion (sympathetic chain)

» Cilliary ganglion /3
» Pterygopalatine & submandibular ganglion / 7
» Otic ganglion /9

» Postganglionic fibers = terminated in target organ
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RParasympathetic Pathway In Body

Oculomotor nerve

Edinger - Westphal

ciliary ganglion /
synapse

short ciliary nerve

sphincter pupillae
muscle/ ciliary body

pupillary constriction /
thickening of lens




Parasympathetic Pathway In Body Facial nerve

lacrimal /
palatine &
Va branch of nasal
y Pterygopalatine @ maxillary mucosal
oreater ganglion / nerve glands
synapse
lacrimal petrosal
nerve

nucleus



Parasympathetic Pathway In Body Facial nerve

Sup. Salivary nucleus
cordatympani nerve
lingual nerve

submandibular ganglion / synapse
sublingual / submandibular glands




Parasympathetic Pathway In Body Glossopharyngeal nerve

inf. salivary nucleus
tympanic nerve
tympanic cavity
lesser petrosal
nerve

otic gangelion /
synapse
auricolotemporal

parotid
gland



Parasympathetic Pathway In Body Vagus nerve

visceral ganglion /

dorsal nucleus
synapse

smooth muscles of

head / neck / thorax /
abdomen viscera




Parasympathetic Pathway In Body

lat. horn of pelvic

S2-54

visceral

Lat. Horn of S2-54

pelvic viscera

splanchnic parasympath / after If.
nerve etic ganglion colic flexure







Autonomic nervous system:

(m\

| Afferent = unipolar neuron / cell body
located in dorsal root ganglion(sacral nerve & cranial ~
-rnerve sensory ganglion (3/7/9/10)( the same a
somatic afferent))

S AT

Preganglionic neuron / cell body located in motor nucleus of sympathetic

& parasympathetic
Postganglionic neuron / cell body located in sympathetic &
parasympathetic ganglion

Visceral efferent =




Parasympathetic pathway functions: (rest )

I'HR

Vasodilation
Pupillary constriction
t secretion of glands
1 peristaltic motion
Sphincter opened
Bladder constriction




Iris
Ciliary muscles

Lacrimal glands

Salivary glands

Sinoatrial node of heart

Blood vessels

Bronchial smooth muscle

Glands of conducting portion of respiratory system
Peristalsis of alimentary canal
Sphincter muscles

Intrinsic glands of the alimentary canal
Pancreas

Gall bladder

Penis and clitoris

Constricts pupils (miosis)

Contracts to relax suspensory ligaments of the
lens (near vision)

Facilitates flow of tears

Facilitates flow of serous secretion

Decreases rate of heart beat

Usually has little effect

Bronchoconstriction

Facilitates secretion

Stimulates peristalsis

Relaxes sphincter muscles (inhibitory function)

Facilitates secretion

Facilitates secretion

Facilitates release of bile

Stimulates erection

Table 9.2 e Functions of the
parasympatheric nervous system.



Horner's syndrome:

Pupillary constriction (miosis)
Ptosis

Enophthalmos

Vasodilation

Ahydrosis in neck & face

Raynod disease:

To treat vasoconstriction in upper limb
Diminished pain
Removed satellite ganglion (inf. Cervical ganglion)




