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This text is primarily intended for graduate stu-
dents studying communication sciences and 
disorders, but it is also written in an accessible 

way for junior or senior undergraduates preparing 
for graduate school. It is more important than ever 
for communication science and disorders students to 
understand the neurological underpinnings of com-
munication disorders. As I think back on my own 
education, I did not have a standalone neuroanatomy 
class in either my undergraduate or graduate commu-
nication sciences and disorders training. At that time, 
this kind of information was imbedded over the span 
of a couple of weeks in an undergraduate anatomy of 
speech and hearing course. A�er graduate school, I 
entered the profession as a medical speech-language 
pathologist at a regional trauma center. It was here 
that I was challenged to learn about a variety of neu-
rological disorders that I had previously learned little 
about. It has been over a quarter century since I com-
pleted my master’s studies, and a lot has changed since 
that time. Now, nearly all graduate training programs 
have a full class in neuroscience to help students better 
understand, assess, and treat people with neurogenic 
communication disorders.

�is text was born a�er a 15-year search for a neu-
roscience book focused on communication and com-
munication disorders for my class. I adopted general 
neuroscience texts written by neurologists and neu-
roscientists, but I was unhappy with the lack of dis-
cussion about communication and communication 
disorders. I also tried texts written by communication 
scientists and others in communication disorders, but 
I found these to resemble the general neuroscience 
texts with some discussion of communication disor-
ders sprinkled in here and there. O�en, robust discus-
sions of language or swallowing were entirely missing. 
I mentioned this frustrating search to a salesperson 
from Jones & Bartlett Learning, who asked “Have you 
ever thought about writing one?” �e seed was planted 
and I realized that it was time to stop complaining and 
produce something that would at least help me in my 
class. My hope is that this text will be helpful to those of 
you who also teach this subject matter as well as helpful 
to your students.

▸� Organization of the Text
Neuroanatomy for Speech-Language Pathology and 
Audiology is organized into four main sections. �e �rst 
three chapters, comprising Part I, Introductory Issues, 
introduce readers to the nervous system. Chapter 1 
starts this process by taking the reader into the world 
of the nervous system. Important terms like neurology 
and neuropathology are explored, as well as the classi-
�cation of neurological disorders and a brief introduc-
tion to the history of neuroscience. An introduction to 
imaging technology is included in this chapter because 
professionals in communication sciences and disor-
ders are consumers of the reports generated by these 
studies. Chapter 2 introduces some basic orientation 
terms that will help in navigating around neurological 
structures as well as three methods for organizing the 
nervous system. Chapter 3 surveys the development 
of the neurological system through the life span, from 
conception to the last years of life.

Part II, General Neuroanatomy, includes Chapters 
4 through 8. �ese chapters introduce the reader to 
the main neurological structures. �is journey begins 
with the cells of the nervous system and ends with a 
review of the cerebral hemispheres. In Chapter 4, we 
take a microscopic approach and discuss the cells of 
the nervous system, both their structure and function. 
Chapter 5 zooms out to begin a macroscopic journey 
around the neurological structures (i.e., structures we 
can see and examine with the naked eye). More spe-
ci�cally, it looks at the spinal cord, brainstem, cranial 
nerves, and cerebellum. A close inspection of the 12 
cranial nerves will occur in this chapter. �e journey 
continues in Chapter 6 by examining structures above 
the brainstem and inside the brain—namely, the dien-
cephalon and the surrounding thalamic structures and 
structures in close proximity, such as the brain’s ven-
tricles. �e focus again moves in the next two chapters 
to the cerebral hemispheres. Chapter 7 discusses the 
overall structure of the cerebral hemispheres, such as 
their sulci, gyri, and blood supply. Chapter 8 then sur-
veys important areas of the cerebral cortex using the 
Brodmann numbering system. Here we discuss the 
structure and function of various areas, such as Broca’s 
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and Wernicke’s, two of several areas crucial in speech 
production and comprehension. 

Part III, Neuroanatomy Applied to Commu-
nication and Communication Disorders, includes 
Chapters 9 through 15. I believe these chapters are 
unique when compared to other neuroscience texts 
for speech-language pathologists and audiologists 
because they speci�cally focus on the neurology of 
speech, language, hearing, cognition, emotion, and 
swallowing. �ese are the communication processes 
important to these professionals. Chapter 9 begins 
this third section by exploring consciousness. We say 
that speech is a voluntary, conscious activity, but what 
do we mean by consciousness? What are the disor-
ders of consciousness (e.g., coma) that might a�ect 
communication? Chapter 10 is of special interest to 
audiologists because it explores the neurology of the 
hearing and balance systems and includes discussion 
of select disorders of these systems. Chapter 11 turns 
to the topic of speech. Here we look at neurological 
structures crucial for speech production and attempt 
to connect problems with these structures to various 
speech disorders observed in clinical practice. Lan-
guage is the focus of Chapter 12. �e neurological 
structures involved in speaking, listening, reading, 
and writing are explored as well as communication 
disorders associated with each of these modalities. 
Chapter 13 moves away from communication to 
swallowing. �e cortical and subcortical controls of 
swallowing are surveyed as well as neurogenic swal-
lowing problems. In recent years, speech-language 
pathologists have taken a more active role in what 
are called cognitive-communicative disorders. Chap-
ter 14 focuses on cognition by looking at three main 
areas of cognition: attention, memory, and executive 
functions. Several cognitive-communicative disor-
ders, like right hemisphere disorder, are examined 
through the lens of attention, memory, and executive 
functions. �e �nal chapter of this section, Chapter 
15, looks at the neurology of emotion. Children with 
autism have become more prevalent on caseloads, 
so there has been increased interest in how these 
children process and produce emotional responses. 
Chapter 15 discusses what we know about the neu-
rology of emotion and the neurological di�erences 
between typical children and those with conditions 
like autism.

Finally, Part IV, Practicing Neuroanatomy, helps 
prepare students to apply what they have learned 
throughout the text. Chapter 16 discusses how a neu-
rologist examines a person with a suspected neuro-
logical condition and looks at points of overlap with 

what a speech-language pathologist or audiologist 
would do in his or her assessment. A cranial nerve 
examination form is included in this chapter for stu-
dents to practice this important exam. Also, major 
signs and symptoms of neurological conditions are 
surveyed.

▸� Features and Bene�ts
Each chapter includes a number of pedagogical fea-
tures designed to enhance student learning. At the 
beginning of each chapter, you will �nd a Chapter  
Preview that o�ers a general introduction to the chap-
ter’s contents, an In �is Chapter feature that lists 
main points discussed in the chapter, Learning Objec-
tives that present the chapter’s desired outcomes, and a 
Chapter Outline that lists the main headings for quick 
reference.

At the end of each chapter, the information related 
to the chapter’s learning objectives is described in the 
Summary of Learning Objectives feature. Key Terms 
are also listed, the de�nitions of which can be found 
in the Glossary at the end of this text. Suggestions for 
drawing activities—critical for visual learners—are 
presented in the Draw It to Know It  feature, and Ques-
tions for Deeper Re�ection and Suggested Projects 
encourage students to delve deeper into the material. 

© VeraPetruk/Getty Images

CHAPTER 3

Development of the 
Nervous System
CHAPTER PREVIEW
How did we get the complex nervous system that we have? This 
chapter will try to answer this question by exploring the development 
of the brain from the early weeks of development after fertilization 
through adolescence to old age. This process is complex, and we 

neurodevelopmental disorder. 

IN THIS CHAPTER
In this chapter, we will …

�

�

� Describe common birth defects
� Discuss the development of the child’s and 

adolescent’s brain
� Survey how the neurological system changes with aging

LEARNING OBJECTIVES
1.
2.

development of the nervous system from conception 
to old age.

3. The learner will list and describe common birth defects.

CHAPTER OUTLINE

� Introduc tion
� Genes, Chromosomes, and Cells
� Fertilization and the First Weeks 

of Life
� Structur al Development of the 

Infant Br ain
• Dorsal Induction
• Ventral Induction
• Neural Proliferation
• Neuronal Migration
• Cortical Organization and Synapse 

Formation
• Myelination

� Functional Development of the 
Infant Br ain

� The Development of the 
Adolescent Brain

� The Brain in Normal A ging
� Conclusion
� Summary of Learning Objectives
� Key Terms
� Draw It to Know It
�

� Case Study
� Suggested Projects
� References
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In addition to these activities, at least one Case Study 
is included in each chapter that allows students to 
apply what they are learning. Finally, References are 
included to credit sources cited in the chapter and to 
facilitate further study.

▸� Instructor Resources
In addition to the listed features within the text, sup-
plemental learning materials are available for teachers 
through Jones & Bartlett Learning. �ey include the 
following: 

■� Test Bank, containing more than 250 questions
■� Instructor’s Manual, including sample answers  

for the Questions for Deeper Re�ection and the 
Case Studies

■� Slides in PowerPoint format, featuring more than 
200 slides with select artwork from the text

■� Image Bank, supplying key �gures from the text
■� Sample Syllabus, showing how a course can be 

structured around this text 

Quali�ed instructors can gain access to these teach-
ing materials by contacting their Health Professions 
Account Specialist at go.jblearning.com/�ndarep.

▸� What’s New in This Edition?
�e second edition of this text has been thor-

oughly updated. Some of these changes have come 
about through my own experience teaching with the 
text. Other changes have been made because of stu-
dent feedback. Still other changes have been made 
due to feedback from colleagues. I highly value feed-
back from students and colleagues and am grateful 
for it.

�e following is a list of the signi�cant changes 
made in this edition of the text:

■� �e content from the previous edition’s Chapter�3 
has been divided into two chapters. Chapter 2 
now covers the navigation and organization of 
the nervous system, while Chapter 3 more deeply 
explores nervous system development.

■� Chapter 3 now takes a life span perspective, 
including information about the adolescent and 
adult brain.

■� �e content from the previous edition’s Chapter 2 
relating to the neurological exam has been moved 
to the end of the text (Chapter 16). �is change 
came about because reviewers of the First Edition 
thought students would be better served to have 

SUMMARY OF LEARNING OBJECTIVES

below each learning objective.

1. language.
• Language is a generative and dynamic code 

containing universal characteristics whereby 
ideas about the world are expressed through 
a conventional system of arbitrary symbols 
for communication.

2.
of language.
• Content (semantics): the meaning of language
• Form (grammar): the form of language

� Phonology:the study of a language’s sound 
structure

� Morphology: the study of a language’s 
word structure

� Syntax: the study of a language’s sentence 
structure

• Use (pragmatics):how language is used prac-
tically (e.g., conversation)

3.
to be neurologically processed in comprehend-
ing, reading, speaking, and writing.
• Auditory comprehension: -

ken language pass through the peripheral 
auditory system where their acoustic energy is 

are conducted through cranial nerve VIII 
to the cochlear nuclear complex and through 
the brainstem to the medial geniculate of the 

neural 
impulses to the temporal lobe’s primary 
auditory cortex where the signal is analyzed. 

-
rale (Wernicke’s area), which acts as a hub, 
drawing help from surrounding areas in the 

meaning attachment process. Syntax appears 
to be processed by the superior and posterior 
temporal lobes. If syntax is complex, Broca’s 
area is recruited into syntax processing.

• Reading:
and photoreceptors in the eyes transduce 

travel down the visual pathways to the lat-
eral geniculate nucleus of the thalamus. 

medial part of the occipital lobe surrounding 

of the occipital lobe (BAs 17–19) process the 
signal and send it to three reading centers for 
decoding: the parietotemporal system (anal-
ysis at the phonemic level), the occipitotem-
poral reading system (sight-reading), and 
the anterior reading system (analysis at the 
syntactic level and silent reading).

• Speaking:
in the generation of our desire and intention 

frontal cortex where semantic and phono-
logical encoding occurs, probably with the 
help of surrounding areas (e.g., insular cor-

-
mentary motor area that initiates the motor 

motor cortex, which activates speech mus-
cles via the motor speech system.

• Writing:
in the generation of our desire and intention 
to write. Writing occurs through the cooper-
ation of the superior parietal lobe (imagining 

� Conclusion

our lives, and our ability to express ourselves through 
language may be one of those things. It is certainly 
extremely complicated neurologically, using a vast array 

to capture, as the Wernicke-Geschwind model illus-
trates. Imaging studies as well as case studies do lend 

major problem with the Wernicke-Geschwind model 
is that it is too simplistic. First, the size and location 

Second, the model does not take into consideration 
subcortical regions that may be involved in language. 

problematic, especially if these studies are not taking 
into consideration areas that are subtly involved.
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graphemes and directing sequence of move-
ments) and the following frontal lobe areas: 
Broca’s area, Exner’s area in the premotor 
cortex, and precentral gyrus. Motor signals 
are sent to the hand from the precentral 
gyrus.

4. -
ders: aphasia, alexia, and agraphia.
• Aphasia:an acquired multimodality language 

-
ent (produce fewer than 100 words/minute).

• Alexia: an acquired disorder of reading 
that can be peripheral or central in nature. 

Peripheral alexia involves reading problems 
due to visuospatial and attention problems. 
It  is nonlinguistic in nature and does not 

underlying reading system.
• Agraphia: an acquired disorder of writing 

that can be peripheral or central in nature. 
Peripheral agraphia includes writing prob-
lems due to visuospatial processing and 

-

intact. Central agraphia involves impairment 
in the underlying linguistic reading system.

KEY TERMS
Agraphia
Alexia
Allographic agraphia
Anomia
Anterior reading system
Aphasia
Apraxic agraphia
Attentional alexia
Central agraphia
Central alexia
Conduction aphasia
Content
Deep agraphia
Deep alexia
Dyslexia

Form
Geniculocalcarine tract
Graphemic agraphia

Language
Morphology
Neglect alexia
Nonsemantic reading
Occipitotemporal reading 

system
Optic chiasm
Parietotempor al reading 

system
Peripheral agraphia
Peripheral alexia

Phonological agraphia
Phonological alexia
Phonology
Pragmatics
Prefrontal lobotomies
Pure alexia
Semantic agraphia
Spatial agraphia
Surface agraphia
Surface alexia
Syntax
Visual alexia
Wernicke-Geschwind 

model

DRAW IT TO KNOW IT
1. Using the following Brodmann map, sketch 

tasks: auditory comprehension, visual compre-
hension, oral production, and written expres-
sion of language. You will have to sketch in the 

peripheral structures, like the ears, eyes, and 
so on.

2. -
sical aphasias, including their similarities and 

10

11

4

3, 1, 2

7

20

38 37

19

18

17

9
8

6

45 44
43

47
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22
41, 42

39
40
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QUESTIONS FOR DEEPER REFLECTION
1. language.
2. -

nents of language.
3.

aphasia.
4. Fill out the following chart using a positive 

sign (+ ) for relatively intact and negative sign 

(� ) for impaired. See Table 12-5 as a 
reference.

5. Compare and contrast central alexia versus 
peripheral alexia. Give examples.

6. Compare and contrast central agraphia versus 
peripheral agraphia. Give examples.

Category or 
Feature

Fluent Aphasias

Broca’s
Transcortical 
Motor

Mixed 
Transcortical Global Wernicke’s

Transcortical 
Sensory Conduction Anomic

Fluency

Auditory 
comprehension

Repetition

CASE STUDY
Megan is a 27-year-old television sports reporter who 

While trying to describe a basketball game that had 
just ended, she said the following: “well, a very, very 
heava-ah-heavy-de-bertation tonigh. We had a very 
deris-derison by let’s go hit teris tazen go for the bit 
had the pit!” In addition to these speech problems, 

producer as he expressed concern for her behavior. 

normal.

1. What communication disorder was Megan 
experiencing?

2.
most likely type in Megan’s case?

3. What might have caused her to have this epi-
sode and then quickly recover?

SUGGESTED PROJECTS
1.

study involving aphasia, alexia, or agraphia. 
Prepare to present the case to your class.

2. Visit the National Aphasia Association’s website, 
prepare a summary of the resources available, 
and share with your class.

3. Pretend you have been asked to write an ency-
clopedia entry on aphasia, alexia, or agraphia. 

words long.
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all the background information in place before 
thinking about how to apply it to a patient.

■� Information about neuroimaging has been moved 
to the �rst chapter to better continue the discus-
sion of neuroscience’s history.

■� All of the chapters have many additional �g-
ures, tables, and boxes to better enhance student 
learning.

■� Some of the �gures from the First Edition have 
been updated and changed to better illustrate the 
text’s discussion.

■� More information has been added about key 
neurogenic communication disorders and their 
connection to the nervous system. For exam-
ple, Chapter 14, which covers the neurology of 

cognition, now has a substantial section on right 
hemisphere disorder as well as dementia. 

■� Case Studies have been added to encourage 
problem-solving

▸� Eponymous Terminology
Many of the terms you encounter in this text are 
eponyms, meaning they are named a�er a person 
or place, such as the person who discovered a neu-
rological process or the location in which a disease 
was �rst encountered. When named for a person, 
such terms have traditionally taken the possessive 
form. For example, you may be used to seeing the 
term Alzheimer’s disease as opposed to Alzheimer 
disease, or Parkinson’s disease instead of Parkinson 
disease. �e latter form, which omits the apostrophe  
and the letter s, is increasingly preferred in medical and  
scienti�c writings, and as more organizations and 
publishers adopt this form, it will likely become the 
more familiar approach even in general contexts. 
For example, if you do an internet search of the term 
Down syndrome, you will notice that few current 
sources write this term as Down’s syndrome, although 
the possessive spelling was quite common in the not-
too-distant past. 

In this edition of Neuroanatomy for Speech-
Language Pathology and Audiology, eponymous terms 
are generally written in the nonpossessive form (e.g., 
Parkinson disease). Some terms may look odd to you 
(e.g., Bell palsy), but in the near future, such spellings 
may become the norm. �at said, a few exceptions to 
this rule have been made throughout this text to allow 
for common usage within the �eld of neuroanatomy. 
�ere remains a clear preference to use the posses-
sive form of the terms Broca’s area, Wernicke’s area, 
and Exner’s area. To maintain a sense of consistency 
among these terms, the possessive form is used for 
all eponymous terms relating to Broca and Wernicke 
(e.g., Broca’s aphasia). 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Weeks of development

Developing organs and structures  

External genitalia   

Central nervous system   

Ears   

Eyes   

Arms and legs   

Heart   
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of development
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CHAPTER 1

Introduction to Neurology
CHAPTER PREVIEW
In this chapter we will begin our journey into the world of 
neuroscience. We will de�ne important terms, like neurology, to help 
us begin to frame this world. We will then make a case on why it 
is important for a speech-language pathologist and audiologist to 
have a working knowledge of the nervous system. Lastly, we will 
examine theoretical perspectives and technologies that speak to the 
question: How does the brain work?

IN THIS CHAPTER
In this chapter, we will . . .

■� De�ne the term neurology
■� Discuss why speech-language pathologists and 

audiologists need to know and understand neurology
■� Discuss why the neurological system is a precious resource
■� Answer the question: What does neurology mean to me?
■� De�ne the terms function, activity, and participation barriers
■� Survey examples of famous people who have su�ered 

neurological conditions
■� Examine statistics concerning neurological disorders
■� List various categories of neurological disorders
■� Discuss basic theoretical perspectives as to how the brain 

works
■� Survey important researchers in the history of 

neuroscience
■� Compare and contrast neuroimaging techniques
■� Discuss why these theoretical perspectives matter to �elds 

associated with communication sciences and disorders

CHAPTER OUTLINE

■� Introduction: De�ning Neurology
■� The Need for Neurological Training
■� A Broad Overview of the Nervous 
System
•• The Nervous System Is a Precious 

Resource
•• What Does Neurology Mean to Me?
•• Famous People With Neurological 

Conditions
•• Prevalence, Incidence, and Cost of 

Neurological Disorders
•• Classi�cation of Neurological Disorders

■� A Brief History of Neuroscience
•• Prehistory
•• Early History
•• Later History
•• Modern History

■� Neuroscience Today
•• Structural Imaging Techniques
•• Functional Imaging Techniques
•• Combined Structural and Functional 

Imaging Techniques
•• Which Test When?
•• A Caution Regarding Imaging 

Techniques
■� Conclusion
■� Summary of Learning Objectives
■� Key Terms
■� Draw It to Know It
■� Questions for Deeper Re�ection
■� Case Study
■� Suggested Projects
■� References
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▸� Introduction: De�ning 
Neurology

We begin our journey into the human nervous system 
with this question from the anthropologist Stephen 
Juan: “Have you ever wondered about how fantastic 
the human brain really is? Every thought, every action, 
every deed relies upon this incredible organ. Although 
we take the brain for granted, we couldn’t wonder with-
out it” (Juan, 1998, p.�1). �e brain is the vehicle we use 
to wonder. It includes not only the brain but also those 
other parts of the neurological system that pertain to 
communication. Neurology  is simply the study of the 
anatomy, physiology, and pathology of the nervous sys-
tem. Anatomy  is the study of structure, physiology  
is the study of function or structures in motion, and 
pathology  is the study of disease processes that a�ect 
both anatomy and physiology. Put the pre�x neuro- in 
front of each of these words and you get distinct yet 
highly related �elds of study. Neuroanatomy  is the 
study of the nervous system’s structure. A neuroana-
tomical topic is a neuron (i.e., a nervous system cell) 
and its structure. When we want to talk about how a 
neuron functions, we have just entered into the area of 
neurophysiology . �e study of nervous system dis-
eases is called neuropathology . An example of neu-
ropathology would be amyotrophic lateral sclerosis, or 
Lou Gehrig disease, which a�ects both the anatomy and 
physiology of neurons and leads to serious neurologi-
cal problems. �ere are other �elds in addition to these, 
including neurosurgery (removal of structures that 
impair normal nervous system functioning), neurora-
diology (use of radiation therapy for nervous system 
tumors), and neuroembryology (normal and patholog-
ical development of the nervous system).

�e nervous system is a series of organs that 
make communication between the brain and body 
possible in order for us to interact with the world 
around us. It is through the nervous system’s connec-
tions to the body (and vice versa) that we think, feel, 
and act. �e most well-known organ of the nervous 
system is the brain, followed by the spinal cord and 

then the various nerves (FIGURE�1�1). � e purpose of 
this chapter is to give a broad overview of the ner-
vous system as well as a brief survey of neuroscience’s 
history and the important �gures in that history. �is 
chapter also explores modern neuroimaging tech-
niques that have led to a better understanding of the 
brain and how it works.

LEARNING OBJECTIVES
1.	 The learner will de�ne the following terms: neurology, anatomy, physiology, and pathology.
2.	 The learner will be able to create an argument as to why speech-language pathologists and audiologists need 

neurological training.
3.	 The learner will be able to list various categories of neurological disorders and provide one example in each category.
4.	 The learner will be able to draw and explain the spectrum of belief as to how the brain works.
5.	 The learner will list and de�ne structural and functional imaging techniques and list at least one reason why 

communication disorders professionals should know about neuroimaging techniques.

FIGURE 1�1  The brain, spinal cord, and nerves are the major 
components of the human nervous system.

Brain

Spinal cord

Nerves
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▸� The Need for Neurological 
Training

Why should a speech-language pathologist (SLP) or 
audiologist be concerned about the anatomy, physiol-
ogy pathology of the nervous system? What di�erence 
does this knowledge make to clinical practice?

Rubens (1977), a neurologist, outlined several rea-
sons why SLPs and audiologists should know about 
neuroscience and neurology. First, he argued that 
these professionals should know how to speak the 
language of neurology so that they and neurologists 
could better communicate. Neurologists have their 
own language. When communication disorders pro-
fessionals have knowledge of this language, they can 
communicate more easily with neurologists. In turn, 
neurologists may be more willing to learn the language 
of SLPs and audiologists. An example of this neuro-
logical language is the word dyskinesia, a general word 
for a disorder of movement. Neurologists also exten-
sively use abbreviations (e.g., CVA for cerebral vascu-
lar accident, or stroke) and use them considerably in 
their charting. Knowing these terms and abbreviations 
can obviously help the SLP or audiologist understand 
the neurologist’s assessment report and progress notes. 
Second, knowing about the nervous system and where 
a lesion is (e.g., frontal lobe versus occipital lobe) helps 
the SLP anticipate likely patient problems and choose 
appropriate initial testing instruments. For exam-
ple, a patient with a focal le� hemisphere stroke will 
be tested di�erently than someone with di�use brain 
injury due to a traumatic brain injury. �ird, know-
ing about neurological etiologies, such as stroke, trau-
matic brain injury, and brain tumor, helps an SLP or 
audiologist predict the kinds of problems patients are 
likely to face. For example, a patient with occlusion of 
the middle cerebral artery will have a di�erent symp-
tom complex (e.g., speech and language) than will a 
patient with posterior cerebral artery occlusion (e.g., 
visuospatial). Fourth, a working knowledge of neuro-
science helps SLPs and audiologists document patient 
change and determine the e�cacy of various treatment 
methods in rewiring the brain for improved commu-
nication. Fi�h and connected to the previous point, 
knowledge of neural plasticity (i.e., the brain’s ability to 
change and adapt a�er injury) helps the SLP plan ther-
apy in a way that takes advantage of this phenomenon. 
One principle of neuroplasticity is that repetition mat-
ters, meaning repeated experience can help the brain 
learn new skills. �is insight can obviously be used 
in therapy by giving numerous repetitions of certain 
sounds or words, thus improving a patient’s likelihood 
of learning and generalizing these new skills.

SLPs and audiologists must do their part in fos-
tering good relationships with neurologists and other 
doctors; one important way of gaining their col-
leagues’ respect is by being excellent at what they do. 
Nothing elicits respect like a job well done. �ough 
SLPs and audiologists are autonomous profession-
als (i.e., they are not supervised by neurologists or 
other doctors), they depend on neurologists for many 
things, such as referrals and important neurological 
information on the patient (LaPointe, 1977). Tending 
to their relationships with these physicians not only 
helps SLPs and audiologists in these areas, but also 
ultimately helps patients receive the important and 
specialized services that only SLPs and audiologists 
can provide. I o�en tell my students that no one—
not even neurologists—will know more about speech, 
language, hearing, or swallowing than they will once 
they are through graduate school and their clinical 
fellowship. �is is not said out of pride, but rather 
out of reality; no one has as much clinical training in 
these areas as a licensed, certi�ed SLP or audiologist, 
just like no one has as much knowledge of neurology 
as a neurologist.

Some readers might be thinking, “Well, that’s all 
�ne, but I’m not going to work in a hospital or with 
neurologists. I’m going to work in a public school. What 
does all this matter to me?” Manasco (2017) o�ers a 
helpful maxim: “When you hear hoof beats, think 
horses, not zebras” (p.�5). What this adage is saying is 
that horses are the most likely explanation, while zebras 
are the outliers, the unexpected possibilities. Imagine 
you are working in a public school and a child walks 
into your o�ce. Most likely, the child was sent to your 
o�ce because he or she has a developmental language 
or speech sound disorder (i.e., a horse). However, it is 
possible the child was referred for testing because he 
or she has had a severe concussion or a stroke (i.e., a 
zebra). At some point, a child will walk into your o�ce 
and your knowledge of neurology and neurogenic com-
munication disorders will be needed to properly assess, 
diagnose, and treat that child. As Manasco explains, 
“You must be able to recognize and treat those prob-
lems in your �eld that are very out of the ordinary or 
even extraordinary” (2017, p.�5).

▸� A Broad Overview of the 
Nervous System

The Nervous System Is a Precious Resource
I remember watching the 2008 Summer Olympic 
Games on television with my 4-year-old daughters and 
seeing their joy and amazement as gymnasts Nastia 
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What Does Neurology Mean to Me?
�e nervous system is like an automatic transmission 
in a car; one does not need to think about shi�ing the 
gears. �e nervous system comes into the forefront 
when something goes wrong with it. A neurologi -
cal disorder involves a disease in the nervous sys-
tem that impairs a person’s health, resulting in some 
level of disability. �e World Health Organization’s 
(WHO’s) International Classi�cation of Functioning, 
Disability and Health (ICF) de�nes disability as “a 
universal human experience, sometimes permanent, 
sometimes transient” that a�ects the health and 
functioning of a person (WHO, 2014). We should 
not think of people in two categories (healthy ver-
sus disabled), but rather remember that we are all 
on a spectrum with health at one end and disability 
at the other end. �ere are times in our lives when 
we experience more health and less disability, and 
vice versa.

Earlier generations used the terms impairment, 
disability, and/or handicap when discussing people who 
had health issues, and these terms are still widely used 
in everyday language (e.g., think of how most people 
refer to parking spaces with a wheelchair sign). WHO 
has attempted to change this language by using the 
alternative terms function, activity, and participation. 
�e older terms of impairment, disability, and handicap 
come from the medical model of disability that puts an 
emphasis on the person’s health condition, his or her 
limitations due to this condition, and cures or treat-
ment. �e medical model does not include the role of 
society in disability and the barriers a society can erect 
for those with disabilities (i.e., the social model of dis-
ability). �e focus of the medical model is on biological 
and medical answers. WHO’s use of alternative terms is 
an attempt to blend the social model of disability, which 

Liukin and Shawn Johnson moved with grace and pre-
cision on the vault, �oor exercises, uneven bars, and 
balance beam (FIGURE�1�2). Nastia took the gold in 
the individual all-around and Shawn the silver. It was 
a proud moment for the U.S. Olympic squad and all 
Americans watching these amazingly skilled athletes 
contort their bodies in incredible ways. �e precision, 
timing, and coordination of these athletes had come 
from years of training not only their muscles but also 
their nervous systems. Plans for motor (or movement) 
activity were developed through years of repetitive 
action. As the adage goes, “Practice makes perfect.”

�e nervous system is on full display in the works 
of our favorite composers and performers. �ey have 
�ne- tuned their nervous systems through hours of 
practice to execute precisely the actions needed to 
perform a piece of music or create a piece of art. Itzhak 
Perlman (FIGURE� 1�3), the famous violinist, began 
playing the violin at 3�years old and, although he con-
tracted polio at an early age, practiced for numerous 
hours and became one of the world’s most famous vio-
linists. Great feats of the body are in part products of 
the nervous system. �e nervous system is de�nitely a 
precious resource, one that works quietly in the back-
ground, unknown by us unless a disease develops.

FIGURE 1�3  Itzhak Perlman playing at the White House for 
President George W. Bush and First Lady Laura Bush.

FIGURE 1�2  A gymnast on a balance beam illustrating how 
years of practice hone the nervous system.
Courtesy of Bill Evans/U.S. Air Force.

Courtesy of Shealah Craighead/George W. Bush Presidential Library and Museum.
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or her interaction with the environment (WHO, 2011). 
FIGURE�1�5 illustrates WHO’s ICF applied to someone 
who has su�ered a spinal cord injury.

It is likely that you have an acquaintance, friend, 
or family member who su�ers from some sort of ner-
vous system problem, such as Alzheimer or Parkinson 
disease, which may disable or handicap the person. If 
so, then neurology has personal signi�cance to you. 
In other words, neurology is not a study that is distant 
from us; it a�ects our personal lives, especially when 
our loved ones or we ourselves experience a neurolog-
ical disorder. 

Famous People With Neurological 
Conditions
Neurological disorders do not discriminate. �ey 
strike the old and the young, the rich and the poor, 
and people of every color, culture, and nationality. 

emphasizes the role of society and its barriers, with the 
medical model. WHO’s model still has elements of the 
medical model by stressing a person’s health condi-
tion (e.g., stroke) and how that condition has a�ected 
the structure and function of the body (e.g., paralysis). 
Issues with function barriers  (formerly impairment) 
“are problems in body function or alterations in body 
structure” (WHO, 2011, p.� 5). Examples of function 
issues include paralysis and blindness. In the area of 
communication disorders, examples include hearing 
loss and language impairment. Activity barriers  (for-
merly disability) “are di�culties in executing activities” 
(WHO, 2011, p.�5), especially skills of daily living like 
walking or eating. For example, neurogenic communi-
cation disorders can lead to issues in the daily commu-
nication of needs and wants with other people or eating. 
Lastly, participation barriers  (formerly handicap) “are 
problems with involvement in any area of life” (WHO, 
2011, p.�5). �ese barriers include challenges participat-
ing in education and employment, o�en due to exter-
nal barriers such as discrimination and transportation 
problems. It is important to note that not everyone who 
has a function barrier will have barriers in activity and/
or participation. For example, a person who is deaf may 
technically have hearing dysfunction but have no issues 
with daily activities or involvement in other areas of life.

WHO’s ICF also “looks beyond the idea of a purely 
medical or biological conceptualization of dysfunction, 
taking into account the other critical aspects of disabil-
ity” (WHO, 2014), such as environmental and personal 
factors (FIGURE� 1�4). Environmental factors describe 
the world in which people with neurological disorders 
live and interact. �ese factors can act as either facil-
itators or barriers and include products, technology, 
buildings, support, relationships, attitudes, services, 
systems, and policies. Personal factors relate directly to 
the person with a neurological disorder. For example, 
a person’s motivation and self-esteem can play into his 

FIGURE 1�5  An example of the ICF applied to a case 
involving spinal cord injury.

FIGURE 1�4  The interaction between functioning, disability, and health.
Modi�ed from World Health Organization. (2011). World report on disability. Retrieved from http://whqlibdoc.who.int/publications/2011/9789240685215_eng.pdf
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disorders are challenging to obtain due to the rela-
tively few available studies (FIGURE�1�6 illustrates these 
important epidemiological terms). One study by Hirtz 
et�al. (2007), summarized in FIGURE�1�7, estimated the 
incidence and prevalence of select neurological disor-
ders in the United States. Because population statis-
tics change rapidly, Hirtz et�al.’s information is out of 
date for some conditions; for example, the Centers for 
Disease Control and Prevention (2018) and Baio et�al. 
(2018) report that the prevalence rate for children with 
autism spectrum disorder is now 16.8/1,000, or 1 in 59 
children.

Whatever the statistics, the number of people suf-
fering from neurological disorders is great. In fact, 
WHO estimates that nearly one in six people world-
wide, or about 1 billion people, su�er from a neuro-
logical disease (Bertolote, 2007).

In addition to the personal hardships of people 
a�ected, there is also a tremendous �nancial cost associ-
ated with the assessment and treatment of neurological 

Many famous people have su�ered from serious neu-
rological conditions. Former president Ronald Reagan 
died from complications related to Alzheimer 
disease, a progressive neurological disorder that 
results in intellectual decline. Actor Michael J. Fox has 
Parkinson disease, a degenerative disorder of the 
central nervous system characterized by muscle rigid-
ity and tremors. Actor Christopher Reeve su�ered spi-
nal cord injury in his upper neck a�er being thrown 
from a horse and was wheelchair bound and ventilator 
dependent until his death in 2004 from cardiac arrest. 
Stephen Hawking, the famous English physicist, was 
diagnosed at 21�years of age with an unusual form of 
amyotrophic lateral sclerosis (ALS; also known as Lou 
Gehrig disease); he struggled with this disease until 
his death in 2018 at 76�years old. Roy Horn, an enter-
tainer from the famous Las Vegas tiger act known 
as Siegfried and Roy, su�ered a stroke a�er his tiger 
Montecore bit him in the neck. Roy had fallen during 
a performance, and it is thought that Montecore was 
trying to pull him to safety. Most people su�er from 
neurological conditions privately, but these celebrities 
have had to endure their conditions in the public eye. 
�eir willingness to share openly about their condi-
tions has led to greater public awareness regarding 
conditions like ALS and Parkinson disease.

Prevalence, Incidence, and Cost of 
Neurological Disorders
Statistics regarding the incidence (i.e., the num-
ber of new cases per year in a given population) and 
prevalence (i.e., the total number of current cases in 
a given population at a point in time) of neurological 

FIGURE 1�7A  A. Incidence of select neurological disorders in the United States (new cases per 100,000).

FIGURE 1�6  An illustration of important epidemiological terms.
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Classi�cation of Neurological Disorders
WHO has developed a classi�cation system for diseases, 
including pathologies of the nervous system, called 
the International Statistical Classi�cation of Diseases 
and Related Health Problems. �is name is commonly 
shortened to the International Classi�cation of Dis-
eases and, because it is in its 10th edition, is abbreviated 
ICD-10. Under “Diseases of the Nervous System,” there 
are 11 subcategories of neurological diseases (WHO, 
2010). �ese categories are brie�y described here:

In�ammatory diseases: �ese are neurological 
diseases caused by bacterial, viral, or parasitic 
pathogens. Two conditions under this category 
are encephalitis (brain infection) and meningitis 
(infection of membranes that surround the brain 
and spinal cord).

Systematic atrophies primarily a�ecting the central 
nervous system: Atrophy refers to a wasting away of 
something, in this case the nervous system. �e pro-
gressive, hereditary disorder known as Huntington 
disease is an example of a condition in this category.

Extrapyramidal and movement disorders: �e extra-
pyramidal system is that part of the nervous system 
that regulates our movements. �e basal ganglia 
serve as a kind of control center for this system. 
Parkinson disease, a degenerative neurological dis-
ease involving rhythmic shaking, is an example.

Other degenerative diseases of the nervous system: 
Other conditions that are degenerative in nature, 

disorders. Gooch, Pracht, and Borenstein (2017) report 
that the following disorders alone cost the United States 
approximately $800 billion per year: Alzheimer disease 
and other dementias, stroke, traumatic brain injury, 
chronic lower back pain, migraine, epilepsy, multi-
ple sclerosis, spinal cord injury, and Parkinson disease 
(FIGURE�1�8). �e treatment of Alzheimer disease led the 
list with an annual cost of approximately $243 billion.

FIGURE 1�8  Annual cost of major neurological disorders in 
billions of dollars. AD =  Alzheimer disease, MS = multiple 
sclerosis, SCI = spinal cord injury, TBI = traumatic brain injury.

B

Data from: Hirtz, D., Thurman, D. J., Gwinn-Hardy, K., Mohamed, M., Chaudhuri, A. R., & Zalutsky, R. (2007). How common are the “common” neurologic disorders? Neurology, 68, 332.

FIGURE 1�7B  B. Prevalence of select neurological disorders in the United States (total cases per 1,000). ALS = amyotrophic 
lateral sclerosis.
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weakness that occurs, especially to the respiratory 
muscles.

Diseases of the myoneural junction and muscle: 
�ese disorders result from problems where a 
nerve and muscle connect, called the myoneural 
or neuromuscular junction. Myasthenia gravis is a 
condition whose name means grave muscle weak-
ness. It is an autoimmune disorder in which the 
body attacks the neuromuscular junction, inhibit-
ing an important chemical needed to make mus-
cles contract.

Cerebral palsy and other paralytic conditions: Most 
people have heard of cerebral palsy, which occurs 
due to brain injury before or at birth and leads 
to di�culties in muscle tone and posture. �ese 
problems lead to struggles in completing activities 
and interacting with the environment. Spinal cord 
injury and the resulting weakness or paralysis is 
included in this category.

Other disorders of the nervous system: WHO has 
included this category to catch any pathology that 
does not �t in any of the previous categories. For 
example, episodes of oxygen deprivation, called 
anoxic events, are classi�ed here. Another exam-
ple is hydrocephalus, in which the brain ventri-
cles swell and compress the brain tissues against 
the skull.

�e ICF, mentioned earlier, is complemen-
tary to the ICD-10. It lays out a broad framework of 
health, whereas the ICD-10 focuses on disease. �e 
ICF includes the following general categories: body 
functions, body structures, activities, participation, 
and environmental factors. �ere are several subcat-
egories that are relevant to the SLP and audiologist; 
these are described in BOX�1�1. Readers can explore 

but do not involve the extrapyramidal system, are 
included in this category. An example is Alzheimer 
disease, which is a progressive neurological disor-
der involving gradual loss of cognitive abilities.

Demyelinating diseases of the central nervous sys-
tem: Myelin is a white, fatty substance that insu-
lates our nerve tracts; thus, demyelinating diseases 
like multiple sclerosis involve the stripping of 
myelin from the nerve tracts. �is process leads to 
muscle weakness.

Episodic and paroxysmal disorders: �is clas -
si�cation involves disorders that come and go 
instead of being chronic. �ey can also be char-
acterized by sudden or paroxysmal attacks. Epi-
lepsy, headaches, stroke, and sleep disorders 
make up the four general conditions found under 
this category.

Nerve, nerve root, and plexus disorders: �ese con -
ditions involve nerves, nerve roots, and branch-
ing networks of nerves. One example is Bell 
palsy, which is a condition that a�ects the facial 
nerve and causes paralysis to one side of the face. 
Another example is phantom limb syndrome, in 
which amputees continue to have sensation from 
their absent limb.

Polyneuropathies and other disorders of the periph-
eral nervous system: �e central nervous sys-
tem involves the brain and spinal cord, and the 
peripheral nervous system involves all the nerves 
that connect the central nervous system with 
body structures, such as muscles, sense organs, 
and glands. Guillain-Barré syndrome is an acute 
polyneuropathy a�ecting the peripheral nervous 
system. It is life threatening due to the profound 

BOX 1�1  International Classi�cation of Functioning, Disability and Health Related to Communication

Body Functions
■� Chapter 2: Sensory Functions and Pain

•• b210–b229 Seeing and related functions
•• b230–b249 Hearing and vestibular functions

■� Chapter 3: Voice and Speech Functions
•• b310 Voice functions
•• b320 Articulation functions
•• b330 Fluency and rhythm of speech functions
•• b340 Alternative vocalization functions
•• b398 Voice and speech functions, other speci�ed
•• b399 Voice and speech functions, unspeci�ed

Body Structures
■� Chapter 1: Structures of the Nervous System

•• s110 Structure of brain
•• s120 Spinal cord and related structures
•• s130 Structure of meninges
•• s140 Structure of sympathetic nervous system
•• s150 Structure of parasympathetic 

nervous system
•• s198 Structure of the nervous system, 

other speci�ed
•• s199 Structure of the nervous system, unspeci�ed
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holes, called trephines . These were usually sharp 
stones used to create holes in skulls through cut-
ting, scraping, and/or drilling. This procedure is 
known as trephination  (FIGURE�1�10). Why would 
prehistoric people perform such procedures on each 
other? There is no written history to rely on, so we 
have to base our ideas on premodern and modern 

these subcategories in more detail by visiting the ICF 
website (www.who.int/classi�cations/icf/en/).

▸� A Brief History of 
Neuroscience

�e history of neuroscience has been a quest to answer 
the question: How does the brain work? One attempt to 
answer this question has been that the brain works in 
bits and pieces, having discrete areas that handle speci�c 
functions. �e other attempt to answer this question 
has been that it works more holistically (FIGURE�1�9). 
�e holistic proponent would say that the brain works 
as an integrative whole and cannot be broken down 
into discrete areas. Having said this, there have been 
people throughout history who thought the brain did 
not have anything to do with mental functions. We now 
embark on a brief history of neuroscience.

Prehistory
Prehistory or prehistoric refers to a period before 
history was written down, a period prior to about 
3500 BCE. What is known about this period comes 
from various artifacts that have been unearthed. 
Artifacts that shed light on prehistoric understand-
ings of neuroscience include skulls with holes in 
them and the instruments used in making these 

FIGURE 1�10  An example of trephination. 
FIGURE 1�9  The spectrum of belief about brain function.

■� Chapter 2: The Eye, Ear, and  
Related Structures
•• s210 Structure of eye socket
•• s220 Structure of eyeball
•• s230 Structures around eye
•• s240 Structure of external ear
•• s250 Structure of middle ear
•• s260 Structure of inner ear
•• s298 Eye, ear, and related structures,  

other speci�ed
•• s299 Eye, ear, and related structures,  

unspeci�ed
■� Chapter 3: Structures Involved in Voice and Speech

•• s310 Structure of nose
•• s320 Structure of mouth

•• s330 Structure of pharynx
•• s340 Structure of larynx
•• s398 Structures involved in voice and speech,  

other speci�ed
•• s399 Structures involved in voice and speech, 

unspeci�ed

Activities and Participation
■� Chapter 3: Communication

•• d310–d329 Communicating: receiving
•• d330–d349 Communicating: producing
•• d350–d369 Conversation and use of 

communication devices and techniques
•• d398 Communication, other speci�ed
•• d399 Communication, unspeci�ed

Reproduced from: International classi�cation of functioning, Disability and Health (ICF). © World Heath Organization.

Courtesy of the National Library of Medicine. 
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reasons for this procedure. We can guess that pre-
historic people performed this procedure to treat 
headaches, seizures, posttraumatic brain injury, 
and perhaps even madness or beliefs in evil spir-
its. The bottom line is that these people knew there 
was something special about the head region and 
they continued to perform trephinations, probably 
because the procedure worked from time to time. 
For example, it is conceivable that the procedure 
successfully relieved pressure in the cranial cavity 
after a traumatic brain injury, bringing improved 
functioning to the patient.

Early History
�e Egyptians were cardio-centrists, meaning they 
believed the seat of mental functions was in the 
organ we call the heart. However, they did make 
observations about damage to the head leading to 
physical impairments. �e Edwin Smith papyrus 
(3000–2500 BCE) records 48 medical cases, which 
include cases involving head and brain injury. Here 
is an example from case 8:

If thou examinest a man having a smash of 
his skull . . . thou shouldst palpate his wound. 
Shouldst thou �nd that there is a swelling pro-
truding on the outside of that smash which is 
in his skull . . . on the side of him having that 
injury which is in his skull; (and) he walks 
shu�ing with his sole, on the side of him 
having that injury which is in his skull. . . . 
(Wilkins, 1964)

In this example, the writer is identifying paralysis 
of one side of the body (i.e., hemiplegia ) due to head 
injury.

Like the Egyptians, the Greeks were cardio-
centrists, but the brain did not go completely unno-
ticed. Hippocrates (460–370 BCE) observed that 
damage to one side of the brain resulted in problems 
with the opposite side of the body (FIGURE� 1�11). 
Aristotle (384–322 BCE) correctly theorized localiza-
tion, the idea that a certain part of the body is respon-
sible for certain mental functions, but he attributed 
these to the wrong organ, the heart instead of the 
brain (FIGURE�1�12). What did he believe about the 
brain? He thought it was a radiator meant to cool the 
blood, which had been heated up by the heart.

Later History
Moving into the Common Era (CE), thinkers shi�ed 
their attention from the heart to the head. Two 

FIGURE 1�11  Hippocrates.

FIGURE 1�12  Aristotle.

Courtesy of the National Library of Medicine. 

Courtesy of the National Library of Medicine.
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open spaces of the brain known as the ventricles. 
�is belief gave rise to what is known as the cell 
doctrine , that the cells or ventricles of the brain had  
psychic gases called humors in them responsible for  
mental functions. �is theory persisted for approxi
mately 1,000�years until the time of the Renaissance, 
when people like Andreas Vesalius (1514–1564) began 
to conduct careful studies of brain anatomy and con-
struct detailed drawings, which future scientists would 
use to more thoroughly study the brain (FIGURE�1�14).

Modern History
In the 18th and 19th centuries, focus shi�ed from the 
brain ventricles to the brain tissue itself. Phrenolo-
gists, like Franz Josef Gall (1758–1828), believed that 
bumps on people’s scalps were due to raised portions 
of brain tissue (FIGURE� 1�15). �ese raised portions 
represented mental strengths, such as memory, math 
ability, and color perceptions, and personality traits 
such as agreeableness or combativeness (FIGURE�1�16). 
�is belief led to the development of the profession of 
phrenology , whose practitioners examined and ana-
lyzed people’s skulls in a procedure called cranioscopy 
(FIGURE�1�17). Phrenologists are examples of radical 

famous Romans, Galen (CE 130–200) and Augus-
tine (CE 354–430), postulated that mental functions 
were localized in the brain (FIGURE�1�13). Speci�cally, 
they believed these functions were localized in the 

FIGURE 1�14  Andreas Vesalius.
Courtesy of the National Library of Medicine.

A

FIGURE 1�13  A. Galen. B. Augustine.
A. Courtesy of the National Library of Medicine.
B. © ilbusca/iStockphoto.

B
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FIGURE 1�16  Phrenology charts.

localizationists, meaning people who believed certain 
areas (and only those areas) performed certain mental 
functions. �e opposite view, called holism, was pre-
sented by Marie-Jean-Pierre Flourens (1794–1867), 
who asserted that brain function was not so neatly 
organized. Flourens (FIGURE� 1�18) argued that the 

FIGURE 1�15  Franz Josef Gall performing a cranioscopy.
Courtesy of the National Library of Medicine.

Courtesy of the National Library of Medicine.

FIGURE 1�17  Phrenologist performing a cranioscopy.
Courtesy of the National Library of Medicine.

FIGURE 1�18  Marie-Jean-Pierre Flourens.
Courtesy of the National Library of Medicine.
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whole brain, not just a discrete part of the brain, was 
involved in a mental function.

In the latter half of the 19th century, a mediating 
position between localists and holists known as connec-
tionism  developed. In 1861, Paul Broca (1824–1880) 
presented a patient nicknamed Tan (because “tan” was 
the only word he could say intelligibly) to his peers 
(FIGURE�1�19). Tan demonstrated loss of speech and a 
right hemiplegia. Tan died shortly a�er Broca’s presen-
tation and his brain was examined, revealing damage to 
the le� frontal portion of the brain known today as Bro-
ca’s area (FIGURE�1�20 and BOX�1�2). We know from Bro-
ca’s work that Broca’s area is a key area in human speech 
production. Later, Karl Wernicke (1848–1904) built on 
Broca’s work by identifying an area in the le� posterior 
portion of the brain responsible for understanding lan-
guage (FIGURE�1�21 and BOX�1�3). �i s area eventually 
was named Wernicke’s area. Both Broca and Wernicke 
contributed to the idea of connectionism, the belief that 
there are centers in the brain responsible for certain func-
tions and that these areas are connected and work coop-
eratively (BOX�1�4).

Connectionism of one form or another has domi-
nated neuroscience ever since thanks to scientists such 
as Roman Jakobson (1896–1982), A. R. Luria (1902–
1977), Norman Geschwind (1926–1984), and Harold 

The French physician Paul Broca lived in a time 
of tension in neuroscience. Franz Josef Gall, a 
phrenologist, and Marie-Jean-Pierre Flourens, a holist, 
were disputing how the brain worked and where 
mental faculties were located. Broca helped to bring 
the controversy to rest through a patient named 
Leborgne, more famously known as “Tan” because 
this was the only understandable word he said. When 
Tan died, Broca did an autopsy and discovered that 
Tan had a lesion on the third frontal convolution 
of the left hemisphere. Broca concluded that this 

particular area was crucial for speech production, and 
over the course of 2�years he found 12 more cases to 
substantiate his original �ndings. This area is known 
today as Broca’s area, and the type of language 
problem associated with damage to it is known as 
Broca’s aphasia.

FIGURE 1�19  Paul Broca.

FIGURE 1�20  The brain of Leborgne (Tan).
Courtesy of the National Library of Medicine.

BOX 1�2  Paul Broca

Courtesy of the National Library of Medicine.

BOX 1�3  Karl Wernicke

Karl Wernicke was born in Germany in 1848 and 
studied both neurology and psychiatry. Wernicke, 
spurred on by Broca’s work in France, began his own 
investigation on the e�ects of neuropathologies 
on speech and language. In his research, he 
observed that language disturbances occurred 
when other areas of the brain were damaged, but 
Broca’s area was left intact. He found an area on 
the posterior part of the superior temporal gyrus 
that, when damaged, left patients with di�culty 
understanding other people’s speech and language. 
From this, Wernicke postulated that this area, known 
today as Wernicke’s area, is crucial for language 
comprehension. This area of the brain carries his 
name, as does the form of aphasia associated with 
damage to it: Wernicke’s aphasia.
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Oliver Sacks (1933–2015) was probably the most 
famous neurologist in recent memory because of his 
popular writing (FIGURE�1�22) FreightBig Pro. He was 
born in Great Britain but immigrated to the United 
States in the 1960s. In 1966 he began work at Beth 
Abraham Hospital, where he treated survivors of 
encephalitis lethargica, also known as the “sleeping 
sickness,” which is a disease that became an epidemic 
in the 1920s. The disease attacks the brain and leaves 

BOX 1�5  Where Are the Famous Neurologists of Today?

its victims unable to move or speak. Sacks developed 
a drug treatment that “unfroze” these patients who 
had not moved in decades. Sacks wrote a book called 
Awakenings in which he documented his treatment 
as well as the patients’ temporary recovery. The book 
was made into a movie of the same name, with Robin 
Williams�playing the role of Sacks. Dr. Sacks published 
many books of neurological tales, including The Man 
Who Mistook His Wife for a Hat and An Anthropologist 
on Mars. Sacks himself su�ered from a neurological 
disorder known as prosopagnosia, or face blindness.

Antonio Damasio (b. 1944) is one of the most 
famous living neurologists (FIGURE�1�23). He was born 
in Portugal and studied medicine at the University 
of Lisbon. He moved to Boston, Massachusetts, and 
studied under Harold Goodglass at the Aphasia 
Research Center. One of his main research interests has 
been the neurobiology of emotions. Two of Damasio’s 
most famous books are Descartes’ Error: Emotion, Reason 
and the Human Brain and The Feeling of What Happens: 
Body and Emotion in the Making of Consciousness. His 
wife, Hanna, is also a well-known neuroscientist. Both 
of the Damasios currently work at the University of 
Southern California, and they often publish together.

FIGURE 1�21  Karl Wernicke.

BOX 1�4  The Duel

It is easy to think that earlier neuroscientists, like Broca 
and Wernicke, worked calmly and cooperatively 
on how the brain works. This was not always the 
case, however. Joseph Jules Dejerine (1849–1917) is 
remembered for being one of the �rst to describe a 
sudden loss of reading ability, known as alexia. He was 
a localist in the tradition of Broca and Wernicke. Pierre 
Marie (1853–1940) was a bitter opponent of Dejerine, 
accusing Dejerine of poor and substandard work. In 
response, Dejerine challenged Marie to a duel, thinking 
his honor had been attacked. The duel never happened. 
Instead, Marie defused the situation by publishing a 
letter stating that neither Dejerine’s honor nor work was 
in question. In 1906, the bold Marie even challenged 
Broca’s work from 30�years previously, arguing that Tan’s 
speech loss was due to damage to both Broca’s and 
Wernicke’s areas, rather than just Broca’s area. Marie’s 
opinion held sway for over 70�years until 1979, when 
Tan’s brain was scanned using computed tomography 
technology. The �ndings supported Broca’s conclusions 
and showed that Marie was wrong.

FIGURE 1�23  Antonio Damasio.

Courtesy of the National Library of Medicine.

FIGURE 1�22  Oliver Sacks.
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▸� Neuroscience Today
Humans have long desired to see the brain, but early 
attempts involved opening the cranial vault and 
removing the brain. Early investigators, like Broca and 
Wernicke, spent years making careful behavioral obser-
vations and then waiting for their subjects to die in 
order to examine their brains. Postmortem dissection is 
still the gold standard for some diseases, like Alzheimer 
disease and chronic traumatic encephalopathy (CTE). 
CTE is a condition many former professional football 
players have su�ered that can be reliably diagnosed 

Goodglass (1920–2002). Of course, there have contin-
ued to be holists holding connectionists responsible 
to explain the complexities of brain function. Some 
of these scientists include John Hughlings Jackson 
(1835–1911), Pierre Marie (1853–1940), Henry Head 
(1861–1940), and Kurt Goldstein (1878–1965). More 
recent neurologists have continued to build upon the 
work of these scientists (BOX�1�5). Various theoretical 
perspectives discussed in this section are summarized 
in FIGURE�1�24. Of course, there is more to the debate 
than just whether the brain works through inter-
connected centers or as an integrated whole. BOX�1�6 
discusses another interesting debate called the mind–
brain debate and BOX�1�7 challenges a common myth 
about the brain’s functioning.

FIGURE 1�24  The range of theoretical perspectives on 
the�brain.

BOX 1�6  The Mind–Brain Debate

Look again at the quote that began this chapter by  
Dr. Stephen Juan: “Every thought, every action, every 
deed relies upon this incredible organ [the brain].” What 
does Dr. Juan mean by “every thought . . . relies”? Is the 
mind that thinks the same as the brain, or is it di�erent? In 
other words, can the mind be reduced to brain processes, 
or are the mind and the brain di�erent substances that 
interact with one another? This question is known as the 
mind–brain debate . When it comes to this question, 
dualists believe that humans possess two entities, 
a material brain and an immaterial mind; in contrast, 
monists believe humans possess one entity only, a 
material brain/mind. For the majority of history, most 
people held to dualism and believed that humans consist 
of both a body and a soul and, thus, a brain and a mind. 
With the growing popularity of neuroscience, however, 
this view has been challenged by neuroscientists as well 
as some philosophers and theologians who are now 
opting for monistic explanations for human composition. 
It might appear from this discussion that there are only 
two options—dualism or monism—but there are a 
variety of views under each category (Green & Palmer, 
2010; Hu�man, 2013).

BOX 1�7  The 10% Myth

Every year, I quiz my neuroanatomy class about 
what percentage of their brain they think they use. 
Inevitably, a majority of the class picks “10%.” Where 
did this myth come from and how does it stay in the 
public conscience? It probably originated with the 
American philosopher William James (1842–1910), 
who believed that humans used only a fraction of their 
mental potential (not brain), which is a plausible idea. 
He based this idea on cases of incredibly smart people, 
like William James Sidis (1898–1944). Named after his 
godfather, William James, Sidis was considered the 
smartest man who ever lived because of his remarkable 
language and mathematical skills. Lowell Thomas, in his 
1936 introduction to Dale Carnegie’s How to Win Friends 
and In�uence People, added 10% to James’ statement 
and said, “Professor William James of Harvard used to 
say that the average man develops only 10% of his 
latent mental ability.” In time, “latent mental ability” 
morphed into “brain” in popular belief, and this myth 
has been propagated over time through popular 
media. One recent example is the 2014 movie Lucy, 
which tells the story of a woman named Lucy who, 
as the result of experiments, is able to access 100% of 
her brain’s potential. Thanks to unlocking the use her 
entire brain, Lucy becomes both omnipresent and 
omniscient. The message of the movie is that we only 
use 10% of our brains leaving 90% unused, and that if 
we could harness that 90%, we could become Lucy.

The truth is that we use 100% of our brains every 
day. Brain imaging has shown this. In addition, we 
know that damage to a very small part of the brain can 
lead to catastrophic problems in communication and 
thinking, like in Alzheimer disease and stroke. Lastly, 
our brains make up about 2% of our body weight 
but consume about 20% of the body’s oxygen. Why 
would only 10% of our brains need this much energy? 
The 10% myth is just that: a myth that makes a good 
Hollywood story.

Bits and
pieces How does the brain work?

As a
whole

R
adical Localists

(P
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Localists
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the early 2000s, techniques have been combined and 
further re�ned.

Even with the technological explosion, there are 
still two basic imaging techniques, structural imaging 
and functional imaging. Structural imaging  shows the 
brain’s anatomy. In contrast, functional imaging  shows 
the brain’s activity (i.e., brain physiology)—that is, which 
brain areas are active under certain circumstances. �ere 
is no longer a �rm divide between these two types of 
imaging because structural and functional imaging are 
being combined to form new, powerful imaging tools.

Structural Imaging Techniques
�e standard in neuroimaging before CT was plain 
x-ray �lms (i.e., radiography). �is technology was 
used to see dense structures, like bones, but worked 
poorly for viewing so� tissues like the brain. X-ray 
�lms are still used today to see skull fractures or cra-
niofacial abnormalities, but this method needs to be 
used with caution because it involves exposure to radi-
ation, which can lead to cancer if the patient is overex-
posed to it (Imbesi, 2009).

Computed tomography (tomo is Greek for “a cut-
ting or section”; graphy is Greek for “a writing”) re�ned 
the use of x-ray technology (FIGURE�1�25). CT passes 

only postmortem. Generally, however, advances begin-
ning in the middle of the 20th century have allowed 
researchers to examine subjects while they are still alive.

Electrostimulation, or brain mapping, was the 
�rst technique that mapped the responses of the living 
brain to speci�c behaviors. Brain mapping was typ-
ically done as patients with conditions such as severe 
epilepsy underwent brain surgery to sever the con-
nection between the two cerebral hemispheres. Two 
major observations from brain mapping were made. 
First, there is some relationship between a speci�c area 
of the brain and a speci�c experience or behavior. For 
example, if a certain part of the primary motor cortex is 
stimulated, then a body part might move. Similarly, if a 
certain area in the primary sensory cortex is stimulated, 
the patient might feel something in a part of the body. 
Second, there is a high degree of individual variation 
in people’s brains. For example, language is localized in 
the le� hemisphere for most people, but there is a cer-
tain subset of people with language in either the right 
hemisphere or spread between the two hemispheres.

�e next important event was the development of 
the computed tomography (CT) scan in the 1970s. 
From the 1980s through the present day, there has 
been a technological explosion of neuroimaging tech-
niques. In the 1990s, techniques were re�ned, and in 

FIGURE 1�25  A patient in a CT scanner.
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of the brain ventricles. In the former, the ventricles 
will appear black; in the latter, they will appear white.

�e advantages of MRI include a much sharper 
image (especially of so� tissues) compared to CT. 
In addition, harmful x-rays are not used, thus elim-
inating the risk of cancer. Disadvantages include the 
expense of the test compared to CT, claustrophobic 
reactions due to the narrow tube the patient enters, 
and the presence of MRI-unsafe metals in the patient’s 
body (e.g., cochlear implants, vascular stents, brain-
aneurysm clips, shrapnel). A sample MRI report can 
be viewed in BOX�1�8.

As mentioned previously, so� tissues are noto-
riously di�cult to see through imaging techniques. 
Blood vessels, which are made up of so� tissue (endo-
thelial, connective, and smooth muscular tissue) 
are di�cult to image. However, angiography  is an 
invasive technique that uses iodine as a contrast and 
x-rays to give excellent pictures of the blood vessels 
(FIGURE�1�28). It makes possible the diagnosis of con-
ditions, like aneurysms and ischemic strokes, that 
previously were very di�cult to diagnose through 
neuroimaging. �e technique is invasive, meaning 

x-rays through the human body that re�ect o� of dif-
ferent densities of tissue, bone, and �uid in di�erent 
ways, producing an image (FIGURE�1�26). Structures 
with higher densities (e.g., bone) show up better than 
structures with lower densities (e.g., brain tissue). �e 
result is a two-dimensional image, which can be dig-
itally processed into three-dimensional images. �e 
advantages of this technique are that it is commonly 
used and thus easily accessible, making it a relatively 
inexpensive procedure. �ere are at least four disad-
vantages to using CT technology. First is the reality 
that the technique uses x-rays, posing a small risk of 
causing cancer. Second, CT shows anatomy only and 
not physiology. �ird, the clarity of images is an issue 
when viewing so� tissues of the body because images 
are sharpest when of dense structures. Fourth, CTs 
sometimes do not pick up new damage to so� tissues. 
A CT taken at the time of patient admittance might 
be negative but when repeated the next day might be 
positive for tissue changes.

Magnetic resonance imaging (MRI) uses a 
magnetic current to �ip protons within the body’s water 
molecules. �e signal that is produced is picked up by 
the MRI’s receiver coils and the data are then formed 
into three-dimensional images (FIGURE�1�27). �ere are 
di�erent ways to view tissue using MRI, T1-weighted 
images and T2-weighted images. A� T1-weighted 
image is helpful in examining the structure of the 
cerebral cortex, whereas a T2-weighted image is useful 
in detecting swelling, in�ammation, and white matter 
lesions. �e main way to tell if you are looking at a 
T1-weighted versus a T2-weighted image is the color 

FIGURE 1�27  Example of an MRI scan.

FIGURE 1�26  Example of a CT scan.

© lucato/iStock/Thinkstock.

Courtesy of Constantin Potagas. 
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BOX 1�8  Sample MRI Report 

AMERICAN IMAGING CENTER
Patient Name: H. R.	 Date of Birth: 7/11/1927	 MRN: 10247583
At the request of: Charles Smith, MD 	  Age: 86	 Sex: M	 Exam Date: 8/8/2013

MRI BRAIN & SELLA W/WO CONTRAST

CLINICAL HISTORY: The patient complains of bilateral blurred vision with dizziness and unsteadiness for 2 months.

TECHNIQUE: A complete diagnostic set of multiplanar images was acquired using an open-ended, wide-aperture 
1.5-Tesla MRI system equipped with high-performance gradients. Turbo parallel processing was employed for enhanced 
speed. Proprietary sound suppression was provided for patient comfort. Sequence selections, image planes, and slice 
parameters were adjusted for optimal visualization of regional anatomy and pathology anticipated by the patient’s history.

Additional sets of T1-weighted images were obtained following uneventful intravenous injection of 10-cc gradlinium 
contrast material.

FINDINGS: The sella turcica is normal in size and shows a normal-size pituitary gland with uniform enhancement. The 
carotid siphon segment of both internal carotid arteries shows mild ectasia and tortuosity with a slight medial coursing 
on the right creating a lateral defect on the pituitary gland. The pituitary stalk is slightly angled to the left as a result. 
Optic chiasm is normal. There is no upward convexity at the diaphragm sellae nor is there a suprasellar component.

There is relatively contiguous increase in signal in periventricular white matter adjacent to the lateral ventricles bilaterally 
with FLAIR and T2 technique nonenhancing with multiple small foci more peripherally situated in the cerebral hemispheres 
bilaterally with similar signal characteristics. These are all nonenhancing and represent chronic small vessel ischemic changes. 
There is no mass lesion demonstrated with no shift in midline structures. The ventricles and cortical sulci are within normal 
limits for age, and there is no extracerebral �uid collection. There is no evidence of acute or chronic lobar or lacunar infarction.

Cranial nerve complex 7 and 8 is normal bilaterally with no evidence of cerebellopontine angle mass lesion.

The paranasal sinuses are well aerated without membrane thickening demonstrated. There has been cataract surgery in 
the right lobe.

IMPRESSION:

1.	 There are relatively severe periventricular white matter changes in both cerebral hemispheres representing chronic 
small vessel ischemic change.

2.	 There is mild deformity on the pituitary gland due to impression by slightly tortuous carotid siphon segment of 
right internal carotid artery without gland enlargement or focal lesion within the gland with normal appearance of 
optic chiasm.

3.	 There is no intraparenchymal focal mass or active process demonstrated with no abnormal enhancement noted.

Thank you kindly for referring your patient to our o�ce.
Gregory G. Stump, MD
Board Certi�ed Radiologist

there is a risk for bleeding, bruising, clotting, or swell-
ing at the injection site. It also uses x-rays and thus 
exposes the patient to radiation (Imbesi, 2009).

Functional Imaging Techniques
Functional imaging techniques fall into two categories: 
spatial resolution and temporal resolution. Spatial 
resolution  identi�es the location of brain activity, FIGURE 1�28  A physician observing an angiography.
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that it gives very useful data on brain activity, but there 
are disadvantages, including the invasive nature of the 
technique (i.e., it requires an injection into the blood-
stream) and the fact that a radioactive material is used.

Electroencephalography (EEG) is a temporal 
resolution technique that measures the neuronal elec-
trical activity through electrodes placed on the scalp 
(FIGURE�1�30). As a stimulus is presented to a subject’s 
senses, the EEG monitors the brain’s electrical responses 
to that stimulus. �e result is a graph that compares 
electrical activity from each electrode over time 
(FIGURE�1�31). Advantages of this technique include its 
relatively low cost, the wide availability of the machines, 
and the good temporal resolution data the technology 
delivers. Its disadvantages include the limited spatial 
resolution EEG provides and its limitations in provid-
ing information on activity in deeper layers of the brain.

Combined Structural and Functional 
Imaging Techniques
As we entered the new millennium, many of the 
techniques described previously have been combined. 
For example, functional magnetic resonance imag -
ing (fMRI) combines the advantages of MRI with the 

FIGURE 1�29  Example of PET.

TABLE 1�1  Comparison of Spatial and Temporal 
Resolution Techniques

Spatial Resolution: From 
Best to Worst

Temporal Resolution: 
From Best to Worst

Functional magnetic 
resonance imaging (fMRI)

EEG

Positron emission 
tomography (PET)

fMRI

Electroencephalography (EEG)PET 

whereas temporal resolution  techniques deal with 
the time between a stimulus being introduced and the 
brain’s response to it. Examples from both of these 
functional imaging categories will be discussed along 
with their advantages and disadvantages (TABLE�1�1).

Positron emission tomography (PET) is a spatial 
resolution technology that shows brain activity based on 
the brain’s glucose metabolism (FIGURE�1�29). �e under -
lying assumption of the technique is that active areas 
require more energy; thus they consume more glucose. 
A radioactive isotope, which is chemically attached to 
a glucose molecule, is injected into a patient’s blood-
stream. As the isotope decays, it emits photons, which 
are picked up by the scanner and formed into a three-
dimensional image. �e advantage of this technique is 

Courtesy of the Alzheimer’s Disease Education and Referral Center, a service of the National Institute on Aging.

FIGURE 1�30  Patient undergoing EEG.
© Daniela Schraml/ShutterStock, Inc.
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advantages of PET, showing both the anatomy and phys-
iology of the brain by measuring blood oxygenation. 
Advantages include that it does not require the injection 
of a contrast like PET scans require. In addition, fMRI 
provides both spatial and temporal resolution data in 
one test. �e main disadvantage is that fMRI is mainly 
used in research facilities and rarely in clinical settings. 
With this technology’s advantages, it will likely move 
more into the mainstream in the near future.

Which Test When?
When a person arrives in the hospital’s emergency 
department presenting with neurological signs and 
symptoms, CT is usually the �rst neuroimaging tech-
nique used. Typically, CT is followed up with MRI. 
Other neuroimaging studies, such as angiography or 
PET, are ordered if needed. Given the number of neu-
roimaging techniques available today, how does a neu-
rologist determine which test to order?

�e answer is that it depends on what condition is 
suspected. Remember that a careful neurological exam 
can tell much about which neurological condition a 
person may be su�ering from. O�en, neuroimaging 
studies are ordered to con�rm a preliminary diagno-
sis already arrived at by the neurologist. If a neurolo-
gist suspects a stroke, the best studies to order are CT, 
MRI, and perhaps angiography. For conditions like 
aneurysms or arteriovenous malformations, cerebral 
angiography remains the gold standard, though CT 
or MRI may also be ordered. Neoplasms (e.g., brain 
tumors) are best evaluated through CT and MRI, as 
are central nervous system infections like meningi-
tis. White matter diseases, like multiple sclerosis, are 
best evaluated through MRI or fMRI. CT and MRI are 
typically the choice for situations involving trauma 
to the head. EEG is an excellent tool for evaluating 
patients with epilepsy, brain tumors, and sleep disor-
ders (Weiner & Goetz, 2004).

You can see that one neuroimaging technique is 
not necessarily better than another. Each technique is 
a tool in the neurologist’s tool belt that should be used 
in just the right situation to give medical professionals 
the best information possible to diagnose and treat the 
patient with a neurological problem. 

A Caution Regarding Imaging Techniques
Just because we can now “see” into the brain, we are 
tempted to correlate every possible thought or action 
with some speci�c area of the brain that might light 
up on an image. It must be remembered that because 
one area of the brain lights up does not mean that it is 
the sole area responsible for a function. �e brain is a 
highly complicated organ and will probably never be 
fully understood in all its wonderful complexity.

Neuroimaging techniques (TABLE�1�2) are exciting, 
continuously developing tools that help us understand 
the power of the brain. �ese techniques are very useful 
in understanding the relationships among the brain, lan-
guage, and other cognitive functions. It is important for 
SLPs and audiologists to be familiar with neuroimaging 
techniques so that they can be good consumers of cur-
rent research and clinical information. �ey should also 
remember Hippocrates’ sage advice about the power of 
observation and the wisdom of completing a careful, 
systematic examination of the communication system.

In terms of brain functioning, what was once 
thought to be a serial and linear process is now 
thought to be a nonserial, parallel, and highly com-
plicated process. Neuroradiological techniques, like 
those discussed previously, have allowed us to peer 
into the brain and glimpse this complexity. �is ability 
has led to various sub�elds emerging in neuroscience 
today, including �elds such as molecular neuroscience 
(i.e., the study of important neurological molecules), 
cellular neuroscience (i.e., the study of neurons and 
other brain cells), systems neuroscience (i.e., the study 
of the motor system), behavioral neuroscience (i.e., 
the study of behaviors such as types of memory), and 
cognitive neuroscience (i.e., the study of higher level 
cognitive functions such as language).

▸� Conclusion
Why is it important to know about theoretical perspec-
tives of brain function like connectionism and holism? 
�e reason is that theoretical perspectives lead to the 
invention of diagnostic and therapeutic methods. For 
example, Harold Goodglass (a� connectionist) devel-
oped a test for aphasia called the Boston Diagnostic 
Aphasia Examination. �is test is based on connec-
tionist ideas and ties types of aphasia to damaged areas 

FIGURE 1�31  An EEG graph.
© iStockphoto/Thinkstock.
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of dysarthria that result from damage to di�erent parts 
of the nervous system, and the characteristics of these 
types of dysarthria are di�erent depending on where 
the damage is in the nervous system.

�is is your opportunity to dive in and learn as 
much as you can about the nervous system so you 
will be an e�ective professional in understanding and 
treating your future patients. In addition, neurology is 
fun and interesting in its own right!

in the brain. However, Hildred Schuell developed the 
Minnesota Test for the Di�erential Diagnosis of Aphasia 
from a holist’s perspective. Her test is not concerned 
with damaged brain areas, but rather with giving basic 
descriptions of patient strengths and weaknesses in 
order to plan therapy. As your professors teach you 
about di�erent theories, always remember that theory 
matters! In other words, it has real-world implications 
for tests and therapy procedures and materials.

SLPs and audiologists also need to know about 
neurology because they will be working with people 
who have communication disorders that have a neuro-
logical origin. For example, people with autism make 
up a large percentage of many SLPs’ caseloads, and this 
condition has neurological dimensions. It is important 
to learn and understand the normal nervous system in 
order to have a baseline for understanding an abnormal 
nervous system and the various communication disor-
ders that can result (FIGURE�1�32). For example, there 
are several types of classic aphasias (i.e., an acquired 
multimodality language loss). It is widely known that 
damage to the anterior part of the cerebrum can result 
in certain aphasia types, and damage to the posterior 
cerebrum results in other types. It is important to 
understand how the anterior and posterior portions 
of the cerebrum work in order to understand the 
signs and symptoms our patients are experiencing. 
Another example is dysarthria (i.e., slurred and/or 
discoordinated speech). �ere are six di�erent types 

Name
Structural or 
Functional Positives Negatives

Computed tomography 
(CT)

Structural Inexpensive; commonly used; 
readily accessible

Danger of x-rays; structural only; clarity 
with soft tissues; sometimes do not pick 
up new damage

Magnetic resonance 
imaging (MRI)

Structural Sharp, clear image (of soft 
tissues); no x-rays used

More expensive than CT; claustrophobic 
reactions; danger if metals in person’s body

Angiography Structural Excellent pictures of vascular 
system; can diagnose 
conditions previously di�cult 
to diagnose

Invasive (requires injection); uses x-rays 
(radiation)

Positron emission 
tomography (PET)

Functional Good data on brain 
physiology (spatial resolution)

Invasive (requires injection); radioactive 
material used in injection

Electroencephalography 
(EEG)

Functional Low cost; readily available; 
good temporal resolution

Limited spatial resolution; lack of 
information on deep brain structure 
function

Functional magnetic 
resonance imaging 
(fMRI)

Both Provides both structural and 
functional data; no injection 
needed; no x-rays used

Rarely found in clinical settings

TABLE 1�2  Summary of Select Neuroimaging Techniques 

Evaluation and treatment of
neurogenic communication

disorders

Neurogenic communication
disorders

Neurological conditions

Abnormal nervous system

Normal nervous system

FIGURE 1�32  The importance of neurology to 
communication disorders.
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SUMMARY OF LEARNING OBJECTIVES
�e following were the main learning objectives of this chapter. �e information that should have been learned is 
below each learning objective.

1.	 �e le arner will de�ne the following terms: neu-
rology, anatomy, physiology, and pathology.
•	 Neurology is the study of the anatomy, phys-

iology, and pathology of the nervous system.
•	 Neuroanatomy is the study of the nervous 

system’s structure.
•	 Neurophysiology is the study of the nervous 

system’s function.
•	 Neuropathology is the study of disease pro-

cesses that a�ect both anatomy and physiol-
ogy of the nervous system.

2.	 �e le arner will be able to create an argument as 
to why speech-language pathologists and audi-
ologists need neurological training.
•	 Knowing the terminology and abbreviations 

neurologists use will help SLPs and audiolo-
gists decode their language.

•	 Knowing about the location of brain damage 
can help with the planning of assessment.

•	 Knowing about neurological etiologies can 
help with the prediction of likely patient 
problems.

•	 Knowing neurology helps in the documenta-
tion of patient improvement and e�cacy of 
treatment methods.

•	 Knowing about neuroplasticity helps in the 
careful planning of treatment to take advan-
tage of this phenomenon.

•	 Having a working knowledge of neurol-
ogy helps SLPs and audiologists gain the 
respect of neurologists and other medical 
professionals.

3.	 �e learner will be able to list various catego-
ries of neurological disorders and provide one 
example in each category.
•	 In� ammatory diseases: encephalitis and 

meningitis
•	 Systematic atrophies of the central nervous 

system: Huntington disease
•	 Extrapyramidal and movement disorders: 

Parkinson disease
•	 Other degenerative diseases of the nervous 

system: Alzheimer disease
•	 Demyelinating diseases of the central nervous 

system: multiple sclerosis
•	 Episodic and paroxysmal disorders: epilepsy
•	 Nerve, nerve root, and plexus disorders: Bell 

palsy

•	 Polyneuropathies and other disorders of the 
peripheral nervous system: Guillain-Barré 
syndrome

•	 Diseases of the myoneural junction and mus-
cle: myasthenia gravis

•	 Cerebral palsy and other paralytic conditions: 
cerebral palsy and spinal cord injury

•	 Other disorders of the nervous system: anoxia
4.	 �e le arner will be able to draw and explain the 

spectrum of belief as to how the brain works.
•	 �e b rain works in bits and pieces: 

phrenology.
•	 �e b rain is a series of interconnected cen-

ters: connectionism.
•	 �e b rain works as an integrated whole: holism.

5.	 �e le arner will list and de�ne structural and 
functional imaging techniques and list at least 
one reason why communication disorders pro-
fessionals should know about neuroimaging 
techniques.
•	 Structural imaging techniques

•	 X-ray imaging (radiography): technique 
that uses x-rays to view skull fractures 
and craniofacial abnormalities

•	 Computed tomography (CT): use of a 
computer to convert x-ray images into 
two- and three-dimensional images

•	 Magnetic resonance imaging (MRI): use of 
magnets to �ip protons in the body, which 
is picked up by a computer and converted 
into an image clearer than CT

•	 Angiography: technique that uses injected 
dye to view the vascular system

•	 Functional imaging techniques
•	 Positron emission tomography (PET): a 

spatial resolution technology that shows 
brain activity based on the brain’s glucose 
metabolism

•	 Electroencephalography (EEG): a tempo-
ral resolution technique that measures 
the neuronal electrical activity through 
electrodes placed on the scalp

•	 SLPs and audiologists are consumers of the 
reports generated from these technologies. 
�ese reports can be found in journal arti-
cles and in patient charts.
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KEY TERMS
Activity barriers
Alzheimer disease
Anatomy
Angiography
Cell doctrine
Computed  

tomography (CT)
Connectionism
Dualists
Electroencephalography (EEG)
Functional imaging
Functional magnetic 

resonance imaging (fMRI)
Function barriers

Hemiplegia
Holism
Incidence
Magnetic resonance  

imaging (MRI)
Mind–brain debate
Monists
Nervous system
Neuroanatomy
Neurological disorder
Neurology
Neuropathology
Neurophysiology
Parkinson disease

Participation  
barriers

Pathology
Phrenology
Physiology
Positron emission  

technology (PET)
Prevalence
Spatial resolution
Structural imaging
Temporal resolution
Trephination
Trephines
Ventricles

DRAW IT TO KNOW IT
1.	 Sketch a person and include a simple pic-

ture of the brain, spinal cord, and nerves (see 
Figure�1-1). Label these three structures.

2.	 Draw WHO’s model of health and disability (see 
Figure�1-4), and apply a medical case you are 
familiar with to it.

3.	 Draw the spectrum of views regarding how the 
brain works (see Figure�1-24).

QUESTIONS FOR DEEPER REFLECTION
1.	 Why are our neurological systems precious 

resources?
2.	 Why is theory important?
3.	 Why should SLPs and audiologists know about 

the nervous system?

4.	 Compare and contrast the strengths and weak-
nesses of each neuroimaging technique.

5.	 Why should communication disorders pro-
fessionals be knowledgeable of neuroimaging 
techniques?

CASE STUDY
A 63-year-old female was admitted to the hospital 
with sudden right-sided weakness and loss of speech. 
Her neurologist diagnosed her with a (L) CVA, (R) 
hemiplegia, and global aphasia. 

1.	 As a speech-language pathologist, why would 
it be important for you to know the follow-
ing terms provided by the neurologist: CVA, 
hemiplegia, global aphasia?

2.	 Apply the World Health Organization’s Interna-
tional Classi�cation of Functioning, Disability 
and Health (ICF; Figures� 1-4 and 1-5) to this 
case and answer the following questions:

a.	 What is this patient’s health condition?
b.	 How might it a�ect her function?
c.	 How might it a�ect her activities?
d.	 How might it a�ect her participation?
e.	 What might be one environmental factor 

involved in her case?
f.	 What might be one personal factor involved 

in her case?
3.	 Using the WHO’s ICD-10�section on diseases 

of the nervous system, which of the 11 cate-
gories might this patient’s diagnosis best �t 
under?
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SUGGESTED PROJECTS
1.	 �ink about someone you know who has a neuro-

logical disorder (see the section on Classi�cation 
of Neurological Disorders for ideas). Research 
this disease and write an essay that includes a 
description of the disease; its signs, symptoms, 
and cause(s); the methods by which it is evaluated 
and treated; and any speech, language, or hearing 
issues that may be associated with it.

2.	 Choose a famous person with a neurological 
disorder and write a case history (i.e., the story 

of how his or her disease began and has pro-
gressed) on the person.

3.	 Pick one of the historical �gures mentioned in 
this chapter and write an essay describing the 
contribution that person made to the �eld of 
neuroscience.

4.	 Read the sample MRI report (Box�1-8), make a 
list of unfamiliar terms, and look them up in a 
medical dictionary.

REFERENCES
Baio, J., Wiggins, L., Christensen, D. L., Maenner, M. J., Daniels,�J.,�& 

Warren, Z., . . . Durkin, M. S. (2018). Prevalence of autism 
spectrum disorder among children aged 8�years—Autism and 
developmental disabilities monitoring network, 11 sites, United 
States, 2014. MMWR Surveillance Summaries, 67(6), 1.

Bertolote, J. M. (2007). Neurological disorders a�ect millions globally: 
WHO report. Geneva, Switzerland: World Health Orga
nization. Retrieved from http://www.who.int/mediacentre 
/news/releases/2007/pr04/en/index.html

Centers for Disease Control and Prevention (CDC). (2018). 
Autism spectrum disorder (ASD): Data and statistics. Atlanta, 
GA: CDC. Retrieved from http://www.cdc.gov/ncbddd 
/autism/data.html

Gooch, C. L. , Pracht, E.,�& Borenstein, A. R. (2017). �e burden 
of neurological disease in the United States: A summary report 
and call to action. Annals of Neurology, 81(4), 479–484.

Green, J. B.,�& Palmer, S. L. (2010). In search of the soul: Four views 
of the mind-body problem. Eugene: OR: Wipf & Stock.

Hirtz, D., �urman, D. J., Gwinn-Hardy, K., Mohamed, M., 
Chaudhuri, A. R.,�& Zalutsky, R. (2007). How common are the 
“common” neurologic disorders? Neurology, 68, 326–337.

Hu�man, D. S. (2013). An overview of the monism-dualism debate 
on human composition. La Mirada, CA: Biola University 
Center for Christian �ought. Retrieved from https://cct.biola 
.edu/overview-monism-dualism-debate-human-composition/ 

Imbesi, S. G. (2009). Neuroradiology: Diagnostic imaging 
strategies. In J. Corey-Bloom & R. David (Eds.), Clinical adult 
neurology (pp.�53–77). New York, NY: Demos Medical.

Juan, S. (1998). �e odd brain: Mysteries of our weird and wonderful 
brains explained. New York, NY: Angus & Robertson.

LaPointe, L. L. (1977). What the speech pathologist expects from 
the neurologist. In R. H. Brookshire (Ed.), Clinical aphasiology: 
Proceedings of the conference 1977 (pp.�5–9). Minneapolis, MN: 
BRK Publishing.

Manasco, M. H. (2017). Introduction to neurogenic communication  
disorders (2nd ed.). Burlington, MA: Jones & Bartlett 
Learning. 

Rubens, A. B. (1977). What the neurologist expects from the 
clinical aphasiologist. In R. H. Brookshire (Ed.), Clinical 
aphasiology: Proceedings of the conference 1977 (pp.� 1-4). 
Minneapolis, MN: BRK Publishing.

Weiner, W. J.,� & Goetz, C. G. (2004). Neurology for the non-
neurologist. Baltimore, MD: Lippincott Williams & Wilkins.

Wilkins, R. H. (1964). Neurosurgical classic—XVII. Journal of 
Neurosurgery, 21, 240–244.

World Health Organization (WHO). (2010). International 
classi�cation of diseases (ICD). Retrieved from http://www 
.who.int/classi�cations/icd/en/

World Health Organization. (2011). World report on disability. 
Retrieved from http://whqlibdoc.who.int/publications/2011 
/9789240685215_eng.pdf

World Health Organization. (2014). International classi�cation of 
functioning, disability and health (ICF). Retrieved from http://
www.who.int/classi�cations/icf/icf_more/en/

26 Chapter 1 Introduction to Neurology



CHAPTER 2

Navigation and Organization 
of the Nervous System
CHAPTER PREVIEW
As we journey into the nervous system, we need language to navigate 
quickly around and through nervous system structures. To prepare 
for this journey, we will learn about the various planes of space, 
directional terms, and muscle actions relevant to neuroanatomy. In 
addition, we will survey how various neuroscientists have organized 
the nervous system, which allows for the better conceptualization of 
this complex system.

IN THIS CHAPTER
In this chapter, we will …

■� Learn how to navigate around the nervous system using 
anatomical orientation terms

■� Explore three approaches to organizing the nervous 
system

■� Identify which of the three approaches this text will take

LEARNING OBJECTIVES
1.	 The learner will be able to list and de�ne anatomical orientation 

terms to navigate nervous system structures. 
2.	 The learner will list and brie�y describe the three approaches to 

organizing the nervous system.

CHAPTER OUTLINE

■� Introduction
■� Navigation of the Nervous System

•• Anatomical Terms
•• The Anatomical Position
•• Anatomical Versus Clinical Orientation
•• Body Planes
•• Directional Terms
•• Muscle Actions

■� Organizational Approaches to the 
Nervous System
•• An Anatomical Approach
•• A Functional Approach
•• A Developmental Approach
•• The Approach of This Text

■� Conclusion
■� Summary of Learning Objectives
■� Key Terms
■� Draw It to Know It
■� Questions for Deeper Re�ection
■� Case Study
■� Suggested Projects
■� References
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▸� Introduction
�e journalist William F. Allman (1990) has described 
the brain as “a beautiful, monstrous mess.” What he is 
referring to is the fact that the nervous system is a very 
complex system. How can one ever grasp and under-
stand its complexity? Neuroscientists have developed 
several di�erent grids by which to categorize and begin 
to understand this daunting system. In this chap-
ter, various terms and concepts will be introduced to 
help in navigating through the nervous system system 
and its structures. In addition, three organizational 
approaches will be surveyed: the anatomical, func-
tional, and developmental approaches. 

▸� Navigation of the 
Nervous System

In looking at a nervous system structure like the brain, 
how does one navigate around it quickly and using 
only language? A picture is worth a thousand words, 
but sometimes pictures are not available and clinicians 
need to describe structures verbally. To help in this 
task, this section introduces key anatomical terms and 
concepts, including the anatomical position, anatomi-
cal versus clinical orientation, body planes, directional 
terms, and muscle actions. 

Anatomical Terms
Many of the terms used in neuroanatomy have Greek 
and Latin origins. Education in these languages was a 
standard part of American and British education but 
fell into disfavor in the 1960s. Students prior to the 
1960s who learned these languages had an advantage 
when learning anatomy in general, and neuroanatomy 
speci�cally, in that they already had a foundation for 
the Latin and Greek roots, pre�xes, and su�xes used 
in these �elds. Today, students report that unfamil-
iarity with these terms is sometimes a barrier to their 
learning and a disadvantage when taking standardized 
tests, like the SAT or GRE. For those without a back-
ground in Greek or Latin, TABLE�2�1 is a valuable tool 
for navigating the terms that will be encountered in 
this text.

The Anatomical Position
�e anatomical position  is pictured in FIGURE�2�1. 
It serves as the starting position to describe anatom-
ical features and positions. In this position, the body 
is erect, the palms face out, and the arms and face are 
forward. Why has this position become standard and 
not some other con�guration? �e anatomical posi-
tion grew out of the world of human dissection and 
represents the position a cadaver lying on the dissec-
tion table.

TABLE 2�1  Summary of Some Pre�xes and Su�xes Used in Neuroanatomy

Pre�x or Su�x De�nition Example

a- Without Aphasia—without speech

ab- Away from Abduction—to move structures away from each other

ad- Toward Adduction—to move structures toward each other

-algia Pain Neuralgia—nerve pain

an- Without Anoxia—without oxygen

angio- Related to blood vessels Angiography—neuroimaging technique for blood vessels

ante-/antero- Before Anterograde amnesia—not remembering what happened before

bi- Two Bilateral—occurs on both sides

brachy- Short Brachycephaly—having a �at or short head

brady- Slow Bradykinesia—slow movements
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(continues)

cephalo- The head Cephalocaudal—growth from head to tail

contra- Opposite Contralateral—opposite sided

cranio- Skull Cranium—the skull

-culus Small Homunculus—little man

de- Cessation Denervation—nerve supply loss

di- Two Diplopia—double vision

dys- Impaired Dysarthria—impaired articulation

ecto- Outer Ectoderm—an embryo’s outermost layer of tissue

-ectomy Removal Craniectomy—surgical removal of part of the cranium

endo- Inner Endoderm—an embryo’s innermost layer of tissue

ep-/epi- Above Epidural—above the dura mater

extra- In addition to Extrapyramidal tract—a nerve tract in addition to (or that complements) 
the pyramidal tract

-gen/-genic Origin or beginning Neurogenic—of a neurological origin

hemi- One-sided or half Hemiplegia—one-sided paralysis

hyper- Too much Hypertonia—too much muscle tone

hypo- Too little Hypotonia—too little muscle tone

infra- Below Infrahyoid muscles—muscles found below the hyoid bone

inter- Between Interhemispheric communication—communication between the left 
and right hemispheres

intra- Within Intracranial—within the cranium

ipsi- Same Ipsilateral—same sided

itis In�ammation Meningitis—in�ammation in the meninges

kine- Movement Kinesiology—the study of movement

latero- Side Lateroversion—turning to one side

medio- Middle Mediopontine—the middle portion of the pons

micro- Small Microcephaly—abnormally small head

my-/myo- Muscle Myotrophy—nutrition of a muscle
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TABLE 2�1  Summary of Some Pre�xes and Su�xes Used in Neuroanatomy� (continued)

Pre�x or Su�x De�nition Example

neo- New Neoplasm—new growth (i.e., tumor)

neuro- Nerve Neurology—the study of the nervous system

oculo- Eye Oculomotor nerve—a cranial nerve that controls the eye muscles

-oma Tumor Neuroma—a tumor on a nerve

-osis A condition Neurosis—a mild mental illness

patho- Abnormal Pathology—the study of disease states

-pathy Disease Neuropathy—disease of the nervous system

peri- Around Periventricular—around the cerebral ventricles

-phage/-phagia Eating Dysphagia—swallowing disorder

-plasia Growth Hyperplasia—excessive growth

-plasty Mold or repair Cranioplasty—surgical repair of a skull defect

pseudo- Not genuine Pseudoscience—beliefs mistakenly thought to be based in science

quadra-/quadri- Four Quadriplegia—paralysis in all four limbs

re- Again, repeat Recurrent laryngeal nerve—a branch of the vagus nerve that descends 
to the chest then back up to larynx

sclerosis Scarring, hardening Multiple sclerosis—chronic disease of the brain due to patchy 
demyelination of the central nervous system 

semi- Half Semicircular canals—part of the vestibular or balance system; three 
half-circle structures in the inner ear

soma-/
somato-

Body Somatosensory—the part of the nervous system that conveys sensory 
information to the brain for interpretation

tetra- Four Tetraplegia—same as quadriplegia (paralysis in four limbs)

-tomy Cutting Craniotomy—surgical removal of part of the skull

-trophic Nourishment Amyotrophic lateral sclerosis—a progressive motor neuron disease

-trophy Growth Atrophy—muscle wasting

uni- One Unilateral—on one side
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imaging (MRI) or computed tomography (CT) scans 
of the brain. As you navigate images in this text, keep 
these two orientations in mind.

Body Planes
�ere are three di�erent ways to cut up the body, 
which grew out of the world of dissection (FIGURE�2�3A 
and B). �e �rst is the sagittal  (Latin for “arrow”) 
section or plane. �is term likely takes its name from 
the world of warfare, where an arrow or sword could 
cut or divide things into le� and right portions (e.g., 
think of the legend of William Tell shooting an apple 
from the top of his son’s head). �e sagittal section 
cuts the body or a speci�c anatomical structure into 

Anatomical Versus Clinical Orientation
�ere are two orientations to be aware of as you nav-
igate images in neuroanatomy. �e �rst is anatomi-
cal orientation, in which you view the brain as if you 
were standing looking at the top of someone’s head 
(FIGURE�2�2A). In this view, the le� side of the brain is 
on your le�, and the right side of the brain is on your 
right. �is is the view used in drawings and photos 
of the brain. �e opposite of anatomical orientation 
is clinical orientation, in which you are looking at the 
brain from the person’s feet rather than the top of the 
head (FIGURE�2�2B). �e right side of the brain is on 
your le�, and the le� side is on your right. �is is the 
orientation to use when viewing magnetic resonance 

FIGURE 2�1  The anatomical position.
© Linda Bucklin/ShutterStock.
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le� and right portions. If this plane is right in the 
middle, it is called a midsagittal  plane. If it is not 
in the middle, it is called a parasagittal  plane. �e 
second plane is the coronal  (Latin for “crown”) or 
frontal section that splits a structure into front and 
back portions. �is term most likely came into exis-
tence from the act of lowering a crown onto a new 
king’s head through a ceremony known as a corona-
tion. �e third and �nal body section is a transverse 
or axial plane, which splits a structure into top and 
bottom portions. �ose familiar with the Star Wars 
universe will remember that Obi-Wan Kenobi used 
his light saber to make a transverse section of Darth 
Maul’s body in �e Phantom Menace. TABLE�2�2 pro-
vides a summary of these planes.

�ese three sections can be applied to the brain 
as well as the body (FIGURE�2�3C). A sagittal section 
divides the brain into le� and right portions. In fact, 
the longitudinal �ssure, a deep groove between the le� 
and right cerebral hemispheres, essentially does this. 
Of course, this division can be made at any place in the 
le� or right cerebral hemispheres, depending on what 
someone wants to see in the brain. �e coronal section 
divides the brain into front and back portions, which 
allows viewing of not only the gray matter at the sur-
face on the cerebral hemispheres, but also the deeper 
white matter along with deep gray matter structures, 
like the thalamus and basal ganglia. A transverse sec-
tion cuts the brain into upper and lower portions and, 
again, can be made anywhere in the brain to see struc-
tures such as the brain ventricles better.

Directional Terms
How does one quickly move around an anatomical 
structure using language only? Directional terms are 
very useful tools for accomplishing this task and will 
be used heavily in this text. Some of these terms are 
useful for navigating around the body in general, and 
others are useful for navigating around the nervous 
system speci�cally. 

�e �rst set of these terms is superior and infe-
rior. Superior means from a high position, whereas 
inferior  means the opposite—from a low position. 
�e second set is anterior and posterior. Anterior  
(FIGURE�2�4A) means toward the stomach and 
posterior  toward the back (FIGURE�2�4B). �e term 
ventral  is sometimes used as a synonym for ante-
rior and dorsal for posterior (think of a dolphin’s 
dorsal �n). A third set is lateral and medial. �ink of 
an imaginary line that runs through the center of the 
body (i.e., a midline); lateral  would mean away from 
midline, whereas medial  would refer to toward mid-
line (or the middle of the body). Proximal and distal 

FIGURE 2�2  A. Anatomical orientation. If a subject’s body 
was lying in the supine position, the observer would be 
viewing the brain from a superior angle. The observer’s and 
subject’s left and right sides would be aligned. B. Clinical 
orientation. If a subject’s body was lying in the supine 
position, the observer would be viewing the brain from an 
inferior angle. The�observer’s and subject’s left and right 
sides would be reversed.

A

Right

Anterior

Left

Posterior

B

© VisibleBody; MRI courtesy of Tia K. Hein.

RightLeft
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FIGURE 2�3  A. Sections applied to the body. B. Planes in three-dimensional view. C. Sections applied to the brain. Note that 
the body in parts A and B is facing anteriorly, and the brain in part C is a lateral view. 

Coronal Sagittal

Transverse

A

C

BCoronal

Sagittal

Transverse

© Brand X Pictures/Thinkstock.

TABLE 2�2  Summary of the Three Body Planes

Plane Name Alternative Name De�nition Example

Sagittal Lateral Splits structure into right and left portions The halves of an apple

Coronal Frontal Splits structure into front and back portions Slices of bread

Transverse Horizontal Splits structure into upper and lower portions The layers of a hamburger

Coronal
or frontal
plane

Transverse
plane or cross section

Sagittal
plane

Navigation of the Nervous System 33



are the fourth set of directional terms, and these have 
to do with limbs. Proximal  refers to the point nearest 
a limb’s attachment, whereas distal  refers to the part 
of the limb farthest from its attachment. �e ��h set 
includes peripheral  (i.e., toward the outer surface) 
and central  (i.e., toward the center). �ink of a com-
puter system as an analogy. Peripherals include items 
such as a printer or keyboard, whereas the processor 
is central and is appropriately termed the central pro-
cessing unit. A sixth set is ipsilateral and contralateral. 
Ipsilateral  means same sided, whereas contralateral  
means opposite sided (FIGURE�2�5). For example, your 
right arm and your right leg are on the same side of the 
body and thus are ipsilateral to each other. However, 
your right arm is contralateral to your le� arm. Some 
nerve pathways are ipsilateral tracts, whereas others 
are contralateral. �e point where a contralateral tract 
crosses from le� to right (or right to le�) is called the 
point of decussation or crossing. �ese sets of direc-
tional terms are summarized in TABLE�2�3.

We have been discussing how these directional 
terms apply to the body, but now it is time to explore how 
they apply to the brain. It is helpful to �rst consider how 
some of these terms would be applied to a four-legged 

FIGURE 2�4  A. Directional terms applied to the body in an 
anterior view. B. Directional terms applied to the body in a 
lateral view. 

FIGURE 2�5  Comparison of ipsilateral and contralateral.
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opposite—moving structures apart. �ese actions are 
pictured in FIGURE�2�7 using the hands as an exam-
ple. When we �are our �ngers out, we are abducting 
or opening up the hand; when we bring the �ngers 
together, we are adducting them. �ese actions are 
illustrated with the legs in FIGURE�2�8A and with the 
vocal cords in FIGURE�2�9. Some people �nd remem-
bering the add in adduction helpful because it reminds 
them of addition in which you bring numbers together 
mathematically. 

Second, �exion  refers to bending a joint, whereas 
extension  denotes straightening a joint (FIGURE�2�8B). 
�ese terms are applied to the hand in FIGURE�2�8C and 
the foot in FIGURE�2�8D. In his earlier days, Arnold 
Schwarzenegger did a lot of �exion and extension in 
bodybuilding competitions.

�e third and �nal set is supine and pronate. 
Supine refers to lying faceup (i.e., ventral surface up). 
Pronate is the opposite and refers to lying facedown 
(i.e., ventral surface down). �ink about sleeping as an 
example. Some people sleep on their stomachs (pro-
nate position), whereas others sleep on their backs 
(supine position). �e pronate position is also the pre-
ferred position of prayer in some religions.

animal, like a dog, whose brain and spinal cord are 
organized in a horizontal direction (FIGURE�2�6A). Dor-
sal refers to the dog’s back as well as the top of its brain, 
whereas ventral directs us to the dog’s belly and the bot-
tom of its brain. �e term rostral (Latin for “beak” or 
“nose”) helps us orient to the front of the dog as well as 
the front of the brain. �e term caudal (Latin for “tail”) 
directs us to the tail end of the dog and the back of the 
brain. FIGURE� 2�6B applies these terms—dorsal, ven-
tral, rostral, and caudal—to the brain, and FIGURE�2�6C 
applies them to the brainstem. In comparing these 
terms to the brain versus the brainstem, they may seem 
to be at odds; however, remember that the brainstem 
and spinal cord are oriented in a vertical direction in 
humans who are bipedal in comparison to a dog whose 
brain stem and spinal cord are oriented in a horizontal 
direction because they are quadrupedal. 

Muscle Actions
�ree sets of muscle actions will be addressed here 
(TABLE�2�4). � e �rst is adduct and abduct. Adduct  
refers to bringing structures together (e.g., the vocal 
cords adduct when we talk), and abduct  is the 

TABLE 2�3  Summary of Directional Terms

Term De�nition Example

Superior (or cranial) From a high position The brain is superior to the heart.

Inferior (or caudal) From a low position The heart is inferior to the brain. 

Anterior (or ventral) Toward the stomach The sternum is anterior to the heart.

Posterior (or dorsal) Toward the back The spine is posterior to the stomach. 

Medial Toward the body’s midline The heart is medial to the ribs. 

Lateral Away from the body’s midline The ribs are lateral to the heart. 

Proximal Point nearest limb’s attachment The shoulder is proximal to the elbow. 

Distal Point farthest from limb’s attachment The ankle is distal to the knee. 

Peripheral Toward the outer surface The cell’s wall is peripheral. 

Central Toward the center The cell’s nucleus is central. 

Ipsilateral Same side Canadians drive ipsilateral as Americans.

Contralateral Opposite side Brits drive contralateral to Americans. 
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FIGURE 2�6  The directional terms ventral, dorsal, rostral, 
and caudal applied to A. a dog, B. the brain, and C. the 
brainstem.
© Brand X Pictures/Thinkstock.

TABLE 2�4  Summary of Muscle Actions

Term De�nition Example

Adduct To bring 
structures 
together

The vocal folds are 
together during 
phonation.

Abduct To move 
structures 
apart

The vocal folds 
are apart during 
breathing. 

Flexion To bend a 
joint

You bend your elbow 
to brush your teeth.

Extension To straighten 
a joint

You straighten your 
elbow to reach into 
the refrigerator.

Supine Lying with 
ventral 
surface up

John sleeps in the 
supine position (on 
his back).

Pronate Lying with 
ventral 
surface down

Maria sleeps in the 
pronate position (on 
her stomach).

▸� Organizational Approaches  
to the Nervous System

An Anatomical Approach
An anatomical approach involves those structures that 
can be seen with the human eye (i.e., gross anatomy). 
�is approach divides the nervous system into two 
basic sections, the central nervous system (CNS) and 
the peripheral nervous system (PNS) (FIGURE�2�10). 
At a basic level, the CNS is made up of the brain and 
spinal cord, and the PNS consists of the cranial and 
spinal nerves (FIGURE�2�11). �ese basic descriptions 
will be �eshed out in the following paragraphs.

The Central Nervous System
As mentioned previously, the CNS consists of the 
brain and spinal cord. Anatomically, the brain is made 
up of four structures: the brainstem, cerebellum, 

A

B

C

Caudal

Dorsal

Ventral

Rostral

Rostral

Caudal

Ventral

Dorsal

Rostral

Caudal

Ventral

Dorsal
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FIGURE 2�9  A superior view of the vocal folds. A. Abduction of the vocal folds. B. Adduction of the vocal folds. 

FIGURE 2�8  A. Adduction versus abduction. B. Flexion versus extension. C. Flexion versus extension with the hand. 
D. Flexion versus extension with the foot.

A

FIGURE 2�7  A. Abduct. B. Adduct.

B

A

Flexion

Extension

Extension

Hyperextension

Flexion
Adduction

Abduction

Extension

Flexion

B C

D

A

Respiration

Root of tongue

Epiglottis

Trachea

Ventricular folds

Arytenoid cartilage

True folds

Esophagus

B

Phonation

Root of tongue

Epiglottis

Ventricular folds

Arytenoid cartilage

True folds

Esophagus
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PART IV

Practicing 
Neuroanatomy
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A
Abduct   To move structures apart.
Absolute refractory period   �e t ime a�er a neuron �res 
when it is unresponsive because sodium channels are inac-
tivated.
Acetylcholine (ACh)  A rapid-�re neurotransmitter of the 
peripheral nervous system’s neuromuscular junction that 
causes muscle tissue to contract. It has a restricted role in 
the central nervous system, being found only in the brain-
stem, the base of the forebrain, and the basal ganglia. It is 
thought to regulate central nervous system neuronal activ-
ity, especially in alertness, attention, memory, and learning.
Achalasia  A condition of the esophagus in which smooth 
esophageal muscle fails to relax, resulting in pain and regur-
gitation.
Action potential   A rapid change in membrane polarity, 
which moves or propagates like a wave down the axon.
Activity barriers   Di�cu lties in executing activities, espe-
cially skills of daily living like walking or eating.
Adduct   To bring structures together.
A�erent communication   Bottom-up or ascending (body 
to the brain) sensory communication.
Agraphia   An acquired disorder of writing.
Agyria/lissencephaly   A condition in which the brain 
lacks its characteristic sulci and gyri and looks rather 
smooth in appearance. �e condition is associated with 
severe motor, intellectual, and psychological disability.
Akinesia  A loss of voluntary movement.
Akinetic mutism   A condition in which patients are pas-
sive and do not move or talk.
Alexia  An acquired disorder of reading.
All-or-none principle   A principle stating that when a 
threshold is reached, a neuron will depolarize and �re at a 
�xed strength. If the threshold is not met, the neuron will 
not �re.
Allographic agraphia   A reading problem caused by le� 
parieto-occipital lesions resulting in errors in lowercase ver-
sus uppercase letters (e.g., mR. sMitH). It can also include 
confusion of print and cursive scripts.
Alpha motor neurons   Neurons that innervate extrafusal 
muscle �bers, which leads to muscle contraction.
Alzheimer disease  A progressive neurological disease 
that results in a general intellectual decline.

Amygdala  Paired almond-shaped nuclei situated in the 
medial temporal lobe that are involved in fear and aggres-
sion.
Amyotrophic lateral sclerosis (ALS)  �e m ost well-
known type of motor neuron disease. It is characterized by 
progressive weakness that o�en begins in the hands, feet, or 
mouth, but then involves the rest of the body. Also known 
as Lou Gehrig disease.
Anarthria   Having no speech at all. Compare to dysarthria.
Anatomical position   �e s tarting position to describe 
anatomical features and positions.
Anatomy   �e s tructure of the body.
Anencephaly  A severe neural tube defect in which neu-
rological development ceases at the brainstem, leaving 
the infant without cerebral hemispheres and thus without 
higher cortical functions.
Anesthesia  A lack of sensation (numbness).
Aneurysm  An abnormal ballooning of a weakened artery 
wall that can rupture. 
Angiography   An invasive neuroimaging technique that 
uses iodine and x-rays to produce pictures of the blood 
vessels.
Anomia  Impairment in the ability to name objects. It is a 
symptom of aphasia.
Anosmia  An inability to smell.
Anosognosia  A disorder of executive function in which a 
person lacks insight into his or her de�cits.
Anterior   Toward the belly.
Anterior (ventral) corticospinal tract   A nerve tract that 
originates in the motor and premotor areas of the frontal 
lobe and then courses ipsilateral down the spinal cord, 
inputting at the ventral horn. It controls the trunk muscles.
Anterior reading system   A neural system involving Bro-
ca’s area as well as the ventral and dorsal premotor areas that 
plays an important role in word analysis in terms of spoken 
language and articulation; it also plays a role in silent reading.
Anton syndrome   A rare condition in which patients have 
visual loss and visual anosognosia (i.e., denial of visual de�-
cits) due to damage to the visual cortex. Also known as cor-
tical blindness.
Aphasia  An acquired multimodality language disorder.
Apraxia of speech (AOS)  A motor speech disorder 
involving di�culty planning or programming the articula-
tors for speech in the absence of muscle weakness.
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Note: Page numbers followed by b, f, or t indicate materials in boxes, �gures, or tables respectively.

A
abducens nerve, 118�119
abduct, muscle actions, 35, 37f
abnormal dendrites, 82f
ABR. See auditory brainstem response
absolute refractory periods, 81f, 82
ACC. See anterior cingulate cortex
accessory nerve, 122, 123f, 257, 292
acetylcholine (ACh), 70, 71t, 204, 309
ACh. See acetylcholine
achalasia, 299
ACN. See anterior cochlear nucleus
acoustic energy, 224
acoustic neuroma, 83t
acoustic startle re�ex, 228
Act FAST campaign, 165, 166f
action potential, 77, 77f
active transport, 75
activity barriers, 7
acute pain, 348
AD. See Alzheimer disease
adaptive learning, 178
adduct, muscle actions, 35, 37f
adenosine triphosphate (ATP), 77f

and sodium�potassium pump, 
77�80b

ADHD. See attention de�cit hyperactivity 
disorder

adolescence, functional development of 
brain in, 55�56

adrenaline, 71t, 73, 204
AF. See arcuate fasciculus
a�erent communication, 75
age matter principle, 170
agnosia, types of, 192t
agraphia, 282
agyria, 159
akinesias, 139
akinetic mutism, 135
Alexander, Eben, 214
alexia, 279�282
Allman, William F., 28
allographic agraphia, 283
all- or-none principle, 80�82
alobar holoprosencephaly, 52
alpha motor neurons, 102, 253
ALS. See amyotrophic lateral sclerosis

alternating attention, 307
Alzheimer disease (AD), 8, 17, 211, 213, 

311b, 350
American Heart Association, National 

Stroke Association, 165
American Sign Language (ASL), 244
amnesia, 211, 315
ampulla, 234, 236f

neural �ring in, 235
amygdala, 138, 327�328, 330

role in fear and self-preservation, 327f
amyotrophic lateral sclerosis (ALS), 8, 

257, 259, 300
causes, 85
de�ned, 85
diagnosis and treatment, 86
signs and symptoms, 86

amyotrophic lateral sclerosis, 85t
AN. See anterior nucleus
anarthria, 259
anatomical approach of nervous system, 

36�42, 38f
anatomical orientation, in neuroanatomy, 

31, 32f
anatomical position, in neuroanatomy, 

28, 28f
anatomy, 4

of cerebellum, 123�124
anencephaly, 50
anesthesia, 348
aneurysm, 165, 165f
angiography, 19, 20f
angular gyrus, 185�186, 265
anomia, 275, 275t
anomic aphasia, 279, 280f
anosmia, 112, 344
anosognosia, 314
anterior cingulate cortex (ACC), 194
anterior cochlear nucleus (ACN), 227
anterior corticospinal tract, 100
anterior nucleus (AN), 134
anterior position, 32
anterior reading system, 271
anterior semicircular canal, 234
Anton syndrome, 188
AOS. See apraxia of speech
APD. See auditory processing disorder
aphasias, 23, 143, 213, 231, 274�279, 276t

anomic, 279

conduction, 279
global, 277�278
mixed transcortical, 277
transcortical motor, 277
transcortical sensory, 278�279
types of, 276f
Wernicke, 278

apraxia of speech (AOS), 181, 246
apraxia, types of, 183t
apraxic agraphia, 283
aprosody, 314
arachnoid mater, 152
arachnoid space, 165
arachnoid villi, 158
arcuate fasciculus (AF), 163, 163f
area postrema, 156
Aristotle, 12, 324
arm/leg adjustments, 236�237
arousal, 205
articulation, neurological control of, 

255�257
ascending sensory pathways, 257, 258t
ASL. See American Sign Language
aspiration, 296
astereognosis, 185
astrocytes, 66
astrocytomas, 83, 83t
ataxic cerebral palsy, 167
ataxic dysarthria, 125, 249
athetosis, 252, 347
ATP. See adenosine triphosphate
attention

and brain, 307f
neural mechanisms of, 307�308,  

307f
types of, 306�307, 306f

attentional alexia, 281
attention de�cit hyperactivity disorder 

(ADHD), 308
audiologists, 5, 206
audition, 224
auditory association cortex, 231
auditory brainstem response (ABR), 218, 

238�239b
auditory comprehension

de�cits in, 233�234
of language, 266�268

auditory cortex, 193
auditory feedback, 258

Index
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auditory nerve. See vestibulocochlear 
nerve

auditory pathway, spiral ganglion of, 120f
auditory processing disorder (APD), 233
auditory verbal agnosia, 233
Augustine, 13, 13f
autism, 329–330
autobiographical self, 204
autonomic nervous system, 40
autonomic nuclei, 204
Awakenings (Sacks, Oliver), 16
axial plane, 32
axoaxonic synapse, 68
axodendritic synapse, 68
axons, 62, 67, 253

regeneration in nervous system, 74, 
75f

axosomatic synapses, 68
axotomy, 74

B
BA 1–3. See primary sensory cortex
BA 4. See primary motor cortex
BA 5/7. See somatosensory association 

cortex
BA 6. See premotor cortex
BA 8. See frontal eye �elds
BA 9-12. See prefrontal cortex
BA 17-19. See visual cortices
BA 20-21. See inferior temporal area
BA 22. See Wernicke’s area
BA 23-26/29-33. See cingulate cortex
BA 27-28/34-36. See parahippocampal 

gyrus
BA 37. See fusiform gyrus
BA 38. See temporal pole
BA 39. See angular gyrus
BA 40. See supramarginal gyrus
BA 41-42. See auditory cortex
BA 44-45. See Broca’s area
Babinski sign, 251
ballism, 347
Bard, Philip, 325
BAs. See Brodmann areas (BAs)
basal ganglia, 137–143, 311

and aphasia, 143
control circuits, 247–249, 248f
coronal view of, 138f
disorders

Huntington disease (HD), 
142–143

Parkinson disease (PD), 140–142
internal capsule and corona radiata, 

140
in isolation, lateral view of, 139f
structure and function of, 137–139

basilar membrane, 225
basolateral group, 327
Bauby, Jean Dominque, 213

BBB. See blood–brain barrier
BDAE. See Boston Diagnostic Aphasia 

Examination
bedside swallowing evaluation, 297b
Bell, Charles, 120b
Bell palsy, 10, 119
Benedikt syndrome, 112
“berry” aneurysm, 165
Betz cells, 160, 249
bilipid membrane, 64f
binaural hearing, 227
blood–brain barrier (BBB), 153–154, 154f
body planes, 31–32, 33t
body section, 32, 33f
bolus, 290
Boston Diagnostic Aphasia Examination 

(BDAE), 22
bottom-up attention, 306
Brady Handgun Violence Prevention 

Act, 313
Brady, James, 313
bradykinesia, 346
brain, 17

attention and, 307f
blood supply to, 156f
common myth about functioning, 17b
coronal section of, 132f
functional development

in adolescence, 55–56
in infant, 55

function, levels of, 210f
inferior view of, 227f
of Leborgne (Tan), 15f, 180f
lobes of, 160–161, 161f
major arteries supplying blood 

to, 156f
mapping, 18
median section of, 132f
in normal aging, 56f
plasticity. See neuroplasticity
spectrum of belief, 11f
structures of, 39, 39f
theoretical perspectives on, 17, 17f
transverse section of, 310f
venous system in, 158f
ventral view of, 38–39, 39f

brain dead, 209, 209f, 209t, 210f, 216
brainstem, 38, 106f, 107f, 204, 249

disorders of, 111–112
involvement, 293, 295f
nuclei connections, 236
strokes, 299

brainstem organization
in central auditory system

cochlear nucleus, 227
diencephalon organization, 

229–230
lateral lemniscus and inferior 

colliculus, 228
SOC, 227–228

in central vestibular system

arm/leg adjustments, 236–237
brainstem nuclei connections, 236
cerebellar connections and 

balance, 236
eye movements, 236
head/neck movements, 236
and nausea, 236
spinal cord connections, 236
vestibular nucleus, 235, 236f

and connections, 235–237
external, 107–110
internal, 110–111

brain tumors, 84f
causes, 83–84
de�ned, 83
diagnosis and treatment, 84
examples of, 83t
MRI scan of, 84f
signs and symptoms, 84

brain ventricles
disorders of, 146–147
structure and function, 144–146

Broca aphasia, 181
Broca, Paul, 15, 15b, 15f, 180, 180f, 326
Broca’s area, 163, 180–181, 181f, 231, 265, 

267, 271, 271f, 274
Brodmann areas (BAs), 177–195, 308
Brodmann, Korbinian, 176
Brodmann map, 176, 176f, 230
buoyancy, CSF, 146

C
Cajal, Santiago Ramón y, 62–63
Cannon-Bard theory, 325
Cannon, Walter, 325
capsule, internal, 140, 140f
carbohydrates, 63
carotid artery, 156
caudal position, 35
caudate nucleus, 138
CDC. See Centers for Disease Control 

and Prevention
cell doctrine, 13
cells, 64, 64f

components, 65t
doctrine, 13
of nervous system, 65t

disorders of, 82–88
historical considerations,  

62–63
neuron form and function,  

67–82
overview of, 64–67

structure and function, 63–67
cell theory, 62
Centers for Disease Control and 

Prevention (CDC), 8, 163
central agraphias, 283, 284
central alexias, 281, 282
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central auditory system, 229f
de�nition of, 224
disorders of, 231–234

central �ssure, 159
central nervous system (CNS),  

10, 37–38, 38f, 66, 66f, 251
demyelinating diseases of, 10
grading system for tumors, 84t
systematic atrophies primarily 

a�ecting, 9
central position, 34
central vestibular system, 235–237,  

238f
centrosome, 64
CEO. See chief executive o�cer
cerebellar agenesis, 126
cerebellar circuit, 247, 248f
cerebellar damage, symptoms of, 125t
cerebellar hemispheral syndrome, 

125–126
cerebellar hemisphere, 247
cerebellar pathways, 125t
cerebellar peduncles, 107, 124
cerebellum, 38, 247, 258

anatomy of, 123–124
cellular layers of, 124f
disorders, 125–126
function, 124–125
rest of brain, 124f
sagittal, posterior view of, 123f

cerebral arteries, 156–158, 156t, 157f
cerebral cortex, 152, 177–196, 205, 247

blood �ow and function, 156t
cingulate, 194–195, 195f
frontal lobe, 177–183, 177f, 178t, 

179f, 186f
insular, 195–196, 195f
layers of, 160, 161f
occipital lobe, 188–189
organization

Broca’s area, 231
primary auditory cortex,  

230–231
Wernicke’s area, 231

parietal lobe, 183–187, 186f
temporal lobe, 189–194, 190–191f

cerebral death. See brain dead
cerebral disorders, 163

cerebral palsy (CP), 167–168
cerebral vascular accident (CVA), 

163–169, 164f
stuttering, 168–169
traumatic brain injury (TBI), 

166–167, 167f
cerebral hemispheres, 38, 152, 156, 159, 

160, 167
cerebral palsy (CP), 10, 167–168

and other paralytic conditions, 10
cerebral peduncles, 109, 111
cerebral spinal �uid (CSF), 144, 145f
cerebral spinal rhinorrhea, 112

cerebral vascular accident (CVA), 5, 
163–169, 164f

cerebrum, 175–196
important cerebral landmarks, 

158–160, 158–159f
layers of cerebral cortex, 160, 161f
lobes of brain, 160–161, 161f
protection and nourishment of

blood–brain barrier (BBB), 
153–154, 154f

cerebral arteries, 156–158, 
156t, 157f

meninges, 152–153, 152–153f
venous system, 158, 158f

cervical plexus, 95, 98f
cervical spinal cord injury (CSCI), 300
chemical �ring of neuron (chemical 

transmission), 76–77
chemical transmission, 76–77
Cheyne-Stokes respiration, 255
chief executive o�cer (CEO), 312
cholinergic neurons, 70
cholinergic nuclei, 204
chordoma, 83t
chorea, 143b, 252, 347
choreoathetosis, 347
choroid plexus, 144
chronic coma, 209, 209f
chronic pain, 349
chronic traumatic encephalopathy 

(CTE), 17, 317b
cilia, 235
ciliary body, 269
CILT. See constraint induced language 

therapy
CIMT. See constraint induced movement 

therapy
cingulate cortex, 194–195, 195f, 205, 328
circle of Willis, 157, 157f
circumventricular organs (CVOs), 156
citric acid cycle, 79f
classical aphasias, 276t
classical locked-in syndrome, 213
classical reticular nuclei, 204
claustrum, 294
cleavage, 48
clinical orientation, in neuroanatomy, 

31, 32f
clinician–patient relationship, 331
clonus, 251
closed head injury, 166
CNS. See central nervous system
cochlea, 224, 227f

tonotopic organization of, 226f
cochlear implants, 231b

external and internal components 
of, 232f

cochlear nucleus, 227, 228f, 266, 267f
cochleovestibular nerve, 266
cognition, 306. See also neurology, of 

cognition

cognitive-communicative disorders, 
313–319

cognitive de�cits, 209, 213
cognitive levels

Rancho Levels of Cognitive 
Functioning (RLCF), 207–209

cognitive processing speed, 208
colliculospinal tract, 100
coma, 207, 209, 209f, 210f, 212t

stimulation, 217–218
commissurotomy, 162, 163f
communication disorders

importance of neurology in, 23f
comprehension, 306
computed tomography (CT), 16b, 18, 

18–19f, 165
conceptual level, motor speech 

system, 244
conduction aphasia, 163, 279, 279f
cones, photoreceptor layer, 269
connectionism, 15
consciousness

assess of, 205–209
audiology of, 217–218
de�nition of, 204
disorders, 209f, 209–214, 209t

and personhood, 216–217
treatment, 214–216

neurology of, 204–205
speech-language pathology of, 

217–218
varieties of, 204

constitution view, 215
constraint induced language therapy 

(CILT), 169
constraint induced movement therapy 

(CIMT), 169
content, language components, 264
contralateral innervation, 251
contralateral position, 34, 34f
contrecoup damage, 166, 167f
conventional language, 264
Cookie �e� picture, 314 f
core consciousness, 204, 210, 213

neural mechanisms of, 205
core self, 204
cornea, 269
coronal section, 32

of brain, 132f
corona radiata, 140, 140f
corpus callosum, 162, 328

coronal section of brain showing,  
162f

cortical neurons, 205
cortical organization, 54
cortical processing of visual 

information, 270
cortical reading areas, 270–271
corticomedial group, 327
corticoreticular tract, 252
cotton swabs, 341
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cough, neurology, 295–296, 297t
pathways for, 296f

cough re�ex, 295–296, 300
counselling

as critical skill in medicine, 331
training particular skills,  

331–332
working with patients’ emotions, 

331–332
coup damage, 166, 167f
CP. See cerebral palsy
cranial nerve I. See olfactory nerve
cranial nerve II. See optic nerve
cranial nerve III. See oculomotor nerve
cranial nerve IV. See trochlear nerve
cranial nerve V. See trigeminal nerve
cranial nerve VI. See abducens nerve
cranial nerve VII. See facial nerve
cranial nerve VIII. See vestibulocochlear 

nerve
cranial nerve IX. See glossopharyngeal 

nerve
cranial nerve X. See vagus nerve
cranial nerve XI. See spinal accessory 

nerve
cranial nerve XII. See hypoglossal nerve
cranial nerves (CNs), 106, 108,  

113f, 114–115t, 290
abducens nerve, 118–119
evaluation, 343, 344, 345–346b
facial nerve, 119–120
glossopharyngeal nerve, 121
hypoglossal nerve, 122–123
oculomotor nerve, 117–118
olfactory nerve, 112
optic nerve, 112–117
spinal accessory nerve, 122
trigeminal nerve, 118
trochlear nerve, 118
vagus nerve, 121–122
vestibulocochlear (or auditory)  

nerve, 120
cranial vault, inside of, 153, 153f
craniopharyngioma, 83t
cranioscopy, 13

Franz Josef Gall performing, 14f
phrenologist performing, 14f

creature consciousness, 204
cricopharyngeus muscle,  

292, 293
crista, 234, 236f
crossing, 34
crus cerebri, 109
CSCI. See cervical spinal  

cord injury
CSF. See cerebral spinal �uid
CT. See computed tomography
CTE. See chronic traumatic 

encephalopathy
cupula, 234
CVA. See cerebral vascular accident

CVOs. See circumventricular organs
cytoskeleton, 64

D
Damasio, Antonio, 16, 16f
DBS. See deep brain stimulation
declarative memory, 190, 309, 310f
decussation, 34
deep agraphia, 284
deep alexia, 282
deep brain stimulation (DBS), 137b
deep cerebral veins, 158
degenerative diseases of nervous 

system, 9–10
deglutition, 298
Dejerine, Joseph Jules, 16b
de la Tourette, Georges Gilles, 140b
dementia, 316–319

attention, 318
consciousness, 213
executive functions, 319
and Huntington disease, 300
memory, 318–319
signs, 351
types of, 318b

demyelinating diseases of CNS, 10
dendrites, 67
dendritic spines, 68f
Dennett, Daniel, 204
depolarization process, 77, 225–226, 226f
dermatome, 98, 99f
Descartes, René, 110, 137
developmental approach of nervous 

system, 42, 42f
diadochokinesia, 249
diadochokinetic rates, 343
diencephalon, 38, 42, 52

epithalamus, 136–137
hypothalamus, 136
organization, 229–230
subthalamus, 136
thalamus, 132–136

di�use damage, 166
diplopia, 118, 344
directional terms, 32–35, 34f, 35t
direct motor pathway, 249–252, 250f
direct pathway, 139
disability, de�nition of, 6
diseases, myoneural junction 

and muscle, 10
disequilibrium, 350
dis�uency, 168
distal, 34
distributed practice, 170
divided attention, 307
dizziness, 350
DLPFC. See dorsolateral prefrontal cortex
DM. See dorsomedial nuclei
DNA molecule, 63f

dominant hemisphere, 231
dopamine, 71t, 73, 109, 141, 204,  

253, 308
dorsal, 32
dorsal column medial lemniscal pathway, 

257, 258f
dorsal columns, 101
dorsal division, cerebrum’s temporal 

lobe, 229
dorsal induction, 49
dorsal pathways, 267
dorsal respiratory group (DRG), 255
dorsal stream, 270
dorsolateral prefrontal cortex (DLPFC), 

178
dorsomedial nuclei (DM), 132
double vision, 344
Douglas, William O., 313
DRG. See dorsal respiratory group
dualism, 215
dualists, 17
dual-route reading model, 279–281, 280f
dual-route writing model, 282–283, 283f
dura mater, 153
dynamic polarization of neurons, 63
dysarthria, 23, 251, 297t
dyskinesias, 5, 139, 346–347
dyskinetic CP, 167
dyslexia, 233, 279
dysphagia, 294, 298

evaluation for, 297b
general nature of neurogenic, 298–299
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