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The human brain has been called the most complicated
organization of matter in the known universe. Know-
ing the most important structures of the brain and their
spatial relationships is important for understanding
how the brain works. In addition, knowing how differ-
ent structures are interconnected often provides valu-
able hints about how the activity of different brain areas
is integrated to form a network that supports complex
cognitive and emotional functions.

This chapter presents some basic information about
the major structures of the nervous system and their in-
terconnections, an area of study called neuroanatomy.
It also includes a general discussion of the relationship
between structure and function, an area of investigation
known as functional neuroanatomy.

GENERAL TERMINOLOGY

To understand neuroanatomy, you will need to know
some general terminology. Many of the terms in neu-
roanatomy are actually Greek or Latin words. It is

often useful to look up the literal translations of these
words because many very imposing neuroanatomical
terms end up having rather straightforward literal
meanings. For example, the names of two structures in
the brain, the substantia nigra and the locus ceruleus,
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(A) The human brain develops from the embryonic neural tube, its r.OS~
tral end giving rise to the brain and its caudal end becoming the spinal cord. (B) As it

\ develops, the human nervous system flexes at the junction of the midbrain and the di-

i encephalon. (C) Because of this flexure, the terms dorsal and ventral and the terms ante.-
rior and posterior refer to different directions when a pplied to the brain than to the brain
stem and spinal cord. (D) In lower vertebrates the nervous system in organized in a
straight line, and directional nomenclature is consistent throughout its length. (From

Kandel et al., 1995, p. 78)

seemfngly highly technical terms, translate from the
Latin to “black stuff” and “blue place,” respectively.
Translating neuroanatomical terms makes them less
mystifying and sometimes more memorable.

To find our way around the nervous system, we
must first know some of the conventional terminol-
ogy used in anatomy to indicate where a structure is
located relative to other structures and relative to the
whole brain. The most important terms are superior
(above), inferior (below), anterior (front), posterior

(behind), lateral (side), and medial (middle). With
these six terms we can specify relative position within
the three-dimensional framework of the brain and the
body (Figure 3.1). Two or more of these terms can be
combined to provide even more specific locations.
Although logically these terms are all we need to
specify location in three dimensions, some additiona]
terms are also used to denote relative location. Ter-
minology differs to some extent when referring to the
brain versus the brain stem and spinal cord. In the

brain, the superior/inferior axis is often referred to
as the dorsal/ventral (literally “back” and “belly,” re-
spectively) axis, whereas in the brain stem and spinal
cord, dorsal (or posterior) refers to the direction to-
ward the back and ventra] (or anterior) the direction
toward the front. In addition, in the brain stem and
spinal cord, the direction toward the brain i referred
to as rostral (“beak”); the direction away from the
brain is referred to ag caudal (“tail”) (see Figure 3.1).

These terms originated frq
m ¢t
anatomy of four-legged = he study of the
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as Greenland, north relative to most of the rest of the
world, is south of the North Pole. In addition, these
terms are used to denote different areas within a sin-
gle structure, For example, the names of various areas
within the thalamus, an egg-shaped structure, are de-
rived from this nomenclature, as illustrated by the
dorsomedial nucleus and the ventrolateral nucleus,
The terms contralateral (opposite side) and ipsi-
lateral (same side), which we encountered in chapter

1, are used to designate the side of the body or brain

on which a structure or connection occurs in relation

to a reference point. For example, although about 90%

of the fibers originating in the motor cortex of one

cerebral hemisphere cross over to the contralateral
side of the body, about 10% do not cross over and thus
form ipsilateral connections. When structures or con-
nections occur on both sides of the body, they are said
to be bilateral. Unilateral refers to a structure or con-
nection on only one side of the body.
The term afferent (from the Latin ad + ferre, “to
carry inward”), encountered in chapter 1, refers to
neural input feeding into a structure. Conversely, the
term efferent (from the Latin ex + ferre, “to carry out-
ward”) denotes neural output leaving a structure. As
with the other directional terms we have already dis-
cussed, these are relative terms. The same fiber tract
will be efferent to one structure and afferent to an-
other. For example, the fornix, an arching fiber tract
deep within the base of the forebrain that conveys in-
formation from the hippocampus to the hypothala-
mus, is a hippocampal efferent and a hypothalamic
afferent.

Finally, several terms are used to describe the dif-
ferent planes of anatomical section (cut) along which
the brain can be dissected or visualized (Figure 3.2).
These planes are typically seen in photographs and
diagrams of the brain. Sagittal sections (from the
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Latin sagitta, “arrow”) divide the brain into right and
left parts. Coronal sections (from the Latin coronalis,
“crown”) divide the brain into anterior and posterior
parts. These are also called frontal sections, By con-
vention, sections in this plane are viewed from be-
hind, so that the left side of the section is the left side
of the brain, Horizontal (or axial) sections divide the
brain into upper (superior) and lower (inferior)
parts. Again, by convention, sections in this plane are
typically viewed from above.,

AN OVERVIEW OF THE
CENTRAL NERVOUS SYSTEM

The Central and Peripheral Nervous Systems

The most basic structural subdivisions of the human

nervous system are the central nervous system (CNS)

and the peripheral nervous system (PNS). The cen-

tral nervous system consists of the brain and spinal

cord, and the peripheral nervous system consists of

the sensory and motor nerves that are distributed

throughout the body and that convey information to

and from the brain (via 12 pairs of cranial nerves) and

the spinal cord (via 31 pairs of spinal nerves). The pe-
ripheral nervous system is divided into the somatic
nhervous system and the autonomic nervous system.
The somatic nervous system is the part of the PNS
that innervates the skin, joints, and skeletal muscles.
The autonomic nervous system (ANS) is the part of
the PNS that innervates internal organs, blood vessels,
and glands. Each of these systems has related motor
and sensory components. The somatic motor system
includes skeletal muscles and the parts of the nervous
system that control them; the somatosensory system
involves the senses of touch, temperature, pain, body
position, and body movement. The autonomic ner-
vous system also has a motor component, sending
motor output to regulate and control the smooth mus-
cles of internal organs, cardiac muscle, and glands (au-
tonomic motor). The autonomic nervous system also
includes sensory input from these internal structures
that is used to monitor their status (autonomic sen-
sory). The major sensory modalities other than touch
(vision, audition, smell, and taste) are sometimes re-

ferred to as special sensory.
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Major Divisions of the Brain

The brain is divided into three parts: the forebrain
(prosencephalon), the midbrain (mesencephalon),
and the hindbrain (rhombencephalon) (Table 3.1
and Figure 3.3). The forebrain includes the cerebral
cortex, basal ganglia, limbic system (together mak-
ing up the telencephalon), and diencephalon. The
midbrain and hindbrain together constitute the brain
stem, with the hindbrain being further subdivided
into the pons and cerebellum (metencephalon) and
the medulla oblongata (myelencephalon). The me-
dulla oblongata is often called simply the medulla,
In the course of evolution (and recapitulated in

the course of individual human fetal development)
these divisions developed from the enlargement of
the rostral end of the primordial neural tube, In this
process, the most rostral region expanded to become
the forebrain, with its two subdivisions, the telep.

FIGURE 3,2 Jerms Uf/zl(;,
describe the planes "f «st,fr 7‘,,«,,

(cut) through the bra{x;;. 25)

I/.mmzwﬂig £y | pirman, 1929, 9

Coronal (frontal) section

Posterior

Horizontal (axial) section

cephalon and the diencephalon, while more caudal
regions expanded to become the hindbrain, with its
two subdivisions, the pons (including the cerebel-
lum) and the medulla. We consider each of these di-
visions in the remainder of this chapter, working
from the most rostral to the most caudal, and end
with a discussion of the spinal cord. First, however,
we consider some general aspects of the brain.

The Meninges

The brain and the spinal cord are encased in three
layers of protective membrane, the dura mater, the
arachnoid, and the pia mater (Figure 3.4). These are

collectively called the meninges. The outermost

layer, the dura mater (Latin for “hard mother”), is a

:gzgt, ;?elastic membrane following the contour of
s hs(2 ull, Betv»:een the dura mater ang the pia mater
> e arachnoid membrane (Greek for “spider,” re-
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the forehrain in the course of evolution. This P“Kﬁ{ﬁ
hav caused the ventricles to have a rather compli-
catedd shape (Figure 3.5) )
There are two lateral ventricles (one in each hemi-
sphere), the third ventricle in the diencephalon and
the fourth ventricle in the hindbrain. Each ventricle
eontaine a tuft of capillary vessels, called a choroid
plexus, through which CSF enters the ventricles. Nar-
row channels connect all four ventricles, and CSF cir-
culates through the lateral ventricles to the third and
then to the fourth ventricle. From the fourth ventricle
CSF deaves the ventricular system and circulates
around the surface of the brain and spinal cord in the
subarachnoid space. From there CSF is eventually ab-
sorbed into the venous circulation,

The brain is thus surrounded by CSF. This pro-
vides it with structural support (much as our body is
supported by the water we swim in) and also with
an added measure of protection from the effects of a
blow to the head, If the circulation of CSF thmugh
the ventricles is blocked at one of the narrow chap-
nels that interconnect them, fluid builds upin front

of the blockage, This condition, known ag hydro.
cephalus (from the Greek for “wager + ”brain”} is
ru‘cl..'r:mm' | wm.:,tw as CSF accumulates i displaces alnd
kills neighboring neurons, ’
Although, as mentioned in chapter 1, in Medieyy)
times the ventricles were ”“’Ugl‘n (0 be diwcn .d
volved in cognitive function, jf i, now ”»‘Cnrxr)". in-
that there is no evidence that (hig i the ‘db:’ ";zed
may, howcvo.r, contain m.-unfawtive r.nuh,.cuk;s :;L
wert some influence over brain funegj, I e dli:t

ral ventricles will serve most i,
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Gray Matter and White Matter

Parts of the central nervous system appear ooy o
white depending on the parts of the neurcr hat ey
contain (Figure 3.6). Where there is a concentmasnon
of cell bodies, the tissue appears grav. Thes
known as gray matter, have this color because the
cell bodies contain the nucleus of the cell which in
turn, contains darkly colored genetic material salled
chromatin. Gray matter is where almost 21! interac
tions between neurons take place, processes that un
derlie the complex functioning of the CNS.

Tissue containing axons, the extended part of the

glfgtehczg;;iieﬁo‘;him b‘?‘:a’b‘-e of the f&'at‘i}" mv\‘&’.zin
8 2ach axon. As we saw in chapter

Y information from one area of the
gether anq con‘\:\l"ilﬁe.m}mber f‘f ﬂx“n\ns bundk\i.t&
of 8ray matter ¢, a;\oti mf?rmatmn from one R‘gu‘k}
(From the Latin tractus e‘r bvcalled a tract or fiber tradt

> SXtension” or “track”).

Arrangeq hlem"‘a“‘tiflﬁon of cell bodies i‘a;
dition tq th‘ I}Mt‘s“"e sheet, the cereb
e corte, there are other o

&S I the central nervous S
called a nucleys (plural, nuclel)
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these clumps of cell bodies. Nuclei come in vari-
ous sizes and shapes, ranging from the small and
roughly spherical brain-stem nuclei (e.g., the ab-
ducens nucleus in the pons) to those that are rela-
tively large and exotically shaped, such as the long,
arching caudate nucleus in the forebrain.
Concentrations of cell bodies outside the central
nervous system are called ganglia rather than nuclei.
However, the inconsistent processes of naming and
identifying structures have generated several excep-
tions to this general guideline. Thus, for example, a
large and important group of gray-matter structures
deep within the forebrain is collectively called the

basal ganglia.

THE FOREBRAIN

The structures most identified with higher cognitive
function are found in the forebrain. Foremost among
these is the cerebral cortex.

The Cerebral Cortex

The cerebral corteX, forming the outer covering of the
cerebral hemispheres (cortex comes from the Latin.
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