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Preface

For mMaNy vEARS, I have been teaching and practicing neuro-
radiology at The University of Texas Medical Branch at Gal-
veston and its associated hospitals. When 1 first became in-
terested in this subject, I discovered that a detailed knowledge
of neuroanatomy was indispensable; after fifteen years’ experi-
ence, I am even more impressed with its importance.

The first edition of this book grew out of my effort to learn
and to teach neuroanatomy and neuroradiology. Since that
book was first published, a great deal of new material has ap-
peared in the literature. Therefore, to my dismay, this new
edition is much longer than the first; however, it is as short as I
could make it, I hope the book will be of help to young radi-
ologists in their efforts to learn and understand this extremely
difficult subject.

I make no claim to originality. This book is based on the
work ol a large number of investigators, past and present. To
name them all is impossible. Any mistakes are my own.

All reterences mentioned in the text are listed in the Bibli-
ography. The Bibliography, however, also contains many titles
not directly cited in the book, but which helped me a great
deal. The information so obtained is incorporated into almost
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vi Preface

every paragraph. These uncited sources may be of assistance
to those who wish to delve more deeply into certain subjects.

Many anatomic and radiologic observations are repeated in
different sections of the book and in different contexts. This
was done on purpose for the sake of clarity and continuity
and to reduce the need for crossreferences to other sections.
Repetition also reinforces the learning process.

Normal anatomic variation in the brain, as elsewhere in the
body, is the rule rather than the exception. Occasionally. nor-
mal variations, as seen radiologically, closely mimic changes
due to disease. In most diagnostic studies ol the central ner-
vous system, the first and most important issue that faces the
radiologist is not the precise location ol a lesion. The really
critical question is whether a lesion is or is not actually pres-
ent.

Since the radiologic borderline between normal variation
and carly pathologic change is so vague, numerical measure-
ments ol the size and position ol various anatomic structures
are not really useful. Many workers have published such mea-
surements as cletermined both anatomically and radiologically.
Only a few such measurements are quoted in this book. The
practice of neuroradiology would be much easier if one could
draw lines connecting certain points on an x-ray film, measure
these lines with a ruler, and thereby decide whether an ab-
normality is or is not present. In my experience, such measure-
ments have not been very helplul in arriving at a decision in
borderline cases.

As competence is gained in neuroradiology, the problem of
normal variation becomes less troublesome. Even the most
experienced examiner, however, has difficulty if the site ot an
unusual variation corresponds to the clinical localization of a
suspected lesion. In this situation, it may be impossible to ar-
rive at a definite diagnosis from the radiographs alone, There-
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fore, all clinical information pertinent to the diagnostic prob-
lem should be made available to the radiologist. Only then is
he equipped to render the best decision in any neuroradiologic
mvestigation.

McC. W.

Galveston
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’
Neuroanatomy

Embryology

The anatomic parts of the brain and their detailed relation-
ships to each other are easier to comprehend if one understands
the overall “plan of construction” of the mammalian brain.
This basic plan is best understood by referring to embryology.
A sound knowledge of the manner in which the central nerv-
ous system develops is like a map to which the student can
refer whenever he becomes lost amid the intricacies of such
structures as the basal ganglia and fornix.

The timing of events in embryologic development is not too
important from a practical standpoint. Therefore, in the fol-
lowing discussion, little attention has been paid to the timing
of the various morphologic changes. This was done for the sake
ol clarity and brevity and does not affect the essential truth
and usefulness of the information.

Development of the Brain

The embryologic approach follows the central nervous sys-
tem from its simple beginning as a tube, through its gradual
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9 Neuroradiology of the Brain

development, to its final form. The final form is enormously
complex; basically, however, it is still a tube.

All embryologic transformations are due to a combination of
several growth processes occurring in an orderly sequence.
These processes, when considered separately, are simple; the
end result of a series of these changes is not at all simple. The
important embryologic processes are as follows:

1. Fusion of two masses of tissue

2. Splitting of a mass of tissue to form an intervening space or
Lwo separate masses

3. Folding of sheets or elongated masses of tissue

4. Differential rates of growth in adjacent groups of cells, re-
sulting in:
a. Invagination
b. Evagination
¢. Thinning and thickening
d. Gradual disappearance or atrophy of masses of tissue

By the use of these basic devices, a simple tube of tissue is
transformed into the adult human brain.

The long hollow tube, which at a certain early stage is the
central nervous system, is covered by mesenchyme that will be-
come the meninges. Its central cavity is lined by a sheet of cells
which will become the ependyma. (True ependyma does not
appear until the fifth or sixth fetal month. Even in the adult,
true ependyma may be absent over some parts of the ventricu-
lar system.) With minor modifications, this arrangement is
maintained throughout development in that part of the neural
tube which will form the spinal cord. However, at the cephalic
end of the neural tube extensive changes take place (Hamilton
et al.). By the end of the fourth week of embryonic life, the
cephalic end of the neural tube has closed and three rostral
swellings have appeared. These swellings are named the rhom-
bencephalon or hindbrain, the mesencephalon or midbrain,
and the prosencephalon or forebrain. The medulla oblongata,
cerebellum, and pons develop from the hindbrain: the cen-
tral cavity of the hindbrain becomes the adult fourth ven-
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tricle. From a morphologic standpoint, the midbrain remains
relatively unchanged during later development. It will form
the adult midbrain, and its central cavity becomes the cerebral
aqueduct. The forebrain undergoes the most extensive modifi-
cation of any of the three primary subdivisions of the develop-
ing brain. All cerebral structures rostral to the midbrain (cere-
bral hemispheres, corpus striatum, thalamus, etc.) develop
from the forebrain; the central canal of the forebrain will form
the adult third ventricle and the lateral ventricles.

As the primitive divisions of the central nervous system are
developing, the ventral part of the neural tube becomes much
thicker than the dorsal portions and three kinks or flexures
appear. These are named the cervical flexure, the pontine
flexure, and the cephalic flexure. The cephalic and cervical
flexures appear first (in the third or fourth week). Both of
these kinks point in a dorsal direction. A week or so later, the
pontine flexure appears between the cervical and cephalic
flexure. The pontine flexure folds forward in the opposite di-
rection toward the ventral side. Of these three flexures, only
the cephalic flexure between the midbrain and the thalamus is
recognizable in the adult brain.

At the level of the pontine flexure, the central canal becomes
widened transversely and assumes a diamond shape. This dia-
mond-shaped cavity will become the fourth ventricle. The roof
of the neural tube covering the diamond-shaped cavity be-
comes very thin. The two rostral lips of the diamond then en-
large tremendously and merge in the midline, forming the
primitive cerebellum. Later, the lateral margins of the cerebel-
lar mass enlarge to form the lateral lobes. The part remaining
in the midline becomes the midline lobe, named the vermis.
Differentiation into lobules and folia occurs at a later time.
thereby markedly increasing the surface area (and therefore
the total mass) of the cerebellar cortex.

Immediately caudal to the cerebellar swellings, blood vessels
invaginate into the thin roof of the primitive fourth ventricle.
This tuft of vessels will become the choroid plexus of the
fourth ventricle. Openings appear later in each lateral extrem-
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ity of the diamond-shaped fourth ventricle and also in the
midline at its caudal end. The two lateral openings are the
lateral apertures (of Luschka). The midline opening is the me-
dian aperture (of Magendie). These three foramina afford
the only communication between the ventricular system (de-
rived from the central canal) and the outer surtace ol the cen-
tral nervous system. While these events are occurring in the
hindbrain, the midbrain undergoes relatively little change.

This is not true in the forebrain, where many extensive
changes are proceeding. Two hollow cerebral vesicles begin to
evaginate [rom either side of the lateral walls of the forebrain.
These cerebral vesicles are named the telencephalon, and the
rest of the forebrain is now termed the diencephalon (Fig. 1).
The optic nerves grow out of the lateral walls of the dienceph-
alon, and the pineal and pituitary evaginations appear in its
roof and floor, respectively. The right and left thalamus de-
velop from the two lateral walls of the diencephalon, while its
floor will form the hypothalamus. The cerebral vesicles (telen-
cephalon) enlarge very rapidly, developing three main subdi-
visions (to be considered shortly). These are the corpus stri-
atum, rhinencephalon, and neopallium. The central cavities ol
the cerebral vesicles will become the lateral ventricles.

|

Figure 7. Major subdivisions ol the cephalic end of the neural
tube.
1. Midbrain 4. Forebrain
2. Diencephalon 5. Hindbrain
3. Telencephalon
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The primitive choroid arteries are on the dorsal side of the
diencephalon, medial to the expanding cerebral vesicles. They
lie just behind and above the interventricular foramina, which
connect each lateral ventricle to the third ventricle. Tufts of
blood vessels, accompanied by stroma from the brain wall,
grow out from the choroid arteries into the lateral ventricles
(Fig. 2). The line of invagination is the primitive choroid fis-

Figure 2. Cross section through forebrain shortly after the cere-
bral vesicles have appeared. (A) Line indicates level of section.
(B) The cross section.
1. Choroid artery 4. Third ventricle
2. Invagination of the brain wall 5. Lateral ventricle
ahead of the choroid plexus of 6. Wall of the telencephalon
the lateral ventricle 7. Thickened ventral wall of the

3. Invagination of the roof of forebrain, from which the
the diencephalon ahead of the basal ganglia will develop
choroid plexus of the third
ventricle

(After illustration in Human Embryology by Hamilton, Boyd, and
Mossman. W. Heffer and Sons Ltd.. Cambridge, Eng.)



