CENTRAL NERVOUS SYSTEM

CERERRAL HEMISPHERES

CN: Use light colors for B, E, |, and J. (1) Color the coronal section;
most of the frontal lobe and part of the temporal lobe have been
removed. Color the cerebral cortex (A) gray. In the two large hemi-
spheres the stippled areas of specialized function are parts of lobes,
but receive their own colors. Color the arrows identifying the major
fissures and sulcus. (3) Color gray the diagram illustrating how the
convolutions provide increased surface area in a smaller space.
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CORTICAL CONVOLUTIONS: INCREASED SURFACE AREA

The paired cerebral hemispheres (cerebrum), derivatives of the embry-
onic telencephalon (see Plate 169), consist of four major elements: (1)
an outer cerebral cortex of gray matter, the topography of which reveals
fissures (deep grooves), gyri (hills), and sulci (furrows); (2) underlying
white matter consisting of numerous tracts destined for or leaving the
cortex and oriented along three general directions (Plate 74); (3) dis-
crete masses of gray matter at the base of the cerebrum (basal nuclei)
that subserve motor areas of the cortex (Plate 74); (4) paired cavities
called lateral ventricles (Plate 80). The cerebral cortex is the most
highly evolved area of the brain. About 2-4 mm (roughly 1/6 inch) thick,
the cortex is divided into lobes distinctly bordered by sulci; the lobes
are generally related to the cranial bones that cover them: frontal, pari-
etal, temporal, occipital. The exception is the limbic lobe (part of which
is shown); it incorporates parts of other (frontal, temporal, parietal)
lobes.

Cortical mapping experiments (based on electrical stimulation and
clinical/ pathologic data) have been the principal methods by which
functions of the cortex have been discovered. All parts of the cortex
are concerned with storage of experience (memory), exchange of
impuises with other cortical areas (association), and the two-way
transmission of impulses with subcortical areas (afferent/efferent
projections).

The frontal lobe is concerned with intellectual functions such as rea-
soning-and-abstract-thinking;-aggression;-sexual-behavior-olfaction- -
(smell), articulation of meaningful sound (speech), and voluntary move-
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ment (precentral gyrus). The central sulcus separates the frontal lobe
from the parietal lobe. The parietal lobe is concerned with body sen-
sory awareness, including taste (postcentral gyrus), the use of sym-
bols for communication (language), abstract reasoning (e.g.,
mathematics), and body imaging. The temporal lobe is partly limbic
and here is concerned with the formation of emotions (love, anger,
aggression, compulsion, sexual behavior); the non-limbic portion

of the temporal lobe is concerned with interpretation of language and
awareness and discrimination of sound (hearing; auditory area); it
constitutes a major memory processing area. The occipital lobe is
concerned with receiving, interpreting, and discriminating visual stim-
uli from the optic tract and associating those visual impulses with
other cortical areas (e.g., memory).

The limbic lobe or system is the oldest part of the cortex, in evolution-
ary terms. It is the center of emotional behavior. The limbic neurons
occupy parts of the inferior and medial cortices of each hemisphere,
and some subcortical areas as well. Certain limbic areas are closely
related topographically to the olfactory tracts.

The cerebral hemispheres appear structurally as mirror images of one
another; functionally they are not. The speech area develops fully only
on one side, usually the left. In general, the left hemisphere tends to
deal with certain higher functions (mathematical, analytical, verbal)
while the right concentrates on visual, spatial, and musical orienta-

-tions.-The-matter-of-cerebral-“dominance’ (lefi-hemisphere,-left—. — -

speech center, righthandedness, or vice versa) is quite controversial.
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CENTRAL NERVOUS SYSTEM

TRAGTS/MUELE) OF CEREBRAL HEMISPHERES

CN: Use very light colors for F and G. (1) Color gray the various
sections of cerebral cortex without coloring the cortical surfaces.
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Below the cerebral cortex, the cerebral hemispheres embody
centrally placed cavities, masses of gray matter at the base of
the cerebrum, and bundles of white matter. These structures can
be colored in the coronal section at upper right cerebrum (1).

The basal nuclei are discrete, bilateral islands of gray matter
on either side of and above the diencephalon (Plate75). They
consist primarily of the tail-shaped caudate nucleus and the
lens-shaped lenticular nucleus (2). These structures can be
colored in illustrations 1, 2, 3, and 4. The lenticular nucleus is
further divided into the medial globus pallidus and the more
lateral putamen (1). Each of these nuclei is part of the extra-
pyramidal system (Plate 79). They have extensive connections
among themselves, with the cerebral cortex, and with nuclei of
the diencephalon. They are concerned with the maintenance of
muscle tone and the programming of subconscious, sequential
postural adjustments. They monitor and mediate descending
motor commands from the cerebral cortex.

The subcortical white matter of the hemispheres is arranged into
bundles or bands {tracts) of largely myelinated axons essentially
arranged in three axes (5). They conduct impulses among vari-
ous areas of the cortex. The largest commissure is the corpus-
callosum, forming a roof over the subcortical nuclei (1). It is Bent
caudally at both anterior and posterior ends (genu and splenium)
(4, ). Association tracts connect anterior and posterior cerebral
cortices (5). They exist as both short and long tracts (6).

The most spectacular tract is the fan-shaped array of fibers
called the corona radiata (5, 7). This projection system radiates
caudally from all areas of the cortex. It narrows into a curved
band (internal capsule; 1, 2, 3, 4) as it descends between the
caudate nucleus and the thalamus medially, and the putamen
laterally. The term “internal capsule” refers to the inner wall of the
figurative encapsulation of the basal nuclei (1, note external
capsule). The axons of the projection tract continue through the
diencephalon into the brain stem and spinal cord; many make
connections en route (Plates 78, 79).
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CENTRAL NERVOUS SYSTEM
PDIENCERHALOMN

CN: Use light colors for A and B, and a very bright color for C. (1)
Color each structure wherever it appears before going on to the next
title. (2) Although not colored, the neighboring relations of the dien-
cephalic structures are important and have been identified by name.
These should be given special attention.
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The diencephalon, the smaller of two derivatives of the early
forebrain, fits between but is not part of the surrounding cere-
bral hemispheres (see drawings 2 and 3). It consists largely
of paired masses of nuclei and related tracts of white matter
arranged around the thin, purse-like third (11} ventricie (2 and
3). The nature of this cavity can be seen in Plate 80.

On each side of the third ventricle, note the thalamus, subthala-
mus, and hypothalamus (2 and 3). The epithalamus or pineal
gland is a midline structure seeming to hang off the posterior
thalamus. The relationship of these nuclei to the basal nuclei
and internal capsule should be carefully studied while coloring
to ensure orientation (recall Plate 74).

The thalamus (1-4) consists of several groups of cell bodies
and processes that, in part, process all incoming impulses from
sensory pathways (except olfactory). It has broad connections
with the motor, general sensory, visual, auditory, and associa-
tion cortices. Not surprisingly, the corticothalamic {cortex to
thalamus) fibers contribute significantly to the corona radiata.
Still other thalamic nuclei connect to the hypothalamus and
other brainstem nuclei. Thalamic activity (1) integrates sensory
experiences resulting in appropriate motor responses, (2) inte-
grates specific sensory input with emotional {motor) responses
(e.g., a baby crying in response to hunger), and (3) regulates
and maintains the conscious state (awareness), subject to
facilitating/inhibiting influences from the cortex. Subthalamic
nuclei {3) are concerned with motor activity and have connec-
tions with the basal ganglia.

The hypothalamus (1, 3, and 4) consists of nuclear masses and
associated tracts on either side of the lower third ventricle. The
hypothalamus maintains neuronal connections with the frontal
and temporal cortices, thalamus, neurohypophysis, and brain-
stem. Its neurosecretions (hormones) are also directed to the
adenohypophysis via the hypophyseal portal system. In addi-
tion, the hypothalamus is concerned with emotional behavior,
regulation of the autonomic (visceral) nervous system and
related integration of visceral (autonomic) reflexes with emo-
tional reactions, and activation of the drive to eat (hunger) and
the subsequent feeling of satisfaction (satiety) following fulfill-
ment of that drive. Finally, it mediates descending impulses
retated to both reflexive and skilled movement—all of this in

an area the size of four peas!

The epithalamus (pineal gland) (1) consists primarily of the
pineal body and related nuclei and tracts that have connections
with the thalamus, hypothalamus, basal nuclei, and the medial

"temporal cortex. It produces melatonin (a pigment-enhancing

hormone), the synthesis of which is related to diurnal cycles or
rhythms (body activity in day or sunlight as opposed to dark
or nocturnal periods). It may influence the onset of puberty
through inhibition of testicular/ovarian function. Remarkably,
the pineal is the only unpaired structure in the brain.

75

See 74, 80, 162

Ay
P

=
¢ =
S
A

Hypophysis _;,
Midbrain

Internal

Right capsule

Cerebellum-

hemisphere 4th
ventricle
RIGHT
HEMISPHERE
(Medial view)
1
Caudate
nucleus
d Lenticular
ANTERIOR nucleus
HORIZONTAL SECTION
{Modified view)
2
ik ""‘Q Corona
'-':- radiata
Corpus )R
callosum ?
Lateral f‘ '
ventricle
Caudate
nucleus &

D
Internal
capsule

»/ CORONAL

Lenticular
nucleus SECT'ION
(Composite view) Subthalamus
3

Paraventricular nucleus

Anterior
commissure 4

ANTERIOR “Z.: - Subthalamus

Supraoptic | © "]

>+~ Tuberal
nuclei

)
AL IR
bﬁ'd—'—(’,o&"l

e R i i) S e em e e

4 HYPOTHALAMUS
(Medial view)




CENTRAL NERVOUS SYSTEM

BRAIN STEM,/ CEREBELLYM

CN: Use darker colors for C, E, and M and the lightest for K. (1) As you color
each structure in as many views-as it is shown, take particular note of the
orientation of the view. (2) Note that the fourth ventricle is located in both parts of
the hindbrain and receives the same color in both parts. The diencephalon has
been presented on the previous plate and is shown here only for orientation.

BRAIN STERD -
DIENGERIIAEOUR

ODERAINs
CEREBRAL AQUERUET:
SURPERIOR CELLICULYSS
INEERIOR COLLICVLYS &
CEREBRAR PEPUNGEE:
SUP. CEREERELLAR PEDUMELE,

CIOMPBRAIY--
T VEBRNTRIGCLE:
PONSF
000 @@@@@&&o PEDco
MERPVLLRA CEBLEONGRATA H
IWE CEREFELL, PEDo:

The brain stem includes the diencephalon, midbrain, pons, and medulla oblon-
gata. Throughout the brain stem, the brain cavity (Plates 80, 82) takes on different
shapes, a reflection of the kind of differential growth the brain underwent during
development (Plate 169). The cerebellum is attached to the brain stem (by pedun-
cles) but is not considered a part of the brain stem. See Plate 75 for information on
the diencephalon.

In the midbrain, the cerebral peduncles are composed of long descending tracts
that originate in the cerebral cortex, descend through the internal capsule (recall
Plate 74), and continue caudally to the pons and medulla (for cranial nerves) and
the spinal cord (for spinal nerves). Immediately posterior to these tracts in the mid-
brain is the tegmentum, an area of neurons associated with the reticular formation
and cranial nerves [l and 1V, and multiple tracts. The superior cerebellar pedun-
cles transmit fibers to the cerebellum from the spinal cord, and fibers to the thala-
mus and medulla from the cerebellum. The superior colliculi are centers for visual
reflexes; the inferior colliculi make possible auditory reflexes (e.g., rapid, involun-
tary movements in response to visual and auditory stimuli).

The pons is characterized by its massive anterior bulge consisting of stalks of
white matter that bridge the 4th ventricle (pons = bridge) to reach the cerebellum
as the middle cerebellar peduncles. These fibers largely arise from neurons in the
pons—neurons that convey impulses from both motor and sensory areas of the
cerebral cortex. Cranial nerve nuclei V, VI, VI, and Vill are located here. Both
ascending and descending tracts pass through here, including the neurons of
the reticular formation.

The medulla contains life-sustaining control centers of respiration, heart rate, and
vasomotor function. Nuclei for cranial nerves VIlI, IX, X, Xi, and X!| exist here. The
inferior cerebellar peduncles carry fibers to the cerebellum from the spinal cord
and brain stem vestibular and reticular systems, as well as fibers from the cerebel-
lum to the vestibular system.

CEREBELLUM.
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The cerebellum consists of two hemispheres, with a cortex of gray matter on

its surface (cerebellar cortex), central masses of motor-related (deep cerebellar)
nuclei, and bands of white matter forming a ireelike appearance (arbor vitae =
tree of life) when the cerebellum is cut in section. The cerebellum is attached to
the brain stem by the three cerebellar peduncles. The cerebellum is concerned
with equilibrium and position sense, fine movement, controlof muscle tone; and”
overall coordination of muscular activity in response to proprioceptive input and
descending traffic from higher centers.
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CENTRAL NERVOUS SYSTEM

SPINAL CORD

CN: Use bright colors for A-C (except where indicated by asterisk (%) or
no-color symbol (-). Use gray for D*, medium dark colors for E-I, and
light colors for K-M. (1) in the upper drawing, color B* gray over the nerve
roots within the dura mater and outside the spinal cord. (2) Color the cord
sections taken at various levels. (3) Color the meninges of the spinal cord.
What is not shown (due to space limitations) is the presence of the arach-
noid and subarachnoid space (and cerebrospinal fluid) around the nerve
roots. (4) Do not color the structures within the subarachnoid space or
the central canal in the drawing at the bottom of the plate.
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The spinal cord is the lower extension of the central nervous sys-
tem. It takes off from the medulla oblongata at the foramen magnum
of the skull and ends as the conus medullaris at the vertebral level
of L1 or L2. It bulges slightly in the lower cervical and lumbar seg-
ments where it gives off the roots of spinal nerves destined for the
upper and lower limbs, respectively. The cord is ensheathed by
three coverings (meninges): the thin, vascular pia mater closely
applied to the spinal cord, the translucent arachnoid separated
from the pia by the subarachnoid space, and the tough, fibrous
dura mater that is a prolongation of the dura surrounding the brain.

The pia forms triangular sheets that project away from the cord
between the pairs of nerve roots. These sheets extend to the dura
and are called denticulate ligaments. The pia extends below the
conus medullaris as the thin cord-like filum terminale internum, end-
ing at the dural sac at the vertebral level of S2. The subarachnoid
space is filled with cerebrospinal fluid (CSF), the space ends inferi-
orly as the dural sac; its CSF-containing cavity is the lumbar cistern.
Outside the dura is the epidural space, containing fat and veins.
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The spinal cord consists of a central mass of gray matter arranged
into the form of an H and a peripheral array of white matter (funiculi)
consisting of descending and ascending tracts. The amount of
white matter decreases as the cord progresses distally, seen
especially well in the sacro-coccygeal region. The gray posterior
horns (actually columns when seen in three dimensions) receive the
central processes of sensory neurons (recall Plate 71) and direct
incoming impulses to the adjacent white matter for conduction to
other cord levels or higher centers. The anterior horns include lower
motor neurons that represent the “final common pathway” for motor
commands to muscle. Lateral horns exist only in the thoracic and
upper lumbar cord and include autonomic motor neurons supplying
smooth muscle (in vessels and viscera) and glands. It is in the gray
matter that spinal reflexes occur in conjunction with facilitory and
inhibitory influences from higher centers.
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CENTRAL NERVOUS SYSTEM _ 78
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CN: Use bright colors for A-C and a light color for F. (1) Color the pain/temperature path-

note there are two different cerebellar peduncles, each receiving a different color,

Ascending pathways consist of linearly arranged neurons, the axons of which travel in a common
bundie (tract) conducting impulses toward the thalamus, cerebral cortex, or cerebellum. In the
examples shown here, each of the pathways begins with a sensory neuron. These sensory path-
ways permit body surface sensations and muscle/tendon stretch information (below the head) to
reach brain stem and cerebellar centers for response and cortical centers for awareness.
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Pain and temperature receptors on the body surface and elsewhere below the head
generate impulses that travel to the spinal cord by axons of sensory neurons (1st-order
neuron). The central process ("axon”) of each sensory neuron enters the posterior horn
and synapses with the 2nd-order neuron whose axon crosses (decussates) to the con-
tralateral side, enters the lateral funiculus, and ascends as part of the lateral spinothalamic
tract. This neuron ascends to the thalamus, where it synapses with relay (3rd-order) neu-
rons, the axons of which traverse the internal capsule and corona radiata (thalamocortical
tract) to reach the postcentral gyrus of the cerebral cortex (“sensory cortex”).
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Touch and pressure receptors below the head generate electrochemical impulses that
travel to the spinal cord through sensory neuronsthat enter the posterior horn and join/
ascend the posterior funiculus {posterior columns) to the medulla. Here they synapse
with 2nd-order neurons in the nuclei cuneatus and gracilis. The axons of these neurons
sweep to the opposite side (as internal arcuate fibers) to form an ascending bundle
(medial lemniscus) in the brain stem that terminates in the thalamus. There these axons
synapse with 3rd-order relay neurons whose axons reach the postcentral gyrus of the
cerebral cortex via the thalamocortical tract

MUSELE STRETEH /PESITION) SENSE .
SENSORY MEVROM.
POST SPINOCERESELLAR TRACT c*
G CEREBELLAR PER»
AT SPIVOCEREEELLAR TRs ¢
SVPo @@@@@&&@@ G‘D@@a £
CEREBELLAR CORTIELF

Impulses from muscle spindles and other proprioceptors (receptors responsive to
muscle stretch/loads) are conducted by sensory neuronsto the spinal cord. Single
receptor input is conducted by 2nd-order neurons that ascend the ipsilateral lateral
funiculus (posterior spinocerebellar tract) and enter the cerebellum via the inferior Posterior
cerebellar peduncle. More global proprioceptive input ascends the contralateral ateral
anterior spinocerebellar tract and enters the cerebellum via the superior cerebellar
peduncle. By these and similar pathways that function in the absence of awareness,
-the-cerebellum-maintains-an-ongoing-assessment-of-body-position;-muscle-tension; - -
muscle overuse, and movement. In turn, it mediates descending impulses from cortical

and subcortical centers destined for motor neurons,
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CENTRAL NERVOUS SYSTEM

PDESCENRDING TRAGTUS

CN: Use light colors for H, I, and K. (1) Color the pyramidal tract in the
sagittal view. (2) Color the pyramidal tract in the schematic coronal
section at upper right, including the percentage figures. (3) Color the
extra-pyramidal system.
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The principal neural pathway for voluntary movement is the
corticospinal fract. Its neuronal cell bodies are in the pre-
central gyrus of each frontal lobe (motor cortex). The axons
of these neurons descend—without synapse—through the
corona radiata, internal capsule, cerebral peduncles, pons,
and medulla into the spinal cord. Pathways are often named
according to their origin and their termination, and in that
order; hence, cortico- (referring to cortex) spinal (referring
to the spinal cord). The corticospinal tracts form buiges,
cailed pyramids, on the anterior surface of the medulia,
hence the name "pyramidal tract.” Eighty percent of these
tracts cross (decussate) to the contralateral side in the
medulla (decussation of the pyramids); 20% do not. In the
spinal cord, many corticospinal fibers terminate on inter-
neurons (recall Plate 71) at the base of the posterior horn
(not shown); the majority end by synapsing with anterior
horn motor neurons. Corticospinal input to the lower motor
(anterior horn) neurons, however, is only one input for
desired skeletal muscle function.
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Each lower motor neuron receives axons from multiple
descending tracts, many of which conduct impulses related
to body position, memory, and a host of other commands
necessary for any given movement at any given time. These
collective inputs from the cerebral cortex, basal nuclei,
cerebellum, and elsewhere arrive at the appropriate lower
motor neurons by a number of descending pathways, none
of which pass through the medullary pyramids (hence,
extrapyramidal system or tracts). Two major extrapyramidal
tracts are shown here: the reticulospinal tractfrom the brain
stem reticular nuclei and the vestibulospinal tractfrom the
vestibular nuclei in the brain stem. Other tracts inciude the

) X Basi
rubrospinal and tectospinal tracts {not shown, but see glos- movements
sary). The synaptic connections of these axons with each
lower motor neuron (often by way of interneurons) are in the g/lpqrs;g:: _
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<~

Skeletal # /X7 Y
muscle Pl
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thousands. Depending on the neurotransmitter produced
by the presynaptic neuron, the synapse may facilitate or
inhibit production of an excitatory impulse from the lower
motor neuron. Discharge of the lower motor neuron, or lack 4/
of it, is dependent on the sum of the facilitory and inhibitory 5
impulses impinging on it at any moment. Once generated,
the electrochemical impulse moving down the axon of the
lower motor neuron reaches the effector without further

_ mediation. Thus, the anterior harn motor neuron is truly
the final common pathway for the uitimate expression of
all nervous activity: muscular contraction.
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See 16, 45
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CENTRAL NERVOUS SYSTEM: CAVITIES AND COVERINGS

VERITRICLES OF THE BRALN

CN: Use a light color for A. (1) Color the drawings of ventricular development; note that the neu-
ral cavity in the “8 weeks" drawing corresponds to the color pattern in the lower illustrations. (2)
Color the lateral and superior views of the fully developed ventricles. (3) Color the coronal and
modified sagittal sections revealing the relationship of the ventricles to surrounding structure.

VENTRICLE PEVELOPMEN T

NEVRBAL CAVITY OF THE:
FOREERAINMA
TELENCEPHALOMN:
PICHCERHALOM:
MESEVCECHALOW,
HIRDBRAIV:
METENCERPHNALOMF
MYELENCERHALOM
SEIVAL CORDH
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See 74, 75, 76, 169

VENTRICLE
DEVELOPMENT

(Schematic longiludinal section}

ABOUT
The central nervous system develops from a hollow BWEEKS ABOUT
neural tube near the dorsal surface of the embryo 8 WEEKS
(Plate 169). The neural cavity undergoes extraordi-
nary revision in association with development of the
brain regions. The shape of the cavity in each brain PERIVATIVES--

region reflects the local changes and mechanical
pressures imposed by the developing brain. The
ventricles may be identified by name, roman numer-
als, or arabic numerals. :

The cavity of the developing forebrain expands into

LATERAL VERNTRICLE (1&52):
INTERVENTRICULAR FORAMENY

BRD YEWTRICLE «

CERERRAL ARQUERVET L

the lateral (first and second) ventricles with the out-
pocketings of the growing cerebral hemispheres.
Each projection of the lateral ventricles reflects the

BT VENTRIGLE v
CENTRAL CAMAL v

direction of growth of that part of the cerebrum. The
lateral ventricles retain connections to the neural
cavity of the diencephalon by means of the bilateral
tubular interventricular foramina.

The neural tube of the diencephalon is compressed
by the developing bilateral thalami into a thin third
ventricle. The front of the third ventricle is drawn out
anteriorly and caudally into an infundibular recess in
the region of the hypothalamus. The tubular infundi-
bulum projects into the hypophysis (Plate 152). Poste-
riorly, the third ventricle projects a small recess into
the pineal gland.

The neural cavity of the mesencephalon or midbrain
undergoes relatively little distortion during develop- Inferior
ment, retaining its tubular shape as the cerebral horn
aqueduct.

The neural cavity of the metencephalon or hindbrain
undergoes lateral and posterior expansion as a con-
sequence of the developing cerebellum, forming the
diamond-shaped 4th ventricle. The thin roof of these
two lateral recesses develops breaks (called aper-
tures) that permit the passage of cerebrospinal fiuid
(CSF) from the 4th ventricle into the subarachnoid
space. Another, more median, aperture, near the
beginning of the spinal canal, permits passage of
CSF into the subarachnoid space.

The 4th ventricle narrows caudally to become the
central canal of the spinal cord. This canal is narrow
and is often occluded.

In the medial walls of the lateral ventricles and the roof
of the 3rd and 4th ventricles, the pia mater comes in
contact with the single layer of neuroglia-derived cells
that line the ventricles (ependymal cells} to form a
delicate, highly vascular tissue called the choroid
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CENTRAL NERVOUS SYSTEM: CAVITIES AND COVERINGS
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Site of

WEVINCES

CN: Use very light colors for A-D. (1) Begin with

the dura mater of the brain (A) and spinal cord (A2).
(2) Color the meninges of the brain in the enlargement
of the coronal section (meniniges are not present in the
smaller drawing). In the same enlargement, color the
superior sagittal sinus gray (3) Color the infoidings of
the dura mater (B-D). These coverings have been
thickened and separated from each other for coloring
purposes. Color over the darkened sinuses located
within the falx cerebri (C). Much of the left half of the
overlying inner dura layer (B) has been cut away to
reveal inner structures. Visualize how the right and left
cerebrai hemispheres would fit within these coverings.

DURA MATER "
OF BRAIN
AND SPINAL CORD \{

CRAMIAL MENINGES--

DURBA MATERA
OUTER PERIOSTEAL) LAYER
INNER (MEWINGEAL) LAYER:
FRALK CERERRI:
TEWTORYM I CERERELLIy
FPALK CEREBELLIE ts
ARACHNGOID
SUBERACHNEOID SPAGE r:
(POR MATERe

SPIMAL BURE MATER A

The brain and spinal cord are enveloped in fibrous coverings
called meninges. The meninges of the spinal cord, which were
presented in Plate 77, are the inferior extent of the cranial mem-
branes presented here.

The outermost covering of the brain and spinal cord is the dura
mater. |t has two layers: the outer periosteal layerlining the inter-
nal surface of the cranium and vertebral canal {endosteum), and
the inner or meningeal layer, split off from the endosteum, enclos-
ing the entire brain (cranial dura mater) and spinal cord (spinal
dura mater). Three partitions form from the cranial dura. The falx
cerebri (1) is formed from the joining of two layers of dura. Superi-
orly, the two layers arise from the cranial roof and enclose the
superior sagittal sinus. Inferiorly, the falx is formed from the dura
on the floor of the anterior cranial fossae and posteriorly from the
two sides of the “tent-like” tentorium cerebelli. The falx descends
between the two cerebral hemispheres in the longitudinal cere-
bral fissure, its free edge ending just above the corpus callosum.

The tentorium cerebelli (2) supports the occipital lobes and sepa-
rates them from the cerebellum set deeply in the posterior cranial
fossae. The free edges of the tentorium create a notch (incisura)
for the midbrain, and run anteriorly to the dorsum sellae (posterior
wall of the sella turcica). Notice the dural roof of the sella (dia-
phragma sellae), perforated to transmit the infundibulum; see
Plate 152. Extending vertically downward from the midline of the
tentorium is the falx cerebelli (3; not shown), separating the cere-
bellar hemispheres. It is continuous with the dura lining the poste-
rior cranial fossa.

The filmy, vulnerable arachnoid lies deep to and flush with the
inner dura. The arachnoid is separated from the deeper pia mater
by the subarachnoid space, filled with cerebrospinal fluid (CSF).
This space becomes voluminous at various locations (cisterns;
Plate 82). The pia is a vascular layer of loose fibrous connective
tissue, supporting the vessels reaching the brain (and spinal
cord). It is inseparable from the surface of the brain and cord.
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CIRCULATION OF CEREBROSPINAL FLUIRD BSF) See 0,61

CN: Use the same colors as were used on the previous plate for the three meninges.
Use blue for L and light colors for E through H, J, and K. (1) Color the large illustration
and the coronal section simultaneously, paying close attention to the arrows of direc-
tional flow. Note that both layers of dura (A) are given one color. (2) The four cisterns,
part of the subarachnoid space, all receive one color (J'), including the lumbar
cistern at lower right. (3) Color the median and lateral apertures of the IV ventricle.
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Cerebrospinal fluid (CSF) is a clear, largely acellular cistern is a frequent site of puncture (at a level of about

fluid secreted by the choroid plexus (70%) and vessels  the 4th lumbar vertebra) for withdrawal and diagnostic g\
near the ventricular walls (30%) into the /ateral, third, testing of CSF. Anesthetic agents and radiopaque dyes \ : "”\Qﬂ
and fourth ventricles. About 150 mi of CSF circulates also can be introduced at this site. Cerebrospinal fluid is \ A LUMBAR
through the ventricles and around the subarachnoid resorbed by cauliflower-shaped outpocketings of arach- \ \s.) CISTERN
spaces (including cisterns). CSF flow through the noid called villi. These villi project into the superior sagit- : QAN

central canal is minimal to nonexistent. Although the {al sinus, one of the large veins draining the brain.

fluid is an exudate of plasma from the capillaries (in
the pia mater enfolded with ependymal cells lining the CSF suspends the brain and spinal cord within the dura
ventricles), it has significantly less density and protein mater in virtually a no-load condition, preserving their

than plasma. CSF drains into the subarachnoid space structural integrity. That is, the brain and spinal cord do External
via median and lateral apertures located in the roof of not experience a gravitational force from the base of the filum
the fourth ventricle. Cisterns are dilated subarachnoid skull or the sacrum. In forceful movements of the head B terminale
spaces formed at flexures of the brain. The most notable  and torso, up to a point, the CNS is protected from strik- Vi
-of-the-cisterns-is-the-lumbar cistern;-in-which-float-the—--ing-the-skull-or-vertebral-column-by its fluid=filled-con=-- —= = === = o -

lumbar and lower nerve roots (cauda equina). This tainer functioning as a cushion.




