Cerebral cortex

Parietal lobe s olall sl
1-Somatic sensory are |, post central gyrus 3,1,2

(It receives impulses from thalamus & perception
the following :temperature ,fine sensation, deep
pressures ° discriminate of weight ’,vibration.)
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Cerebral cortex

Effect of lesion
1- inabllity to perceive the (fine
touch,vibration,...)as well as the

orientation of the various part of the body
and their positions relative to each other.

2- Crude localization of various sensations.

3-Defects in motor performance(..using knife




Figure 15.6 Somatic sensory pathways. /‘

5 the primary somatosensory area (postcentral gyrus) of the cerebral cortex.

&\r\gve impulses propagate along sets of first-order, second-order, and third-order neurons to
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Wy muscles, they are called the final common pathway.

Sensory, motor, and OUDPBF motor

/ association cortex neurons
— — from cerebral

4 Y _ cortex
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How do the functions of upper motor neurons from the cerebral
cortex and from the brain stem differ?

irect pathways both govern generation of nerve impulses in
lower motor neurons, the neurons that stimulate contraction

pkeletal muscles.

ect Motor Pathways

e impulses for voluntary movements propagate from the
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Cerebral cortex

Parietal lobe:

2-Somatic sensory area ll: (area 40)(located
behind the lower part of the sensory area
|)(Biltateral representation of the body In this
area,(poor localization)

Recelves of pain sensation, the body Is
represented in horizontal manner.

(meaning of the sensation)

PG




C.C

asteriognosis <« 44/

-area SI&SIl process sensory

Information in series not in parallel.i.g.
area Sl starts processing then supplies
Information to area S |l ,so ablation of area
S | causes deficits In sensory processing
In area Sll, but the opposite Is not true.
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C.C

3-Somatic sensory associated areas
(areas 5&7):(behind S| & above
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Cerebral cortex

Parietal lobe
-General interpretative area(39)-gnostic area-
tertiary association area (Wernike’s area) Iin
the dominant hemisphere.
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Cerebral cortex
Frontal lobe

Motor areas:

Area 8(frontal eye field area) :origin for
corticonuclear tract (to 3ed,4&6t™ cranial
nerves)
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Cerebral cortex
Frontal lobe

Area 4: It is primary motor area have Betz’s cells (large

cells which high excitable).

-It lies anterior to the central sulcus.
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Cerebral cortex
Frontal lobe

Functions of area 4:

1-1t Iinitiates fine voluntary movements of the
opposite side of the body.
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2-1t facilitates YMN via reticulospinal tract.
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Cerebral cortex Frontal lobe
Area 6

-Premotor area (motor associated area)
Connections:
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Cerebral cortex Frontal lobe
Area 6

1-Broca’s area (44,45)

2-Eye movement area

3-Head rotation

4-Hand skill movement (written speech)




Cerebral cortex Frontal lobe
Area 6

-4,3Y)
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Cerebral cortex
prefrontal areas

prefrontal areas (association areas’9, 10,11 ,
12)(organ of mind)
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Temporal lobe

The auditory sensory area 4wall 4xeull 4aUl)-)
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Occlipital lobe

-Visual sensory area(17).

-Visual association areas(18,19) that
Interpretative visuals sensation.




<! SPEECH
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I-Sensory aspect of speech :This is the understanding of
words, it requires integrity the following:

1-Visual association areas(18,19)to understand written
word

2-Auditory association area(22)to understand spoken word.




SPEECH

lI-Motor aspect of speech: This include:

1-Integrity of GIA formation of thought
&choice of word.

2- Vocalization, it requires integrity Broca’s
area for formation of words spoken word).
3-Expression of speech by written it requires

Integrity Exner’s area (hand skills area) In
area 6

S




SPEECH

Centers of speech: in dominant hemisphere)

1-Sensory speech centers: Understanding the
word by:

-auditory association area(22spoken words).
-visual association area(18,19 written words)

2-Motor speech centers: Expression of his thought
by either:

-vocalization(Broca’'s area 44,45) or




SPEECH

3-G.l.A (area39) it connects between
sensory and motor for speech & formation
of thought &choice the word.
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SPEECH

Written speech:

Visual area(17)—(18,19) which
understanding written word— GIA
(formation of the thought— hand skills
area— spinal cord— written word.
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Memory 8_SIal
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Memory 381l
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Memory 381l
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Memory 3_SIl

Consolidation of 3_SIall (qulal)cuds
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Descending tracts

Corticospinal tract (pyramidal tract)
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Corticospinal tract (pyramidal tract)

Course& origin:

-Each pyramidal tract contains about one million
nerve fibers, 60% (myelinated) & 40%
(unmyelinated), most of the fibers have a
small diameter (slowly conducting).
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Corticospinal tract (pyramidal tract)
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C. Descending motor tracts
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Corticospinal tract (pyramidal tract)

Corticobulbar tract from(area4&.6)
—(5,7,9,10,11&12 cranial nerves of the
opposite side).

- voluntary movements of the head muscles
&Tthelr tone.

Respiratory &abdominal muscles (bilateral

Innervations)




The Extra pyramidal Tracts

Origin: Area 6,4&4s — B.G —various nuclei in the brain
stem—

-Thalamus
-Substantial nigra
-Red N, superior &inferior colliculi
-RF
-Vestibular N,
-Inferior olivary N
Crossing —A.H.C.
|lts tracts don't occupy the pyramid, it functions during the

s S B ' - A"




The Extra pyramidal Tracts

Functions of the extra pyramidal system:
1-Controls the muscle tone &posture.

2-Automatic(associated movements) &produces
gross coordinated movements.

Functions of the extra pyramidal tracts:
-Rubrospinal tract] muscle tone.

-Reticulospinal tracts —lateral(medul.) —| muscle
tone &ventral(pon.)—1 muscle tone

SRR




The Extra pyramidal Tracts

-Vestibulospinal tracts —1 muscle tone
(uncrossed)

-Tectospinal tract (visual &auditory spinal
reflexes.

-Olivospinal tract (uncrossed) —1 muscle
tone
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The thalamus

The thalamus iIs a subcortical mass of gray -
matter located at the lateral wall of the

third ventricle.It operates In close
association with the cerebral cortex,so

both are sometime called the thalamo-
cortical system.




THE THALAMIC NUCLEI

Each thalamus consist of 5 groups of -
nuclei that are classified according to their
situation Into anterior, posterior,lateral
.medial &ventral groups. From the
functional point of view they are classified

INto:
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THE THALAMIC NUCLEI

A-Nonspecific projection nuclei:These -
Include mainly the middle and intralaminar
nuclel.They receive signals from the
reticular formation and discharge to almost
all areas of the cerebral cortex.

B-Specific projection nuclei:these -
Include:

Salmal)



THE THALAMIC NUCLEI

1-Ventro-posterior nucleus(VPN):Itis -
lateral part (VPLN)receives the spinal and
medial lemnisci,while its medial part
(VPMN)receive the trigeminal lemniscus

,and both parts then project to the cotical
sensory areas In the postcentral gyrus.




THE THALAMIC NUCLEI

2-Lateral geniculate body: This projects -
visual impulses to the occipital lobe
3-Medial geniculate body: This projects -
auditory impulses to the temporal lobe.




THE THALAMIC NUCLEI

4-Ventrolateral nucleus(main thalamic -
motor nucleus)

This receive signals from both the -
cerebellum and the basal ganglia,and

projects to cortical motor areas(playing a -
major role in the control of motor fuctions)




THE THALAMIC NUCLEI

5-Antrior nucleus: This receives signals
from the hypothalamus and discharges to
the cortical limbic lobe.




THE THALAMIC NUCLEI

6-Dorsomedial and dorsolateral nuclel: -
These are association nuclel that eceive
sighals from other thalamic nuclel,then

the dorsomedial nucleus projects to the
prefrontal cortical area,while the
dorsolateral nucleus projects to the
cortical association areas
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Functions of the thalamus:

1-The thalamus conveys all sensations to -
the cerebral cortex except olfaction
because Iits nuclei are relay station in the
pathways of:

a-Somatic sensations from the -
opposite side(VPN)

b-Visual signals(the lateral geniculate -
body).

_ Cc-Auditory signals (the.medial
geniculate body) ‘



Functions of the thalamus

2-The intralaminar &middle nuclei are -
probably the centre for conscious perception
of crude sensations and slow pain from the
opposite side(the perceptive component of
pain Is essentially subcortical while its
emotional component is cortical).




Functions of the thalamus

3-It Is a early station for signals from -
the controlateral cerebellum and
Ipsilateral basal ganglia to the cortical
motor areas (through the lateral ventral
nuleus)




Functions of the thalamus

4-The nonspecific projection nuclel are -
relay station in the ascending RAS

5-1t Is a part of the system concerned with
recent memory and control of emotional
reactions




Functions of the thalamus

o-It Is involved in the control of

(a) the high intellectual cortical
functions(through its connections with the
cortical association areas)

(b) the behavior &personality (through its
connections with the prefrontal cortical
areas).




THE THALAMIC SYNDROME

This Is a disease due to thrombosis ofa -
branch of the posterior cerebral artery
called the thalamo-geniculate
artery(which supplies a large part of the
thalamus,specially its lateral
&posteroventral parts).lt leads to the
following manifestations in the opposite
side:

SaBal)




THE THALAMIC SYNDROME

1-Early in the disease ,there is complete -
loss of all sensation.The facial sensations
are usually retained because the damage
occurs mainly in the VPLN,while the
VPMN is little affected.

2-The loss of proprioceptive sensation -
results In sensory ataxia.



THE THALAMIC SYNDROME

3-Within the next few weeks or -
months,crude sensation recover.This Is
accompanied by emotional disturbances,
and although the threshold of pain is
elevated,

P




THE THALAMIC SYNDROME

4-The fine sensations are permanently lost -
resulting In loss of tactile localization and
discrimination asa well as steriognosis.




THE THALAMIC SYNDROME

5-Damage of the ventrolateral -
nucleus(main thalamic motor
nucleus)leads to

a-Loss of the cerebellar control on the -
cortical motor areas,which results In
asthenian (muscle weakness or
paresis),hypotonia,and manifestations of
cerebellar ataxia.

ﬁ--




THE THALAMIC SYNDROME

b-Interruption of the circuits that connect -
the basal ganglia to the cerebral cortex
,which results in involuntary movements
similar to those occurring in chorea and
athetosis .

-ataxia Is mixed sensory and motor. -
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The hypo thalamus & limbic
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The hypo thalamus & limbic
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— A. Litmbic system and hypothalamus

Environmental
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Sosmatosensory
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Behavior = 2
impulses, Mmotivation, emotion Limbsc systemnm

Messages fromm:
Peripheral sensoss

{e.g.. mammary
mechanosensors)
- Hypothalamus
Intrinsic hormone recepiors S P
(e.g.. for cortisol)
and

Intrnsic sensors
fte.g., thermosensors)

: e.g.-.
FPrograms e g.. defense nutrition,gdigestion e.g.. reproduction
Hy pophysis \ Autonomic Somatic
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BASAL GANGLIA
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470 CHAPTER 14 / THE BRAIN AND CRANIAL NERVES &

Figure 14.13 Basal ganglia. In (a) the basal ganglia have been projected to the surface.
(See Tortora, A Photographic Atlas of the Human Body, Figures 8.17, 8.18, and 8.22.)

&%basal ganglia control automatic movements of skeletal muscles and muscle tone.

Body of caudate nucleus
Lateral ventricle

Frontal lobe of cerebrum
Putamen
Head of caudate nucleus

Thalamus

Tail of caudate nucleus

Occipital lobe
of cerebrum

Amygdala

POSTERIOR ANTERIOR

(a) Lateral view of right side of brain

Frontal plane

Longitudinal fissure

Septum pellucidum

Cerebrum
Corpus callosum

Internal capsule Lateral ventricle

Caudate nucleus
Insuia

Thalamus

Putamen Corpus striatum

. Globus pallidus
Subthalamic nucleus

Hypothalamus Third ventricle

Optic tract

(b) Anterior view of frontal section

g Where are the basal ganglia located relative to the thalamus?

smaller ““tail”” by a long comma-shaped “body.”” Together, the 14.7b) and the subrhalamic nuclei of the diencephalon (see Fig-
caudate nucleus and putamen are known as the corpus stria- ure 14.13b). Axons from the substantia nigra terminate in the:
tum. Nearby structures that are functionally linked to the basal caudate nucleus and putamen. The subthalamic nuclei intercon-

ganglia are the subsrantia nigra of the midbrain (see Figure nect with the globus pallidus.
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BASAL GANGLIA

Y LAY

I-Neo-striatum — Substantia nigra
(GABA)

-Subs. nigra — Neo-striatum (Dopamin)




BASAL GANGLIA

lI-Thalamus —motor cortical areas—.

-Functionally related nuclei (GABA) —
Neo-striatum —Globus pallidus —

-thalamus

-subthalamus

-hypothalamus
-RF—reticulospinal t.

-vestibular n. —vestibulospinal t.
-red n. —rubro spinal t.




BASAL GANGLIA
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1-From motor cortex— BG— Thalamus
—motor cortex.

2-From motor cortex— pons— cerebellum
—thalamus—motor cortex.
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Basal ganglia

N,

=== Lentiform nucleus

\ 4

-y

e - - Putamen
S e s "- — Globus pallidus

" ~Thalamus

Figure 51 : The cortico-striato-pallido-thalamo-cortical circuit.,
D animals with a2 more develoned cerehral ametoc £~
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INTERNAL CONNECTIONS OF THE BASAL
GANGLIA: DIRECT PATHWAY

Direct Pathway

Cortex < +

GLU ¢ +

| Thalamus
(VL,VA,CM)

GABA




Indirect Pathway

Cortex 3 i
GLU +
Thalamus |
-»Neistriatum !] (VL.VA.CM)
. GABA ¥ — _ GABAT_
Globus pallidus (L) ‘ Globus pallidus (M) l
+

Sth GLU




— D. Basal ganglia: afferent and
efferent tracts
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BASAL GANGLIA

lI-Inhibitory circuit:
nhibitory areas of cortex—+neostriatum —-globus
pallidus —- thalamus —+ cortical motor areas.

:BJ\J\ XYY 4\,3.&\

A gl alall) e Jagdll st

Al juall 40l P IS o) adal-

- 4y die

%ﬁ: Pr MJ\J\ Y QS ja- dalianll @j&d\ 3aL -




BASAL GANGLIA

Functions of basal ganglia:

1-In lower animal ,BG represent the higher
center that control voluntary movement.

2-In higher animal ,BG are responsible for
automatic movements such as feeding
&defense.

3-In man, there is well developed cortex.
BG+ CC+ Cerebellum— form a unit that can




BASAL GANGLIA

A-Control of voluntary movements:BG
+cortical motor areas act as one functional
unit for complex voluntary movements
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BASAL GANGLIA

BG:
I-Planning and programming of movements.

-Storage of programs of automatic patterns of motor
activity (writing ,letters of the alphabet (Putamin).

-Converting thoughts &ideas into plans of motor activity (in
caudate).

(MM\D\)A‘)@)&}‘\SF\&LJ&»)Z\SJ;M dmjaéquhﬁ-

ol Jaray ghede oo saalll S sl o) sl e BJJﬂ\l — alayl e
lii-control m.tone &posture.
lii-initiate voluntary movements




BASAL GANGLIA

B-Control of ms. tone (mainly inhibitory)
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BASAL GANGLIA

C-Inhibition of ipsilateral motor cortical areas
via Inhibitory circuit &inhibiting oscillation.
(damage —static tremors).

D-BG Initiate some automatic movements
(swinging)

E-Alternative pathway for voluntary

movements but BG induce gross
movements.

Sl




BASAL GANGLIA

Lesions in BG ,are either with:

1-Hyperkinetic (abnormal involuntary movements) as in chorea ,pallism,
athetosis , parkinsonism.

2-0r hypo kinetic (poverty of movements)
a-Chorea: due to damage in caudate n.

b-Athetosis: due to damage in (putamen &globus pallidus)
Al i dadla e S e

c-Ballism: due to damage in sub thalamic N.
poall e e (A4 8 Adala e Apaill dpal ) day ju IS ja

D-Parkinsonism:




Parkinsonism
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THE CEREBELLUM

It IS concerned with muscle tone &
coordination of motor activity

Consist of vermis & two lateral hemispheres.

Each hemisphere is connected with B.S
via superior ,middle &inferior peduncles.




THE CEREBELLUM

Divisions of the cerebellum:
1-Archecerebellum (flocculonodular lobe
concerned with equilibrium.
2-Paleocerebellum inhibits muscle tone.
3-Neocerebellum facilitates muscle tone.




THE CEREBELLUM

Connections:
Afferent connections
1-Through the inferior peduncle

a-Inferior olivary N.( receives impulses from
CC,BG,RF,SC &discharges to the cerebellum)

b-Vestibular N.
c -RF.

d -Dorsal spinocerebellar tract (receives from
GTO &M. spindle— cerebellum)

e-Dorsal column.

PGS




THE CEREBELLUM

2-Through the middle peduncle.

From the cc of the opposite side to the
pontine N., then to the neocerebellum.

3-Through the superior peduncle .

-From the tectum of the midbrain-
tectocerebellar fibers.

- vent. spinocerebellar tract.

P




midbraimn tectum of midbrain .

{ \ tectocerebellar £tib
- Coritico-ponto- :

cerebellar fibra 5

ventiral spinoe
Cerebellar
tract

pons —it—s

%/ K.

dorsa} Spinocereb-
ellar tract==--- -4 .

gracile & cuneat

¥ @ {---vestibular nucleus
reticular'formation i k-r--inferior olivary nuc
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THE CEREBELLUM

-Efferent connections

1-Through the inferior peduncle to:
-Vestibular N.

-RF.

2-Through the superior peduncle to :
CC(dentato —thalamo cortical pathway.
-BG (dentato-thalamo-striate pathway)
-Red N (rubrospinal tract)




cortical———p

(i %— corpus striatum
motor areas %1 @
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thalamus , A
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rubrospinal tract — — ;
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1 fastigial nucleus
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THE CEREBELLUM

Functions of the cerebellum
1-equilibrium (archicerebellum )

2-control of muscle tone (paleocerebellum
exerts —ve m. tone, while neocerebellum

exerts +ve m. tone).
The cerebellar stretch reflex

Impulses from the muscle spindle —
cerebellum via spinocerebellar tracts —Y

neurons.




THE CEREBELLUM

3-Coordination of voluntary movements

— cerebellum« pons J! < ccd- (=
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THE CEREBELLUM
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Cortical input

Nucleus

reticularis
tegmenti
pontis

Pontine nuclei

(contralateral)
Spinal input
Inferior olive

Upper part
of medulla
oblongata

Spinal input

Vestibular nerve
and ganglion

Lower part

of medulla
e
oblongata
Cortical input
Lateral reticular
nucleus
Spinal input

Cervical part
of spinal cord }

Motor interneuron N

Rostral
spinocerebellar
tract

Spinal border cells \
Motor interneuron ———~ =

Lumbar part / ) w.ﬁxg

of spinal cord
Clarke’s column

" Vestibular

/nuclei

Reticulocerebellar
tract

Cuneocerebellar
tract

Gracile nucleus

Main cuneate
nucleus (relay
for cutaneous
information)

External cuneate nucleus
(relay for proprioceptive
information)

From skin (touch

' and pressure)

From muscle (spindles
and Golgi tendon organs)

From skin and
deep tissues
(pain and Golgi
tendon organs)

From skin (touch
and pressure)
and from muscle
(spindles and
Golgi tendon

Ventral spino-
cerebellar tract

organs)
Dorsal spinocerebellar tract

Middle cerebellar peduncle

Primary fissure

To nodule and flocculus
Inferior cerebellar peduncle

To contralateral cerebellar cortex

Functional Subdivisions of Cerebellum
Hemisphere Vermis

: Inter-1 !
Lateral medlate 1
1

ppart oot

Anterior lobe

Leg zone —_——= Primary
Amzone i isore
Mide
2nd spinal I(SIC;:
projection 8
area (gracile :
lobule) ~ ~Postera
Rrohid ; fissure
cerebellum Lingula Floccul
(vestibulo- Flocculus nodula
cerebellum) Nodule
Paleocerebellum Uvula |
(spinocerebellum) Pyramid
Vermis
Neocerebellum Middle vermis
(pontocerebellum) | Hemisphere
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ato-thalamo—-cortical
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THE CEREBELLUM

Neocerebellar syndrome:

1-Asthenia(fatigue&slow movements)

2-Hypotonia.

3-Motor ataxia (incoordination of voluntary movements)
-Dysmetria (hypometria or hypermetria) sl )l ol
-Asynergia (inability to perform 2 acts at the same time)
-intention tremor 48 sl calalill G Hlail
-Dysarthria
-Drunken gait.

-nystagmus
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Disorders Of Muscle Tone
&Movement
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The Stretch Reflex &Skeletal Muscle Tone

Structure Of The Muscle Ll Jjall aS 5i-1
:Spindle
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Figure 15.4 Two types of proprioceptors: a muscle spindle and a tendon organ. In muscile
spindles, which monitor changes in skeletal muscle length, sensory nerve endings wrap around the
central portion of intrafusal muscle fibers. In tendon organs. which monitor the force of muscie

contraction, sensory nerve endings are activated by increasing tension on a tendon.

M’;;prioceptors provide information about body position and movement.
=T
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Tendon organ capsule
(connective tissue)

‘z How is a muscle spindile activated?

spindles also pass to the cerebellum. where the input is used spindle), which are innervated by large-diameter A fibers c:z

to
alpha motor neurons. The cell bodies of both gamma and a

coordinate muscle contractions.
In addition to their sensory nerve endings near the middle of motor neurons are located in the anterior gray horn of the sy
cord (or in the brainstem for muscles in the head). During

intrafusal fibers. muscle spindles contain motor neurons called
“satab.a 8. i noplasse Fn.mnscla sopndle _seosooy axonos of

;T{Eii’r_lifia_lfié’tﬁr“ﬁ'e—ﬁf‘(_)ﬁs- rAese IAGIor AT ONS  IENI NN Rc N&h:

both ends of the initrafusal fibers. As the two ends of an intra- gate into the spinal cord and brain stem and activate alpha 1
both contrac hex xe S . 1" on the extrafusal muscle fibers in the same
S zie cie. In this way >iracil 3 -

fusal fiber neurons that innervate
: ; ion of its muscl ST

fion Of a <

Fernndore Orpari

rajusal muscie fibess
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:Nervous pathway of the stretch reflex
:Mechanism of excitation (laxll J jaall 3 ) 4]
of response the muscle spindles:

Passive stretch of Jxaw JS&y dliaall JalS layhadi-
the whole muscle

Activation of the 3 slall Lle ol Juedie-
gamma efferent fibers
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yotor neuron in the anterior gray horn.
€D Siight st 1 »f a muscle stimul >NSOTY > the i strong enough. one or more nerve
the muscle muscle spindie

neuron and propagate along it

Figure 13.6 Stretch reflex. Th

\ale sensory

reflex arc has only one synapse in the CNS—

motor neuron. A polysynaptic reflex arc to antagonistic
NS and one interned

neuron and a ¢
includes two synaps ron is also illustrated. Plus signs (+)
) indicates an inhibitory synapse.

[ - The stretch refiex causes contraction of a muscle that has been stretched
¢ S
B

ndicate excitatory synapses; the minus sign (

NEURON

excited

Within INTEGRATING
CENTER (spinal cord),
sensory neuron activates
motor neuron

inhibitory
interneuror

Antagonistic

R R

>tor neuron to

tic muscles

‘: What makes this an ipsilateral reflex?
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Figure 13.7 Tendon reflex. This reflex arc is polysynaptic—more than one CNS
synapse and more than two different neurons are involved in the pathway. The sensory neu-
ron synapses with two interneurons. An inhibitory interneuron causes relaxation of the
effector, and a stimulatory interneuron causes contraction of the antagonistic muscle. Plus
signs (+) indicate excitatory synapses; the minus sign (-) indicates an inhibitory synapse.
f The tendon reflex causes relaxation of the muscle attached to the stimulated tendon organ.

) 3

To brain

Inhibitory
interneuron

© EFFECTOR =

(muscle attached 0 mgg&% REURON SENSORY

to same tendon) NEURON

relaxes and . excited

relieves excess . ~

tension ¥ o Increased tension

: stimulates SENSORY

RECEPTOR (tendon
organ)

nerve

© Within INTEGRATING Excitatory
CENTER (spinal cord), interneuron
sensory neuron activates
inhibitory interneuron

Antagonistic

muscles

e ) Motor neuron to
antagonistic
muscles is excited

4‘ What is reciprocal innervation?

the flexor or withdrawal reflex, operates as follows (F @ The interneurons activate motor neurons in several s

> cord segments. As a result, the motor neurons gene:
; - : nerve impulses, which propagate toward the axon te

Stepping on a tack stimulates the dendrites (sensc nals,
tor) of a pain-sensitive neuron.
This sensory neuron then generates nerve impulses, which © Acetylcholine released by the motor neurons causes
propagate into the spinal cord. flexor muscles in the thigh (effectors) to contract, produ
Within the spinal cord (integrating center), the sensory neu- withdrawal of the leg. This reflex is protective becaus
ron activates interneurons that extend to several spinal cord traction of flexor muscles moves a limb away from

segments. source of a pos amaging stimulus.
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Figure 49 : The extrapyramidal tracts.
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Figure 48 : The extrapyramidal system.




gure 15.7 Somatic motor pathways for coordination and
itrol of movement. Lower motor neurons receive input directly
(@) local circuit neurons (purple arrow) and (&) upper

olor neurons in the cerebral cortex and brainstem (green arrows).
iéral circuits involving basal ganglia neurons (€)) and cerebellar
fieurons (©) regulate activity of upper motor neurons (red arrows).

Because lower motor neurons provide all output to skeletal
Ws® muscles, they are called the final common pathway.

Sensory, motor, and

/ association cortex
N

4 \
5; Thalamus ’ \

T
°Cerebellar neurons g
T v

Motor centers in
brain stem

neurons
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cortex

e Upper motor
N
N
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——

%9 Upper motor
neurons from /~

brain stem /A
/’\ o Local circuit neurons

| in brain stem and
\ spinal cord

\ v
Lower motor
neurons (final

common pathway)

v

Skeletal muscles

How do the functions of upper motor neurons from the cerebral
cortex and from the brain stem differ?

irect pathways both govern generation of nerve impulses in
lower motor neurons, the neurons that stimulate contraction
fSkeletal muscles.

irect Motor Pathways o

€ impulses for voluntary moverhents propagate from the
ebral cortex to lower motor neurons via the direct motor path-
§ (Figure 15.8), also known as the pyramidal pathways.
of the cerebral cortex that contain large, pyramid-shaped
bodies of upper motor neurons include not only the primary
area in the precentral gyrus (area 4 in Figure 14.15 on
‘174) but also the premotor area (area 6) and even the pri-
somatosensory area in the postcentral gyrus (areas
2.and 3). Axons of these cortical UMNSs descend through the
psule of the cerebrum. In the medulla oblongata, the

bundles form the ventral bulges known as the pyramids.

SOMATIC MOTOR PATHWAYS 513

Figure 15.8 Direct motor pathways whereby signals initiated
by the primary motor area in the right hemisphere control
skeletal muscles on the left side of the body. Spinal cord tracts
carrying impulses of direct motor pathways are the lateral
corticospinal tract and anterior corticospinal tract.

Direct pathways convey impulses that result in precise, voluntary
< +»w> Movements.
Primary motor area of cerebral cortex

LEFT SIDE

RIGHT SIDE
OF BODY

OF BODY

Internal
capsule

Midbrain

Cerebral
peduncle

NEURONS

Pons

Decussation
(crossing)
in medulia

Left lateral
corticospinal
tract

Right anterior

corticospinal

tract

LOWER
MOTOR

Spinal nerve
NEURONS

> ”
NE. To skeletal
muscles

Spinal cord

What two other tracts (not shown in the figure) convey
impulses resulting in precise, voluntary movements?

About 90% of the axons of upper motor neurons decussate
(cross over) to the contralateral (opposite) side in the medulla
oblongata. The 10% that remain on the ipsilateral (same) side
eventually decussate at the spinal cord levels where they synapse
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A reflex is the involuntary response of an
organ to a stimulus.
agil Al ) Yidaiu) s
dads gl 3as 1l saThe reflex arc aw\Sasy) (. 5l
a 981 U ga pell e GluSaialleil guasll Glilladl
(Lt )amall (@il § anaity
The reflex arc ulSaiy) (@l palic
1-Receptor. 2-afferent (sensory n.fiber)
3-The center. 4-Efferent(motor n .fiber)

C_£f A
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CLASSIFICATION OF REFLEXES
il G
I-Local axon reflexes:
el il g e A gha (o8)aa gall (G guanl) CiluSaia
ClS jall g daalel 5 jlardl 5 o yiulal) 31 | caagd)
N
These are responsible for functions in the GIT

(e.g. Secr. of gastrin hormone and intestinal
juice, and production of peristaltic movements).
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lI-Conditioned reflexes:

(AanciSall Yk i) CluSaiall
These are acquired reflexes that develop
as a result of training and previous

experience, and they need an intact
cerebral cortex.
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lHI-Unconditioned reflexes:
(&,)h)..ﬁ\ Jﬁé Qb.ASu'.d‘)

These are inborn (inherent) reflexes that need neither
training nor an intact C.C.

That are classified into :
A-Hypothalamic reflexes:
S clusaiall)
(it
These regulate the body temperature, the body water and

the general metabolism through the hypothalamic control
of endocrine glands.
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B-Midbrain reflexes:

(Jasial) §ladll Cilisaia)

These include the various postural reflexes that
regulate the body equilibrium and some visual
reflexes(e.g. the papillary light reflex.
C-Medullary reflexes:

(lad) cilusaiall)

These include various reflexes that regulate the
H.R &A.B.P ,the R.R&many digestive functions.
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D-Spinal reflexes:
(S ) clusaiall)
These are the reflexes mediated by the spinal cord.

They are simplest reflexes in the CNS and include
superficial,deep&visceral reflexes.

4 giadl lu€aiall gedian]l Clu€aiallc Latacd) CilSaiall
1-Superficial reflexes: They include:
-Planter reflex-withdrawal reflex-abdominal reflexes.
Dby CluSeiol] i) ju&rio el Y] uSeicll]
2 -Deep reflexes: They include: Stretch reflex.
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3-Visceral (autonomic) reflexes:
(Ao sdall Ciluaidl)

Micturation reflexes

- Jil) Saia

-Defecation reflex-Erection reflex
latty) g da gaill iliSaia

(V>7¢)
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Figure 15.4 Two types of proprioceptors: a muscle spindle and a tendon organ. In muscle

spindles, which monitor changes in skeletal muscle length, sensory nerve endings wrap around the
central portion of intrafusal muscle fibers. In tendon organs, which monitor the force of muscie
contraction, sensory nerve endings are activated by increasing tension on a tendon.

Proprioceptors provide information about body position and movement.
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How is a muscle spindle activated?

spindle), which are innervated by large-diameter A fibers c
alpha motor neurons. The cell bodies of both gamma and a
motor neurons are located in the anterior gray horn of the sj
cord (or in the brainstem for muscles in the head). During

spindles also pass to the cerebellum. where the input is used to
coordinate muscle contractions.

In addition to their sensory nerve endings near the middle of
intrafusal fibers., muscle spindles contain motor neurons called
BOrOhs IERINAMAcNem  “Sataburelata innplsss in.rmscla sopndle seosory axoos
the spinal cord and brain stem and activate alpt

gamima motor Aeirons. THede Hstor A N
both ¢ the intrafusal fibers. As the two ends of an intra gate in
sl th
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F e 13.7 Tendon reflex. This reflex arc is polysynaptic—more than one CNS
synapse and more than two different neurons are invoived in the pathway. The sensory neu-
ron synapses with two interneurons. An inhibitory interneuron causes relaxation of the
effector, and a stimulatory interneuron causes contraction of the antagonistic muscle. Plus
signs (+) indicate excitatory synapses; the minus sign (—) indicates an inhibitory synapse.
M, The tendon reflex causes relaxation of the muscle attached to the stimulated tendon organ.
Sk

To brain
Inhibitory J
interneuron
© EFFECTOR
¢, MOTOR NEURON

(muscle attached inhibited g SENSORY

to same tendon) NEURON

relaxes and - l cmmzuan excited

relieves excess Posss ™ : .

tension . o Increased tension A
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RECEPTOR (ijoh//',

Within INTEGRATING Excitatory
CENTER (spinal cord), interneuron
sensory neuron activates

inhibitory interneuron

Antagonistic J
muscles \
SORten A— Motor neuron to
$ V4 antagonistic
e % W g muscles is excited
~ -

the flexor or withdrawal reflex, operates as follows (I

@) The interneurons activate motor neurons in several sp

13.8): cord segments. As a result, the motor neurons genes:
2 2 - B nerve impulses, which propagate toward the axon te
P Stepping on a tack stimulates the dendrites (sensory recep- rials

tor) of a pain-sensitive neuron.

fa

This sensory neuron then generates nerve impulses, which Acetylcholine released by the motor neurons causes

propagate into the spinal cord. flexor muscles in the thigh (effectors) to contract, produc
£) Within the spinal cord (integrating center), the sensory neu- withdrawal of the leg. This reflex is protective because ¢
ron activates interneurons that extend to several spinal cord traction of flexor muscles moves a limb away from

segments. source of a possibly damaging stimulus.
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CAUSES OF TREMORS

1-Parkinson's disease(static tremors)
2-Neocerebellar syndrome(kinetic tremors)
3-Liver failure(flapping tremors)
4-Hyperthyroidism(fine tremors)

5-Senile tremors(fine rapid tremors).

6-Emotional &psychological
tremors(+tachycardia&sweating)

m
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