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Central Nervous System

Fundamental Subdivisions of Brain
e Loea Like the gt system
%gam (prosencephalon) dice\egang panhasde ) awgi o J Slbiahl

Telencephalom. Two lateral extensions, each of which looks li /\5
half of a sphere, known as cerebral hemisphere> They overhang

the diencephalon (thalamus) form both sides and together form

a sphere known as|cerebrum|ie surface (gross) anatomy

Diencephalon. Central midline part, it forms different

components o thalamus T see the diencephalon we should open the two hemisphere

-rain (mesencephalon)®roxinal to the pons
It is shortest and simplest out of the three components of brain.

ain (rhombencephalon)
It is subdivided into:
Proximal (Metencephalon}: \Which is further subdivided
into two parts: 1. Ventral: Pons 2. Dorsal: Cerebellum

Part of brain stem

Distal (Myelencephalon): 3. Medulla oblongata
Last part of brain stem

These 2 hemispheres Separated by matn
longitudinal fissure

Prosencephalon
(forebrain)

Mesencephalon
‘midbrain)

Rhombencephalon
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Medial view cause we see diencephalon
+ brain stem + part of cerebellum

. Telencephalon (cersbrum)
Corpus callosum
!‘ Diencephalon

alamus related structure

Mesencephalon (midbrain)

Metencephalon
(pons and cerebellum)

B Myelencephalon
(medulla oblongata)




White & gray matter of the brain
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The gray overlying the white

e Outer gray matter and inner white matter:

Cortex Medulla
superficial part of cerebrum is made up of grayish colored neuronal cell bodies which forms gray matter.

This constitutes cerebral cortex. Deep inner or central core is made up of process of neurons.which are
whitish myelinated nerve fibers. This component of cerebrum is called white matter or medullary

substance

Tl cel -l
e The cerebral cortex receives its convoluted appearance from a network of gyri (rounded ridges on the

surface of the cortexLand sulci (furrows separating the gyri).
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e The longitudinal fissure divides the brain into two hemispheres. =t + t

Most ant. Superior
e Deep sulci divide each hemisphere further into ag-* and @ggipitablobe.

Parts or Lobes of the cerelpum, ateral . Posterso tnferior
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Corpus callosum

Callosal suicus Sub panetal sulcus

Temporal lobe

The 4 lobes of each cerebral hemisphere are separated by 3 main sulci:

—The central sulcus separates the frontal lobe from the parietal lobe.
—The lateral sulcus separates the temporal lobe from the frontal lobe and the

parietal lobe.
—The parieto-occipital sulcus separates the parietal lobe from the occipital
lobe.
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« Central sulcus




* The main sulci

Central sulcus (of Rolando): separates the frontal and parietal lobes

Lateral sulcus (Sylvian fissure): separates the frontal and temporal lobes anteriorly and the
parietal and temporal lobes posteriorly

Cingulate sulcus: separates the cingulate gyrus from the frontal and parietal lobes

Parieto-occipital sulcus: separates the parietal and occipital lobes

Calcarine sulcus: divides the occipital lobe horizontally into the cuneus (superior) and lingual
(inferior) gyrus

May be added with main sulel
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5th lobe of cerebrum!
Insula or Insular lobe

1. Frontal operculum
2. Frontoparietal operculum
3. Temporal operculum

frontal +frontoparitel + temuporaldlcos gisnogly

* Insula (hidden island)
* Lies in the depth of lateral sulcus
* Surrounding areas which cover the insula

are called as opercula (meaning: lid).




FunCtion Of the inSUIa IObe: The main function is related to pain

The insula is important for gustatory and sensorimotor processing, risk-
reward behavior, autonomics,pain pathways, and auditory and vestibular
functioning. It is because of insula that people are able to perceive pain
and have the awareness about their body and self.




Precentral or the frontal part called prim ary wmotor %n
Posteentral or the parietal part called primary Somato s sensory gyri

Paracentral lobule

Precentral is followed to fmw’caL Paracentral sufcus Precentral sulcus Central suwicus
wWhere posteentral follow the parietal
Paracentral lobule is on the medial surface of the  “/guiate sulcus
hemisphere and is the continuation of
the precentral and ‘postcentral gyri.

Pars marginals of
cinguiate sulcus

The paracentral lobule

controls motor and'sensory innervations of the
contralateral lower extremity.Hip, knee, genital organs, ankles and toes

It is also responsible for control of defecation and
urination.Micturation
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nferior frontal Post end of superior temporal

) primary sensory area
primary motor area secondary motor
and sensory area
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Motor
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Occlipital Lobe

Temporal Lobe in transverse gurus!




Introduction - Speech areas

Speech An ability to understand or express oneself by spoken or written words.
Areas involved Broca's Area & Wernicke's area - Major. Visual & auditory association area - Accessory areas.

Arcuate fasciculus

Broca's Area
Located indnferior frontal gyrus (Area 44). +45
Includes 2 motor areas controlling “Spoken & Written speech”.

Function - Center for motor part of speech & sentence formulation
Connections - Information received from Wernicke's area - Send to motor cortex.
Lesions ->"Motor/Non-fluent aphasia” - Inability to express oneself by spoken speech.
w&b&?&\m\mw \c_,@«)lz\_m\%qiz ool o\ oL
lfiyyi> cin @ Wih dim Y\ GMine o\l e dghuhl
Wernicke's area

Located in posterior end of superior temporal gyrus.

Concerned with COMPREHENSION, planning of words & Integration site for 2° somatic, auditory & visual areas,

Connections - Ultimate signals send to Broca's area via arcuate fasciculus,

Disorder - Lgsnon‘ results in "Sensoryl!he;lt aphasila”.
¢ \gﬁsg\éxggd»_)\@,:gfeonf%)\chQi\}@zxéeonc»u@ﬁq»@e@o&ﬁ\)\e\a




Disorders of speech

Aphasia Speech disorders resulting from lesions in brain.

Sensory aphasia

Cause - Lesions in Wernicke's area.
Intact Broca's area
C/F - Defect in comprehension, fluent & nonsensical speech Broca's - Motor aphasia Sensory aphasia - Wernicke's

Motor/non-fluent aphasia

Cause - Leslons In Broca’s area.
Intact Wernicke's area.
C/F - Defect in verbal/speech expression, non-fluent. effortful & slow speech.

Conduction/fluent aphasia

SRR
&

Cause - Lesion in arcuate fasciculus.
Intact Wernicke's area & Broca's Area Arcuate fasciculus - Conduction aphasia

C\F - Impaired repetition, preserved comprehension & fluent speech.




Areas of Frontal Lobe
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Arey Locsion Characteristics [sersoey functions) EMect of lesion

o Rosceves it from the venbal sosisior ik of Lhe

- thaamus
P a rl eta I I O be 0 CU'('-;:JI?Q w0 the corticospiral Uact

o The vorlicy! tegons mecevirg sersery inpul of U
differey, reziones of U body cor be mepped using the

Prmary sensory homuncubs, (2

«  Postrentral gyros -
somatoscnsory inartetal Inbed o Theindwidal parts of the Doy am amzcss o Coreraatesa secaocy bes
enrtex P " agAnst oy cnespoeding carkalrdans

progertiorates in sios to
l=g.thalps a=

i degres of inrervation
nted cisonparticnassly

Jay usirg the mator homune fus,

o Contralateral sstereognonsis fons of ablity
to identify an cbject by tactie nput Jlone)

o Contralatersl astatognosis Doss of abikty
10 recopnide the POSItIon of One's Own
body party

o Apranda oss of abiity 10 perform
coordinated, purposefid, 3nd or learmed
Moverments when Jgkoed, even If the

Superion parietad request |s understood
Somatosensony obule and o Integrates DAlpAtOry sersory Information for pattern e Moat common type: Tacial aprasia Doss
aocation cortex g anaeginal reCOgIon of ability 10 coordirate and execunte
oyus facial movements, Bue whistiing or
winking)
o Conduction aphasta fe.g. koss of ablity 10
repeat verbal commancy

e Due to damage of the arcuate
fasciculus (3 white momer bundie
connecting the frontal parietal, and
temporal lobes ot plays 3 major roke
in language processing




o Injury to dominars hemisphere:
Gerstmann syndrome

Parietal o Iy o give g
lobe

S0 Of( -fc
Visual assoclation frgnl pyrus o Integrates visud sensory Information for pattern A Ae;::jiﬁ:z:::v::‘ write down
e Cogston thoughts)
Dyscaleulia (loss of alility 1o do
mahematical cakuations)
Parietal lobe o UniSteral injury to the nandaminant
Femisphere: contralaterad hemispatial

neglect syndrome




Temporal lobe

Area

location

Characteristics
(hearing)

Fffact of lasion

Primary auditory

cortex
(Brodmann areas 41
and 42)

bl

Transwerse gyrus of

the temporal lobe

Receives input
from the medial
genlculate bo

One-sided primary suditory ¢

because of bllateral tlon of hearlng on each slde, |2 3

premary auditery corgeon the left recewves auditery input from both
% right primary auditary cortex Therefore, even if the

do not cause haaring loss

uditory cortex on one 5102 15 camaged, the cortex on another
e will be able Lo compensate for thal
Bilateral primary auditory cortex lkesions may lead to cortical deafness.
o Characterized by an inability ta parceive hoth pure tonas and complax
sounos
The startle reflex is preserved.
Bilateral sensorinewral hearing lozs pattern is canfirmed with

audiogram

Posterior part of the
superior temooral
EYIUS ISuUpencr
partion of the
emporal obs)

Part of the
auditory
association cortex
(Brodmann

area 22)
Connected to
Broca area via the

arcuate fasciculus

«  Dominant hamisphera. Wernicke aphasia
o Nondominant hemisprers: aprosodia




Occipital lobe

Characteristics (visual functions)

Effect of lesion

In the region of the
calcarine sulcus (cunsus

and lingual gyrus)

Receives input from the lateral gen,
optic radiations (also know visual radiations,
geniculocalcanne tr

Atary pursuit and tracking eye

Timulation causes contralateral conjugate deviation
of the eyes

Drfficulty tracking slow movements
and/or contralateral homonymous

hemianopsia

Integrates visual properties such as color, position in
space, and illusory contours

Visual hallucinations




Cerebrum - White matter Thepartuwalcrthe@mg

Qo aakin SYisY 1o omau iy The axons and bundles that transmit signals from

cell bodg (newron) to another one

Bundles of white matter are classified into following three
gro/um'_p Short in compareson to commissural or even projectional fibers ASEIEes

17/Association fibers are the fiber bundles which
interconnect different areas of same cerebral hemisphere.
But these may be restricted in one lobe or may extend
from one lobe to.another. So, these fibers do not cross
midline and do not go to any subcortical centers. They
interconnect adjacent gyri.

2. Commissural fibers interconnect identical areas of two
ce.:gb*al hemisPheres. So these fibers cross.the midline but
do not extend to any center below cerebral cortex.

3. Projection fibers, as the name suggests, project from

%\éar lh here to subcortical centers of same

S i €. So these fibers extend beyond

cerebral cortex and may or may not cross the midline. ig- 0.1 Pandamuntal types of Shors of white matier of tnin
with sub cortical structure Like basal ganglia or thalamus




Transport signals between the 2 hemisphere.

Example of commissural fibers of white matter

Superior longitudinal
fasciculus

Cingulum

Inferior longitudinal
fasciculus

uUncinate rasciculus

Septum pellucidum

Fig. 9.2 Association fibers of white matter of cerebrum




C o m m iss u re fi be rs Transport signals between the 2 hemisphere.

. Corpse Callosum




Commissure fibers

.Anterior Commissure (anterior limb & posterior limb)

Other commissures: posterior commissure, Habenular commissure, hippocampal commissure X




— - Projection fibers Transport the signal to the subcortical structures

and its the longest fibers.
a broad and compact band of white matter in horizontal section of cerebral hemisphere

Components:

anterior limb, genu, and posterior limb

Anterior limb: contains the thalamocortical tract Between the cortex and thalamus
Genu: contains the corticobulbar tract Bulbar is the main parts of cranial nerves

Posterior limb: contains the corticospinal tract and thalamocortical and somatosensory fibers
spinal corol J)\ayoe Il ca oil zdiil @ S g5 ail\ny

Caudate nucleus

Lentiform nucleus

Anterior Bmb of internal capsule

e Ganu of internal capsule

Horlzontal Section of Cerebral Hembipheres



Blood supply of the brain is cirele of Willis

Blood supply of the internal capsule

(Ant. + middle) cerebral main branches 3 anonin\asw gl ol gazn J\
Awnt. chorotdal

Anterior limb
Striate branches of Anterior cerebral (including the longest
branch - recurrent artery of Heubner and Middle cerebral

Genu
Striate branches of Anterior cerebral, Middile
cerebral and direct branches from Internal carotid

Posterior limb
| Striate branches from Middle cerebral ( inchuding
large Charcot artery of cerebral haemorrhage) and
Anterior Choroidal.

Sublentiform Part
Striate Branches from Posterior
cerebral and anterior choroidal

Retrolentiform Part
Striate Branches from Posterior
cerebral




Basal Ganglia |ss-

Basal ganglla Location

Caudate nuckeus (-
Striatum o Teencephalon
Putamen

Globus pallidus
Lentiform nudeus

Putamen « Diencephalon
Thalamus

Subthalamic nucleus

Substantia nigra o Mesencephalon

tts main function is control the motor orders that
come from primary motor gyrus or precentral

Function: Motor Control

person with basal ganglia dysfunction
may have trouble starting, stopping, or
sustaining movement + problems
controlling speech, movement, and

posture. This combination of symptoms o i el
is called parkinsonism. Pallidus in this view,

i » as it is located
carpidopa g Le\/oolopad\\m@m)'ab\w@am\ng\;l@mu&&\@o)\m}\mx\)<:¢_f> medial to the

Putamen

Nuclel is a scattered (groups o{ cell bodies or neuwrons n brain

But the cortex Ls wot scattered ‘

——

s’cnatum d

-

(

Cortex

?‘a

l sectlon !
A,




Falces of the brain

Part of connective flbrous tissue work as supportive media to the brain
dfaleesddoazbuJo pumbbrain il dural venous system O i\ Buncal 081 a6 aiab o Uoulg

H d\&fo@
falxcerebri from the cerebrum. ttself

Falx cerebri

Falx cerebelli tn the middle of cerebelli and shave the division to 2

hemlisphere

Tentoriwm cerrbelll horizontal Line perpendicular to falx cerebri

crest o0 gloin o Ao o idim doxs ¥\ odl dncen el nglan
occipital bone posteriorLg

_Lw the middle of tentorium cerebelll

to pass the brain stem through it.

Falx
cerebeld

Tentordum
cerebeld

LongBudinal fnsure

Fooe of the
postericr crangd

fossd

Perpendicular to
the faix corebr [n

e 20 plane

o Separates the cerebid

hemipheres

o  Sepatates the o

Cerebeilr hermispheres

o Sepanates the craniyd

Cavity into infratentorial

g wpratentoral

Compartiments

Crista galll of the ethmod
DONE nteriony

NieMmE oCOpts
protuberance posteriony
Mdirw of the crankam
wperiorly

Superion surface of the

et orium Corebell nferony

Tentorum cerebedll superiony
Posterion edpe of the foramen
MALSUM inferionly

N OCOPEN Crest

POMIAr Oy

Edge Dot separates the

Ceredeium anteriony

Falx Coreel On Tw midine
Arfericn CRnoid prodeiies of
e sphensid DonNe anterionly
©  Forms the Dteral part of
e Cavernous sious
Petrous part of the semponal
SO Dilsteraly [anterciater
mapng
Postersinferion angies of the
parietal bome and transveris
UG OF e OCCIDItA DOre
paterolterd murgirn)
Nie oCUpts

protuberance posterionly

Cerebradl Srwnes

The superion border
CONLAT the superior
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The inferiorn Dordes
Containg the inferior
sapittal vnn

The ute of attachment
19 e terforuey
CRretell CONLEN the
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occipital shous
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Containg the straigt
s
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sagittal sinus

Straight
sinus

Crista galli of the
ethmoid bone

Pituitary gland




T h e D i e n Ce p h a I o n ALL structure related to thalamus

* Location: caudal portion of the forebrain, situated between the cerebrum and midbrain

* Embryogenesis: arises from prosencephalon Forebratn.

* Parts of diencephalon: five in number separated by hypothalamic sulcus

Dorsal diencephalon (above hypothalamic sulcus)
1. The thalamus: relay center of sensory information between subcortical and cortical structures

2. Meta-thalamus: made up od medial & lateral geniculate bodies Semiposterior primary to secondary Ol e SAnglabl dhs- o\ dyg i & oy
\\_/V visual cords in the oocipital Lobe

3. Epithalamus: (pineal gland) involved in the regulation of the sleep-wake cycle

Ventral diencephalon (below hypothalamic sulcus) ooy ¢ U8 rela Y stage & iy il olF thalamencs W\oabo g
4. Subthalamus: contains the subthalamic nucleus, a part of the basal ganglia why\ad 3,0 Lnputs

5. Hypothalamus: main center of autonomic function and endocrine system function




IMU Internal medutary lamea  VPM Ventral posteromedial nucleus

DM  Dorsomedial nucleus VPL Ventral posterolateral nucieus

LD  Latersl dorsal nucleus
LP  Laterad postencr nucless
P Pulvisar nuciess




Thalamus

a group of nuclei constituting the main relay center of ascending sensory information between subcortical and
cortical centers (except for the sense of smell)

The Two thalami are interconnected by a compact band of white matter crossing midline, called inter-thalamic adhesion
Type of commissural fibers

Composition
* Lateral, anterior, medial, and intralaminar nuclear groups and the metathalamic region
* Lateral, ant., and medial nuclear groups are separated by Y-shaped internal medullary lamina
* The lateral group can be subdivided into posterior, dorsal, and ventral subgroups

Blood supply

Mainly derived from branches of

the posterior cerebral artery

rlemyl med sy
Lo

Lateral genscutate Doy



Gross Anatomy of
cerebellum

Postarolate ral
Assure

Lobes and fissures

® Anterior lobe wnder the ocelpital cortex

® Posterior lobe The most dominant.

® Flocculonodular lobe The smallest part S
O r

* Main fissures .
fissuro w Flooculonodidar

. . . Posterior
* The primary fissure separates the anterior and p¢ g lobe

®* The posterolateral fissure separates the posterior lobe from the flocculonodular lobe.
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Cerebellum

e Lies in the posterior cranial fossa

e Covered by the tentorium cerebelli (dura mater)

e Connected to brainstem via three paired cerebellar peduncles (sup, mid, inf)
e Separated from the medulla and pons by the fourth ventricle

Functionally, it is divided into three zones. These are the:

cerebro-cerebellum (the lateral zones), which receives sensory information from
the cerebral cortex and is responsible for the planning of movements that are just
about to occur (motor planning);

spino-cerebellum (the vermis and intermediate zones), which receives _
proprioceptive information from the dorsal columns of the spinal cord and is
responsible for the coordination of movements (motor execution);

Vestibulo-cerebellum (the flocculonodular lobe), which receives information from
the vestibular nuclei and visual cortex and is responsible for balance and ocular
movements







The Brainstem

1- Midbrain is the smallest - 2cm in length
As it ascends, the midbrain travels through the opening in the tentorium cerebelli.

It can be divided into two main parts:

Tectum — located posterior to the cerebral aqueduct

Paired cerebral peduncles — located anteriorly and laterally.

Internally, the cerebral peduncles are further separated by the substania nigra into the crus cerebri
(anterior) and the tegmentum (posterior).




Tectum

The tectum houses four rounded prominences named colliculi (collectively the corpora quadrigemina)
which sit directly inferior to the pineal gland. The colliculi are separated by the cruciform sulcus; there
are two superior and two inferior colliculi.

Extending laterally from each colliculi are the quadrigeminal brachium:

Superior quadrigeminal brachium forms a pathway between the superior colliculus and the retina of

the eye.

Inferior quadrigeminal brachium conveys fibres from the lateral lemniscus and inferior colliculus to
the medial geniculate body.

Inferior to the colliculi, the trochlear nerve (CN IV) emerges before sweeping across to the anterior
surface.

Cerebral Peduncles
The paired cerebral peduncles extend from the cerebral hemispheres to converge as they meet the

pons. They are separated anteriorly in the midline by the interpeduncular fossa, the floor of which is
termed the posterior perforated substance (as many perforating blood vessels can be identified).




2) Pons is a group of nerves that function as a connection
between the cerebrum and cerebellum (pons is Latin for bridge).

Basilar

Anteriorly: the pons is marked by a bulging formed by the groove
transverse pontocerebellar fibres. These fibres wrap around the
otherwise vertically oriented brainstem. It measures around 2.5 cm
in adults. e
Trigeminal
nerve
The basilar groove demarcates the midline of the ventral surface
and is where the basilar artery is located. Abducens
nerve
The pontomedullary junction is an important anatomical

landmark

Vestibulocochlear
nerve




Posteriorly: The pons is intimately related to the cerebellum and
is connected to it by the middle cerebellar peduncles. Removal of
the cerebellum will reveal the underlying fourth ventricle.

The floor of the fourth ventricle is composed of the dorsal surface
of the pons and the medulla. There are some important anatomical
landmarks here:

The medial eminence marks the midline of the floor.

The facial colliculus is a bulging formed by the fibres of the facial

nerve looping around the abducens nucleus.
The stria medullaris of the fourth ventricle is a bundle of nerve Medial

fibres crossing transversely from the lateral aspect into the midline. g grom

They mark the posterior border between the pons and the medulla.

The angle formed at the junction of the pons, medulla, and - 3
lé

cerebellum is another anatomical landmark and is named colliculus ~ .
cerebellopontine angle. Here, the cerebellar flocculus, the ' /?
ventricular choroid plexus and the emerging CNs VIl and VIII %
surround the lateral apertures of the fourth ventricle (the foramen of

Luschka). Stria medullaris \ /
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3) medulla The superior margin of the medulla is located at the junction between the

medulla and pons, while the inferior margin is marked by the origin of the first pair of cervical spinal
nerves. This occurs just as the medulla exits the skull through the foramen magnum.

Anterior Surface: There are several structures visible on the anterior surface of the medulla —
namely the three fissures/sulci, the pyramids, the olives, and five cranial nerves.

In the midline of the medulla is the anterior median fissure, which is continuous along the length of
the spinal cord. However, it is interrupted temporarily by the decussation of the pyramids (see
below). As we move away from the midline, two sulci are visible — the ventrolateral sulcus and the
posterolateral sulcus.

The pyramids are paired swellings found between the anterior median fissure and the ventrolateral
sulcus. Information on the pyramids can be found here. The olives are another pair of swellings
located laterally to the pyramids — between the ventrolateral and posterolateral sulci.

Posterior Surface: Unlike the anterior surface of the medulla, the posterior surface is largely
obstructed from view and is relatively devoid of features. In order to appreciate the posterior
surface, the cerebellum must be removed.

Similar to the anterior surface, the posterior surface has a midline structure — the posterior median
sulcus — which is continuous below as the posterior median sulcus of the spinal cord. Above, the
sulcus ends at the point in which the fourth ventricle develops.

As we move lateral from the midline, the fasciculus gracilis and fasciculus cuneatus are seen,
separated by the posterior intermediate sulcus.
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Anterior
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medulla
Lovel of fourth ventricle _
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sulcus
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Decussation
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medulla
Leve/ of central canal
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Origin of the Cranial Nerves

There are 12 cranial nerves in total.

The olfactory nerve (CN I) and optic nerve (CN Il) originate from the cerebrum. Cranial nerves Ill — Xl| arise from the brainstem
(Figure 1).

They can arise from a specific part of the brainstem (midbrain, pons or medulla), or from a junction between two parts:

Midbrain — the trochlear nerve (IV) comes from the posterior side of the midbrain. It has the lonaest intracranial lenath of all the
cranial nerves.

Midbrain-pontine junction — oculomotor (l1).

Pons — trigeminal (V).

Pontine-medulla junction — abducens, facial, vestibulocochlear (VI-VIII).
Medulla oblongata

Posterior to the olive: glossopharyngeal, vagus, accessory (IX-XI).

Anterior to the olive: hypoglossal (XII).

The cranial nerves are numbered by their location on the brainstem (superior to inferior, then medial to lateral) and the order of
their exit from the cranium (anterior to posterior)




Edinger-Westphal nucleus

Oculomotor nucleus

Trochlear nucleus

Mesencephalic nucleus of

‘ , trigeminal nerve

Motor nucleus of trigeminal nerve — e - Principal sensory nucleus of
‘ \e trigeminal nerve

Abducens nucleus

Facial motor nucleus .
Cochlear nuclei

Salivatory nuclei (superior/inferior)
Vestibular nuclei

Nucleus ambiguus

Hypoglossal nucleus Nucleus of tractus solitarius
(superior portion)

Spinal nucleus of trigeminal nerve

Dorsal nucleus of vagus nerve

Spinal nucleus of accessory nerve , o
Nucleys of tractus solitarius

(inferior portion)

B General somatic afferent fibers
General somatic efferent I B Soecial somatic afferent

General visceral efferent W ' B General visceral afferent

Special visceral efferent M Efferent B Special visceral afferent
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Th e I i m b i c SySte m ic n the medial aspect of the brain

e involved in emotional and behavioral responses, _ BASALGANGLIA
motivation, memory, olfaction, and autonomic nervous / control of movements,
system function.

e Components

Areas of the cerebral cortex: hippocampal
formation (hippocampus, dentate gyrus, entorhinal

cortex), cingulate gyrus
Controis body
temperature, hunger,

Nuclei: mammillary bodies, amygdala, anterior thalamic nuclei . s

Nerve fiber tracts

* Cerebral fornix: C-shaped nerve fiber bundle that represen
the major output tract of the hippocampus

Cingulum: nerve fiber bundle connecting cingulate
gyrus and entorhinal cortex

Mammillothalamic tract
Striae terminalis




Ventricular system

Ventricles are structures that

produce CSF, and transport

it around the cranial cavity. Superior sagita
They are lined by sinve
ependymal cells, which

form a structure called the i \ Subssachnold spece
choroid plexus. It is within , 4 2 A . Meningeal dura mater
the choroid plexus that

CSF is produced. Right lateral ventricle

ntervemincular
ramen

Lateral Ventricles: /
Third ventricle \

The left and right lateral N ’\
uct

Arachnoid granulation

ventricles are located within their .

respective hemispheres of the Corebra m")/ A

cerebrum. They have ‘horns’ Lateral sperture Median aperture
which project into the frontal, \ \

occipital and temporal lobes. The Fourth ventricle

volume of the lateral ventricles Central canal
increases with age.




Third Ventricle

The lateral ventricles are connected to the third
ventricle by the foramen of Monro. The third
ventricle is situated in between the right and the
left thalamus. The anterior surface of the ventricle
contains two protrusions:

Supra-optic recess — located above the optic
chiasm.

Infundibular recess — located above the optic
stalk.

Fourth Ventricle

The fourth ventricle is the last in the system — it
receives CSF from the third ventricle via the
cerebral aqueduct. It lies within the brainstem, at
the junction between the pons and medulla
oblongata.

From the 4th ventricle, the fluid drains into two
places:

Spinal canal — bathes the spinal cord
Subarachnoid cisterns — bathes the brain,
between arachnoid mater and pia mater. Here it’s
reabsorbed by the arachnoid villi into the dural
Venous Sys..

Corpus callosum
Septum peliucidum » .

Cerebral subarachnoid space
Third ventricle

Choroid plexus

Pinecal gland

Great cerebral vein
of Galen

Quadrigeminal cistern
(superior cistern)
(cistern of the

vein of Galen)

Cerebral aqueduct
Cistern of

lamina terminalis
Chiasmatic cistern

Interpeduncular cistern Fourth ventricle

Pons == Choroid plexus

Cerebellomedullary cistern
(cisterna magna)

Prapontine cistern
(pontine cistern)

Spinal subarachnoid space — Medulla oblongata

The median aperture (foramen of Magendie) opens
on midline into a subarachnoid space inferior to the
cerebellum called the cisterna magna and into the
quadrigeminal cistern in the region of the tectum of
the midbrain. Two lateral apertures (foramen of
Luschka) also open into the cisterna magna.




Spinal cord

The spinal cord arises cranially as a continuation of the medulla oblongata. }

\
-l— Cervical

It then travels inferiorly within the vertebral canal, surrounded by the spinal meninges containing cerebrospinal | | enlargement
fluid. ’

At the L2 vertebral level the spinal cord tapers off, forming the conus medullaris (L3 vertebra in neonates). '

As a result of the termination of the spinal cord at L2, it occupies around two thirds of the vertebral canal. The |
spinal nerves that arise from the end of the spinal cord are bundled together, forming a structure known as the |
cauda equina "horse tail” (it's comprised of L2-S5 nerves + the coccygeal nerve - 10 nerve pairs ). ,

Lumbar
enlargement

I
During the course of the spinal cord, there are two points of enlargement. The cervical enlargement is located |
proximally, at the C4-T1 level. It represents the origin of the brachial plexus. Between T11 and L1 is the ‘
lumbar enlargement, representing the origin of the lumbar and sacral plexi. U

!

" Conus
The spinal cord is marked by two depressions on its surface. The anterior median fissure is a deep groove , medullaris
extending the length of the anterior surface of the spinal cord. On the posterior aspect there is a slightly
shallower depression — the posterior median sulcus.

The pia mater that surrounds the spinal cord continues downwards all the way to the coccyx as a thin filament
known as the filum terminale. This provides for a tight connection between the medullary cone and the back
of the coccyx and, thereby, stabilizing the entire spinal cord




Formation of the Spinal Nerves (31 pairs through the 33 vertebrae)

The spinal nerves are mixed nerves that originate from the spinal cord, forming
the peripheral nervous system.

Each spinal nerve begins as an anterior (motor) and a posterior (sensory)
nerve root. These roots arise from the spinal cord, and unite at the
intervertebral foramina, forming a single spinal nerve.

The spinal nerve then leaves the vertebral canal via the intervertebral
foramina, and then divides into two:

Posterior rami — supplies nerve fibres to the synovial joints of the vertebral
column, deep muscles of the back, and the overlying skin.

Anterior rami — supplies nerve fibres to much of the remaining area of the
body, both motor and sensory.

The nerve roots L2-S5 arise from the distal end of the spinal cord, forming a
bundle of nerves known as the cauda equina.




Inside, the spinal cord consists of grey matter and white matter.

The grey matter takes on the shape of a butterfly, with four 'wings' called horns: The horns in the front contain
motor neurons; the horns in the back contain sensory neurons which carry sensory information.

The spinal cord grey matter is surrounded by a column of white matter, containing axons that allow different
parts of the spinal cord to communicate smoothly, with signals passing upwards and downwards conveying eg
sensation and motor signals. {
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Brain Blood Supply

The brain receives blood from two sources: the internal carotid arteries 80%,
which arise at the point in the neck where the common carotid arteries bifurcate, and
the vertebral arteries 20%. The internal carotid arteries branch to form two major
cerebral arteries, the anterior and middle cerebral arteries. The right and left
vertebral arteries come together at the level of the pons on the ventral surface of the
brainstem to form the midline basilar artery. The basilar artery joins the blood supply
from the internal carotids in an arterial ring at the base of the brain (in the vicinity of
the hypothalamus and cerebral peduncles) called the circle of Willis. The posterior
cerebral arteries arise at this confluence, as do two small bridging arteries, the
anterior and posterior communicating arteries. Conjoining the two major sources of
cerebral vascular supply via the circle of Willis presumably improves the chances of
any region of the brain continuing to receive blood if one of the major arteries
becomes occluded







The major branches that arise from the internal carotid artery—the anterior and middle cerebral
arteries—form the anterior circulation that supplies the forebrain. These arteries also originate from
the circle of Willis. Each gives rise to branches that supply the cortex and branches that penetrate
the basal surface of the brain, supplying deep structures such as the basal ganglia, thalamus, and
internal capsule. Particularly prominent are the lenticulostriate arteries that branch from the middle
cerebral artery. These arteries supply the basal ganglia and thalamus. The posterior circulation of the
brain supplies the posterior cortex, the midbrain, and the brainstem; it comprises arterial branches
arising from the posterior cerebral, basilar, and vertebral arteries. The pattern of arterial
distribution is similar for all the subdivisions of the brainstem: Midline arteries supply medial
structures, lateral arteries supply the lateral brainstem, and dorsal-lateral arteries supply dorsal-lateral
brainstem structures and the cerebellum. Among the most important dorsal-lateral arteries (also
called long circumferential arteries) are the posterior inferior cerebellar artery (PICA) and the anterior
inferior cerebellar artery (AICA), which supply distinct regions of the medulla and pons. These
arteries, as well as branches of the basilar artery that penetrate the brainstem from its ventral and
lateral surfaces (called paramedian and short circumferential arteries), are especially common
sites of occlusion and result in specific functional deficits of cranial nerve, somatic sensory, and motor
function
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The physiological demands served by the blood supply of the brain are particularly significant
because neurons are more sensitive to oxygen deprivation than other kinds of cells with lower
rates of metabolism. In addition, the brain is at risk from circulating toxins, and is specifically
protected in this respect by the blood-brain barrier. As a result of the high metabolic rate of
neurons, brain tissue deprived of oxygen and glucose as a result of compromised blood supply
is likely to sustain transient or permanent damage. Brief loss of blood supply (referred to as
ischemia) can cause cellular changes, which, if not quickly reversed, can lead to cell death.
Sustained loss of blood supply leads much more directly to death and degeneration of the
deprived cells. Strokes—a term that refers to the death or dysfunction of brain tissue due to
vascular disease—often follow the occlusion of (or hemorrhage from) the brain's arteries.
Historically, studies of the functional consequences of strokes, and their relation to vascular
territories in the brain and spinal cord, provided information about the location of various brain
functions. The location of the major language functions in the left hemisphere, for instance, was
discovered in this way in the latter part of the nineteenth century. Now, noninvasive functional
imaging techniques based on blood flow have largely supplanted the correlation of clinical signs
and symptoms with the location of tissue damage observed at autopsy.




Extracranial Occlusive Disease of Vertebral and Subdavian Arteries
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There are four segments of the vertebral artery,
following its way through the neck; preforaminal,
foraminal, extradural (atlantic), and intradural
(intracranial) parts.




Superior

Cerebellum blood supply cerebellar

arteries

The cerebellum is supplied by
three bilateral arteries from
the vertebrobasilar system:
superior cerebellar artery
(SCA): branch of the distal
basilar artery. anterior inferior
cerebellar (AICA): branch of
the proximal basilar artery.
posterior inferior cerebellar
(PICA): branch of the distal
vertebral arteries.
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Blood supply of the spinal cord. (A) View of the ventral (anterior) surface of the spinal cord. At the level of the medulla, the
vertebral arteries give off branches that merge to form the anterior spinal artery. Approximately 10 to 12 segmental arteries
(which arise from various branches of the aorta) join the anterior spinal artery along its course. These segmental arteries are
known as medullary arteries. (B) The vertebral arteries (or the posterior inferior cerebellar artery) give rise to paired posterior
spinal arteries that run along the dorsal (posterior) surface of the spinal cord. (C) Cross section through the spinal cord,
illustrating the distribution of the anterior and posterior spinal arteries. The anterior spinal arteries give rise to numerous sulcal
branches that supply the anterior two-thirds of the spinal cord. The posterior spinal arteries supply much of the dorsal horn and
the dorsal columns. A network of vessels known as the vasocorona connects these two sources of supply and sends branches
into the white matter around the margin of the spinal cord.




Cerebral venous drainage

Dural Venous Sinuses

The dural venous sinuses lie between the periosteal and meningeal layers of the dura mater. They
are best thought of as collecting pools of blood, which drain the central nervous system, the face,
and the scalp. All the dural venous sinuses ultimately drain into the internal jugular vein. Unlike most
veins of the body, the dural venous sinuses do not have valves.

There are eleven venous sinuses in total. The straight, superior, and inferior sagittal sinuses are
found in the falx cerebri of the dura mater. They converge at the confluence of sinuses (overlying the
internal occipital protuberance). The straight sinus is a continuation of the great cerebral vein and the
inferior sagittal sinus.

From the confluence, the transverse sinus continues bi-laterally and curves into the sigmoid sinus to
meet the opening of the internal jugular vein.

The cavernous sinus drains the ophthalmic veins and can be found on either side of the sella turcica.
From here, the blood returns to the internal jugular vein via the superior or inferior petrosal sinuses.
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Veins of the Cerebrum
The veins of cerebrum are responsible for carrying blood from the brain tissue, and depositing it in the dural venous sinuses.

They can be divided into superficial and deep groups, which are flamboyantly arranged around the gyri and sulci of the brain. Upon exiting the cerebral
parenchyma, the veins run in the subarachnoid space and pierce the meninges to drain into the dural venous sinuses.

Superficial System

The superficial system of veins is largely responsible for draining the cerebral cortex:

Superior cerebral veins: Drain the superior surface, carrying blood to the superior sagittal sinus.

Superficial middle cerebral vein: Drains the lateral surface of each hemisphere, carrying blood to the cavernous or sphenopalatine sinuses.
Inferior cerebral veins: Drain the inferior aspect of each cerebral hemisphere, depositing blood into cavernous and transverse sinuses.
Superior anastamotic vein (Trolard): Connects the superficial middle cerebral vein to the superior sagittal sinus.

Inferior anastamotic vein (Labbé): Connects the superficial middle cerebral vein to the transverse sinus.

Deep System

Subependymal veins — There are numerous subependymal veins, which will not be described here in detail. These receive blood from the medullary veins
and carry it to the dural venous sinuses. The great cerebral vein (vein of Galen) is worthy of a mention; it is formed by the union of two of the deep veins, and
drains into the straight sinus.

Medullary veins: Originate 1-2cm below the cortical grey matter, and drain into subependymal veins. These drain the deep areas of the brain.
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Cerebellum

There are two main veins responsible for the venous drainage of the cerebellum — the superior and inferior
cerebellar veins. They empty into the superior petrosal, transverse and straight dural venous sinuses.

Brainstem

Venous drainage of the brainstem is carried out by numerous vessels — many of which are beyond the scope of
this article. Examples of veins that drain the brainstem include the transverse pontine vein, anteromedian
medullary vein, and the anterior and posterior spinal veins.

Spinal Cord

The spinal cord is supplied by three anterior and three posterior spinal veins. These veins are valveless, and form
an anastamotic network along the surface of the spinal cord. They also receive venous blood from the radicular
veins.
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