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INTRODUCTION

Introduction

Without a functioning brain and nervous system we would be unable to walk,

talk, breath or communicate. Our emotions, our creativity and our ability to

reason are all controlled by the complex network of cells that make up the

brain, and which communicate constantly with each other and with other

systems and structures within the body. In short, the brain and nervous

system are what make us functioning human beings.

COMPLEX STRUCTURE

The brain is the ‘control centre’ of the

nervous system; it receives messages

through the body’s peripheral nerves

via the spinal cord and processes the

information before, for example, telling

your eye to blink, your foot to move

or your bladder to empty. Each area of

the brain has a different function. The

cerebrum – the outer part that almost

fills the entire skull – deals with

language and our consciousness of self

whereas the cerebellum, tucked under

the cerebellum, ensures that movements

are co-ordinated and balanced. Deep

within the brain sits the limbic system,

an important collection of structures

whose functions are not completely

understood, but which we know are

involved with primitive instincts such

as fear, emotions and memory.

WHEN SOMETHING GOES WRONG

Any complex machine is susceptible to

malfunction or damage and the brain is

no exception. Despite being protected

by a bony ‘crash helmet’ – the skull

– the brain is vulnerable to trauma,

The complexities of the brain are still being

unravelled today despite rapid advances in

technology, and a greater understanding of

our psychological make-up.

and head injuries can be devastating,

especially in children. Damage to

brain tissue, such as that caused by

the development of tumours or early

degeneration of nerve cells, causes

symptoms dependent on the area of the

brain that is affected. A stroke, which

cuts off the blood supply to brain

tissue, is not uncommon in the elderly
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INTRODUCTION

Imaging techniques such as CT scanning

enable health experts to examine the brain

layer by layer to check for any unusual

characteristics.

and can lead to weakness in the limbs

and even paralysis. Fortunately, earlier

recognition of the symptoms has led

to more timely life-saving treatment in

specialist centres, and the outlook for

stroke is improving.

Some disorders are evident at birth

and are life-long conditions: for

instance, in cerebral palsy, the brain

is starved of vital oxygen, affecting

movement and speech; and in Down’s

syndrome children are born with a

range of physical and mental symptoms

caused by a genetic abnormality. Other

conditions are particularly associated

with older age – Alzheimer’s disease

is becoming increasingly common

as the world’s population ages, and

Parkinson’s disease primarily affects

people over the age of fifty.

COPING WITH MENTAL ILLNESS

One in four of us will experience

mental illness in our lifetime – a

familiar but unsettling statistic. The

experience can range from stress

related illness to depression or

schizophrenia. Mental illness can

affect basic human functions such as

eating, for example anorexia nervosa

and bulimia, or can affect people at

particular times of their lives, such as

after having a baby. Medication and

‘talking therapies’ are the cornerstones

of treatment, and these should be

tailored to each individual.

LOOKING INSIDE THE BRAIN


Once symptoms develop that may

indicate a brain disorder, it is vital that

doctors are able to visualize the brain

tissue, measure electrical activity within

the cells and assess nerve function.

Symptoms of neurological disease are

often vague and progress slowly or

they indicate a number of potential

diagnoses. Technological advances

over the last 50 years have meant that

we can now see brain tissue in minute

detail using non-invasive investigations

such as computed tomography,

magnetic resonance imaging, or PET

scanning. These techniques have

transformed diagnostic ability. Progress

in diagnosing and treating neurological

disorders and a better understanding of

the brain and how it works means that

people have a better chance than ever

of a cure or a normal life expectancy.

Close examination of brain structures

using on screen brain imaging techniques

can reveal abnormalities, such as tumours

or bleeding.
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PHYSIOLOGY

The brain

The brain is the part of the central nervous system that lies inside the skull.

It controls many body functions including our heart rate, the ability to walk

and run, and the creation of our thoughts and emotions.

The brain comprises three major

parts: forebrain, midbrain and

hindbrain. The forebrain is

divided into two halves, forming

the left and right cerebral

hemispheres.

HEMISPHERES

The cerebral hemispheres form

the largest part of the forebrain.

Their outer surface is folded

into a series of gyri (ridges)

and sulci (furrows) that greatly

increases its surface area.

Most of the surface of each

hemisphere is hidden in the

depths of the sulci.

Each hemisphere is divided

into frontal, parietal, occipital

and temporal lobes, named

after the closely related bones

of the skull. Connecting the

two hemispheres is the corpus

callosum, a large bundle of

fibres deep in the longitudinal

fissure.

GREY AND WHITE MATTER

The hemispheres consist of an

outer cortex of grey matter and

an inner mass of white matter.

[image: ]Grey matter contains nerve

cell bodies, and is found in

the cortex of the cerebral and

cerebellar hemispheres and in

groups of sub-cortical nuclei.

[image: ]White matter comprises nerve

fibres found below the cortex.

They form the communication

network of the brain, and can

project to other areas of the

cortex and spinal cord.

Ridges and furrows

The central sulcus runs from the

longitudinal fissure to the lateral

fissure, and marks the boundary

between the frontal and parietal

lobes. The precentral gyrus runs

parallel to and in front of the

central sulcus and contains the

primary motor cortex, where

voluntary movement is initiated.

The postcentral gyrus contains

the primary somatosensory

cortex that perceives bodily

sensations. The parieto-occipital

sulcus (on the medial surface

of both hemispheres) marks the

border between the parietal and

occipital lobes.

The calcarine sulcus marks the

position of the primary visual

cortex, where visual images are

perceived. The primary auditory

cortex is located towards the

posterior (back) end of the

lateral fissure.

On the medial surface of

the temporal lobe, at the

rostral (front) end of the most

superior gyrus, lies the primary

olfactory cortex, which is

involved with smell. Internal to

the parahippocampal gyrus lies

the hippocampus, which is part

of the limbic system and is

involved in memory formation.

The areas responsible for

speech are located in the

dominant hemisphere (usually

the left) in each individual.

The motor speech area (Broca’s

area) lies in the inferior frontal

gyrus and is essential for the

production of speech.

Left cerebral hemisphere

Right cerebral hemisphere

Frontal pole

The most anterior

part of the forebrain

Superior frontal gyrus

Precentral gyrus

Contains the

motor area of

the cortex that

controls the

skeletal muscles.

As well as

moving the

limbs, this

part of the

cortex controls

movement of

the fingers,

thumbs

and lips

Precentral

sulcus

Postcentral

gyrus

Contains the

sensory area

of the cortex

Sulcus

An infolding of

the cerebral cortex

Gyrus

A raised ridge

of cerebral cortex

Longitudinal fissure

The division between the

two cerebral hemispheres

Central

sulcus

Separates the

frontal and

parietal lobes

Parieto-occipital

sulcus

Forms a boundary

between the

parietal and

occipital lobes

Calcarine sulcus

Contains the visual

part of the cortex

Primary motor

cortex

Frontal lobe

Part of the

forebrain that

deals with

emotions

Motor

speech

(Broca’s area)

Temporal lobe

The area concerned

with sound and spoken

language

Primary somatosensory

cortex

Receptive

speech area

(Wernicke’s

area)

Parietal

lobe

An area

involved

with

orientation

in space

Occipital lobe

Part of the

hindbrain

and the main

area for visual

interpretation

Primary

auditory

cortex

The four lobes of the cerebral

hemispheres are highlighted

on this left hemisphere.
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Inside the brain

A midline section

between the two cerebral

hemispheres reveals the

main structures that

control a vast number

of activities in the body.

While particular areas

monitor sensory and

motor information, others

control speech and sleep.

SPEECH, THOUGHT

  AND MOVEMENT

The receptive speech area

(Wernicke’s area) lies behind

the primary auditory cortex and

is essential for understanding

speech. The prefrontal cortex has

high-order cognitive functions,

including abstract thinking,

social behaviour and decision-

making ability.

Within the white matter of

the cerebral hemispheres are

several masses of grey matter,

known as the basal ganglia.

This group of structures is

involved in aspects of motor

function, including movement

programming, planning and

motor programme selection and

motor memory retrieval.

DIENCEPHALON

The medial part of the forebrain

comprises the structures

surrounding the third ventricle.

These form the diencephalon

which includes the thalamus,

hypothalamus, epithalamus

and subthalamus of either side.

The thalamus is the last relay

station for information from the

brainstem and spinal cord before

it reaches the cortex.

The hypothalamus lies below

the thalamus in the floor of the

diencephalon. It is involved in

a variety of homeostatic

mechanisms, and controls

the pituitary gland that

descends from its base. The

anterior (front) lobe of the

pituitary secretes substances

that influence the thyroid

and adrenal glands, and the

gonads and produces growth

factors. The posterior lobe

produces hormones that increase

blood pressure, decrease urine

production and cause uterine

contraction. The hypothalamus

also influences the sympathetic

and parasympathetic nervous

systems and controls body

temperature, appetite and

wakefulness. The epithalamus

is a relatively small part of the

dorso-caudal diencephalon that

includes the pineal gland, which

synthesizes melatonin and is

involved in the control of the

sleep/wake cycle.

   The subthalamus lies beneath

the thalamus and next to the

hypothalamus. It contains

the subthalamic nucleus that

controls movement.

Brainstem and cerebellum

The posterior part of the

diencephalon is connected to

the midbrain, which is followed

by the pons and medulla

oblongata of the hindbrain.

The midbrain and hindbrain

contain the nerve fibres

connecting the cerebral

hemispheres to the cranial

nerve nuclei, to lower centres

within the brainstem and to the

spinal cord. They also contain

the cranial nerve nuclei.

   Most of the reticular

formation, a network of

nerve pathways, lies in the

midbrain and hindbrain. This

system contains the important

respiratory, cardiac and

vasomotor centres.

   The cerebellum lies posterior

to the hindbrain and is attached

to it by three pairs of narrow

stalk-like structures that are

called peduncles. Connections

with the rest of the brain and

spinal cord are established via

these peduncles. The cerebellum

functions at an unconscious

level to co-ordinate movements

initiated in other parts of the

brain. The cerebellum also

controls the maintenance of

balance and influences posture

and muscle tone.

A view of the medial surface of

the right hemisphere, with the

brainstem removed, allowing the

lower hemisphere to be seen.

Corpus callosum

A thick band of nerve fibres, found

in the depths of the longitudinal

fissure that connects the cerebral

hemispheres

Right cerebral

hemisphere

One of two

hemispheres

that form the

largest part of

the forebrain



Ventricle

Fluid-filled

cavity

Thalamus

Directs sensory

information from

the sense organs

to the correct part

of the cerebral cortex

Optic nerve

Carries visual information

from the eye to the brain

Pituitary stalk

The pituitary gland is not included when

the brain is removed from the skull

Hypothalamus

Concerned with emotions and

drives, such as hunger and

thirst; it also helps to control

body temperature and the

water-salt balance in the blood

Midbrain

Important in

vision; links the

forebrain to the

hindbrain

Pons

Part of the

brainstem

that contains

numerous

nerve tracts

Spinal cord

Precentral

gyrus

Central sulcus

Postcentral

gyrus

Pineal gland

Part of the

epithalamus

that synthesizes

melatonin

Parieto-

occipital

sulcus

Divides the

occipital and

parietal lobes

Calcarine sulcus

Where most of

the primary visual

cortex lies

Cerebellum

Controls body

movement and

maintains balance;

consists of grey

matter on the outside

and white matter on

the inside

Medulla oblongata

Contains vital centres that

control breathing, heart-beat

and blood supply

Frontal lobe

Parietal lobe

Primary visual

cortex

Primary
olfactory cortex

Temporal lobe

Parahippocampal gyrus

Brainstem

Occipital

lobe
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Meninges

The meninges are

three membranes

that protect the

brain and spinal

cord.

The meninges cover the brain

and spinal cord, and serve

to protect these important

structures. They comprise

three layers.

THE DURA MATER

The dura mater is a thick fibrous

tissue that lines the inner layer

of the skull. It deviates from the

contours of the skull by forming

a double fold (falx cerebri)

that dips down between the

cerebral hemispheres, and into

the gaps between the cerebral

hemispheres and the cerebellum

(tentorium cerebelli).

THE ARACHNOID MATER

The arachnoid mater is an

impermeable membrane that

follows the contours of the

dura mater. It is separated from

the dura mater by a small gap

called the subdural space. The

arachnoid mater is connected to

the pia mater by bands of web-

like tissue (called trabeculae).

THE PIA MATER

The pia mater covers the

surface of the brain and spinal

cord. The space between

the arachnoid and pia

(subarachnoid space) is filled

with cerebrospinal fluid (CSF).

The brain and spinal cord are

suspended in this fluid, which

provides the most important

means of physical protection

for the brain.

Potential sites of bleeding

A subdural haemorrhage

(circled on this CT scan) can

be extensive, compressing a

large area of the brain.

Although arteries are found in the

arachnoid membrane, the most

important of the meningeal arteries

is the middle meningeal artery.

This artery is found outside the

dura mater (the extradural space),

and lies close to the inner layer

of the periosteum. It is set in the

bone, therefore reducing pressure

on the meninges, but if the

artery becomes too enlarged, for

example through increased blood

pressure, the person will suffer

from a headache.

The middle meningeal artery

runs across the junction of three

skull bones. Here, it is susceptible

to injury from fracture. If the artery

ruptures, blood will leak into the

extradural space, and may result in

a quick death if left untreated.

Following a head injury, such

as violent shaking of the head,

bleeding may occur from the intra-

cranial venous sinuses – blood-

filled cavities between layers of

dura (see over). The blood will

leak into the subdural space, and

may compress brain tissue. If this

occurs slowly, gradual loss of

brain function or a change in the

individual’s personality will result.

Sometimes, it can occur rapidly,

and may cause death.

This is the characteristic

appearance of an extradural

haemorrhage. The leakage of

blood into the skull is circled.

Diploic vein

Lies within the

spongy bone

of the skull; it is

absent at birth,

but develops

around the age

of two

Arachnoid

granulation

Through which

cerebrospinal

fluid (CSF) is

passed into the

blood stream

Periosteum

Connective

tissue that

covers bone

Galea aponeurotica

Fibres of the occipitofrontalis

muscle

Emissary vein

Connection between

extracranial veins

and dural venous

sinuses

Tributary of

superficial

temporal vein

Drains blood

from the scalp

Meninges

Dura mater

Arachnoid

mater

Pia mater

Cerebral

vessel

One of many

arteries and

veins that take

blood to and

from the brain

Cerebral

hemisphere

One on either

side of the

cranium,

forming the

main part of

the forebrain

Subdural space

Layer between

the dura mater

and arachnoid

mater, and filled

with lymph fluid

Falx cerebri

Double fold of dura

mater that separates

the hemispheres

Superior

sagittal sinus

A venous blood-filled

cavity between the two

layers of the dura in the

midline of the skull

Superior cerebral vein

One of the many veins

that drain blood from

the brain

Subarachnoid space

A CSF-filled space

between the arachnoid

mater and pia mater;

contains trabeculae

Skin of

scalp

Bone of

skull
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Dural venous sinuses

The sinuses play a role in

the circulation and drainage

of the blood and fluids that

protect and bathe the brain.

There are 15 dural venous sinuses –

blood-filled cavities between

double folds of dura mater. Venous

sinuses are lined by endothelium,

but unlike other veins, they have

no muscular layer. They are

therefore very delicate, relying on

surrounding tissues for support. The

network of sinuses can be seen on

the illustrations.

VENOUS CIRCULATION

There are two sets of dural venous

sinuses, those in the upper part of

the skull and those on the floor

of the skull. They receive blood

draining from the brain via the

cerebral and cerebellar veins, the

red bone marrow of the skull via

diploic veins and the scalp via the

emissary veins. They are crucial to

the reabsorption of CSF.

ROUTES OF BRAIN INFECTION

The sinuses are valveless and

provide no resistance to the spread

of infection. The connections

between the veins of the face and

the dural venous sinuses allow the

possibility of infection on the face

spreading to the brain, which can

be life-threatening.

   Valveless connections between

the veins around the spinal cord

and dural venous sinuses allow the

spread of infection or cancer cells

between the body and the brain.

Sinuses in the base of the skull

There are seven pairs of sinuses

on the floor of the skull. These

include the transverse, inferior

petrosal sinus, superior petrosal

sinus, cavernous, sigmoid,

sphenoparietal and occipital

sinuses.

CAVERNOUS SINUSES

The cavernous sinuses lie on

either side of the pituitary

gland. The roof of each sinus

is continuous with the dural

sheet (diaphragma sellae) that

covers the pituitary gland,

surrounding the pituitary stalk.

   Several important structures

lie close to the cavernous

sinuses. These include the

internal carotid artery,

three nerves supplying eye

movement, and branches of

the trigeminal nerve, which

supplies sensation to the

skin of the face and enables

movement of the muscles

of mastication.

The venous sinuses in

the base of the skull as

seen from above.
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Falx cerebri

Double layer of dura mater

that lies in the midline and

separates the left and right

cerebral hemispheres

Superior cerebral veins

Can be ruptured following

a head injury; this is the

most common cause of

subdural haemorrhage

Inferior sagittal sinus

Lies in the free margin

of the falx cerebri; joins

the straight sinus in the

midline of the tentorium

cerebelli

Inferior petrosal

sinus

Joins the internal

jugular vein

Transverse sinus

Joined by the

inferior cerebral

and inferior

cerebellar veins

to become the

sigmoid sinus

Superior

sagittal

sinus

Receives

superficial

veins

Sigmoid sinus

Carries blood

to the internal

jugular vein

Occipital sinus

Passes from the

transverse sinus

to the sigmoid

sinus

Straight

sinus

Receives

blood from

the inferior

sagittal

sinus and

the great

cerebral

vein

Tentorium

cerebelli

Forms roof over

the posterior

cranial fossa and

the cerebellum

Sphenoparietal sinus

Drains into the roof of

the cavernous sinus

Cavernous

sinus

Several veins

drain into this

sinus; cranial

nerves and

the internal

carotid artery

also pass

close by

Superior

petrosal sinus

Joins the transverse

sinus and cavernous

sinus

Great cerebral vein (of Galen)

Drains the deeper parts of

the brain

Ophthalmic vein

Drains blood from

eye socket

Foramen magnum

Hole in the occipital

bone through which

the spinal cord passes

Pituitary stalk

Connects the

brain to the

pituitary gland

Globe (eyeball)

Optic nerve

Essential for normal

sight

Diploic bone

Contains red

bone marrow

Middle meningeal

artery

Supplies blood to

the cranial bones;

may rupture

following a skull

fracture

Sigmoid sinus

Joined on either

side by the superior

petrosal sinus

Internal jugular vein

Receives the sigmoid

sinus and leaves the

brain through the

jugular foramen

Cavernous sinuses

Internal carotid artery

Passes through the

cavernous sinus

Inferior petrosal sinus

Not associated with the

dural folds. Leaves the

skull separately.

Right transverse sinus

Leads to the sigmoid

sinus
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Blood vessels

of the brain

The arteries provide

the brain with

a rich supply of

oxygenated blood.

The brain weighs about 1.4 kg

and accounts for two per cent of

our total body weight. However,

it requires 15–20 per cent of

the cardiac output to be able to

function properly. If the blood

supply to the the brain is cut for

as little as 10 seconds we lose

consciousness and, unless blood

flow is quickly restored, it takes

only a matter of minutes before

the damage is irreversible.

THE ARTERIAL NETWORK

Blood reaches the brain via two

pairs of arteries. The internal

carotid arteries originate from

the common carotid arteries in

the neck, enter the skull via the

carotid canal and then branch

to supply the cerebral cortex.

The two main branches of the

internal carotid are the middle

and anterior cerebral arteries.

   The vertebral arteries arise

from the subclavian arteries,

enter the skull via the foramen

magnum and supply the

brainstem and cerebellum. They

join, forming the basilar artery

that then divides to produce the

two posterior cerebral arteries

that supply, among other things,

the occipital or visual cortex at

the back of the brain.

   These two sources of blood

to the brain are linked by other

arteries to form a circuit at the

base of the brain called the

‘circle of Willis’.

What happens if blood supply stops

The importance of the blood

supply to the brain becomes

very clear when that supply is

lost, as is seen in a stroke.

   Strokes may result from

blockage of (ischaemic

stroke) or bleeding from

(haemorrhagic stroke) an

artery. This results in the death

of the brain tissue supplied

by that particular vessel.

    The effects on the patient

depends on which blood

vessel is affected. A stroke

on one side of the brain can

result in weakness or paralysis

in the opposite side of the

body. This is because the

motor cortex, which controls

the voluntary movement of

muscles on the opposite side

of the body, is damaged.

    Other symptoms that may

be associated with damage to

specific areas of the brain are:

[image: ]Loss of sensation down one

side of the body

[image: ]Visual disturbances

[image: ]Language problems (such

as slurring, an inability to

express oneself or even loss

of speech altogether)

[image: ]Confusion. The degree of

recovery, depends on the

size and location of the

damaged area. In some

cases, the paralysis or

weakness persists, although

it often improves.

This false-colour CT scan

shows an area of dead tissue

(blue) caused by a blockage

in a cerebral artery. This may

be due to a blood clot.

Inferior (from below) view of the brain

Left hemisphere

Right hemisphere

Olfactory bulbs

Organs of smell

Cerebrum

Middle cerebral

artery

This is the main

branch of the

internal carotid

artery, supplying

blood to two-thirds

of the cerebral

hemisphere

and many deep

structures of the

brain

Anterior

cerebral artery

Supplies blood

to the frontal

lobe and to the

medial surface

of the cerebral

hemisphere

Circle of Willis

Circle of

communicating

arteries at the

base of the

brain

Basilar artery

A large artery

that lies on the

inferior surface of

the pons; divides

to form the two

posterior cerebral

arteries

Posterior

cerebral artery

Supplies blood

to the inferior

part of the

temporal lobe

and to the

occipital lobe at

the back of the

brain

Vertebral artery

Arises from the

subclavian arteries,

enters the skull

through the

foramen magnum

to supply the

brainstem, then

fuses with its

opposite number

to form the basilar

artery

Cerebellum

Cerebellar

arteries

Branches from

the vertebral

and basilar

arteries that

provide the

blood supply to

the cerebellum

Spinal cord
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Veins of the brain

Deep and superficial veins

drain blood from the brain

into a complex system of

sinuses. These sinuses rely

on gravity to return blood

to the heart as, unlike

other veins, they do not

possess valves.

The veins of the brain can be

divided into deep and superficial

groups. These veins, none of

which have valves, drain into

the venous sinuses of the skull.

   The sinuses are formed

between layers of dura mater,

the tough outer membrane

covering the brain, and are

unlike the veins in the rest of

the body in that they have no

muscular tissue in their walls.

   The superficial veins have a

variable arrangement on the

surface of the brain and many of

them are highly interconnected.

Most superficial veins drain into

the superior sagittal sinus. By

contrast, most of the deep veins,

associated with structures within

the body of the brain, drain into

the straight sinus via the great

cerebral vein (vein of Galen).

FUNCTIONS OF

  THE SINUSES

The straight sinus and the

superior sagittal sinus converge.

Blood flows through the

transverse and sigmoid sinuses

and exits the skull through the

internal jugular vein before

flowing back towards the heart.

   Beneath the brain, on either

side of the sphenoid bone, are

the cavernous sinuses. These

drain blood from the orbit (eye

socket) and deep parts of the

face. This provides a potential

route of infection into the skull.

Visualizing the veins of the brain

The cerebral veins and

venous sinuses can be clearly

seen using the technique of

angiography.

   The procedure involves

injecting a radio-opaque

contrast medium into the

internal carotid artery. After

about seven seconds the

medium has had an opportunity

to reach the venous circulation.

A rapid series of X-rays is

then taken, and the details of

abnormalities or problems with

the venous drainage of the brain

can be readily visualized.

   This technique can be used

to detect venous thrombosis

(blood clots) and congenital

abnormalities in the

connections between arteries

and veins (arteriovenous

malformations, or AVMs).

   However, problems with the

cerebral venous system are

far less common than those

associated with the cerebral

arteries.

The veins of the cerebrum

are visible on this carotid

arteriogram (venous phase).

The radio-opaque medium

shows up as black.

This cast shows the venous

sinuses of the brain, which

drain deoxygenated (no longer

containing oxygen) blood back

to the heart.
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Superior sagittal sinus

The largest of the venous

sinuses; receives blood from

many of the superficial cerebral

veins and is also the site for

reabsorption of cerebrospinal

fluid into the circulation

Inferior sagittal sinus

Found at the lower margin of

the falx cerebri (a large fold in the

dura mater separating the two

cerebral hemispheres); receives

blood from superficial veins

Straight sinus

Drains blood from

the inferior sagittal

sinus and the deep

cerebral veins via

the great vein of

Galen

Inferior petrosal sinus

Associated with the

petrous temporal bone of

the skull, this sinus drains

blood from the cavernous

sinus into the internal

jugular vein

Cavernous sinus

Drains blood from the orbit,

deep parts of the face and

the pituitary gland

Transverse sinus

Connects the confluence

of the sinuses and the

sigmoid sinus

Superior

petrosal sinus

Drains blood

from the

cavernous

sinus into the

transverse sinus

Sigmoid sinus

Drains blood from the

transverse sinus to the

internal jugular vein; so

called because of its ‘S’

shape
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Ventricles of the brain

The brain ‘floats’ in

a protective layer of

cerebrospinal fluid

– the watery liquid

produced in a system

of cavities within the

brain and brainstem.

The brain contains a system

of communicating (connected)

cavities known as the ventricles.

There are four ventricles within

the brain and brainstem, each

secreting cerebrospinal fluid

(CSF), the fluid that surrounds

and permeates the brain and

spinal cord, protecting them

from injury and infection.

   Three of the ventricles –

namely the two (paired) lateral

ventricles and the third ventricle

– lie within the forebrain. The

lateral ventricles are the largest,

and lie within each cerebral

hemisphere. Each consists of

a ‘body’ and three ‘horns’ –

anterior (situated in the frontal

lobe), posterior (occipital lobe)

and inferior (temporal lobe).

The third ventricle is a narrow

cavity between the thalamus and

hypothalamus.

HINDBRAIN VENTRICLE

The fourth ventricle is situated

in the hindbrain, beneath the

cerebellum. When viewed from

above, it is diamond-shaped,

but in sagittal section (see right)

it is triangular. It is continuous

with the third ventricle via

a narrow channel called the

cerebral aqueduct of the

midbrain. The roof of the fourth

ventricle is incomplete, allowing

it to communicate with the

subarachnoid space (see over).

Cerebrospinal fluid in the ventricles

Within each ventricle is a

network of blood vessels known

as the choroid plexus. This is

where the cerebrospinal fluid is

produced. CSF fills the ventricles

and also the subarachnoid space

surrounding the brain and spinal

cord, where it acts as a protective

buffer. CSF is also believed to

remove waste products into the

venous system. The appearance

of CSF can often provide clues

to infection.

   CSF can be taken from

various locations, usually along

the spinal cord, in a procedure

known as a ‘tap’. A small hole

is made in the dural sac (the

outermost layer of meninges

surrounding the brain and

spinal cord) and into the lumbar

subarachnoid space, where fluid

can be aspirated (sucked out).

   As CSF is normally a clear,

colourless fluid, any change

from this can indicate disease.

A red appearance, for example,

might suggest that the CSF

contains blood from a recent

haemorrhage.

The symmetrical arrangement

of the ventricles can be seen

on this MR scan (circled).

The ventrical system consists

of four communicating cavities,

as seen on this resin cast.
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Anterior horn

Frontal part of the

lateral ventricle;

lies in front of the

interventricular

foramen

Body

Main section of the

lateral ventricle;

formed from three

horns (projections):

anterior, inferior and

posterior

Inferior horn

Part of the lateral

ventricle that lies in

the temporal lobe

Lateral ventricles

Pair of ventricles

that lie in the

forebrain; there

is one lateral

ventricle in each

hemisphere

Cerebral cortex

FRONTAL

LOBE

Posterior horn

Part of the lateral

ventricle that extends

towards the occiptal pole

(the back of the head)

OCCIPITAL

LOBE

TEMPORAL

LOBE

Interventricular foramen

Channel joining the two

lateral and the single third

ventricles; also known as

the foramen of Monro

Third ventricle

A single ventricle linked to

the two lateral ventricles via

the interventricular foramen

CEREBELLUM

Median aperture

(foramen of Magendie)

An opening in the fourth

ventricle that allows

CSF to pass into the

subarachnoid space

Spinal cord

Fourth ventricle

Cavity within the

brainstem that extends

to the central canal in the

middle of the spinal cord

This sagittal section of the brain

and brainstem reveals the four

ventricles and the foramina and

aqueducts that connect them.

Cerebral aqueduct

Channel joining the third and

fourth ventricles; passes the

length of the midbrain

Left lateral recess

(foramen of Luschka)

Opening in the fourth

ventricle that allows

CSF to pass into the

subarachnoid space
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Circulation of cerebrospinal fluid


Cerebrospinal fluid

(CSF) is produced by the

choroid plexus within the

lateral, third and fourth

ventricles.


The choroid plexuses are a

rich system of blood vessels

originating from the pia

mater, the innermost tissue

surrounding the brain. The

plexuses contain numerous folds

(villous processes) projecting

into the ventricles, from which

cerebrospinal fluid is produced.

   From the choroid plexuses in

the two lateral ventricles, CSF

passes to the third ventricle via

the interventricular foramen.

Together with additional fluid

produced by the choroid plexus

in the third ventricle, CSF then

passes through the cerebral

aqueduct of the midbrain

and into the fourth ventricle.

Additional fluid is produced

by the choroid plexus in the

fourth ventricle.

SUBARACHNOID SPACE

From the fourth ventricle,

CSF finally passes out into

the subarachnoid space

surrounding the brain. It

does this through openings

in the fourth ventricle – a

median opening (foramen of

Magendie) and two lateral ones

(foramina of Luschka). Once

in the subarachnoid space, the

CSF circulates to surround the

central nervous system.

   As CSF is produced

constantly, it needs to be

drained continuously to prevent

any build-up of pressure. This

is achieved by passage of

the CSF into the venous

sinuses of the brain through

protrusions known as arachnoid

granulations. These are

particularly evident in the region

of the superior sagittal sinus.

The circulation of CSF is plotted

on this section of the brain and

brainstem. The arrows show the

movement of CSF: blue denotes

the route of the fluid through the

ventricular system; yellow the route

through the subarachnoid space.

Hydrocephalus

As CSF is continually being secreted, raised

intracranial pressure will result if there is

interference in the circulation. Such a situation

will result from blockage of the interventricular

foramen, the cerebral aqueduct or the

apertures in the roof of the fourth ventricle,

and will produce the condition known as

hydrocephalus (water on the brain). A patient

with this condition presents with headaches,

unsteadiness and mental impairment.

    In the newborn, hydrocephalus may produce

a tensed and raised anterior fontanelle and

an enlarged skull, and will require immediate

treatment to relieve the pressure. If a sample

of CSF is required for analysis in an adult,

a lumbar puncture may be performed. In

this procedure, a needle is inserted into the

subarachnoid space between the bones of the

fourth and fifth lumbar vertebrae. This does

not damage nervous tissue, as the spinal cord

normally terminates at a higher level (between

the first and second lumbar vertebrae).

Hydrocephalus results from an

obstruction of the flow of CSF within

the ventricular system or through

the subarachnoid space. As a result,

pressure builds up and the skull becomes

enlarged as shown in this picture. In

babies, hydrocephalus is usually due to

a congenital malformation, or follows

meningitis or a brain haemorrhage.
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Superior sagittal sinus

A space receiving venous

blood from the cerebral

hemispheres

Dura mater

The outermost

of the three

meninges of

the brain

Choroid plexus

of the third

ventricle

Responsible for

the production of

cerebrospinal fluid

Arachnoid

granulations

Structures through

which CSF passes into

the venous sinuses

Subarachnoid space

Gap between the

arachnoid and pia

meninges through

   which CSF circulates;

        arrows indicate

             the direction

                of flow

Arachnoid mater

The middle of the three

meninges of the brain

Lateral ventricle

Interventricular

foramen

The opening

through which CSF

passes from the

lateral ventricle to

the third ventricle;

blockage of this

opening can lead

to hydrocephalus

Cerebral

aqueduct

Carries CSF

to the fourth

ventricle

Pituitary gland

Regulates the

production of

hormones

Lateral aperture

of fourth ventricle

Channel through

which CSF passes

into the sub arachnoid

space

Third

ventricle

Cistern of

the great

cerebral vein

An area where

CSF can be

sampled

Choroid plexus

of fourth ventricle

Produces CSF

Central canal

of spinal cord

Continuous with

the fourth ventricle

and extending through

the spinal cord

Cerebellomedullary

cisterna

One of a number

of cisternae (enlarged

subarachnoid space)

from where CSF can

be sampled

Median aperture

Opening in roof of

fourth ventricle, allowing

CSF to pass into the

subarachnoid space



[image: image]
PHYSIOLOGY

PET brain imaging

PET is a non-invasive imaging technique that reveals

local changes in brain activity. It is very useful at showing changes

associated with mental processes and nervous system diseases.

PET (positron emission tomography) is a

technique for imaging brain function that

makes use of small amounts of radiation

from positron (sub-atomic particle)

emitting isotopes or tracers.

   The isotope is injected into the

bloodstream and taken up into the brain.

Depending on the particular isotope used,

the tracer becomes most concentrated

in certain areas, such as those with the

highest rates of metabolism.

CROSS-SECTIONS OF THE BRAIN

The scanner uses a set of sensors to detect

radiation emitted from the head after the

injection and uses this data to construct

detailed cross-sections of the brain. The

level of radiation coming from each area

can be colour-coded to produce a map of

activity in the different brain regions.

   While PET does not show brain structure

clearly (as an MRI would), it gives unique

information on functional activity. PET

scans can now be superimposed onto MRI

scans of the same person to combine the

strengths of both techniques.

PET scans yield immediate results, as

the technician receives images of cross-

sections of the brain during the scan

(screen on centre left). Metabolic activity

shows up as ‘hot spots’.

Applications

In healthy subjects, the short half-life of

the isotopes used in PET scanning means

that several scans can be carried out in the

same session, monitoring changes in the

brain during different activities such as

movement, speaking or memorizing. PET

scans have shown increases in blood flow in

specific regions of the brain during different

tasks, providing new information about the

organization of brain function.

   Other uses of PET scanning include:

[image: ] Helping to discover which area of the brain

is active at the beginning of an epileptic seizure.

Although highly active during a seizure, the

abnormal brain region will also often show

reduced glucose metabolism between seizures

[image: ] Estimating the rate of metabolic activity in

brain tumours: more malignant tumours show

higher levels of metabolism

[image: ] In patients previously treated for brain

tumours, helping to decide whether changes

seen on MRI following surgery are due to the

effects of the treatment or recurrence of the

tumour.

PET imaging shows activity within different

areas of the brain. This scan of the brain at rest

demonstrates that there are still small areas of

activity (shown in green) at the front and back

of the brain.
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A PET scan showing areas of brain activity

associated with turning thoughts into

speech. The smaller area is involved in

checking for cognition (understanding).

In verbal short-term memory there are two

areas of high activity (shown in green/red):

Broca’s area (left) and the inferior parietal/

superior temporal cortex (right).

This PET scan of the left side of the brain

shows the visual area of the occipital

cortex being activated by visual stimuli

(shown in red/orange).

Generating speech

Remembering words

Viewing images

PET scanning can demonstrate the brain

areas involved in speech generation. A

region known as Broca’s area in the frontal

cortex is particularly involved. In most

people, this is located in the left frontal

lobe and so the left hemisphere is said to

be dominant for speech.

   Other areas are also activated during

speaking, including the supplementary

motor area in the frontal lobe, part of the

motor cortex and the cerebellum.

Verbal short-term memory involves several

different components. When a person is

trying to keep a string of letters in mind for

a few seconds, at least two processes are

active. The items are first circulated in a

‘rehearsal system’ (with associated activity

in Broca’s area), and then repeatedly put

into a buffer store for verbal material

(associated activity in the parietal lobe),

which has a limited capacity and rapidly

decays over a few seconds.

The principal visual areas are in the

occipital lobe at the back of the brain.

PET scans have shown that the pattern

of activation depends on the degree of

complexity of the visual image. Simple

white light activates only a limited area

of the occipital lobes, while a more

complicated visual stimulus activates a

more extensive region. Colour perception

involves a specific sub-region of the visual

cortex, known as V4.

Tactile areas (upper) of the parietal cortex

are activated as a blind person’s fingers

feel Braille dots. A cognitive area also

becomes active (lower right).

This PET scan of the left side of the brain

shows the auditory area in the superior

temporal lobe (part of the cerebrum) being

activated by hearing.

Looking at faces stimulates brain activity

in an area of the occipital lobe. Face

recognition, however, takes place mainly

in the temporal lobe (orange/red).

Reading Braille

Hearing sound

Viewing faces

People who have been blind from birth

show activation in the tactile areas of the

parietal cortex as their fingers feel and

make sense of the Braille dots. People with

acquired blindness, however, show activity

in the visual areas of the occipital lobe,

as a sighted person would when reading

a book. This suggests that they may be

using visual imagery to interpret the touch

sensations from their fingers as they use

their newly acquired skill.

Listening to sound produces activation in

the primary auditory cortex of the temporal

lobes. Speech and non-speech sounds

produce different patterns of activation.

Hearing speech is associated with

Wernicke’s area in the left temporal lobe,

while non-verbal sounds, such as a door

slamming or the melody of music, produce

activation in corresponding regions of

the other side of the brain, in the right

temporal lobe.

The perception of faces involves several

different brain regions working together. A

pathway running from the visual areas in

the occipital lobe to the pre-frontal cortex

is activated during facial perception, while

an area known as the fusiform face area is

activated during facial recognition.

   Information also passes to the amygdala,

a part of the limbic system concerned with

emotion. This identifies the face as known

or unknown, and as friend or foe.
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Looking at the brain

Magnetic resonance (MR) imaging is the

‘state of the art’ method of revealing the complex structure

of the brain, and the conditions that may affect it.

Since the 1980s, magnetic resonance

imaging (MR) has been used to visualize

the anatomy of the human body in great

detail. Magnetic resonance imaging does

not use X-rays, but instead examines the

behaviour of protons within the fat and

water molecules of different body tissues.

Protons become magnetized when placed

in a magnetic field 15-20,000 times more

powerful than the earth’s magnetic field.

Radio-frequency energy in the form of

radio waves excites the protons, which emit

very low power signals.

   These signals are amplified and

transformed into a digital images by a

high-power computer. By altering the

timing of the radio wave pulses, a series

of image sequences in different planes is

obtained. The magnetic resonance images

are then systematically analyzed to assess

the presence of disease or abnormalities.

APPLICATIONS

Although magnetic resonance imaging

is costly when compared to plain X-ray,

for example, the technique provides

more information than any other type of

radiological examination and is particularly

useful in examining the most complex of

the organs, the brain.

   MR is particularly useful as it produces

high-contrast images of soft tissues,

which are not readily detected by X-rays

or CT (computed tomography) scans.

MR distinguishes tissues on the basis of

their water content; in the brain it can

differentiate between the relatively fatty

white matter, the more watery grey matter

and the more structured nerve fibres of the

spinal cord.

   Dense structures, such as bone, do not

show up on MR scans, and therefore they

are ideal for looking at and analysing the

inside of the skull and vertebral column.

Arteriovenous malformation

An arteriovenous malformation (AVM) usually

appears on the surface of the brain. Typically,

the veins become very large because they are

subjected to the high blood pressure normally

only present in the arteries. The resulting

vessels may compress vital areas of brain

giving rise to symptoms such as epilepsy.

Haemorrhaging from the abnormal vessels into

surrounding brain tissue may be catastrophic

causing extensive brain damage – a ‘stroke’ is

a more commonly used term for intracerebral

bleeding.

The two MR scans above have been taken

in the transverse (left) and sagittal (right)

planes. Multiple black voids are clearly visible

– these are abnormally large blood vessels. 

This can be treated by inserting a fine tube

into an artery in the groin and threading it

through the blood vessels to the brain – the

vessel is then blocked using special glue.

Uses and applications

Signals are amplified

and transformed into

digital images, which

can be visualized

directly by computer.

MR imaging, with its ability to

distinguish soft tissues, lends itself

particularly well to a number of

neurological conditions.

Neurological disorders often

manifest themselves with

symptoms such as headache,

vertigo and stroke or transient

(passing) attacks caused by

obstructions to blood vessels.

MR is particularly useful in

visualizing the following problems:

[image: ] Lesions of the brain and

spinal cord. These include

tumours such as meningioma,

glioma and astrocytoma, brain

abscesses and cysts of the

cerebellum

[image: ] Vascular and anatomical

abnormalities such as stroke,

haemorrhages and hydrocephalus,

where there is an excess of the fluid

surrounding the brain.

[image: ] Myelin disorders in which the

fibres surrounding nerve cells

are damaged, such as multiple

sclerosis.

MR imaging uses magnetic

fields many thousands of times

stronger than that of the earth –

this causes measurable changes

in the body’s hydrogen molecules.

Frontal lobe

Position of

pituatary gland

Pons

Cerebellum

Spinal cord
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Infections and tumours

Before the advent of MR imaging,

many tumours and infections of the

brain were difficult to diagnose. MR

scans are now a key diagnostic tool.

MR has significantly expanded the range

of disorders and diseases of the brain that

can be investigated. Previously, some brain

tumours could not be visualized using,

for example, CT scans. Cancerous tissue

behaves differently to normal tissue in

the magnetic fields utilized by MR, and is

therefore easily visualized.

   Similarly, abnormalities relating to

infections, such as abscesses, meningitis

and enchephalitis, can also be seen.

Acoustic neuroma

Intracranial infections

Craniopharyngioma

This is a tumour arising from the eighth

cranial nerve, the nerve that transfers

information from the inner ear (balance

and hearing) to the brain. These small

tumours are surrounded by bone in the

base of the skull and were very difficult

to diagnose prior to the development

of MR. Using specific sequences, and

occasionally an injection of a contrast

agent containing gadolinium (a metallic

element), even the smallest tumours may

be clearly outlined.

Bacterial infections of the outer lining

of the brain result in meningitis. If the

infection spreads to the brain substance,

an abscess may result. In the case of

tuberculosis, the focal area of infection

(abscess) within the brain is known as a

tuberculoma. It is most commonly seen

in immunocompromised patients, such

as people who have undergone organ

transplant. The tuberculoma is often very

slow to progress and may not become

apparent until of significant size.

This is a brain tumour that arises

between the pituitary gland and the floor

of the third ventricle. These tumours

frequently have cystic areas and may

contain cholesterol and keratin that will

demonstrate different signal intensities

on MR. The ability to show anatomy in

multiple planes provides vital information

to differentiate tumour extent from local

oedema (swelling) caused by pressure on

adjacent, normal brain tissue.

In this MR scan, a large, high signal

(white) tumour is visible between the

cerebellum and the pons, in a region

called the cerebellopontine angle.

Here, an abnormally large vein has

formed a complex tangle of enlarged

blood vessels at the posterior aspect of

this patient’s brain.

A large mass – the craniopharyngioma

– appears as white (circled), in the

midline and pushes up into the third

ventricle of the brain.

Body planes

MR imaging allows direct assessment of the

brain, not only in the transverse plane used

by CT, but also in the sagittal and coronal

planes. The unique ability of MR to provide

images of the brain in three dimensions

allows accurate diagnosis of disease and

precise planning of treatment such as

neurosurgery or radiotherapy. The physician

may vary the width of a slice depending on

what they are investigating, typically from

2–10 mm. Increasing the width necessitates

a trade-off between picture quality and

extraneous signal. It may require up to 30

slices to visualize the whole brain.

Coronal divides the body

into dorsal and ventral.

Transverse separates

superior and posterior.

Sagittal divides the body

into left and right sections.

Coronal plane

Transverse

(axial) plane

Sagittal plane

Position of

meninges

Position of

pituatary gland

Pons

Cerebellum

Spinal cord
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CT inside the head

Computed tomography (CT) scans are the most frequently requested hospital

assessment of the brain and its immediate surroundings. They provide a rapid

series of images and allow many neurological conditions to be diagnosed.

When a patient is suspected of having a

serious head injury, CT scanning is the

imaging procedure of choice. This is because

of the speed with which images can be

obtained, and the clarity on the images of

brain tissue, blood and bone within the

skull. This means that any damage is readily

apparent. On a CT scan, the brain matter

appears as mid-grey, the fluid-containing

ventricles are the dark grey central structures

and the skull appears white. The meninges do

not show up.

A cross-section through the top of the skull

shows the three layers of the meninges

which surround the brain. Bleeding can

occur within the cerebral hemispheres, or

between the surrounding layers, depending

on which blood vessels are involved. 

A haemorrhage is bleeding from a ruptured

blood vessel; a haematoma is a collection of

blood that has clotted to form a solid mass.

   The bleed is classified according to where

it lies. For instance, a subdural haemorrhage

lies beneath the dura mater.

This X-ray is the initial planning, or ‘scout’,

film taken before the series of scans for

each patient. The dotted lines mark the

levels of the planned CT slices, from the

base of the skull up to the top of the

cranium. In each of the scans, the front of

the skull is at the top of the image and the

patient’s left is on the right of the scan.

Acute intracerebral bleed

Cerebral infarction

Acute subarachnoid

haemorrhage

Bleeding within one or both of the cerebral

hemispheres of the brain may occur in

individuals with hypertension (high blood

pressure) or as a result of trauma or a burst

blood vessel. All patients with such bleeding

will suffer a headache, and epilepsy is a

possible long-term complication. Recently

shed blood is high-density on the scan and

appears white (circled).

In this scan, a large part of the brain is much

darker because the tissue on the patient’s

right side (circled) has died. As a result,

this patient has left-sided paralysis. The

dead brain area corresponds with the area

served by the right middle cerebral artery.

Narrowing of the right lateral ventricle is due

to brain swelling. Multiple small infarcts are

one cause of dementia.

The pia mater closely covers the surface

of the brain, and bleeding can occur

between it and the arachnoid. Blood then

flows into the sulci (grooves) of the brain.

In this scan, the cerebral sulci are white

(circled), indicating the presence of fresh

blood. Blood in the subarachnoid space is a

profound irritant.

Skin of scalp

Skull bone

Dura mater

Arachnoid mater

Meninges

Pia mater

Cerebral hemisphere
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Acute subdural

haematoma

Chronic subdural

haematoma

Extradural

haemorrhage

In this scan, blood has passed over the

surface of the brain, under the dura mater,

but has not passed into the sulci, resulting

in a semilunar haemorrhage. Fresh blood

(white) is to the right of the brain, but is

not entering the sulci. The gyri (ridges

in the brain’s surface) under the bleed

are obliterated by pressure and a shift to

the patient’s left (right above) is visible.

This injury initially rendered the patient

unconscious, and in casualty, she was

confused, restless and unco-operative.

Minor head injuries and falls may jar the

brain and produce small tears in the veins

that pass through the dura to the skull. The

resulting long-term bleeding beneath the

dura follows the contour of the brain. Here,

the haemorrhage is semilunar in shape and

acting as a mass, forcing the brain away

from the skull.

   Bleeding of this type may continue slowly

for days or weeks, with the patient becoming

more confused and unsteady. Over time, the

blood becomes less dense on the scan.

This scan reveals bleeding between the skull

and the dura, resulting in a haemorrhage

that is sharply localized. It may or may not

be associated with an overlying fracture of

the bone of the skull, perhaps from a blow to

the head.

   Extradural haemorrhage is characterized

by a brief period of unconsciousness

following a head injury. The patient may

appear to recover fully and be able to carry

out normal tasks, with only vague head

discomfort. Later, consciousness is lost again.

Cerebral glioma

Meningioma

Secondary brain tumours

Although brain tumours are rare, they can

arise in the brain itself, in the meninges

(the lining of the brain) or be a secondary

spread from a cancer elsewhere. The edge of

the tumour may absorb a contrast medium

and appear white (circled). Patients with

primary brain tumours have a long history

of headaches, often in the mornings, and

epilepsy may also develop.

The symptoms of a meningioma are similar

to those of a primary brain tumour. This

benign (non-malignant) tumour of the dura

(the thickest of the three linings – meninges

– surrounding the brain) takes up a great

deal of contrast and becomes totally white.

It can be seen (circled) adjacent to the skull,

pushing the brain to the patient’s left and

deforming the right lateral ventricle.

When the patient has a known malignancy,

alteration in behaviour, fits or headaches

may indicate the spread of a cancer via the

bloodstream into several areas of the brain.

CT scanning will be used to identify this.

The above scan has been enhanced by the

administration of an intravenous contrast

medium, and there are two obvious areas

(circled) surrounded by swelling.
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Cerebral hemispheres

The cerebral hemispheres are the largest part of the brain.

In humans, they have developed out of proportion to the other

regions, distinguishing our brains from those of other animals.

The left and right cerebral

hemispheres are separated from

each other by the longitudinal

fissure that runs between them.

Looking at the surface of the

hemispheres from the top and

side, there is a prominent groove

running downwards, beginning

about 1 cm behind the midpoint

between the front and back of

the brain.

   This is the central sulcus or

rolandic fissure. Further down

on the side of the brain there is a

second large groove, the lateral

sulcus or sylvian fissure.

LOBES OF THE BRAIN

The cerebral hemispheres are

divided into lobes, named after

the bones of the skull that lie

over them:

[image: ] The frontal lobe lies in front

of the rolandic fissure and above

the sylvian fissure

[image: ] The parietal lobe lies behind

the rolandic fissure and above

the back part of the sylvian

fissure; it extends back as far

as the parieto-occipital sulcus,

a groove separating it from the

occipital lobe, which is at the

back of the brain

[image: ] The temporal lobe is the

area below the sylvian fissure

and extends backward to meet

the occipital lobe.

The cerebral hemispheres are

each divided into four lobes.

They are named after the bones

of the skull which lie over them. 

Gyri and sulci

As the brain grows rapidly

before birth, the cerebral cortex

folds in on itself, producing

the characteristic appearance

that resembles a walnut. The

folds are known as gyri and the

shallow grooves between them

are the sulci.

   Certain sulci are found in

the same position in all human

brains and as a result are used

as landmarks to divide the cortex

into the four lobes.

DEVELOPMENT OF

  GYRI AND SULCI

Gyri and sulci begin to appear

about the third or fourth month

after conception. Before this

time, the surface of the brain is

smooth, like the brains of birds

or reptiles. This complicated

folding of its surface allows a

larger area of cerebral cortex to

be contained within the confined

space of the skull.

The human brain is highly

convoluted with many ridges

(gyri) and grooves (sulci)

across its surface.

Sulcus

Shallow groove

of cortical tissue

Grey matter

Contains the cell bodies

of the nerve cells

White matter

Contains the axons

(nerve fibres) of nerve cells

Gyrus

Elevated ridge

of cortical tissue

Lobes of the cerebral hemispheres

Parietal lobe

Concerned with

somatic sensation

and body image

Parieto-occipital

sulcus

Frontal lobe

Concerned with

planning future

actions and

controlling

movements

Rolandic fissure

The central sulcus

Sylvian fissure

Also known

as the lateral

fissure

Temporal lobe

Concerned with hearing

and some aspects of

learning, memory and emotion

Occipital lobe

Concerned with

interpreting the

visual scene
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Functions of the cerebral hemispheres

Different regions of the

cortex have distinct

and highly specialized

functions.

The cerebral cortex is divided

into:

[image: ] Motor areas, which initiate and

control movement. The primary

motor cortex controls voluntary

movement of the opposite side

of the body. Just in front of the

primary motor cortex is the pre-

motor cortex and a third area,

the supplementary motor area,

lies on the inner surface of the

frontal lobe. All of these areas

work with the basal ganglia

and cerebellum to allow us to

perform complex sequences of

finely controlled movements.

[image: ] Sensory areas, which receive

and integrate information

from sensory receptors

around the body. The primary

somatosensory area receives

information from sensory

receptors on the opposite side

of the body about touch, pain,

temperature and the position

of joints and muscles

(proprioception).
[image: ] Association areas, which are

involved with the integration of

more complex brain functions

– the higher mental processes

of learning, memory, language,

judgment and reasoning,

emotion and personality.

Motor and sensory body map

The body surface is represented

in the sensory and motor regions

of the cerebral cortex in an

orderly fashion.

    A Canadian neurosurgeon

called Wilder Penfield, working in

the 1950s, mapped the regions

of the sensory cortex that receive

input from the different regions

of the body. He stimulated the

surface of the brain in locally

anaesthetized patients and asked

them to describe what they felt.

    Penfield discovered that

stimulation of regions of the

postcentral gyrus produced tactile

sensations in specific regions of

the opposite side of the body.

    Other research has shown

that the volume of motor cortex

devoted to different areas of the

body is related to the degree of

fine control and complexity of the

movements involved, rather than

the muscle bulk.

The cortex does not receive, or

send out, the same amount of

information from every region

of the body.

Primary motor

cortex

Controls voluntary

movement of the

opposite side of

the body; electrical

stimulation in this

area will produce

movement of specific

muscle groups

Primary somatosensory cortex

Receives information from

sensory receptors on the

opposite side of the body about

touch, pain, temperature and the

position of joints and muscles

Auditory association

cortex

Concerned with

the interpretation

of the meaning and

significance of sounds

Visual association

area

Concerned with

recognizing the

meaning of visual

information and

relating it to previous

experience

Broca’s area

Concerned with the

production of speech;

in about 97 per cent

of people this area is

located on the left-

hand side of the brain

Primary

auditory cortex

Processes basic

features of sound

such as pitch

and rhythm

Primary visual cortex

Receives visual information from

the eyes relating to the opposite

half of the field of vision

The motor body map

The sensory body map

Primary motor cortex

The nerves that control specific

muscle groups are arranged in

an orderly fashion

Primary somatosensory cortex

Highly sensitive regions of the body

have a large area of the cortex devoted

to receiving sensory input from them
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Structure of the

cerebral hemispheres

The cerebral cortex is made of two distinct layers: grey matter,

a thin layer of nerve and glial cells about 2-4 mm in thickness;

and white matter, consisting of nerve fibres (axons) and glial cells.

On the surface of the

hemispheres is the grey matter,

which ranges in thickness

from about 2 to 4 mm. The

grey matter is made up of

nerve cells (neurones) together

with supporting glial cells. In

most parts of the cortex, six

separate layers of cells can be

distinguished under a microscope.

CORTICAL NEURONES

The cell bodies (which contain

the cell’s nucleus) of cortical

neurones differ markedly in

shape, although two main types

of cell can be distinguished:

[image: ] Pyramidal cells are so called

because their cell body is shaped

like a pyramid; their axons

(nerve fibres) project out of the

cortex, carrying information to

other regions of the brain

[image: ] Non-pyramidal cells,

in contrast, have a smaller

and rounder cell body and

are involved in receiving

and analyzing input from

other sources.

The grey matter of the cerebral

hemispheres can be subdivided

into six layers of cells, based on

the type of brain cell present.

Brodmann’s area

The thickness of the six individual

layers varies between different

brain regions. A German

neurologist called Korbinian

Brodmann (1868–1918) examined

these differences by staining

nerve cells and looking at them

under a microscope.

    Brodmann was able to classify

the cerebral cortex into over

50 distinct areas according to

predefined anatomical criteria.

Subsequent work has shown that

each of Brodmann’s anatomical

areas has its own physiological

function and characteristic

pattern of connections.

This illustration represents

functional areas of the left

cerebral cortex, as plotted

by the Brodmann system. 
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The six layers of cells of the cortex

I: Molecular

Contains mostly axons that

run laterally and glial cells

II: External granular

Contains mostly small

pyramidal neurones

III: External pyramidal

Contains larger pyramidal

cells that provide output to

other cortical regions

IV: Internal granular

Rich in non-pyramidal cells

that receive afferent input

from the thalamus

V: Internal pyramidal

Contains the largest

pyramidal cells whose long

axons leave the cortex and

descend to the brainstem

and spinal cord

VI: Multiform

Contains pyramidal cells,

some of which project

back to the thalamus
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White matter

The white matter is

composed of nerve fibres

(axons) that connect

different regions of brain.

Underneath the cerebral cortex

(grey matter) is the white

matter, which makes up the

bulk of the inside of the cerebral

hemispheres. It is arranged into

bundles or tracts of three types:

[image: ] Commissural fibres

These cross between the

hemispheres, connecting

corresponding regions on the

two sides. The corpus callosum

is the largest of these tracts.

[image: ] Association fibres

These connect different areas

within the same hemisphere.

Short association fibres

connect adjacent gyri and long

association fibres interconnect

more widely separated regions

of the cortex.

[image: ] Projection fibres

These connect the cerebral cortex

with deeper underlying regions

of the brain, the brainstem and

the spinal cord. These fibres

enable the cortex to receive

incoming information from the

rest of the body and to send out

instructions controlling movement

and other bodily functions.

Nerve bundles can be classified

into three groups – commissural

fibres (green), association fibres

(blue) and projection fibres (red).

Brain damage and the case of Phineas Gage

Neurologists have learnt a

great deal about the brain by

examining the behaviour of

patients with brain damage.

    One of the most notorious

case histories was that of an

American railway construction

worker called Phineas Gage.

Gage survived a blasting

accident in 1848 in which a

metal rod was driven through his

left cheek and out of the

top of his head.

    After the accident,

Gage’s personality changed

considerably – he became

inconsiderate, moody, foul-

mouthed and unable to plan

ahead. This provided evidence

that the frontal cortex, which

was severely damaged during

the accident, is involved in

forward planning and self-image.

Phineas Gage’s death mask

and skull demonstrate the

damage caused by the metre-

long, 4 cm-wide metal rod. 

Distribution of the major nerve fibre tracts

Level of sample

Coronal section through

the brain to the right is

at the level shown by

the red line above

Internal

capsule

Contains

projection

fibres that

carry nerve

impulses to

and from

the cortex

Anterior commissure

Connects the olfactory regions

on either side of the brain

Grey matter

Composed of a thin layer

of neurones and glial cells

Inferior longitudinal fasciculus

Connects the occipital to the

temporal lobes – contributes to

visual recognition

Cingulum

Connects the

frontal and parietal

lobes with the

parahippocampal

and temporal gyri

Short association fibres

These U-shaped fibres link

adjacent regions of cortex

by arching beneath the sulci

Superior

longitudinal

fasciculus

Connects the frontal

and occipital lobes
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