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Preface to t

e Ninth Edition

he first edition of this book contained several unique features,
one of which was a particular emphasis on clinical correla-

T

that were followed through subsequent editions. By the seventh and

tions. This approach was one of several guiding principles

eighth editions, many figure descriptions contained over 50% clinical
information.

The Ninth Edition continues and improves the approach of empha-
sizing clinical relevance. Clinical content has been revised and increased
throughout all chapters, and an all-new chapter on herniation syndromes
has been added, all while maintaining an appropriate level of relevant
neuroanatomical detail. Recognizing this continuing, and expanded,
emphasis on clinically relevant neurobiology, the title has been modi-
fied to Neuroanatomy in Clinical Context to more accurately reflect
these important long-term features of this Atlas. The subtitle, An Atlas
of Structures, Sections, Systems, and Syndromes, has also been slightly
modified to reflect the past and continuing emphasis on syndromes as
well as the addition of new syndromes describing brain herniations and
disc extrusions.

This new edition of Neuroanatomy in Clinical Context continues
to: (1) provide a sound anatomical base for integrating neurobiological
and clinical concepts; (2) introduce new text, MRI, CT, and artwork
that emphasize information and concepts that are encountered in the
clinical setting; (3) utilize contemporary clinical and basic science ter-
minology; and (4) emphasize neuroscience information, concepts, and
images that collectively constitute a comprehensive overview of systems
neurobiology. In addition, the revision of existing pages, the addition of
new pages in some chapters, and the inclusion of a new chapter on her-
niations, have resulted in an increase in the number of MRI, CT, CTA,
and angiograms from about 260 to over 380. Understanding systems
neurobiology is an absolutely essential element in the successful diagno-
sis and treatment of the neurologically compromised patient.

Many comments, suggestions, insights, and ideas from my colleagues,
medical students, residents, and graduate students have been factored
into the modifications in this new edition; their candor is greatly appre-
ciated. While minor corrections, or changes, have been made on almost
every page, the major improvements and new information introduced in
the Ninth Edition of Neuroanatomy in Clinical Context are as follows:

First, all clinical information throughout the Atlas appears in a light
blue screen. This: (1) makes it very easy to identify any and all clinical
comments, or examples, on every page; (2) does not reduce clinical con-
cepts by trying to compress them into small summary boxes; (3) keeps
all clinical correlations and information in their proper neuroanatomi-
cal context; and (4) emphasizes the overall amount—and relevance—of
the clinical information presented in this Atlas. This approach allows
the user to proceed from a basic point to a clinical point or from a clini-
cal point to a basic point, without a break in the flow of information,
or the need to go to a different page. This greatly expedites the learning
process.

Second, all gross spinal cord and brain images in Chapters 2
and 3 now appear in color. In some cases, original specimens were

rephotographed; in other situations, new specimens were used that
clearly reflected the orientation and view of the original black/white
image. Also, a couple of new images are introduced. A special effort was
made to present color images of the best quality as reasonably possible.
Generally speaking, these color images follow the same sequence, are of
the same views, and correlate with the same vascular illustrations as in
the previous edition.

Third, brain herniation is ubiquitous in cases of trauma to the head
that results in an increase in intracranial pressure. Sulci and cisterns
may be obliterated, and the brain may be extruded from one compart-
ment into another. Herniation may be silent or, more likely, may result
in deficits reflecting the particular brain region damaged. Herniation
syndromes have elegant anatomical correlates; in most of these cases,
there is a close correlation between the brain structures injured and the
deficits experienced by the patient. Recognizing the intimate relation-
ship between function and structure, a new and succinct chapter on
“Herniation Syndromes” (Chapter 9) is introduced. It is placed at this
location since a mastery of systems neurobiology (from Chapter 8) will
greatly expedite an understanding of the clinical implications of a her-
niation be it of the brain or of an intervertebral disc.

Fourth, the existing color coronal forebrain images in Chapter 6 and
the axial and sagittal brain images in Chapter 7 were replaced with new
high-quality versions of the same pictures. This was accomplished by
making high-resolution scans of the original glass slides and processing
them to emphasize clarity and detail.

Fifth, the color images of the spinal cord and the brainstem in Chapter 6,
although previously scanned from original glass slides, have been care-
fully revised and reprocessed for further detail and clarity. In addition,
a new cross section has been added to illustrate the fact that the troch-
lear nucleus, decussation of the superior cerebellar peduncle, substantia
nigra, and the crus cerebri are characteristic features in a cross section
of the brainstem at the level of the inferior colliculus.

Sixth, the two line drawings that illustrate the functional compo-
nents of spinal cord and brainstem nuclei that previously appeared at
the beginning of Chapter 8 have been revised, recolorized, and now
appear as the introductory two pages for Chapter 6. The revised
color scheme emphasizes the concept of four functional components
(although information on the traditional seven functional components
is still included), an approach that is more in line with contemporary
developmental studies. The content of these two pages relates directly
to spinal cord and brainstem nuclei that are shown on subsequent pages
in Chapter 6 beginning with Figures 6-3A and B. A version of the longi-
tudinal overview (Figure 6-2) also appears next to each stained section
(e.g., Figure 6-3B) with only the nuclei at that specific level indicated
and labeled. The spinal and brainstem nuclei in the line drawings at
each level in Chapter 6 (e.g., Figure 6-3A) have been revised to match the
color plate of the repositioned overview. This allows the user to easily
identify the nuclei at that level, their functional component, and their
continuity with other related nuclei of comparable function above and
below that particular level.



Seventh, many other minor adjustments have been made through-
out; these include, labeling changes and/or corrections, adding and/or
relocating CT and MRI (both normal and abnormal) for a better cor-
relation, clarifying clinical and neuroanatomical information, stressing
a better correlation between structure and function, bolding key terms
while retaining italics for emphasis of important points, and integrating
tidbits of information that are encountered in the initial educational
experience and that certainly energize the learning opportunity.

Two further issues figured prominently in this new edition. First,
the question of whether, or not, to use eponyms in their possessive
form. To paraphrase one of my clinical colleagues, “Parkinson did not
die of his disease (so-called ‘Parkinson’ disease); he died of a stroke.
It was never his own personal disease.” There are rare exceptions,
such as Lou Gehrig disease, but the point is well taken. McKusick
(1998a,b) also has made compelling arguments in support of using
the nonpossessive form of eponyms. However, it is acknowledged that
views differ on this question—much like debating how many angels
can dance on the head of a pin. Consultation with my neurology and
neurosurgery colleagues, the style adopted by Dorland’s 1llustrated
Medical Dictionary (2012) and Stedman’s Medical Dictionary (2006),
a review of some of the more comprehensive neurology texts (e.g.,
Rowland and Pedley, 2010; Ropper and Samuels, 2009), the standards
established in the Council of Biology Editors Manual for Authors,
Editors, and Publishers (1994), and the American Medical Associa-
tion’s Manual of Style (2007) clearly indicate an overwhelming prefer-
ence for the nonpossessive form. Recognizing that many users of this
book will enter clinical training, it was deemed appropriate to encour-
age a contemporary approach. Consequently, the nonpossessive form
of the eponym is used.

The second issue concerns use of the most up-to-date anatomical
terminology. With the publication of Terminologia Anatomica (Thieme,
New York, 1998), a new official international list of anatomical terms
for neuroanatomy is available. This new publication, having been
adopted by the International Federation of Associations of Anatomists,
supersedes all previous terminology lists. Every effort has been made
to incorporate any applicable new or modified terms into this book. In
addition, the well-reasoned modification in the Edinger-Westphal termi-
nology that reflects its functional characteristics is also adapted for this
Atlas (Kozicz et al., 2011). The Edinger-Westphal complex consists of
an Edinger-Westphal preganglionic nucleus (EWpg) that projects spe-
cially to the ciliary ganglion and a Edinger-Westphal centrally projecting
nucleus (EWcp) that projects to a variety of targets including the spi-
nal cord, spinal trigeminal, cuneate, gracile, facial, inferior olivary, and
parabrachial nuclei, and to the reticular formation, but does not project
to the ciliary ganglion.

Lastly, the pagination of the Ninth Edition has been slightly modified
to accommodate changes which have increased integration, introduced
significant new clinical correlates and images, repositioned a few images
to enhance learning opportunities and the overall flow of information,
and to accommodate new pages and a new chapter on herniation syn-
dromes. A sampling of Q&As are included in this print version with a
much larger sample available online through Point. All the Q&As
have been revised and updated to assist the user in practicing his or her
level of understanding, comprehension, and competence.

Duane E. Haines
Jackson, Mississippi
Winston-Salem, North Carolina
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y basic science colleagues in the Department of Neurobiology
M and Anatomical Sciences (Dr. Michael Lehman, chair) and

my clinical colleagues in the Department of Neurology (Dr.
Alex Auchus, chair) and the Department of Neurosurgery (Dr. H. Louis
Harkey, chair), all at The University of Mississippi Medical Center, have
been very gracious in offering suggestions and comments, both great
and small, on the revisions for this Ninth Edition. I especially appreciate
their patience with my repeated inquiries, also great and small. Their
kindness and outstanding cooperation has directly contributed to the
educational usefulness of this document.

The modifications in this Ninth Edition focus on improving the inte-
gration of basic science concepts with the realities of their clinical appli-
cations, and offer several new innovations that make the learning of,
and the transition between, basic science and clinical concepts easier,
more fluid, and seamless. The color coding of all clinical information
throughout the text, addition of new clinically relevant information and
examples, and the upgrading of contemporary anatomical and clinical
concepts and terms are but some examples.

A special thank you is due the following individuals: Drs. Bishnu
Sapkota and David Sinclair (Neurology); Drs. Robert McGuire and
William McCluskey (Orthopedics); Drs. Louis Harkey and Andy Par-
ent (Neurosurgery); Dr. Alan Sinning, Mr. Ken Sullivan, and graduate
student Mr. Martin O. Bohlen (Neurobiology and Anatomical Sci-
ences); medical students Ms. Kelly Brister and Mr. Jarrett R. Morgan
(for their help with a laminectomy); Dr. Tim McCowan (Radiology);
Dr. Jonathan Wisco (UCLA, for a great idea that was used in modi-
fied format); Drs. Amy Jones and Bridgett Jones (Resident graduates);
and Drs. Kim Simpson and Jim Lynch (Neurobiology and Anatomi-
cal Sciences). Their contributions included locating particular cases,
extensively reviewing new and extant clinical text, unfettered access
to radiological images, reviewing the previous edition for changes
(the Joneses), assisting with new brain and spinal dissections, and for
responding to numerous general inquiries. I have also greatly appreci-
ated the high quality of my interaction with the Residents in Neurol-
ogy and Neurosurgery. The cooperation with all of the above was a
significant, and important aspect of getting this Ninth Edition done.
There has been a long history of excellent cooperation and cross talk
between all of these clinical departments and Neurology and Anatomi-
cal Sciences.

The reviewers commissioned by LWW were: Pheobe Askie, Onita
Bhattasali, Dr. Charles Hubscher, Douglas James, Dr. Pétur H. Petersen,
Dr. Johannes van Loon, and Dr. Stephney Whillier. Their time and
energy represented an essential element in this new edition.

Modifications, both great and small, to the existing artwork and
labeling scheme, and the generation of many new renderings, tables,
and compiling plates, were the work of Mr. Michael Schenk (Director
of Biomedical Illustration Services) and Mr. Walter (Kyle) Cunningham

(Medical Illustrator). Mr. Chuck Runyan (Biomedical Photography)
patiently cleaned and adjusted brightness, color, and contrast to
improve the color images of the stained sections in Chapters 6 and
7. Mr. Bill Armstrong (Manager of Biomedical Photography) and Mr.
Robert W. Gray (Biomedical Photography) photographed new brain
and spinal cord specimens for this edition. I am enormously appre-
ciative of the time, energy, dedication, and professionalism of these
individuals to create the best possible images, photographs, artwork,
and finished plates for this new edition. Their interest in going the
extra mile to “get it perfect,” and their outstanding cooperation (and,
I might add, patience) with the author, is greatly appreciated. They are
not only skilled professionals but also great friends. Ms. Lisa Boyd,
who has helped me on several editions, provided important typing
assistance.

Over the years, many colleagues, friends, and students (now faculty
or medical/dental practitioners) have made many helpful comments.
They are again acknowledged here, because these earlier suggestions
continue to influence this book: Drs. A. Agmon, A. Alqueza, B. Ander-
son, C. Anderson, R. Baisden, S. Baldwin, R. Borke, P. A. Brewer, A. S.
Bristol, Patricia Brown, Paul Brown, A. Butler, T. Castro, B. Chronister,
C. Constantinidis, A. Craig, J. L. Culberson, P. DeVasto, V. Devisetty, E.
Dietrichs, L. Ehrlichman, J. Evans, E. M. Fallon, B. Falls, C. Forehand,
R. Frederickson, G. C. Gaik, E. Garcis-Rill, G. Grunwald, B. Hallas, T.
Imig, J. King, J. A. Kmiec, P. S. Lacy, A. Lamperti, G. R. Leichnetz, E.
Levine, R. C. S. Lin, J. C. Lynch, T. McGraw-Ferguson, G. F. Martin, A.
Miam, G. A. Mihailoff, M. V. Mishra, B. G. Mollon, R. L. Norman, R.
E. Papka, A. N. Perry, K. Peusner, C. Phelps, B. Puder, H. J. Ralston, J.
Rho, L. T. Robertson, D. Rosene, A. Rosenquist, I. Ross, J. D. Schlag,
M. Schwartz, J. Scott, V. Seybold, L. Simmons, K. L. Simpson, A. Singh,
D. Smith, S. Stensaas, C. Stefan, D. G. Thielemann, M. Thomadaki, S.
Thomas, M. Tomblyn, J. A. Tucker, D. Tolbert, F. Walberg, S. Walkley,
M. Woodruff, M. Wyss, R. Yezierski, and A. Y. Zubkov. I have greatly
appreciated their comments and suggestions. The stained sections used
in this Atlas are from the teaching collection in the Department of Neu-
robiology and Anatomy at West Virginia University School of Medi-
cine. The author, who was on the faculty at WVU from 1973-1985,
expresses his appreciation to Mr. Bruce Palmer, Professional Technolo-
gist at WVU, for providing high-resolution scans of selected existing
sections for use in this new Edition. These scans were further processed
by Mr. Chuck Runyan.

This Ninth Edition would not have been possible without the interest
and support of the publisher, Lippincott Williams & Wilkins. I want to
express thanks to my editors, Crystal Taylor (Acquisitions Editor), Catherine
Noonan (Associate Product Manager), Joy Fisher-Williams (Marketing
Manager), Bridgett Dougherty (Senior Production Project Manager),
Amanda Ingold (Editorial Assistant), and especially Kelly Horvath (Freelance
Editor) for their encouragement, continuing interest, and confidence in
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this project. Their cooperation has given me the opportunity to make reviewed the text, patiently listened to more neurobiology than she

the improvements seen herein. could have ever imagined, and gleefully informed me about rules of
Lastly, but clearly not least, I want to express a special thanks to my  grammar and punctuation that I am not sure I even knew existed. I

wife, Gretchen. The significant changes made in this edition required gladly dedicate this Ninth Edition to Gretchen.

attention to many, and multiple, details. She carefully and critically
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Introduction and

User’s Guide

his new edition of Neuroanatomy in Clinical Context con-
tinues to emphasize brain anatomy in a clinically relevant

T

tem (CNS) anatomy with magnetic resonance images (MRIs) and com-

format. This includes: (1) correlating the central nervous sys-

puted tomography (CT) throughout, and making these latter images
available to teach basic neurobiology; (2) introducing numerous clini-
cal terms, phrases, and examples in their proper context; (3) highlight-
ing cerebrovascular anatomy and selected variations, all with clinical
examples; (4) emphasizing regional brain anatomy, internal vascular
territories throughout the CNS, and the myriad deficits resulting from
vascular lesions as broadly defined; and (5) presenting an extensive
treatment of systems neurobiology that integrates pathways, connec-
tions, blood supply, and deficits at all levels of the neural axis.

A major innovation in this new edition is the presentation of all clinical
information in a light blue screen throughout the text. This: (1) makes it
very easy to identify any and all clinical comments, or examples; (2) does
not reduce clinical concepts to small summary boxes; (3) keeps all clinical
correlations and information in their proper context; and (4) emphasizes
the overall amount—and relevance—of the clinical information pre-
sented. This approach allows the user to proceed from a basic point to a
clinical point or from a clinical point to a basic point, without a break in
the flow of information, or the need to go to a different page.

The opportunity to view, study, and understand CNS anatomy in
both Anatomical and Clinical Orientations continues to be provided,
and emphasized. The style of presentation, sequence of topics (from
external CNS anatomy, to internal details, to regions, to systems), and
emphasis on clinical application expedite learning and understanding
that will be eminently useful in the clinical years. This approach allows
for learning concepts in a basic neurobiologic setting that can be seam-
lessly transferred to, and applied within, the clinical environment. A
focused approach in this new edition is to continue the emphasis on
integration of basic science with clinical application.

Recognizing that about 50% of intracranial events that result in
neurological deficits are vascular in nature, as broadly defined, vascular
anatomy, distribution territories, and vascular patterns and variations
thereof are covered in appropriate detail. These related topics, and their
clinical correlations are discussed and illustrated, to varying degrees,
with computed tomography angiography (CTA), magnetic resonance
angiography (MRA), and magnetic resonance venography (MRV) i all
chapters. Recognizing vascular patterns, territories, variations, and the
appearance of extravasated blood is central to a successful diagnosis.

A thorough knowledge and understanding of systems, reflexes, path-
ways, their blood supply, and the results of lesions thereof, are essential
to diagnosis of the neurologically compromised patient. All of these top-
ics are covered in this new edition. Put simply, the deficits seen in many
patients who present with neurologic consequences are a direct reflec-
tion of damage to functional systems that convey information from the
periphery to targets in the brainstem or forebrain, or centrally gener-
ated signals that convey information that influences motor activity. A
thorough knowledge of systems neurobiology (sensory and motor path-
ways, spinal and brainstem reflexes) is absolutely essential. A concurrent

understanding of the appearance and relationships of brain regions in
MRI and CT is an integral part of the diagnostic effort. Systems traverse
regions; it is not possible to become competent in one and not the other.

Frequent cross-references are included (figure and page number) to
allow easy integration between chapters. In addition, the number of
images (CT, CTA, MRI, MRA, MRV, angiograms, and venograms) has
been increased from about 260 to more than 390 in this new edition.
The use of these images in a contemporary educational setting is abso-
lutely essential for preparing the student for the realities of the clinical
experience. In the clinical years, the student will not be studying gross
brain or stained slices, but will rely almost exclusively on CT, MRI, or
variations on these modalities. The goal is to give students the knowl-
edge base and skills needed to excel in the clinical environment.

Imaging the Brain (CT and MRI)

Imaging the brain in vivo is now commonplace for the patient with
neurological deficits. With this in mind, it is appropriate to make a few
general comments on these imaging techniques and what is routinely
seen, or best seen, in each. For details, consult sources such as Buxton,’
Grossman,” Harnsberger et al.,’ Lee et al.,* or Osborn et al.’

Computed Tomography (CT)

In CT, the patient is passed between a source of x-rays and a series of
detectors. Tissue density is measured by the effects of x-rays on atoms
within the tissue as x-rays pass through the tissue. Atoms of higher
number have a greater ability to attenuate (stop) x-rays, whereas those
with lower numbers are less able to attenuate x-rays. The various attenu-
ation intensities are computerized into numbers (Hounsfield units or CT
numbers). Bone is given the value of +1,000 and is white, whereas air is
given a value of —=1,000 and is black. In this respect, a lesion or defect in a
CT that is hyperdense is shifted toward the appearance of bone; it is more
white. For example, acute subarachnoid blood in CT is hyperdense to the
surrounding brain; it is more white than the brain and is shifted more to
the appearance of bone (Figure 1-1). A lesion in CT that is hypodense
is shifted toward the appearance of air or cerebrospinal fluid; it is more
black than the surrounding brain (Figure 1-2). In this example, the terri-
tory of the middle cerebral artery is hypodense (Figure 1-2). Isodense in
CT refers to a condition in which the lesion and the surrounding brain
have textures and/or shades of gray that are essentially the same. Iso-
is Greek for equal: “equal density.” Extravascular blood, an enhanced
tumor, fat, the brain (gray and white matter), and cerebrospinal fluid
form an intervening continuum from white to black. In general, Table 1-1
summarizes the white to black intensities seen for selected tissues in CT.
The advantages of CT are: (1) it is done rapidly, which is especially
important in trauma; (2) it clearly shows acute and subacute hemorrhages
into the meningeal spaces and brain; (3) it is especially useful for children
in trauma cases; (4) it shows bone (and skull fractures) to advantage; and
(5) it is less expensive than MRI. The disadvantages of CT are: (1) it does
not clearly show acute or subacute infarcts or ischemia, or brain edema;
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CT in the axial plane of a patient with subarachnoid hemor-
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noid space, brain is gray, and cerebrospinal fluid in the third and lateral

rhage. Bone is white, acute blood (white) outlines the subarach-

ventricles is black.

(2) it does not clearly differentiate white from gray matter within the brain
nearly as well as MRI; and (3) it exposes the patient to ionizing radiation.

Magnetic Resonance Imaging (MRI)

The tissues of the body contain proportionately large amounts of protons
(hydrogen). Protons have a positive nucleus, a shell of negative electrons, and
a north and south pole; they function like tiny spinning bar magnets. Nor-
mally, these atoms are arranged randomly in relation to each other because
of the constantly changing magnetic field produced by the electrons. MRI
uses this characteristic of protons to generate images of the brain and body.

When radio waves are sent in short bursts into the magnet con-
taining the patient, they are called a radiofrequency pulse (RP). This
pulse may vary in strength. When the frequency of the RP matches the
frequency of the spinning proton, the proton will absorb energy from
the radio wave (resonance). The effect is twofold. First, the magnetic
effects of some protons are canceled out; second, the magnetic effects
and energy levels in others are increased. When the RP is turned off, the
relaxed protons release energy (an “echo”) that is received by a coil and
computed into an image of that part of the body.

The two major types of MRI images (MRI/T1 and MRI/T2) are related
to the effect of RP on protons and the reactions of these protons (relaxa-
tion) when the RP is turned off. In general, those canceled-out protons
return slowly to their original magnetic strength. The image constructed
from this time constant is called T1 (Figure 1-3). On the other hand, those
protons that achieved a higher-energy level (were not canceled out) lose

Table 1-1 The Brain and Related Structures in CT

STRUCTURE/FLUID/SPACE GRAY SCALE
Bone, acute blood Very white
Enhanced tumor Very white
Subacute blood Light gray
Muscle Light gray
Gray matter Light gray
White matter Medium gray

Medium gray to black
Very black

Cerebrospinal fluid
Air, fat

Axial CT showing a hypodense area within the territory of the mid-
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tive of a lesion in this region which would result in substantive deficits.

dle cerebellar artery on the right side of the patient. This is indica-

their energy more rapidly as they return to their original state; the image
constructed from this time constant is T2 (Figure 1-4). The creation of a
T1-weighted image versus a T2-weighted image is based on a variation in
the times used to receive the “echo” from the relaxed protons.

The terms hyperintense, hypointense, and isointense apply to
T1- and T2-weighted MRI. Hyperintense in T1 is a shift toward the
appearance of fat, which is white in the normal patient; a hyperintense
lesion in T1 is more white than the surrounding brain (Figure 1-5A;
Table 1-2). A meningioma, and the surrounding edematous areas, are
hyperintense: more white than the surrounding brain (Figure 1-5A). In
T2, hyperintense is a shift toward the appearance of cerebrospinal fluid,
which is also white in the normal individual (Figure 1-4); a hyperintense
condition in T2 is also more white than the surrounding brain
(Table 1-2). Hypointense in both T1 and T2 is a shift toward the
appearance of air or bone in the normal patient; this is a shift to more
black than the surrounding brain. In this example, there are hypointense
areas (arrows) adjacent to the lateral ventricles in the frontal and occipital
areas (Figure 1-5B). Isointense refers to a situation in which a lesion and
the surrounding brain have shades of gray and/or textures that are basi-
cally the same. In this example of a pituitary tumor in a T1 MRI, the color
and texture of the tumor is essentially the same as the surrounding brain;
it is isointense (Figure 1-5C). Iso- is Greek for equal: “equal intensity.”

Table 1-2 summarizes the white to black intensities seen in MRI images
that are T1-weighted versus T2-weighted. It should be emphasized that a

A sagittal T1-weighted MRI. Brain is gray, and cerebrospinal
fluid is black.
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A sagittal T2-weighted MRI. Brain is gray, blood vessels frequently
appear black, and cerebrospinal fluid is white.
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number of variations on these two general MRI themes are routinely seen
in the clinical environment.

The advantages of MRI are: (1) it can be manipulated to visualize a wide
variety of abnormalities or abnormal states within the brain; and (2) it can
show great detail of the brain in normal and abnormal states. The disad-
vantages of MRI are: (1) it does not show acute or subacute subarachnoid
hemorrhage or hemorrhage into the substance of the brain in any detail; (2)
it takes much longer to do and, therefore, is not useful in acute situations
or in some types of trauma; (3) it is comparatively more expensive than CT;
and (4) the scan is extremely loud and may require sedation in children. The
ensuing discussion briefly outlines the salient features of individual chapters.

Chapter 2

This chapter presents: (1) the gross anatomy of the spinal cord and its prin-
cipal arteries; and (2) the external morphology of the brain from all views,
including the insular cortex, accompanied by MRIs and drawings of the vas-
culature patterns from the same perspectives. In this new edition, all gross
brain images appear in color, two new images have been included but none
eliminated, and clinical terminology such as that used for segments of the
cerebral vessels (A—As M;-M,, and P1—P,), continues to be emphasized. In
addition, new line drawings and accompanying CT that focus on vascular
variations that have clinical implications are featured in this chapter.

Table 1-2 The Brain and Related Structures in MRI

NORMAL T1 T2

Bone Very black Very black

Air Very black Very black

Muscle Dark gray Dark gray

White matter Light gray Dark gray

Gray matter Dark gray Light gray

Fat White Gray
Cerebrospinal fluid Very black Very white
ABNORMAL T1 T2

Edema Dark gray Light gray to white
Tumor Variable Variable

Enhanced tumor White (Rarely done)
Acute infarct Dark gray Light gray to white
Subacute infarct Dark gray Light gray to white
Acute ischemia Dark gray Light gray to white
Subacute ischemia Dark gray Light gray to white

Axial MRIs showing a hyperintense lesion, meningioma, and
edema (A), hypointense areas in the white matter of the hemi-
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sphere (B, arrows), and a pituitary tumor (PT) that is isointense (C).

Chapter 3

This chapter focuses on: (1) the relationships of cranial nerves; (2) their
exits from the brainstem; (3) their appearance in representative MRI;
and (4) examples of cranial nerve deficits seen in cases with lesions of
the brainstem. All of the gross brain images showing the positions of
cranial nerves now appear in color and minor corrections have been
made in Table 3-1. The detailed cross-reference to other sections or
pages in the Atlas where additional cranial nerve information is found
was also revised. The figure descriptions were updated to increase their
clinical value and relevance.

Chapter 4

The structure of the meninges, and their appearance in MRI or CT,
is affected by a wide variety of events such as infections (meningitis),
trauma, vascular incidents (epidural, subdural, subarachnoid hem-
orrhage), and tumor (meningioma) all of which are featured in this
chapter. In addition, they are a central element in cases of increased
intracranial pressure and consequent herniation. The size, shape, and
relations of the ventricular system are clearly correlated with the dis-
tribution of intraventricular blood, and tumors of the choroid plexus;
all of which are illustrated and described in this chapter. New clinical
correlations have been added and all figure descriptions updated.

Chapter 5

The general morphology of the forebrain and brainstem is continued into
the two sections of Chapter 5. A major improvement in this chapter is the
replacement of all black/white photographs with comparable color images in
the same coronal and axial planes and at the same general levels in each plane.
A second change was to colorize the orientation drawings (upper left on each
page) and to orient the axial drawing so as to increase its informational value.



The MRIs have been reorganized, and in several cases new ones
inserted, so as to maintain the remarkably close correlation between
structures identified in the brain slice and the same structures seen in
the corresponding MRIs. The MRI and the brain slice appear on the
same page so the correlation can be instantly made. Since brain sections
at autopsy or in clinic—pathologic conferences are viewed as unstained
specimens, the preference here is to present this material in a format that
will most closely parallel what is seen in these clinical settings.

Chapter 6

The improvements made to this chapter are far-reaching, significant,
and greatly improve its educational value and clinical emphasis, while
retaining the innovations, overall organization, and sequence of ear-
lier editions. Although many minor modifications were made, only the
more encompassing are mentioned here.

First, the drawings and text explaining the functional components of the
spinal cord and brainstem sensory and motor nuclei have always appeared
at the beginning of Chapter 8 as Figures 8-1 and 8-2. Unfortunately, in this
location, the succeeding images in Chapter 8 were concerned with neural
systems and 7ot particularly with the spinal cord or brainstem nuclei.

To redress this matter, these two images were moved to the beginning of
Chapter 6, where they now appear as Figures 6-1 and 6-2. In this new loca-
tion, their content, sensory and motor nuclei of the spinal cord and brain-
stem, relate directly to, and correlate with, the structures shown on the
succeeding 25 or so pages regarding all levels of the spinal cord and brain-
stem. This new location recognizes the functional and structural related-
ness to the information on the immediately following pages of this chapter.

Second, concurrent with relocating these images to Figures 6-1 and
6-2, both drawings were recolored based on newer thinking in devel-
opmental biology. The traditional view of seven functional components
has been supplemented with a more contemporary view that these seven
may be condensed into four functional components. To this end, the
color coding has been simplified to four colors that correspond with
the four functional components. However, the text and figure labels
explaining the traditional and contemporary versions are both pre-
sented so that the user may adopt/adapt whichever view works best in a
given educational setting. Both the traditional and contemporary views
are correct, to a large extent interchangeable, and useful.

Third, relocating the functional component images to Chapter 6
allowed for one of these images to be used, in a slightly modified for-
mat, on all spinal cord and brainstem images in this chapter. A version
of Figure 6-2 was placed next to the stained image on the right-hand
page (e.g., 6-4B), a line placed thereon representing the level of that spe-
cific cross section, and only those nuclei were labeled (in this case, spinal
cord) that appear at this particular level (Figure 1-6). This approach was
used on all spinal cord and brainstem levels in Chapter 6 and allows the
user to easily visualize the relationships and continuity of functionally
related cell columns at any level.

Fourth, the revised color palate was also used on the line drawings
of the spinal cord and brainstem for all sensory and motor nuclei. For
example, the line drawing in Figure 6-4A (facing 6-4B) now matches the
overall color scheme (Figure 1-6). Consequently, the color of the spinal
cord and brainstem sensory and motor nuclei on all left-hand pages is
consistent throughout. All color coding matches in all drawings and at
all levels of detail from Figure 6-3A to 6-28B throughout Chapter 6.

Fifth, the following structures are characteristically found at the level
of a cross section through the inferior colliculus: the nuclei of the inferior
colliculus, the trochlear nucleus, the decussation of the superior cerebellar
peduncle, and caudal parts of the substantia nigra. A set of pages (line
drawing and stained section) was added that illustrates these relationships.

Sixth, the color images of the spinal cord and brainstem in Chapter
6 had previously been scanned from the original glass slide; for this new
edition these images were reprocessed to improve clarity and detail. The

Medial motor cell

column, SE cells Posterior horn,

SA input
4A, 6-4B

Lateral motor cell
column, SE cells

A stained section of the lumbar spinal cord (lower) and the
overview on spinal cord and brainstem cell columns showing
the level of this section and of the line drawing on the facing page. For
convenience only, these examples from 6-4A and 6-4B are reduced here
to fit in a single column.
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color images of the coronal sections of the forebrain in Chapter 6 were
replaced with high-resolution color scans of original glass slides and
then processed to bring out the best detail and clarity possible.

Innovations that were introduced in recent editions that integrated
clinical with anatomical information, that provided options for viewing
images in a format consistent with that seen in the clinical environment,
and that stressed the clinical relevance and applicability of basic neuro-
biology are further emphasized in this new edition. First, the ability to
flip an image from an Anatomical Orientation to a Clinical Orientation
places everything in the image (line drawing or stained section) into a
clinical format: (1) the images match exactly the corresponding MRI or
CT, (2) the image has right and left sides, and (3) the topography of all
tracts and nuclei in flipped images matches that as seen in CT or MRI.
All images in Chapter 6 that can be flipped to a Clinical Orientation are
identified by this symbol in the lower left of the image.

Clinical Orientation

Image @ abew|

Online

Understanding the brain and its internal structures in Clinical Ori-
entation is absolutely essential to successful diagnosis. Second, the
inherent value of viewing brain anatomy and line drawings in a Clinical
Orientation is stressed throughout this chapter, particularly in relation
to somatotopy, vascular supply and territories, clinical examples, and
the MRI or CT, most of which are featured on the same page as the line
drawing or stained section. Third, the color keys have been revised to
reflect the modified color palate for the sensory and motor nuclei of the
spinal cord and brainstem. Fourth, continuity from Anatomical Orien-
tation to Clinical Orientation is again illustrated in a series of line draw-
ings and MRI and CT on odd numbered pages showing spinal cord and
brainstem levels (Figure 1-7). This new edition continues to utilize CT
cisternograms as an integral part of the learning experience (Figure 1-8).



CT cisternogram

An example of the brainstem showing anatomical and clinical
-{ orientations at about the caudal one-third of the medulla and
the corresponding T1-weighted MRI (with especially important struc-
tures labeled), T2-MRI, and CT cisternogram. The abbreviations are
keyed to the full label on the facing page in Chapter 6. For additional
examples and details of brainstem and spinal cord, see Chapter 6.

Chapter 7

The arrangement of pages in this chapter remains the same as in previous
editions: axial brain images in color and the corresponding axial MRI
are on left-hand pages and sagittal brain images in color and the cor-
responding sagittal MRI are on right-hand pages. The heavy red line on
the axial images (odd numbered Figures 7-1 to 7-9) indicates the plane of
section of the sagittal image on the facing page; similarly, the heavy red
line on the sagittal images (even numbered Figures 7-2 to 7-10) indicates
the plane of section of the axial image on the facing page. Correlations
between stained slices and between structures in MRI can be easily made.

A significant new improvement in this chapter is that high-resolution
scans of the original stained sections mounted on glass slides were made
and carefully processed for clarity and detail. This resulted in images of
high quality in which internal detail is enhanced and anatomical rela-
tionships of all structures are more apparent.

The ability to compare different planes of section (stained section and
MRI) on facing pages allows the user to build a three-dimensional view
of a variety of internal structures in images that are commonly available
in the clinical environment. However, these images can also be viewed
as an axial series (all left-hand pages) or a sagittal series (all right-hand
pages). Educational flexibility is inherent within these arrangements.

Chapter 8

This chapter illustrates a wide variety of clinically relevant CNS tracts/
pathways in both Anatomical and Clinical Orientations, includes 15
illustrations of pathways of spinal and brainstem reflexes that may be
tested during a comprehensive neurological examination, and contains

CT of a patient following injection of a radiopaque contrast

1-8 media into the lumbar cistern. In this example, at the medullary
level (a cisternogram), neural structures appear gray and the subarach-
noid space appears light.

literally dozens of clinical correlations or examples. The following fea-
tures enhance the user’s comprehension of information and concepts
that are directly relevant to diagnosing the impaired patient. First,
inclusion of comprehensive pathways in an atlas format allows for the
learning of clinically relevant concepts in a variety of settings: lecture,
laboratory, self-study, small group, and during clinical rotations. Sec-
ond, pathways that are most important to developing diagnostic skills
are presented in Anatomical and Clinical Orientations which show: (1)
its origin, extent, course, and termination; (2) laterality, an enormously
important clinical concept; (3) position throughout the neural axis and
its decussation, if applicable; (4) somatotopy within tracts; and (5) the
blood supply at all levels. Third, a brief summary of the principal neu-
roactive substances associated with many pathways, whether they result
in excitation (+) or inhibition (=) at their receptor sites, and deficits that
may correlate with the loss of particular neurotransmitters is included.
Fourth, clinical correlations accompany each pathway drawing; these
describe deficits, lesions, clinical terminology, and laterality of deficits
at different levels of the pathway. In toto, the drawings in Chapter 8
provide a maximal amount of clinically relevant information; each in a
single easy-to-follow illustration.

Interspersed within this chapter are 13 sets (26 pages) of illustrations
presented in Clinical Orientation that immediately follow, and comple-
ment, the corresponding pathway presented in Anatomical Orientation
(Figures 1-9 and 1-10). These clinical illustrations overlay MRIs, focus
on cranial nerves and long tracts that are especially important to the
diagnosis of the impaired patient. This approach recognizes that in some
educational settings pathways are taught anatomically, while in others
the emphasis is on a Clinical Orientation; both approaches are accom-
modated in this atlas. It is, however, important to emphasize that when
viewing MRI or CT of a patient compromised by neurologic lesion or
disease, all of the internal brain anatomy and all tracts, including their
somatotopy, are seen in a Clinical Orientation. It is absolutely essential
that the user recognize and understand this fact of clinical reality.

Since all possible pathways that may be taught in a given neuro-
biology course cannot be anticipated, flexibility is designed into this
chapter. The last figure in each section is a blank master drawing that
follows the same format as the preceding figures. These may be used for
learning, review, practicing pathways, in an instructional setting, and as
a substrate for examination questions.

Chapter 9

This new chapter on Herniation Syndromes: Brain and Spinal Discs
illustrates, in more than 60 new line drawings, MRIs, and CT scans, the
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254 umn-medial lemniscus pathway (see Figure 8-3A for the entire
pathway) superimposed on MRI and shown in a Clinical Orientation.
For convenience only, this example from Figure 8-3A is reduced here to
fit in a single column.
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close correlation between structures damaged resultant to a herniation and
the predictable deficits. There are elegant, and in many situations, remark-
ably precise correlations between the deficits experienced by the patient
and the structures damaged in herniation syndromes; in some cases the def-
icits accurately predict the type and location of the herniation. Recognizing
that brain herniations share general features in common with interverte-
bral disc extrusions, selected spinal cord syndromes are included to offer a
more complete picture of this general phenomenon.

There is a finite amount of space in the cranial cavity; small space-
taking events may temporarily be accommodated, while large and
especially rapidly occurring events are not tolerated. Anything that
compromises this finite amount of space, such as a tumor, hemorrhagic
event, brain edema, or any of a number of other causes, may result in
increased intracranial pressure (ICP) and a cascade of events that leads
to herniation of the brain from one location/compartment to another;
these are commonly called herniation syndromes. A herniation may be
silent with deficits to follow later, or may result in sudden and poten-
tially catastrophic deficits; in some cases, and if untreated, death may
follow within minutes.

Increased ICP may be signaled by effacement of sulci or cisterns or a
shift in brain structures that may be subtle, particularly in an isodense
CT, or obvious as in an edematous tumor. Once evidence of ICP has
been determined, a course of treatment is put in motion to guard against
further deterioration.

Chapter 10

This chapter contains a series of angiograms (arterial and venous phases),
MRA images, and MRV images. The angiograms are shown in lateral and
anterior—posterior projections—some as standard views with correspond-
ing digital subtraction images. MRA and MRV technology are noninva-
sive methods that allow for the visualization of arteries (MRA) and veins
and venous sinuses (MRV). However, there are many situations when both
arteries and veins are seen with either method. Use of MRA and MRV is
commonplace, and this technology is an important diagnostic tool.
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entire pathway) superimposed on MRI in a Clinical Orientation, with

The medulla, pons, and midbrain portions of the posterior

column-medial lemniscus pathway (see Figure 8-3B for the
lesions and corresponding deficits at representative levels. For conven-

ience only, this example from Figure 8-3B is reduced here to fit in a
single column.

Chapter 11

The questions and corresponding answers of Chapter 11 recognize
that examinations are an essential part of the educational proc-
ess and that these elements should prepare, as much as reasonably
possible, the user for future needs and expectations. Many are pre-
pared as a patient vignette and in the USMLE Step-1 style (single best
answer) which emphasize: (1) anatomical and clinical correlations;
(2) application of basic neurobiology concepts to clinical practice;
(3) integration of regional neurobiology, systems neurobiology, neu-
rovascular patterns, and disease processes; and (4) the topographical
maps within motor and sensory systems as related to lesions of tracts,
nuclei, and the cerebral cortex.

While generally grouped by chapter, questions may draw on infor-
mation from more than one chapter thus reflecting the reality of many
major examinations. Correct answers are given, incorrect answers are
explained, and page references are given for more detail. A sampling of
questions and answers is provided in this chapter with a total of over
300 provided online. While not exhaustive, these questions represent a
broad range of clinically relevant topics.
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2.1 Overview of a posterior aspect of the spinal cord from C2-T1

= (A) and details from the same specimen showing the C2-C4
and C7-T1 levels (B, C). The denticulate ligaments anchor the spinal
cord within the dural sac; they are pial tissue sheets that extend laterally
to attach to the arachnoid on the inner surface of the dura. The acces-
sory nerve courses between the anterior and posterior roots (B) and the
posterior surface of the cord clearly shows structures and sulci charac-
teristic of the posterior column system (C).

Posterior and anterior spinal medullary arteries accompany their
respective roots (Figure 2-3 on facing page) and the radicular arteries
supply their respective roots. The posterior spinal artery is located

Fasciculus cuneatus

Fasciculus gracilis

C7 PR

Sulci:

Posterior median
Posterior intermediate
Posterolateral

medial to the posterior root entry zone and the anterior spinal artery is
in the anterior median sulcus (Figure 2-3 on facing page).

Radiculopathy results from spinal nerve root damage. The most
common causes are intervertebral disc disease/protrusion or spondylol-
ysis, and the main symptoms are pain radiating in a root or dermatomal
distribution, weakness, and hyporeflexia of the muscles served by the
affected root. The discs most commonly involved at cervical (C) and
lumbar (L) levels are C6—-C7 (65 %-70%), C5-C6 (16%-20%), L4-L5
(40%—45%), and L5-S1 (40%—45%). Thoracic disc problems are rare,
well under 1% of all disc protrusions. For additional information on
spinal disc extrusions, see Chapter 9.
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2.2 Anterior aspect of the spinal cord from C3-C7 (A), the C7 seg-
g4 ment showing the posterior and anterior roots and the poste-
rior root ganglion (B), and a view of the anterior surface at thoracic

Posterior spinal arteries

Arterial
vasocorona

Sulcal arteries Anterior spinal

medullary artery
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(on anterior root)

Semi-diagrammatic representation showing the origin and gen-
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anterior and posterior radicular arteries arise at every spinal level and

eral location of principal arteries supplying the spinal cord. The

serve their respective roots and ganglia. The anterior and posterior spi-
nal medullary arteries (also called medullary feeder arteries or

C7 Posterior root (PR)

Anterior spinal
medullary artery

median fissure

Fasciculus gracilis

Fasciculus cuneatus

Thoracic
anterior roots

} Anterior spinal artery

levels showing the anterior spinal artery and the comparatively diminu-
tive size of the thoracic roots (C).

Basilar artery

— Posterior inferior
cerebellar arteries

= Vertebral arteries
Anterior spinal artery

Posterior spinal
medullary artery

Posterior radicular
artery (on posterior root)

Segmental artery

segmental medullary arteries) arise at intermittent levels and serve to
augment the blood supply to the spinal cord. The artery of Adambkie-
wicz is an unusually large spinal medullary artery arising usually on the
left in low thoracic or upper lumbar levels (T9-L1). The arterial vaso-
corona is a diffuse anastomotic plexus covering the cord surface.






