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Key Features:
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- Clinical notes boxes relate topics directly to clinical experience to emphasize the importance of anatomy in 
clinical practice 

- Margin notes identify important terminology, root words, and definitions, that are highlighted in color throughout each 
chapter

- “To summarize” sections provide a succinct listing of the major topics covered in a chapter or chapter section
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Preface

Anatomy & Physiology for Speech, Language, and Hearing, Seventh Edition, 
provides a sequential tour of the anatomy and physiology associated with 
speech, language, and hearing. Those of us studying Speech and Hearing 

Sciences are in the enviable position of being at the center of one of the most 
important facets of being human: Communication. In this text, our aspiration is 
for the content to be both accessible and applicable to your careers in our profes-
sions. Even as you read this material, know that your future clients are counting 
on the knowledge that you are gaining. What you study now becomes the heart of 
your practice later. We want this material to be relevant to you, the clinician.

This text is designed to serve the upper division undergraduate or graduate 
student in the fields of speech-language pathology and audiology, and it is our hope 
that it will serve you as a reference for your professional life as well. We aspire for 
it to be a learning tool and resource for both the developing and the accomplished 
clinician. We, the authors of this text, are first and foremost teachers ourselves. 
We are committed to the students within our professions and to the instructors 
who have made it their life work to teach them. Every revision of the text has both 
student and instructor in mind as we try to meet your needs in the rapidly changing 
professions of Audiology and Speech-Language Pathology.

Learning is not a spectator sport. Our goal is to make the text and its ancillary 
materials as useful to 21st-century students as possible. This new edition not only 
provides students with great interactive study tools in the revised ANAQUEST 
study software but also makes available a wealth of student and instructor resources 
to facilitate learning. We moved a great deal of the activities online, reflecting the 
dominant method for using them by students. We want you to be the best clinician 
and scientist you can be and sincerely hope that these materials move you along 
the path of your chosen career.

Organization

The text is organized around the five “classic” systems of speech and hearing: the 
respiratory, phonatory, articulatory/resonatory, nervous, and auditory systems. The 
respiratory system (involving the lungs) provides the “energy source” for speech, 
whereas the phonatory system (involving the larynx) provides voicing. The articula-
tory/resonatory system modifies the acoustic source provided by voicing (or other 
gestures) to produce the sounds we acknowledge as speech. The articulatory system 
is responsible for the mastication (chewing) and deglutition (swallowing) func-
tion, an increasingly important area within the field of speech-language pathology. 
The nervous system lets us control musculature, receive information, and make 
sense of the information. Finally, the auditory mechanism processes speech and 
nonspeech acoustic signals received by the listener who is trying to make sense of 
their world. We included information about prenatal and postnatal development 
of these systems as well as changes that occur through aging.

There are few areas of study where the potential for overwhelming detail is 
greater than in the disciplines of anatomy and physiology. Our desire with this 
text and the accompanying software lessons is to provide a stable foundation upon 
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which detail may be learned. In the text, we provide you with an introductory 
section that sets the stage for the detail to follow, and we bring you back to a more 
global picture with summaries. We also provide derivations of words to help you 
remember technical terms.

New to the Seventh Edition

This new edition of Anatomy & Physiology for Speech, Language, and Hearing 
includes many exciting enhancements:

•	 revised and updated physiology of swallowing includes discussion of 
postnatal development and aging effects of the swallowing mechanism  
and function

•	 brief discussion of the basics of genetics and trait transmission
•	 overview of prenatal development as it relates to the mechanisms of speech 

and hearing
•	 presentation of prenatal and postnatal development for each of the systems 

of speech and hearing as well as the effects of aging on each system
•	 content on the effects of pathology on communication, included within 

each of the physical systems of communication
•	 addition of clinical cases in neurophysiology and hearing as well as 

additional study and test questions
•	 updated lessons and images in ANAQUEST

J. Anthony Seikel
David G. Drumright
Daniel J. Hudock

See the beginning of the 
textbook for instructions on 
how to access the PluralPlus 
companion website.
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Introduction to the Learner

We continue to be impressed with the complexity and beauty of the systems 
of human communication. Humans use an extremely complex system 
for communication, requiring extraordinary coordination and control of 

an intensely interconnected sensorimotor system. It is our heartfelt desire that the 
study of the physical system will lead you to an appreciation of the importance of 
your future work as a speech-language pathologist or audiologist.

We also know that the intensity of your study will work to the benefit of your 
future clients and that the knowledge you gain through your effort will be applied 
throughout your career. We appreciate the fact that the study of anatomy is chal-
lenging, but we also recognize that the effort you put forth now will provide you 
with the background for work with the medical community.

A deep understanding of the structure and function of the human body is 
critical to the individual who is charged with the diagnosis and treatment of speech, 
language, and hearing disorders. As beginning clinicians, you are already aware of 
the awesome responsibility you bear in clinical management. It is our firm belief 
that knowledge of the human body and how it works will provide you with the 
background you need to make informed and wise decisions. We welcome you on 
your journey into the world of anatomy.
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Using This Textbook and 
Online Resources

Textbook

The text offers the following features to enhance your learning and compre-
hension:

•	 Learning Outcomes provide a guide on how to navigate the depth 
and breadth of the chapter content.

•	 Margin Notes identify important terminology, root words, and 
definitions that are highlighted in color throughout each chapter. 
Other important terms are boldfaced in text to indicate that the 
definition can be found in the Glossary at the end of the book. Use 
these terms to study and prepare for tests and quizzes. Additionally, 
callouts in the margin indicate corresponding ANAQUEST lessons 
and video labs.

•	 Clinical Notes relate a topic directly to clinical experience to 
emphasize the importance of anatomy in your clinical practice. Gain 
insight into your chosen profession by using the topics discussed 
for research papers, to facilitate in-class discussion, and to complete 
homework assignments.

•	 Illustrations and Graphs provide visual examples of the anatomy, 
processes, and body systems discussed. Refer to the figures as you 
read the text to enhance your understanding of the specific idea or 
anatomical component being discussed. When reviewing for quizzes 
and tests, refer back to the figures for an important visual recap of the 
topics discussed.

•	 Photographs provide a real-life look at the body parts and functions 
you are studying. Use these images as reference for accuracy in 
describing body systems, parts, and processes. Allow yourself to be 
amazed by the intricacies of human anatomy.

•	 Tables highlight the various components, functions, structures, 
and pathologies of anatomical concepts related to what you might 
encounter in actual practice. Use these tables for quick reference to 
study and learn to relate your new anatomical knowledge to clinical 
experience. Muscle Tables describe the origin, course, insertion, 
innervation, and function of key muscles and muscle groups. Use 
these tables to stay organized and keep track of the numerous  
muscles studied in the chapters.

177

S poken communication uses both voiceless and voiced sounds, and this 
chapter is concerned with that critical distinction. As you remember from 
your phonetics course, the term phoneme refers to the sounds of speech. 

Voiceless phonemes are produced without the use of the vocal folds, such as the 

phonemes /s/ or /f/. Voiced phonemes are produced by the action of the vocal folds, 

as in /z/ and /v/. Phonation, or voicing, is the product of vibrating vocal folds, 

and this occurs within the larynx. Remember from Chapter 3 that we referred to 

respiration as the source of energy for speech. Phonation is the source of voice for 

speech. Respiration is the energy source that permits phonation to occur; without 

respiration there would be no voicing.The vocal folds are made up of five layers of tissue, with the deepest layer 

being muscle. The space between the vocal folds is termed the glottis (or rima  

glottidis), and the area below the vocal folds is the subglottal region. The vocal folds 

are located within the course of the airstream at the superior end of the trachea. As 

the airstream passes between the vocal folds, they may be made to vibrate, much as a 

flag flaps in the wind. Try this: Place your hand on the side of your neck, and hum. 

You should feel a tickling vibration. This is the mechanical correlate of the sound 

you hear. If you alternately produce /a/ and /h/, you should feel your vocal folds 

start vibrating and stop, because /a/ is a voiced sound, and /h/ is voiceless sound.

ANAQUEST LESSON 

rima glottidis: L., slit of the glottis

LEARNER OUTCOMES
The learner will be able to:
 1. Expressively define and receptively identify on graphic image the glottis, subglottal region, and phonation, valleculae, aryepiglottic folds, vocal ligament, conus elasticus, and pyriform sinus. 2. Discuss the biological functions of the larynx. 3. Discuss the relationship among the cartilages and bone of the larynx, and their location relative to other cartilages. 4. Identify each of the laryngeal cartilages and landmarks of those cartilages, as well as the hyoid bone and its landmarks from graphic image.

 5. Receptively identify the level and structural specialization of the layers of the vocal folds based on description. 6. Identify the cavities, landmarks, and structures of the larynx through description or visual image.

 7. Describe the location of structures and spaces of the larynx.
 8. Describe the movement and articulation of the cartilages, including the functional result of movement.

 9. Define the intrinsic laryngeal musculature origin, insertion, course, function, and innervation, as well as identify on a graphic image.10. Receptively identify from an image and state the function of the aryepiglotticus and thyroepiglotticus muscles.11. Identify the origin, insertion, course, function, and innervation of the infrahyoid and suprahyoid muscles, and receptively identify the muscles on graphic images.
There is a great deal of detail in the anatomy of 
the phonatory mechanism, and you should follow 
the guidance of your instructor when studying this 
content.
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The superior surface is marked by a superior articular facet, which rests atop the 

pedicle. The inferior surface contains an inferior articular facet. In the articu-

lated vertebral column, these facets mate. The pair of transverse foramina shown  

in Figure 2–5 is found only in the cervical vertebrae and may even be absent in C7. 

Figure 2–7 shows that the vertebral artery passes through this foramen. You can 
pedicle: L., pedalis, foot

Odontoid Malformations

Odontoid malformations are those in which the 

odontoid process of C2 fails to develop. In cases 

such as these, the atlas (C1) is free to rotate on the axis 

(C2), providing the potential for significant spinal 

cord and medulla oblongata injury during hyperrota-

tion or hyperextension. Because the medulla oblongata 

is a vital component of the brainstem, these malfor-

mations can be life threatening. The individual with 

undiagnosed odontoid malformation may complain 

of joint pain or stiffness in the neck but otherwise 

may be asymptomatic. It is not until a radiograph of 

the neck region is performed for other purposes that 

the absent process is identified. Often the individual 

undergoes a minor trauma, such as a fall, that has 

a result that is greater than expected. In the litera-

ture on odontoid malformations are cases of wrestlers 

who suffer repeated syncope (significant reduction 

in blood pressure that results in light-headedness), 

transient limb weakness, and even seizure disorder. 

A more serious malformation is the os odontoideum  

malformation, in which the anterior tip of the 

vertebra is separated. In this condition, the tip typi-

cally continues to receive vascular supply and often 

grows into the foramen magnum. The result is that 

the tip places pressure on the spinal cord and lower 

brainstem, resulting in muscular weakness, pain, and 

reduction in motor coordination (ataxia), depending 

on the location of the injury. If the tip compresses 

an artery, there can be further complications due to 

reduction in vascular supply.

External carotid artery

Basilar artery

Internal carotid artery

Right vertebral artery

Subclavian artery

Common carotid artery

Aorta from heart

Figure 2–7. Course of vertebral 

artery through the transverse 

foramina of cervical vertebrae. 

Source: From Seikel/Drumright/

King. Anatomy & Physiology for 

Speech, Language, and Hearing, 

5th ed. © Cengage, Inc. Repro-

duced by permission.
302 ANATOMY & PHYSIOLOGY FOR SPEECH, LANGUAGE, AND HEARING

Figure 6–9.  continued B. Photo of inferior view of the skull.

B

Table 6–1. Bones of the Face and Cranial SkeletonBones of the Face
Bones of the Cranial Skeleton

Mandible
Ethmoid boneMaxillae
Sphenoid boneNasal bones
Frontal bonePalatine bones and nasal conchae Parietal boneVomer

Occipital boneZygomatic bone
Temporal boneLacrimal bones

Hyoid bone
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•	 “To Summarize” Sections provide a succinct listing of the major 
topics covered in a chapter or chapter section. These summaries 
provide a helpful recap of the general areas where you should focus 
your time while reviewing for examinations.

•	 Chapter Summaries provide precise reviews of content. The summary 
is offset from the running text to make it easily identifiable for quick 
review.

•	 A Bibliography with a comprehensive list of references at the end of 
each chapter offers great sources to start your research for a paper or 
class project.

•	 A Glossary lists all key terms found throughout the text.

Online Resources

The text is supported by a suite of supplementary resources on a PluralPlus 
companion website. The site is divided into two areas: one housing materials 
for the instructor and the other just for students.

ANAQUEST
The innovative software program, ANAQUEST, is available in two different 
versions: one for instructors to import into their Learning Management 
Systems (LMS) for exams, and another web-based version for student study. 
ANAQUEST features interactive lessons, images, animations, and videos.

For the Instructor
The instructor area of the PluralPlus companion website contains a variety 
of tools to help instructors successfully prepare lectures and teach within 
this subject area. This comprehensive package provides something for all 
instructors, from those teaching anatomy and physiology for the first time 
to seasoned instructors who want something new. The resources include the 
following:

•	 PowerPoint slides for each chapter
•	 a test bank with over 1,000 questions and answers
•	 class activities and labs
•	 a sample syllabus
•	 videos
•	 a version of ANAQUEST importable to the leading LMSs
•	 access to the student section of the companion website

See the inside front cover of the book on how to gain instructor access 
to the website.
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✔✔ To summarize:

• The vocal folds consist of five layers of tissue.

• Deep to the thin epithelial layer is the lamina propria, made up of two 

layers of elastin and one layer of collagen fibers. The thyroarytenoid muscle 

is the deepest of the layers.

• The vocal ligament is made of elastin. The aditus is the entryway of the 

larynx, marking the entry to the vestibule.

• The ventricular and vocal folds are separated by the laryngeal ventricle.

• The glottis is the variable space between the vocal folds.

Cartilaginous Structure of the Larynx

Cartilage has the precise qualities needed for the larynx in that it is flexible but 

also provides the structure needed to withstand negative and positive pressures. 

A simple epithelial tube such as the esophagus would collapse as pressure within it 

dropped, and a bony structure would not allow a person to flex and bend the neck.

Cricoid Cartilage

The unpaired cricoid cartilage can be viewed as an expanded tracheal cartilage 

(Figure 4–6). As the most inferior cartilage of the larynx, the cricoid cartilage 

Facet for

arytenoid

Facet for

arytenoid

Facet for

thyroid

Arch

ANTERIOR VIEW

LATERAL VIEW

POSTERIOR VIEW

Facet for

arytenoid

Lamina

A

Facet for

arytenoid

Facet for

arytenoid

Facet for

thyroid

Arch

Lamina

B

Figure 4–6. A. Cricoid cartilage 

and landmarks. Source: From 

Seikel/Drumright/King. Anatomy 

& Physiology for Speech, 

Language, and Hearing, 5th ed. 

© Cengage, Inc. Reproduced 

by permission. B. Photograph 

of cricoid cartilage, superior and 

lateral views.
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• Forced expiration reverses this process by pulling the thorax down and in 
and by forcing the diaphragm higher into the thorax.• Chapter 3 provides insight into the details of inspiration, expiration, and 
respiration for speech.

Muscle: Quadratus lumborumOrigin: Iliac crest
Course: Fan up and inwardInsertion: Transverse processes of the lumbar vertebrae and inferior border of rib 12
Innervation: Thoracic nerve T12 and L1 through L4 lumbar nervesFunction: Bilateral contraction fixes abdominal wall in support of abdominal compressionMuscle: Latissimus dorsiOrigin: Lumbar, sacral, and lower thoracic vertebraeCourse: Up fanlike

Insertion: Humerus
Innervation: Brachial plexus, posterior branch; fibers from the regions C6 through C8 form the long subscapular nerve

Function: For respiration, stabilizes posterior abdominal wall for expiration

CHAPTER SUMMARY

R espiration is the process of gas exchange between an organism and its environment. The rib cage, made up of the spinal column and ribs, houses the lungs, which are the primary machinery of respiration. By means of the cartilaginous trachea and bronchial tree, air enters the lungs for gas exchange within the minute alveolar sacs. Oxygen enters the blood, and carbon dioxide is removed by expiration.Air enters the lungs through muscular effort. The diaphragm, placed between the thorax and abdomen, contracts during inspiration. The lungs expand when the diaphragm contracts, drawn by 

pleurae linked through surface tension and negative pressure. When lungs expand, the air pressure within the lungs becomes negative with respect to the outside atmosphere, and Boyle’s law dictates that air flows from the region of higher pressure to fill the lungs. Accessory muscles also provide for added expansion of the rib cage for further inspiration.Expiration may occur passively through the forces of elasticity and gravity acting on the ribs and rib cage. Expiration may also be forced, using muscles of the abdomen and those that depress the rib cage to evacuate the lungs.
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For the Student
To further help students master complex material, the student area of the Plural-
Plus companion website includes the following:

•	 interactive study quizzes for each chapter
•	 videos
•	 downloadable appendices
•	 a student web-version of the ANAQUEST study software

The ANAQUEST software is keyed to the text, reinforcing identification of the 
structures presented during lecture and, more importantly, illustrating the function 
of those structures. The lessons and videos are self-paced, with frequent quizzes. 
Spending two or three half-hour sessions per week will be a great refresher while 
preparing for exams. 

See the inside front cover of the book for the website URL and your access 
code.
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1Basic Elements of Anatomy

You are entering into a study of the human body that has a long and rich 
tradition. We are fortunate to have myriad instruments and techniques at our 
avail for this study, but it has not always been so. You will likely struggle with 

arcane terminology that seems confusing and strange, and yet if you look closely, 
you will see what the early anatomists first saw. The amygdala of the brain is a small 
almond-shaped structure, and amygdala means “almond.” Lentiform literally means 
“lens-shaped,” and the lentiform nucleus is just that. The fact that the terminology 
remains in our lexicon indicates the accuracy with which our academic ancestors 
studied their field, despite extraordinarily limited resources.

This chapter provides you with some basic elements to prepare you for your 
study of the anatomy and physiology of speech, language, and hearing. We provide 
a broad picture of the field of anatomy and then introduce you to the basic tissues 
that make up the human body. Tissues combine to form structures, and those 
structures combine to form systems. This chapter sets the stage for your under-
standing of the new and foreign anatomical terminologies.

ANAQUEST LESSON 

LEARNING OBJECTIVES

The learner will be able to:

	 1.	 Define and demonstrate an understanding of 
the terminology of anatomy and physiology as 
it relates to the body, its position in space, and 
movement of its parts.

	 2.	 Demonstrate receptive knowledge of the 
subspecializations of anatomy and physiology.

	 3.	 Identify the four basic tissue types, and define 
their general function in the body.

	 4.	 Receptively differentiate the derivatives, and 
functions of those derivatives, of epithelial 
tissue, connective tissue, muscular tissue, and 
nervous tissue.

	 5.	 Receptively identify joint types of the skeleton.
	 6.	 Discuss muscle function as it relates to exertion 

of force on the skeletal structures.
	 7.	 Differentiate fascia, ligaments, and tendons.
	 8.	 Define the systems of the body and how they 

relate to the systems of communication.

	 9.	 Describe the basic function of the central and 
peripheral nervous systems.

10.	 Relate the name, number, and general function 
of each cranial nerve, the name and general 
function of lobes of the cerebellum, lobes of the 
cerebral cortex, and structures of the brainstem.

11.	 Relate the difference among autosomal dominant, 
autosomal recessive, and sex-linked inheritance, 
and between genotype and phenotype.

12.	 Define the times that indicate the embryonic 
and fetal stages of development.

13.	 Receptively differentiate general structures that 
arise from endoderm, ectoderm, and mesoderm 
in development.

14.	 Receptively differentiate the structures of 
the face, head, and neck that arise from each 
pharyngeal arch.

There is a great deal of detail in this introductory 
information, and you should follow the guidance of 
your instructor when studying this content.
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Anatomy and Physiology

Anatomy refers to the study of the structure of an organism. Physiology is the 
study of the function of the living organism and its parts, as well as the chemical 
processes involved. Applied anatomy (also known as clinical anatomy) involves 
the application of anatomical study for the diagnosis and treatment of disease and 
surgical procedures. Descriptive anatomy (also known as systemic anatomy) is a 
description of individual parts of the body without reference to disease conditions, 
viewing the body as a composite of systems that function together. Gross anatomy 
studies structures that are visible without a microscope, while microscopic anatomy 
examines structures not visible to the unaided eye. Surface anatomy (also known 
as superficial anatomy) studies the form and structure of the surface of the body, 
especially with reference to the organs beneath the surface (Gilroy et al., 2012; Gray 
& Standring, 2008; Rohen et al., 2011; Tank & Grant, 2012). Developmental 
anatomy deals with the development of the organism from conception (Moore 
et al., 2020).

When your study examines disease conditions or structural abnormalities, you 
have entered the domain of pathological anatomy. When we make comparisons 
across species boundaries, we are engaged in comparative anatomy. Examination 
of physiological processes may entail the use of a range of methods, from simply 
measuring forces exerted by muscles to highly refined electrophysiological tech-
niques that measure electrical activity of single cells or groups of cells, including 
muscle and nervous system tissues. For example, audiologists are particularly 
interested in procedures that measure the electrical activity of the brain caused 
by auditory stimuli (evoked auditory potentials). We rely heavily on descriptive 
anatomy to guide our understanding of the physical mechanisms of speech and 
to aid our discussion of its physiology (e.g., Duffy, 2019). Study of pathological 
anatomy occurs naturally as you enter your clinical process because many of the 

anatomy dissection: Gr, 
anatome

dissection:  L., dissecare, the 
process of cutting up

physiology:  Gr., physis, nature; 
logos, study; function of an 
organism

applied anatomy or clinical 
anatomy:  application of 
anatomical study for the 
diagnosis and treatment of 
disease, particularly as it relates 
to surgical procedures

descriptive anatomy or 
systemic anatomy:  anatomical 
specialty involving the description 
of individual parts of the body 
without reference to disease 
conditions

gross anatomy:  study of the 
body and its parts as visible 
without the aid of microscopy

microscopic anatomy:  study 
of the structure of the body by 
means of microscopy

surface anatomy or 
superficial anatomy:  study of 
the body and its surface markings 
as related to underlying structures

developmental anatomy: 
study of anatomy with reference 
to growth and development from 
conception to adulthood

pathological anatomy:  study 
of parts of the body with respect 
to the pathological entity

comparative anatomy:  study 
of homologous structures of 
different animals

electrophysiological 
techniques:  those techniques 
that measure the electrical activity 
of single cells or groups of cells, 
including muscle and nervous 
system tissues

evoked auditory potential: 
electrical activity of the brain that 
is directly associated with hearing 
an auditory stimulus, an example 
of this is an auditory brainstem 
response

Teratogen

A teratogen or teratogenic agent is anything causing teratogenesis, the 
development of a severely malformed fetus. For an agent to be teratogenic, 

its effect must occur during prenatal development. Because the development 
of the fetus involves the proliferation and differentiation of tissues, the timing 
of the teratogen is particularly critical. The heart undergoes its most critical 
period of development from the third week to the eighth, while the critical 
period for the palate begins around the fifth week and ends around the 12th 
week. The critical period for neural development stretches from the third 
week until birth. These critical periods for development mark the points at 
which the developing human is most susceptible to insult. An agent destined 
to have an effect on the development of an organ or system will have its 
greatest impact during that critical period.

Many teratogens have been identified, including organic mercury (which 
causes cerebral palsy, cognitive impairment, blindness, cerebral atrophy, and 
seizures), heroin and morphine (causing neonatal convulsions, tremors, and 
death), alcohol (fetal alcohol syndrome, cognitive impairment, microcephaly, 
joint anomalies, and maxillary anomalies), and tobacco (growth restriction), 
to name just a few. 
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acquired conditions speech-language pathologists or audiologists work with arise 
from pathological changes in structure.

We need to call on knowledge from related fields to support your study of 
anatomy and physiology. Cytology is the discipline that examines structure and 
function of cells; histology is the microscopic study of cells and tissues. Osteology 
studies the structure and function of bones, while myology examines muscle form 
and function. Arthrology studies the joints uniting bones, and angiology is the 
study of blood vessels and the lymphatic system. Neurology is the study of diseases 
of the nervous system.

✔✔ To summarize:

•	 Anatomy is the study of the structure of an organism; physiology is the 
study of function.

•	 Descriptive anatomy relates the individual parts of the body to functional 
systems.

•	 Pathological anatomy refers to changes in structure as they relate to disease.
•	 Gross and microscopic anatomy refer to levels of visibility of structures 

under study.
•	 Developmental anatomy examines growth and development of an 

organism.
•	 Cytology and histology study cells and tissues, respectively. Myology 

examines muscle form and function.
•	 Arthrology refers to the study of the joint system for bones, while 

osteology is the study of form and function of bones.
•	 Neurology refers to the study of diseases of the nervous system.

Terminology of Anatomy

Terminology allows us to communicate relevant information concerning the loca-
tion and orientation of various body parts and organs, so clarity of terminology is 
of the utmost importance in the study of anatomy. Terminology also links us to 
the historic roots of this field of study. To the budding scholar of Latin or Greek, 
learning the terms of anatomy is an exciting reminder of our linguistic history. To 
the rest of us, the terms we are about to discuss may be less easily digested but are 
nonetheless important.

As you prepare for your study of anatomy, please realize that this body of 
knowledge is extremely hierarchical. What you learn today will be the basis for what 
you learn tomorrow. Not only are the terms the bedrock for understanding anatom-
ical structures but mastery of their usage will let you gain the maximum benefit 
from new material presented.

Terms of Orientation
In the anatomical position, the body is erect, and the palms, arms, and hands 
face forward, as shown in Figure 1–1A. Terms of direction assume this position. 
The body and brain (and many other structures) are seen to have axes (plural of 
axis), or midlines from which other structures arise. The axial skeleton is the  
head and trunk, with the spinal column being the axis, while the appendicular 

cytology:  Gr., kytos, cell; logos, 
study

histology:  Gr., histos, web, 
tissue; logos, study

osteology:  Gr., osteon, bone; 
logos, study

myology:  Gr., mys, muscle; 
logos, study

arthrology:  Gr., arthron, joint; 
logos, study

angiology:  Gr., angio, blood 
vessels; logos, study

neurology:  Gr., neuron, sinew, 
nerve; logos, study
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Apical pleurae, 93
Apneic reflex, 470
Aponeurosis, 17, 23
Appendicular skeleton, 3–6, 9
Applied anatomy (definition), 2
Apraxia, 392, 722
Arachnoid mater, 591
Areolar, 11–12, 16
Arnold-Chiari malformation, 592
Arthrology (definition), 3
Articular capsule, 21
Articulation, 18, 287, 325, 345; see also 

Articulators; Articulatory system; 
Cranial skeleton; Dentition; 
Facial bones

aging and development, 405–418
articulatory ability, 414–
cephalocaudally, 415
craniofacial growth, 405–406
effects of aging, 416–417
laryngeal descent, 413
mandible, 406–412
maxilla, 406–412
motor control, 415
palate, 411
phonological development, 415
proximodistally, 415
reflexes, 414
tongue length, 412
velum length, 412
vocal tract, 407–410, 412–414

apraxia, 392
cineradiography, 380
cleft lip, 419
coordinated, 388–396

articulatory goals, 390
associated chain theory, 389
central control theory, 389–390, 

396
coarticulation, 389
coordinative structures, 390–391
DIVA (directions into velocities of 

articulation) model, 392–396
dynamic models of motor function, 

391, 396
effector system, 390
feedback theories, 390
perturbation, 391
phonological system, 389
terminal device, 390
trajectories, 391

dentition, 419
dyspraxia, 392
electropalatography, 380–381
instrumentation, 380–381

lip problems, 420–422
mandible problems, 420
maxillary problems, 420
neurogenic conditions, 422–424
oral disease, 420
palate problems, 420–422
pathologies affecting, 419–424
prenatal development, 396–405

auditory meatus, external, 404
dentition, 403
esophageal development, 399
facial muscles, 404
facial structure, 397, 400–405
frontonasal prominence, 402, 405
gingiva, 403
infraorbital lamina, 406
labiogingival lamina, 402
mandibular development, 403, 405
maxillary prominences, 402, 405
membranous viscerocranium, 396
nasal cavities, 402–403
nasal placodes, 402, 405
neurocranium, 396
optic vesicles, 402, 405
oral cavity, 399–401
otic pit, 402
palate, 402–403, 405–406
pharynx, 399–401
pinna, 404, 517
salivary gland development, 

399–401
skull, 396–399
stomodeum, 402, 405
taste sensors development, 399–401
tongue development, 399–401

pseudopalate prosthesis, 380
speech function, 381–388

lips, 382–383
mandible, 383–384
oral mechanism examination 

(OME), 387
proprioceptive information, 382
tongue, 384–387
tongue protrusion, 387–388
tongue weakness, 387
velum, 387–388

surface electromyography (sEMG), 
380–381

tongue problems, 419–420
Articulators, 291–302; see also 

Articulatory system
fauces, 291
growth, 411
mandible, 291, 325
nasal cavity, 292

skull, 293–302
soft palate, 291

Articulatory system, 27, 37, 291–302, 
338–343

auditory tube, development, 344
buccal cavity, 339, 343
laryngopharynx, 340, 342–343
median raphe, 338
nasal cavities, 338, 341–343
nasopharynx, 340, 342–343
oral cavity, 338–341, 343
oropharynx, 340, 342–343
palatine tonsils, 339
pharyngeal cavity, 338, 340, 343
salpingopharyngeal fold, 341
soft palate, 339
velopharyngeal ort, 340
velum, 339, 343

Aryepiglottic folds, 180–181, 189
Aryepiglottic muscles, 187, 211
Arytenoid cartilages, 180–181, 195–197, 

202
Aspiration, 89
Associated chain theory, 389
Association fibers, 619–620, 628
Association regions, 723–725
Asthma, 171
Ataxic dysarthria, 721
Atmospheric pressure, 145, 150
Auditory acuity, 554–555
Auditory development, 549–553
Auditory information, 718
Auditory mechanism, aging, 555–558
Auditory pathway, 535–549

belt, cerebral cortex, 543–545
cerebral cortex, 540–545
cochlear nucleus, 535–538
core, cerebral cortex, 541–543
highest level processing, 545–548
inferior colliculus (IC), 539–540
medial geniculate body (MGB), 540
parabelt, cerebral cortex, 545
superior olivary complex (SOC), 

538–539
Auditory system, 554–555
Auditory tube, 344, 556
Auricular hillocks, 549
Auricular tubercle, 485, 487
Autoimmune diseases, 14
Automaticity, 571
Autonomic nervous system (ANS), 15, 

578–579
Autosomal recessive genes, 38–39, 48
Average fundamental frequency, 256
Axial plane, 7
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Axial skeleton, 3, 9
Axodendritic synapses, 585
Axons, 30, 581–582

B
Babinski reflex, 686
Background activity, 571
Ballism, 721
Basal ganglia, 36–38, 572, 620–622
Basement membrane, 11–12
Baseplate, 11–12
Bell’s palsy, 752
Belt, cerebral cortex, 543–545
Bernoulli effect, 239–244
Bite block, 736
Blast lung, 90
Blood, 11, 13, 16
Body parts, 8–9
Bolus, 231, 430
Bone development, 46
Bone fractures, 18
Bones, 11, 13, 16, 18–19, 23
Bony thorax, 56
Boyle’s law, 55–56
Brain mapping, 726
Brainstem, 31, 33, 36, 38, 557, 573, 

636–648
calamus scriptorius, 639
corpora quadrigemina, 641
deep structures, 641–647
Edinger-Westphal nucleus, 647
IX glossopharyngeal nerve, 638
medulla oblongata, 637–640, 

642–644
midbrain, 641, 646–647
obex, 639
optic tracts, 641
pons, 640–641, 644–646
pyramidal decussation, 637, 642–643, 

647
reflexes, 713–714
X vagus nerve, 638
XI accessory nerve, 638

Breathy vocal attack, 245, 254
Broca’s aphasia, 730, 734
Broca’s area, 35, 610, 616, 722, 734
Brodmann areas (Ba), 601–604, 718
Bronchial tree, 79–80, 82–91

alveoli, 88, 91
cilia, 90
contaminants, 89–90
cuboidal cells, 89
dead air, 87
divisions, 82

lingula, 82
lungs, 84–86, 90, 92
mediastinal structures, 82
mucus, 90
pulmonary, 89
terminal bronchioles, 87–88
thoracic cavity, 87

Buccal cavity, 339, 343

C
Calamus scriptorius, 639
Canalicular stage, 163, 168
Cardiac muscle, 14, 16
Carotid arteries, 628
Cartilage, 11–13, 16
Cartilaginous glottis, 193
Cartilaginous joints, 19, 21, 23
Caudal, 7
Caudate nucleus, 620
Cavities, 9
Central control theory, 389–390, 396
Central effects of biological aging 

(CEBA), 557
Central nervous system (CNS), 28, 

37, 577–578, 580–581; see also 
Brainstem; Cerebellum; Cerebral 
cortex; Cerebrovascular system; 
Cerebrum; Cranial nerves; 
Neurons; Spinal cord; Subcortex

Central pattern generators (CPGs), 166, 
168

Central tendon, 97, 101–102
Cerebellar control function, 635
Cerebellar peduncle, 635
Cerebellum, 36, 38, 572–573, 631–636

cerebellar control function, 635
cerebellar peduncle, 635
corticopontine projection, 634
cuneocerebellar tract, 634
dorsal spinocerebellar tract, 633–634
flocculonodular lobe, 631, 635
olivocerebellar fibers, 634
pontocerebellar fibers, 634
rostral spinocerebellar tract, 634
rubrospinal tract, 633
tracts, 633–635
ventral spinocerebellar tract, 634
vermis, 631
vestibulocerebellar tract, 634
vestibulocerebellum, 631

Cerebral arteries, 628, 630
Cerebral cortex, 31, 35–36, 38, 

540–545, 572, 617–618, 629
cingulate gyrus, 617

hypophysis, 617
olfactory sulcus, 617
paracentral lobule, 617
parahippocampal gyrus, 617
precuneus, 617
vascular supply, 629

Cerebral hemispheres, 599
Cerebral longitudinal fissure, 604
Cerebrospinal fluid (CSF), 595–599
Cerebrovascular accident (CVA), 727, 

750–751
Cerebrovascular system, 628–631
Cerebrum, 573, 589–616

arachnoid mater, 591
Broca’s area, 610, 616
Brodmann areas (Ba), 601–604
cerebral hemispheres, 599
cerebral longitudinal fissure, 604
cerebrospinal fluid (CSF), 595–599
choroid plexus, 597
corpus callosum, 591, 615
cuneus, 615
dentate, 615
denticulate ligaments, 593
diaphragma sella, 591
dura mater, 589, 599
falx cerebelli, 591, 594
falx cerebri, 591–594
fissures, 604
foramen of Magendie, 598
foramina of Luschka, 598
frontal lobe, 608–613
gyri, 604, 616
insula, 615–616
interventricular foramen of Monro, 

598
island of Reil, 615
landmarks, 604–606
layers, 599–601
limbic system, 615–616
meningeal linings, 589–595, 599
nonpyramidal cells, 599
occipital lobe, 614–616
operculum, 616
parietal lobe, 613–614
pia mater, 591
precentral gyrus, 612
pyramidal cells, 599
pyriform lobe, 617
Rolandic sulcus, 608
spinal cord, 595–596
sulci, 604, 616
supplementary motor area (SMA), 

612
sylvian fissure, 608
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Cerebrum  (continued)
temporal lobe, 614, 616
ventricles, 595–599
Wernicke’s area, 614, 616

Cerumen, 488
Cervical plexus, 102
Checking action, 157
Chemoreceptors, 445, 459, 575
Chewing reflex, 466–468
Chewing, sucking, and swallowing 

(CSS), 445
Childbirth, 122
Chordi tympani, 661
Choroid plexus, 597
Chromosomes, 38
Chronic obstructive pulmonary disease 

(COPD), 91, 169–170
Cilia, 10, 90
Ciliated epithelium, 11
Cineradiography, 380
Cingulate gyrus, 617
Circle of Willis, 628–631
Clavicle, 56, 69
Clavicular breathing, 138
Cleft lip, 315, 419
Cleft palate, 315
Cleft sternum, 77
Clinical anatomy (definition), 2
Coarticulation, 389
Coccygeal ligament, 671
Cochlea, 519–522
Cochlear duct, 504–505
Cochlear nucleus, 535–538
Cochlear recess, 501
Cognition, 731
Columnar epithelium, 11
Commissural fibers, 620, 628
Communication-affecting pathologies, 

169–172
Compact bone, 13
Comparative anatomy (definition), 2
Compression, 235
Compressive strength, 12
Conductive presbycusis, 555–556
Condylar, 19, 21, 23
Connective tissue, 11–16

adipose, 11–12, 16
areolar, 11–12, 16
blood, 11, 13, 16
bone, 11, 13, 16
cartilage, 11–13, 16
compact bone, 13
fibroblasts, 13
fibrocartilage, 13, 16
fibrous tissue, 12–13

hyaline cartilage, 12–13, 16
interstitial, 12
loose connective tissue, 12
lymphocytes, 13
lymphoid, 11–12
macrophages, 13
mast cells, 13
matrix, 12–13
mucous membrane, 12, 15
mucus, 12
spongy bone, 13
white fibrous, 11–12, 16
yellow (elastic) cartilage, 11–12, 16

Contaminants, bronchial, 89–90
Conus elasticus, 182, 188
Conus medullaris, 671
Core, cerebral cortex, 541–543
Corniculate cartilages, 180–181, 

195–197
Cornu, 195
Corona radiata, 619
Coronal plane, 4–5
Corpora quadrigemina, 641
Corpus callosum, 591, 615
Corpus striatum, 621
Cortical atrophy, 742
Corticobulbar tract, 686–687
Corticopontine projection, 634
Corticospinal pathway, 31
Corticospinal tract, 685–686, 688
Costal pleurae, 93
Cotylica, 21
Cotyloid, 21
Cough reflex, 469
Coughing, 230, 232
COVID-19, 139, 751
Cranial cavity, 9
Cranial nerve 0, 669
Cranial nerves, 31–33, 37, 648–670, 675

chordi tympani, 661
classifications, 648–650
cranial nerve 0, 669
crossed olivocochlear bundle (COCB), 

663
dorsal cochlear nucleus (DCN), 662
function, 651–652
general somatic afferent (GSA) nerves, 

648
general somatic efferent (GSE) nerves, 

650
general visceral afferent (GVA) nerves, 

648
general visceral efferent (GVE) nerves, 

650
I olfactory nerve, 651–653, 670

II optic nerve, 653–654, 670
III oculomotor nerve, 654, 657, 670
IV trochlear nerve, 654, 657, 670
IX glossopharyngeal nerve, 664–666, 

670
lingual nerve, 657
mandibular nerve, 657
maxillary nerve, 657
medial superior olive (MSO), 663
olivocochlear bundle, 663
ophthalmic nerve, 657
special somatic afferent (SSA) nerves, 

648
special visceral afferent (SVA) nerves, 

650
special visceral efferent (SVE) nerves, 

650
terminal nerve, 669
uncrossed olivocochlear bundle 

(UCOB), 663
V trigeminal nerve, 654–658, 670
vasovagal response, 667
ventral cochlear nucleus (VCN), 662
VI abducens nerve, 657, 659, 670
VII facial nerve, 659–661, 670
VIII vestibulocochlear nerve, 

661–664, 670
acoustic branch, 661–662
auditory pathway, 663–664
efferent component, 663
vestibular branch, 663

X vagus nerve, 666–668, 670
XI accessory nerve, 668–670
XII hypoglossal nerve, 669–670

Cranial portion, skull, 9
Cranial skeleton, 302, 317–326

clivus, 319, 325
cribriform plates, 318
crista galli, 318, 325
ethmoid bone, 318–319, 325
frontal bone, 320–321
hypophyseal fossa, 319
lambdoidal suture, 321
occipital bone, 321, 323
occipitomastoid suture, 322
orbital plates, 319
parietal bone, 320–322
pterygoid plates, 320
scaphoid fossa, 320
sella turcica, 319
sphenoid bone, 319–320, 325
squamosal suture, 321–322
tegmen tympani, 325
temporal bone, 322–326
tympanic antrum, 325
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wormian bones, 320–321
zygomatic processes, 320

Craniosacral system, 578
Craniostenosis, 321
Craniosynostosis, 23, 321
Cricoid cartilage, 180–181, 194–195, 

202
Cricopharyngeus muscle, 220, 226
Cricothyroid joint, 181, 195, 199
Cricothyroid muscle, 207–209
Cricotracheal ligament, 182
Crista ampularis, 504, 508
Crossed olivocochlear bundle (COCB), 

663
Crura, 98
Crus, 98
Crus commune, 501
Cuboidal (cubical) epithelium, 11
Cuboidal cells, 89
Cuneiform cartilages, 181, 198
Cuneocerebellar tract, 634
Cuneus, 615
Cycle of vibration, 234, 239, 243
Cytology (definition), 3

D
Darwin’s tubercle, 485
Dead air, 87, 142–144
Degenerative diseases, 752–756
Deglutition, 429–479

aging, 463–465
apneic reflex, 470
bolus, 430
chemoreceptors, 445, 459
chewing reflex, 466–468
chewing, sucking, and swallowing 

(CSS), 445
cough reflex, 469
defined, 429
development, 459–463
esophageal stage, 442–444
expulsive reflexes, 466
gag reflex, 468–469, 471
Golgi tendon organs (GTOs), 

458–459
gustation, 445–452
mechanoreceptors, 453, 459
Meissner’s corpuscles, 453
Merkel disk receptors, 453
mouth breathing, 457
muscle tone, 456
nervous system response, 450
nociceptors, 455–456, 459
olfaction, 452–453, 459

olfactory bulb, 453
oral preparation, 432–435, 444
oral transit time, 436
oral transport, 435–436
orienting reflex, 468
Pacinian corpuscles, 454
pain sense, 455
pain withdrawal reflex, 469, 471
palatal reflex, 468
pathologies affecting, 474–477
patterns, 472–473
perioral region, 460
pharyngeal reflex, 468–469
pharyngeal stage, 436–442, 444

airway protection, 440–441
esophageal reflux, 442
hyolaryngeal elevation, 440
nasal regurgitation, 442
pharyngeal timing, 441
pharyngeal transit time, 442
pressurization of pharynx, 440
upper esophageal sphincter, 442

presbyphagia, 463–465
reflexive circuits, 465–471
respiration reflexes, 470
retching, 467, 471
rooting reflex, 460, 464, 468
Ruffini endings, 454
salivation, 457–459
sensory functions, 456
sucking reflex, 460, 464, 468
suckling pattern, 460, 464, 468
swallowing reflex, 470
swallowing, 430–432, 441
tactile sense, 453–455
taste mediation, 447–449
taste pore, 445
taste receptors, 445–446
tension, 456
thermal receptors, 455
tongue map, 451
uvular reflex, 468
vomit reflex, 469, 471

Dementia, 475–476
Demyelination, 619
Dendrites, 30, 581–582
Dentate, 615
Dentate suture, 22
Denticulate ligaments, 593
Dentition, 326–337, 419

amelogenesis imperfecta, 334
articulation, 419
axial orientation, 330
baby teeth, 331
bicuspids, 329, 337

canine teeth, 329
cuspids, 329, 337
deciduous teeth, 331, 338
dental anomalies, 334
dental arches, 326–328
dental occlusion, 330, 332–337
dentin, 328, 337
development, 330–332, 334, 337
gingiva, 328
incisors, 329, 337
labial surface, 329, 337
malocclusion, 334–335, 337
microdontia, 334
molars, 329, 331
periodontal ligament, 331
supernumerary teeth, 334, 336
teeth, components, 328
wisdom teeth, 331

Depolarization, 30
Dermatomes, 675–676
Descriptive anatomy (definition), 2–3
Developmental anatomy (definition), 2–3
Diaphragm, 54, 93–94, 96–102, 119

central tendon, 97, 101–102
cervical plexus, 102
crura, 98
crus, 98
esophageal hiatus, 99
vertical dimension, 102

Diaphragma sella, 591
Diaphragmatic paralysis, 135
Diaphragmatic pleura, 93
Diarthrodial joints, 18, 23
Diencephalon, 579, 624–628
Diffusion, 138
Digastricus muscle, 214–216, 225, 365
Digestive system, 26, 37
Dilate, 231
Diplophonia, 273
Dissection (definition), 2
Distal, 7, 9
DIVA (directions into velocities of 

articulation) model, 392–396
Diverticulum, 266
DNA, 38, 48
Dominant genes, 38–39, 48
Dorsal, 7, 9
Dorsal cochlear nucleus (DCN), 662
Dorsal root ganglia, 678, 688
Dorsal spinocerebellar tract, 633–634
Dorsal trunk, 9
Dorsiflexion, 8
Dura mater, 589, 599
Dynamic models of motor function, 

391, 396
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Dysarthria, 719–720
Dysdiadochokinesia, 721
Dysphagia, 475–476
Dysphonia, 273
Dyspraxia, 392, 731, 734
Dysprosody, 721

E
Ear structures, 486
Echolocation, 538
Ectoderm, 40, 42, 49
Ectopia cordis, 77
Edema, 273
Edinger-Westphal nucleus, 647
Effector system, 390
Efferent, 25
Elasticity, 134–135, 238
Electrical impulses, 43, 523–527
Electroglottograph (EGG), 259
Electropalatography, 380–381
Electrophysiological techniques 

(definition), 2
Ellipsoid, 19–21, 23
Embolism, 630
Embolus, 630
Embryonic period, 40–46, 49
Emotional lability, 732
Encephalon, 579–580
End boutons, 30
Endochondral ossification, 46, 49
Endocochlear potential, 525
Endocrine system, 26, 37
Endoderm, 40, 43, 49
Epiglottis, 178, 181, 198
Epimysium, 23
Epithalamus, 625
Epithelial tissue, 10–12, 15

basement membrane, 11–12
baseplate, 11–12
ciliated epithelium, 11
columnar epithelium, 11
cuboidal (cubical) epithelium, 11
squamous (pavement) epithelium, 11
stratified epithelium, 11
transitional epithelium, 11

Erector spinae (sacrospinal muscles), 
108, 110

Esophageal hiatus, 99
Esophageal stage, mastication, 442–444
Eversion, 8
Evoked auditory potential (definition),  

2
Excitation, neurons, 583
Expiration, 54, 95, 133

Expiration muscles, 118–128
abdominal aponeurosis, 124
abdominal aponeurosis, 125
abdominal muscles, 124–128
anterior lateral abdominal muscles, 

125–128
diaphragm, 119
external oblique abdominis, 126–128
innermost intercostals, 119–121
internal intercostal (interosseous 

portion), 119–121
internal oblique abdominis, 125–127
linea alba, 124
posterior abdominal muscle, 128
posterior thoracic muscles, 123–124
quadratus lumborum, 128–129
rectus abdominis, 126–128
serratus posterior inferior, 123–124
subcostals, 123–124
tendinous intersections, 127
thorax muscles, 119–123
transversus abdominis, 125, 127
transversus thoracis, 119, 121–123

Expiratory reserve volume (ERV), 142, 
144

Expulsive reflexes, 466
Extension, 8–9
External, 7
External auditory meatus, 488–489, 556
External intercostal muscles, 104–108
External oblique abdominis, 126–128
Exteroceptors, 576
Extrapyramidal systems, 579

F
Facial bones, 302–317

alveolar process, 305
anterior nasal spine, 305
canine eminence, 306
frontal process, 305
hard palate, 303, 307, 325
hyoid bone, 317
incisive foramen, 306
intermaxillary suture, 306
lacrimal bones, 317
mandible, 303–304, 325
maxillae, 303–307, 325
nasal bones, 307
nasal conchae, 308–3111
nasal crest, 305, 309
nasal notch, 305
nasal septum, 311, 313–316, 325
nasal spine, 309
palatine bones, 308–309

premaxillary suture, 306
soft palate, 325
vomer, 311–312, 325
zygomatic arch, 316, 325
zygomatic bone, 316–317, 325

Facial muscles, 344–353
buccinator muscle, 346–349, 352
cupid’s bow, 346
depressor anguli oris muscle, 

350–351, 353
depressor labii inferioris muscle, 

350–351, 353
levator anguli oris, 350
levator labii superioris, 349, 352
levator labii superioris alaeque nasi, 

349, 352
lips, 344–346
mandibular depressors, 345
mandibular elevators, 345
mentalis muscle, 351, 353
orbicularis oris muscles, 344–346,  

352
pharyngeal musculature, 345
platysma muscle, 351–353
risorius muscle, 346–347, 352
tongue muscles, 345
velum muscles, 345
zygomatic major muscle, 350, 353
zygomatic minor muscle, 349–350, 

352
Facial nerve, 34
False vocal folds, 189
Falx cerebelli, 591, 594
Falx cerebri, 591–594
Fascia, 16, 23, 352
Fasciculus cuneatus, 682
Fasciculus gracilis, 682
Fauces, 291
Feedback theories, articulation, 390
Fetal period, 40–46, 49
Fibroblasts, 13
Fibrocartilage, 13, 16
Fibroelastic membrane, 182, 188
Fibrous joints, 19, 21, 23
Fibrous tissue, 12–13
Fixators, 24, 26
Flaccid dysarthria, 720
Flexion, 8–9
Flocculonodular lobe, 631, 635
Foramen of Magendie, 598
Foramina of Luschka, 598
Forced inspiration, 96, 133, 135
Fractures, bones, 18
Frequency of vibration, 273
Frequency, 255, 262, 274, 532–534
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Frontal lobe, 35, 608–613
Frontal section, 7, 9
Frontal view, 7
Function, 2
Functional residual capacity (FRC), 

143–144
Functional unity, 16
Fundamental frequency, 269–271

G
Gag reflex, 468–469, 471
Gamma efferent system, 711
Ganglia, 579
Gastroesophageal reflux disease (GERD), 

83
Gastronomy, 83
Gender, 37
General somatic afferent (GSA) nerves, 

648
General somatic efferent (GSE) nerves, 

650
General visceral afferent (GVA) nerves, 

648
General visceral efferent (GVE) nerves, 

650
Generator potential, 575
Genetic inheritance, 39
Genetics (definition), 38, 48
Genioglossus muscle, 220–221, 226
Geniohyoid muscle, 218, 220, 365–366
Genotypes, 38–39
Ginglymus (hinge), 19–21, 23
Glia, 581
Glial cells, 37
Globus pallidus, 620, 627
Glossoepiglottic ligaments, 182, 198
Glossopharyngeal nerve, 34
Glottal attack, 245, 254
Glottal tensors, 207–209
Glottis, 177, 273
Golgi tendon organ (GTO), 458–459, 

575, 712
Gomphosis, 19, 21–22
Gravity, 134–135
Greater cornu, 198
Gross anatomy (definition), 2–3
Gustation, 445–452, 575
Gyri, 604, 616

H
Habitual pitch, 255–256
Hair cells, 522, 525–526
Hamburger, Viktor, 43

Hearing, 485–510, 575
auricular tubercle, 485, 487
bone problems, 563–564
cerumen, 488
cochlear duct, 504–505
cochlear recess, 501
congenital problems, 560
crista ampularis, 504, 508
crus commune, 501
Darwin’s tubercle, 485
ear structures, 486
external auditory meatus, 488–489
helix, 485
inner ear, 498–503
innervation, 507–508
lesions, 560
macula cribrosa media, 501
membraneous labyrinth, 503–508
middle ear, 490–498

acoustic reflex, 496
anterior wall, 497
auditory tube, 497–498
effusion, 495
incus, 492–493, 498
lenticular process, 493
malleus, 491–492, 499
manubrium, 492
mastoiditis, 498
medial wall, 497
ossicles, 491–495, 498
posterior wall, 497
prominence of the stapedial 

pyramid, 497–498
secondary tympanic membrane, 

497
serous otitis media, 495
stapedial reflex, 496
stapedius muscle, 495–496, 498
stapes, 494, 498
tensor tympani muscle, 495–496, 

498
tympanic membrane, 486, 488, 

490–491
tympanic muscles, 495–496

neoplastic changes, 563
organ of Corti, 505, 507–509
osseous cochlear canal, 499, 503
osseous cochlear labyrinth, 502–503
osseous labyrinth, 499
osseous vestibule, 500–501
otitis externa, 488
otoscope, 487
outer ear, 485–489
pathologies, 559–564
pinna, 485–487, 489, 517

Reissner’s membrane, 504, 509
semicircular canals, 499, 501–503
spiral limbus, 505
stereocilia, 506, 509
tectorial membrane, 505
transducer, 485
vestibular system, 503–504
vestibule, 498–499, 503

Heart rate variability (HRV), 14
Helix, 485
Hematoma, 591
Hemispheric specialization, 726–727
Hiatus, 94
Higher functioning, 714–719
Highest level processing, 545–548
Hip bone, 69
Hippocampal formation, 623–624
Histograms, 527–532
Histology (definition), 3
Human and Animal Subjects Boards, 29
Huntington’s disease, 754
Hyaline cartilage, 12–13, 16
Hydration, vocal folds, 193
Hyglossus muscle, 218, 221, 226
Hyoepiglottic ligament, 182, 188, 198
Hyoid bone, 180, 198–199, 269
Hyperextension, 8
Hyperkinetic dysarthria, 721
Hypoglossal nerve, 35
Hypokinetic dysarthria, 422–423, 721
Hypophysis, 617
Hypoplasia, 414
Hypothalamus, 627
Hypotonia, 720
Hypoxic, 156

I
I olfactory nerve, 33–34, 37, 651–653, 

670
II optic nerve, 653–654, 670
III oculomotor nerve, 654, 657, 670
Ilium, 69
Impedance, 517
Inertia, 233, 239
Inferior, 7, 9
Inferior colliculus (IC), 539–540
Inferior pharyngeal constrictor, 220–221
Inflammation, auditory, 559–560
Infrahyoid muscles, 214, 225
Inhalation, 54
Inhibition, neurons, 583
Inner ear, 498–503, 517–523, 549–554, 

556–558
Innermost intercostals, 119–121
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Innervation, 25, 507–508
Innominate, 69
Insertions, 25–26, 95–96
Inspiration, 54, 95, 133
Inspiration muscles, 96–118

accessory, 102–104, 118
anterior thoracic muscles, 104–108
arm, upper, 113–118
diaphragm, 96–102
erector spinae (sacrospinal muscles), 

108, 110
external intercostal muscles, 104–108
forced inspiration, 96
interchondral portion, 104–108
intercostal muscles, 104–108
intercostal nerves, 107
intermediate (longissimus) bundle, 

110–111
internal intercostal muscles, 104–108
lateral (iliocosto cervicalis) bundle, 

108
levator scapulae, 113, 115–116
levatores costarum (brevis), 108–109
medial (spinalis) bundle, 108, 111
neck mucles, 111–113
pectoral muscles, 106
pectoralis major, 113–115
pectoralis minor, 113–115
posterior thoracic muscles, 108–111
quadratus lumborum, 116
quiet inspiration, 96
rhomboideus major, 113, 116–117
rhomboideus minor, 113, 116–117
scaleni, 111–113
serratus anterior, 113, 115–116
serratus posterior superior, 108, 110, 

116
shoulder, 113–118
sternocleidomastoid (sternomastoid) 

muscle, 111–113
subclavius, 113, 115
trapezius, 113, 116–117

Inspiratory capacity (IC), 143–144
Inspiratory reserve volume (IRV), 142, 

144
Insula, 615–616
Insular lobe, 36
Intensity, 235–237, 254, 258–265, 273
Interchondral portion, 104–108
Intercostal muscles, 104–108
Intercostal nerves, 107
Intermediate (longissimus) bundle, 

110–111
Internal, 7

Internal intercostal (interosseous 
portion), 104–108, 119–121

Internal oblique abdominis, 125–127
Interoceptors, 576
Interspike interval histograms, 531–532, 

535
Interstitial, 12
Interventricular foramen of Monro, 598
Intonation, 263
Intramembranous ossification, 46, 49
Intraoral (mouth) pressure, 145, 

148–149
Intrapleural (pleural) pressure, 146–148, 

150
Inversion, 8
Ipsi, 8
Ipsilateral, 8
Island of Reil, 615
Isometric movement, 24
IV trochlear nerve, 654, 657, 670
IX glossopharyngeal nerve, 33–34, 37, 

638, 664–666, 670

J
Jejunostomy, 83
Joints, 18–23

amphiarthrodial joints, 23
articular capsule, 21
cartilaginous joints, 19, 21, 23
condylar, 19, 21, 23
cotylica, 21
cotyloid, 21
craniosynostosis, 23
dentate suture, 22
diarthrodial joints, 23
ellipsoid, 19–21, 23
fibrous joints, 19, 21, 23
ginglymus (hinge), 19–21, 23
gomphosis, 19, 21–22
movement, 19
plane joints, 19, 21, 23
plane suture, 22
reciprocal nature, 21
sellar (saddle), 19, 21, 23
serrated suture, 22
spheroid (cotyloid), 19, 21, 23
squamous suture, 22
suture, 19–22
symphysis, 19–21
synarthrodial, 23
synchondrosis, 19, 21
syndesmosis, 19, 21
synostosis, 23

synovial joints, 19–21, 23
trochoid (pivot), 19, 23

K
Kinesthetic sense, 575

L
Laminar flow, 138
Laryngeal cartilages, 179
Laryngeal depressors, 214, 221–226

omohyoid muscle, 222–223, 226
sternohyoid muscle, 221–222, 

225–226
sternothyroid muscle, 222–225–226

Laryngeal descent, 269
Laryngeal elevators, 214–221

cricopharyngeus muscle, 220, 226
digastricus muscle, 214–216, 225
genioglossus muscle, 220–221, 226
geniohyoid muscle, 218, 220
hyglossus muscle, 218, 221, 226
inferior pharyngeal constrictor, 

220–221
mental spines, 218
mylohyoid muscle, 216, 220, 226
stylohyoid muscle, 216–217, 225
symphysis menti, 216
thyrohyoid muscle, 220–221, 226
thyropharyngeus muscle, 220–221, 

226
Laryngeal function, nonspeech, 230–233
Laryngeal membranes, 182–188
Laryngeal muscles, 202–227

abductor, 206–207
adductors, 203–206
aryepiglottic muscle, 211
auxiliary musculature, 210–213
cricothyroid muscle, 207–209
glottal tensors, 207–209
intrinsic, 203–214
lateral cricoarytenoid muscles, 

203–204
oblique arytenoid muscles, 205–206
posterior cricoarytenoid muscle, 

206–207
relaxer, 209–210
superior thyroarytenoid muscle, 211
thyroarytenoid muscle, 210–211
thyroepiglotticus muscle, 211
thyromuscularis, 209–210
thyrovocalis muscle, 209
transverse arytenoid muscle, 204–206
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Laryngeal pouch, 266
Laryngeal saccule, 189
Laryngeal stability, 225
Laryngeal stridor, 264
Laryngeal trauma, 274–275
Laryngeal ventricle, 189, 194
Laryngectomy, 181
Laryngitis, 247
Laryngoceles, 192
Laryngopharynx, 340, 342–343
Laryngoscope, 188
Larynx, 178, 180–202, 226–227

arytenoid cartilages, 195–197, 202
biological functions, 180
cartilage movement, 199–201
cavities, 189–194
corniculate cartilages, 195–197
cornu, 195
cricoid cartilage, 194–195, 202
cricothyroid joint, 195, 199
cuneiform cartilages, 198
epiglottis, 198
hyoid bone, 198–199
infants, 199
inner, 181–182
misuse, 213
oblique line, 195
orifice, 181
palpation, 200
posterior quadrate lamina, 195
thyroid angle, 195
thyroid cartilage, 195
thyroid notch, 195
vagus, 198

Lateral, 7, 9
Lateral (iliocosto cervicalis) bundle,  

108
Lateral cricoarytenoid muscles, 203–204
Lateral funiculus, 684
Lateral geniculate body (LGB), 625
Lateral thyrohyoid ligament, 182, 188
Latissimus dorsi, 116, 128–129
Lead exposure, 717
Lentiform nucleus, 1, 623
Lesions, 711, 727–734
Lesser cornu, 198
Levator scapulae, 113, 115–116
Levatores costarum (brevis), 108–109
Levin, Michael, 43
Ligaments, 16, 23
Limbic association cortex, 723–724
Limbic system, 615–616, 723
Linea alba, 124
Lingual nerve, 657

Lingula, 82
Lip problems, articulation, 420–422
LMN, 679–681
Locked-in syndrome, 576
Loose connective tissue, 12
Lower extremity, 9
Lung cancer, 171
Lung capacities, 140, 143–144, 153, 

163–164
Lung volumes, 140–144, 150, 154, 157, 

163–164
Lungs, 84–86, 90, 92
Lymphocytes, 13
Lymphoid, 11–12

M
Macrophages, 13
Macula cribrosa media, 501
Mammillary body, 624
Mandible, 291, 325, 420, 736
Mandibular hypoplasia, 306
Mandibular nerve, 657
Manometer, 136
Masseter muscle, 362, 364, 366
Mast cells, 13
Mastication, 361–366, 429–479

aging, 463–465
apneic reflex, 470
bolus, 430
chemoreceptors, 445, 459
chewing reflex, 466–468
chewing, sucking, and swallowing 

(CSS), 445
cough reflex, 469
defined, 429
development, 459–463
digastricus muscle, 365
esophageal stage, 442–444
exercise, 435
expulsive reflexes, 466
gag reflex, 468–469, 471
geniohyoid muscle, 365–366
Golgi tendon organs (GTOs), 

458–459
gustation, 445–452
masseter muscle, 362, 364, 366
mechanoreceptors, 453, 459
medial pterygoid muscle, 363–364, 

366
Meissner’s corpuscles, 453
Merkel disk receptors, 453
mouth breathing, 457
muscle tone, 456

mylohyoid muscle, 365–366
nervous system response, 450
nociceptors, 455–456, 459
olfaction, 452–453, 459
olfactory bulb, 453
oral preparation, 432–435, 444
oral transit time, 436
oral transport, 435–436
orienting reflex, 468
Pacinian corpuscles, 454
pain sense, 455
pain withdrawal reflex, 469, 471
palatal reflex, 468
pathologies affecting, 474–477
patterns, 472–473
perioral region, 460
pharyngeal reflex, 468–469
pharyngeal stage, 436–442, 444

airway protection, 440–441
esophageal reflux, 442
hyolaryngeal elevation, 440
nasal regurgitation, 442
pharyngeal timing, 441
pharyngeal transit time, 442
pressurization of pharynx, 440
upper esophageal sphincter, 442

platysma muscle, 366
presbyphagia, 463–465
pterygoid muscles, 364–366
reflexive circuits, 465–471
respiration reflexes, 470
retching, 467, 471
rooting reflex, 460, 464, 468
Ruffini endings, 454
salivation, 457–459
sensory functions, 456
sucking reflex, 460, 464, 468
suckling pattern, 460, 464, 468
swallowing reflex, 470
swallowing, 430–432, 441
tactile sense, 453–455
taste mediation, 447–449
taste pore, 445
taste receptors, 445–446
temporalis muscle, 362–364, 366
tension, 456
thermal receptors, 455
tongue map, 451
uvular reflex, 468
vomit reflex, 469, 471

Matrix, 12–13
Maxillary nerve, 657
Maxillary problems, articulation, 420
Maximum phonation, 250, 262
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Mechanoreceptors, 453, 459, 575
Medial, 7, 9
Medial (spinalis) bundle, 108, 111
Medial geniculate body (MGB), 540, 

625
Medial pterygoid muscle, 363–364, 366
Medial superior olive (MSO), 663
Median plane, 4, 7, 9
Median raphe, 338
Median thyrohyoid ligament, 182, 188
Mediastinal pleura, 93
Mediastinal structures, 82
Mediastinum, 94
Meditation, 725
Medulla oblongata, 637–640, 642–644
Medullary reticulospinal tract, 688
Meissner’s corpuscles, 453
Membraneous labyrinth, 503–508
Membranous glottis, 193
Memory failure, 732
Meningeal linings, 589–595, 599
Meniscus tear, 13
Mental spines, 218
Merkel disk receptors, 453
Mesenchymal cells, 40, 49
Mesoderm, 40, 42, 46, 49
Metabolic presbycusis, 555–557
Metencephalon, 579
Micrognathia, 306
Micrographia, 422–423
Micropollutants, 727
Microscopic anatomy (definition), 2–3
Midbrain, 641, 646–647
Middle ear, 490–498, 516–517

acoustic reflex, 496
anterior wall, 497
auditory tube, 497–498
effusion, 495
incus, 492–493, 498
lenticular process, 493
malleus, 491–492, 499
manubrium, 492
mastoiditis, 498
medial wall, 497
ossicles, 491–495, 498
posterior wall, 497
prominence of the stapedial pyramid, 

497–498
secondary tympanic membrane, 497
serous otitis media, 495
stapedial reflex, 496
stapedius muscle, 495–496, 498
stapes, 494, 498
tensor tympani muscle, 495–496,  

498

tympanic membrane, 486, 488, 
490–491

tympanic muscles, 495–496
Midsagittal section, 7
Minute volume, 139
Mixed dysarthrias, 721
Mobility, upper body, 118
Monoloud, 264
Monopitch, 264
Morphology, 17
Motor control, speech, 734–736
Motor strip (MI), 719
Motor system, lesions, 719–722
Motor unit, 25–26
Mouth breathing, 457
Mouth muscles, 353–369

levator veli palatini, 366–368
mastication muscles, 361–366

digastricus muscle, 365
geniohyoid muscle, 365–366
masseter muscle, 362, 364, 366
medial pterygoid muscle, 363–364, 

366
mylohyoid muscle, 365–366
platysma muscle, 366
pterygoid muscles, 364–366
temporalis muscle, 362–364, 366

musculus uvulae, 367–368
palatal aponeurosis, 366
palatoglossus muscle, 368–369
palatopharyngeus muscle, 369
soft palate muscle, 367
tensor veli palatini, 368–369
tongue, 353–361

ankyloglossia, 357
chondroglossus muscle, 360–361
extrinsic, 358–361
genioglossus muscle, 358–361
hyoglossus muscle, 360–361
inferior longitudinal muscle, 

357–358, 361
intrinsic, 355–358
lingual frenulum, 355, 357
palatoglossus muscle, 360–361
papillae, 354
styloglossus muscle, 360–361
sublingual folds, 355
superior longitudinal muscle, 

356–357, 361
transversus muscles, 357–358,  

361
vertical muscles, 357–358, 361

velum muscles, 366–369
Movement, 5, 8, 19
Mucous membrane, 12, 15

Mucus, 12, 90
Multiple sclerosis (MS), 618
Muscles, 16, 23–26, 95–129, 705–712, 

719
afferent, 25
agonists, 24, 26
antagonists, 24, 26
articulation, 345
development, 166–167
efferent, 25
epimysium, 23
expiration, 118–128
fibers, 706–707, 710
fixators, 24, 26
function, 705–712, 719
innervation, 25
insertion, 25–26
inspiration, 96–118
isometric movement, 24
latissimus dorsi, 128–129
miniature endplate potential (MEPP), 

705
motor unit, 25–26
muscle control, 708–709
neuromuscular junction, 705
origins, 24, 26
phasic lengthening, 710
prime movers, 24
respiration, 95–129
sliding filament model, 708
spindle function, 709–711
synergists, 24, 26
tonic lengthening, 710
weakness, 144

Muscle spindles, 575
Muscular system, 26, 37
Muscular tissue, 11, 14–16
Myasthenia gravis, 754
Myelinated fibers, 617–620
Mylohyoid muscle, 216, 220, 226, 

365–366, 455–456, 459
Myogenic mesoderm, 46, 49
Myology (definition), 3

N
Nanotechnology, 81
Nasal cavities, 292, 338, 341–343
Nasoendoscopy, 311
Nasopharynx, 340, 342–343
National Institutes of Health, 29
Natural frequency of vibration, 256
Neck muscles, 111–113
Negative pressure, 55–56
Neoplasm, 275–276
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Nervous system, 26–38, 44, 577–580, 
694

accessory nerve, 35
aducens, 34
afferent processes, 28
autonomic nervous system (ANS), 

578–579
axons, 30
basal ganglia, 36–38
brainstem, 31, 33, 36, 38
Broca’s area, 35
central nervous system (CNS), 28, 37, 

577–578
cerebellum, 36, 38
cerebral cortex, 31, 35–36, 38
corticospinal pathway, 31
cranial nerves, 31–33, 37
dendrites, 30
depolarization, 30
end boutons, 30
facial nerve, 34
frontal lobe, 35
functions, 694
glial cells, 37
glossopharyngeal nerve, 34
hypoglossal nerve, 35
I olfactory nerve, 33–34, 37
insular lobe, 36
IX glossopharyngeal nerve, 33–34,  

37
neurons, 27–31, 37
occipital lobe, 36
oculomotor nerve, 34
olfactory nerve, 33
optic nerve, 34
parietal lobe, 36
peripheral nervous system (PNS), 28, 

37, 577–578
postsynaptic nerves, 30
prenatal development, 44
presynaptic nerves, 30
sensory processes, 28
somatic nervous system, 578–579
spinal arc reflex, 32
spinal nerves, 31
subcortical structures, 36–37
subthalamus, 37
temporal lobe, 36
thalamus, 37–38
trigeminal nerve, 34
trochlear nerve, 34
V trigeminal nerve, 33–34, 37
vagus nerve, 34
vestibulocochlear nerve, 34
VII facial nerve, 33–34, 37

VIII vestibulocochlear nerve, 33–34, 
37

X vagus nerve, 33–34
XI accessory nerve, 33, 35, 37–38
XII hypoglossal nerve, 33, 35, 38

Nervous tissue, 11, 16
Neural crest cells, 46–49
Neural plate, 40
Neural responses, hearing, 527
Neural tube, 45–46
Neuraxis, brain, 4, 6
Neurogenic conditions, 422–424
Neurogenic etiologies, 171–172
Neurological diseases, 276–277
Neurology (definition), 3
Neuromotor dysfunction, 262
Neuromuscular disease, 154, 264, 418
Neurons, 15, 27–31, 37, 581–589, 

697–705
absolute refractory period, 699
action potential (AP), 698
active transport, 698–700
auditory brainstem response (ABR) 

testing, 697
axodendritic synapses, 585
axon, 581–582
concentration gradient, 697–698
dendrite, 581–582
electrochemical gradient, 697
excitation, 583
excitatory postsynaptic potential 

(EPSP), 701
function, 696–697
glia, 581
gradients, 697
inhibition, 583
inhibition, 701
miniature postsynaptic potential 

(MPSP), 702
morphology, 583–586
neurotransmitters, 584
nodes of Ranvier, 584
nodes of Ranvier, 700
oligodendrocytes, 583
passive transport, 698
permeability, 697
postsynaptic neurons, 701
propagation, 700–704
relative refractory period, 699
resting membrane potential (RMP), 

698
Schwann cells, 583
sensory fibers, 588
sodium–potassium pump proteins, 

698

soma, 581–582
types, 586–587

Neuromuscular disease, 25
Neurophysiology, 693–758

afferent inputs, 722–723
aging and development, 736–750

brain, 747–750
brainstem, 744, 748–749
cerebellum, 744, 748–749
cerebral cortex myelin, 744–745
cerebral volume, 742
cognitive decline, 749
cortical growth, 741–743
cortical thickness, 741–742, 747
cortical volume, 748
gray matter, 741, 747–748
hippocampus, 748–749
neuronal loss, 747–748
neurotoxins, 743
pharyngeal arches, 741
postnatal development, 740–741
prenatal development, nervous 

system, 737–740
programmed neuron death 

(apoptosis), 743
subcortical region myelin, 745–746
synapses, 742, 749
synaptic density, 742–743
synaptic growth, 742
synaptic plasticity, 742
synaptic pruning, 743
synaptogenesis, 742
white matter, 744–746, 749

amygdala, 723
aphasia, 728–731, 734
apraxia, 722
association regions, 723–725
ataxic dysarthria, 721
auditory information, 718
ballism, 721
Bell’s palsy, 752
brainstorm reflexes, 713–714
cerebrovascular accidents, 750–751
cognition, 731
cortical atrophy, 742
degenerative diseases, 752–756
dysarthria, 719–720
dysdiadochokinesia, 721
dyspraxia, 731, 734
dysprosody, 721
emotional lability, 732
flaccid dysarthria, 720
gamma efferent system, 711
Golgi tendon organ (GTO), 712
hemispheric specialization, 726–727
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Neurophysiology  (continued)
higher functioning, 714–719
hyperkinetic dysarthria, 721
hypokinetic dysarthria, 721
hypotonia, 720
instrumentation, 694–696
lesions, 711, 727–734
limbic association cortex, 723–724
limbic system, 723
memory failure, 732
mixed dysarthrias, 721
motor control, speech, 734–736
motor strip (MI), 719
motor system, lesions, 719–722
muscle function, 705–712, 719

fibers, 706–707, 710
miniature endplate potential 

(MEPP), 705
muscle control, 708–709
neuromuscular junction, 705
phasic lengthening, 710
sliding filament model, 708
spindle function, 709–711
tonic lengthening, 710

nervous system functions, 694
neurons, 697–705

absolute refractory period, 699
action potential (AP), 698
active transport, 698–700
auditory brainstem response (ABR) 

testing, 697
concentration gradient, 697–698
electrochemical gradient, 697
excitatory postsynaptic potential 

(EPSP), 701
function, 696–697
gradients, 697
inhibition, 701
miniature postsynaptic potential 

(MPSP), 702
nodes of Ranvier, 700
passive transport, 698
permeability, 697
postsynaptic neurons, 701
propagation, 700–704
relative refractory period, 699
resting membrane potential (RMP), 

698
sodium–potassium pump proteins, 

698
neurotransmitters, 701, 703–704
plasticity, 717
prefrontal association cortex, 723–724
primary reception area for vision (VI), 

717

regional equipotentiality, 717
sensation, 712–714
sensors, 712–714
somatic sense, 718
spastic dysarthria, 720
spatiotopic array, 718
spinal reflexes, 713
supplementary motor area (SMA), 719
synaptic pruning, 716
temporal–occipital–parietal (TOP) 

association cortex, 723–724
tonotopic array, 718
traumatic brain injury, 752
unilateral upper motor neuron 

(UUMN) dysarthria, 720
Neurotransmitters, 584, 701, 703–704
Nissen fundoplication, 83
Nodes of Ranvier, 584
Nodules, vocal fold, 247
Noise pollution, 524
Nonpyramidal cells, 599
Notochord, 40, 49
Notochordal canal, 162

O
Obex, 639
Oblique arytenoid muscles, 205–206
Oblique line, 195
Obstructive hydrocephalous, 755
Occipital lobe, 36, 614–616
Octave, 513
Oculomotor nerve, 34
Odontoid malformations, 62
Olfaction, 452–453, 459, 575
Olfactory bulb, 453
Olfactory nerve, 33
Olfactory sulcus, 617
Oligodendrocytes, 583
Olivocerebellar fibers, 634
Olivocochlear bundle, 663
Omohyoid muscle, 222–223, 226
Ontogeny, 49
Operculum, 616
Ophthalmic nerve, 657
Optic nerve, 34
Optic tracts, 641
Optic vesicles, 46
Optimal pitch, 255
Oral cavity, 338–341, 343
Oral diadochokinesis, 262
Oral disease, 420
Oral mechanism examination, 418
Oral myofunctional disorders (OMDs), 

471

Oral preparation, mastication, 432–435, 
444

Oral transit time, mastication, 436
Oral transport, mastication, 435–436
Organ of Corti, 505, 507–509
Organs, 16
Orientation, 3–7
Orienting reflex, 468
Origins, muscle, 24, 26
Orofacial myofunctional therapy, 364
Oropharynx, 340, 342–343
Os odontoideum malformation, 62
Osseous cochlear canal, 499, 503
Osseous cochlear labyrinth, 502–503
Osseous labyrinth, 499
Osseous vestibule, 500–501
Ossicular chain, 556
Ossification centers, 46, 49
Osteology (definition), 3
Osteoporosis, 17
Otic capsule, 552
Otic vesicle, 552
Otitis externa, 488
Otosclerosis, 563
Otoscope, 487
Outer ear, 485–489, 515–516

P
Pacinian corpuscles, 454, 575
Pain sense, 455
Pain withdrawal reflex, 469, 471
Palatal lift prosthesis, 414
Palatal reflex, 468
Palate, articulation problems, 420–422
Palatine tonsils, 339
Palmar, 8–9
Palmar grasp reflex, 8
Palpation, 58
Parabelt, cerebral cortex, 545
Paracentral lobule, 617
Parahippocampal gyrus, 617
Paralysis, 688
Parasympathetic system, 578
Parietal lobe, 36, 613–614
Parietal pleurae, 92
Parkinson’s disease, 722, 753–754
Pars oblique, 207
Pars recta, 207
Passavant’s pad, 370
Passive expiration, 133, 135
Pathological anatomy (definition), 2–3
Pectoral girdle, 56, 67, 69–71
Pectoral muscles, 106
Pectoralis major, 113–115
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Pectoralis minor, 113–115
Pectus carinatum, 77
Pectus excavatum, 77
Pelvic girdle, 56, 67–71
Pelvis, 9
Perfusion, 138
Pericardial cavity, 9
Perimysium, 16
Period interval histograms, 531–532
Perioral region, 460
Periosteum, 18
Peripheral, 7, 9
Peripheral auditory system, 554–555
Peripheral nervous system (PNS), 28, 

37, 577–578, 580–581; see also 
Brainstem; Cerebellum; Cerebral 
cortex; Cerebrovascular system; 
Cerebrum; Cranial nerves; 
Neurons; Spinal cord; Subcortex

Perturbation, 391
Pes hippocampus, 624
Pharyngeal (branchial) arch system, 

46–49
Pharyngeal cavity, 338, 340, 343
Pharyngeal recesses, 198
Pharyngeal reflex, 468–469
Pharyngeal stage, mastication, 436–442, 

444
airway protection, 440–441
esophageal reflux, 442
hyolaryngeal elevation, 440
nasal regurgitation, 442
pharyngeal timing, 441
pharyngeal transit time, 442
pressurization of pharynx, 440
upper esophageal sphincter, 442

Pharynx muscles, 370–375
inferior pharyngeal constrictor muscle, 

373, 375
middle pharyngeal constrictor muscle, 

372–373, 375
Passavant’s pad, 370
salpingopharyngeus muscle, 374–375
stylopharyngeus muscle, 374–375
superior pharyngeal constrictor 

muscle, 370–373, 375
Phase-locking, 532, 535
Phenotype, 38, 48
Phonation, 177–227, 229–282

abdominal fixation, 230, 232
acoustics, 233–239

amplitude, 235–237
compression, 235
cycle of vibration, 234, 239, 243
elasticity, 238

inertia, 233, 239
intensity, 235–237
pitch, 233
rarefaction, 235
sound pressure, 235
vibration, frequency, 233–235, 

238–239
vocal jitter, 239
voicing instrumentation, 237–238

aditus, 189, 194
aditus larynges, 189
aging and development, 266–273

cartilage, 268–269, 271
fundamental frequency, 269–271
hyoid bone, 269
laryngeal descent, 269
muscle, 271
nerves, 271
presbylarynx, 270, 273
presbyphonia, 270, 273
puberphonia, 268
sensation, 271
sexual dimorphism, 269
supportive tissue, 270–271
vocal folds, 266–268

air pressure, 242–244
airflow, 241–242
aryepiglottic, 189
aryepiglottic folds, 180–181, 189
aryepiglottic muscles, 187
arytenoid cartilages, 180–181
average fundamental frequency, 256
Bernoulli effect, 239–244
bolus, 231
breathy vocal attack, 245, 254
cartilaginous glottis, 193
conus elasticus, 182, 188
corniculate cartilages, 180–181
coughing, 230, 232
cricoid cartilage, 180–181
cricothyroid joint, 181
cricotracheal ligament, 182
cuneiform cartilages, 181
dilate, 231
diverticulum, 266
epiglottis, 178, 181
false vocal folds, 189
fibroelastic membrane, 182, 188
frequency, 255, 262, 274
glossoepiglottic ligaments, 182, 198
glottal attack, 245, 254
glottis, 177
greater cornu, 198
habitual pitch, 255–256
hyoepiglottic ligament, 182, 188, 198

hyoid bone, 180
infrahyoid muscles, 214, 225
intensity, 254, 258–265
intonation, 263
laryngeal cartilages, 179
laryngeal depressors, 214, 221–226
laryngeal elevators, 214–221
laryngeal function, nonspeech, 

230–233
laryngeal membranes, 182–188
laryngeal muscles, 202–227

abductor, 206–207
adductors, 203–206
aryepiglottic muscle, 211
auxiliary musculature, 210–213
cricothyroid muscle, 207–209
glottal tensors, 207–209
intrinsic, 203–214
lateral cricoarytenoid muscles, 

203–204
oblique arytenoid muscles, 

205–206
posterior cricoarytenoid muscle, 

206–207
relaxer, 209–210
superior thyroarytenoid muscle, 

211
thyroarytenoid muscle, 210–211
thyroepiglotticus muscle, 211
thyromuscularis, 209–210
thyrovocalis muscle, 209
transverse arytenoid muscle, 

204–206
laryngeal pouch, 266
laryngeal saccule, 189
laryngeal stability, 225
laryngeal stridor, 264
laryngeal trauma, 274–275
laryngeal ventricle, 189, 194
laryngectomy, 181
laryngoceles, 192
laryngoscope, 188
larynx, 178, 180–202, 226–227
lateral thyrohyoid ligament, 182, 188
lesser cornu, 198
maximum phonation, 250, 262
median thyrohyoid ligament, 182, 188
membranous glottis, 193
monoloud, 264
monopitch, 264
natural frequency of vibration, 256
neoplasm, 275–276
neurological diseases, 276–277
optimal pitch, 255
oral diadochokinesis, 262
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Phonation  (continued)
pathologies affecting, 273–274
pharyngeal recesses, 198
pitch, 255–258, 262–265

changing, 256–257
habitual, 254–255, 257
length, 256–257
mass, 256–257
optimal, 254, 257
range, 256–257
tension, 256–257

prenatal development, 265–266
prosody, 262, 264
pyriform sinus, 187–188, 198
quadrangular membranes, 182, 188
Reinke’s edema, 193
respiratory bud, 266
rima glottidis, 177
rima vestibuli, 189
saccular cysts, 192
simultaneous vocal attack, 245, 254
stress, 263
subglottal, 177
suprahyoid muscles, 214, 225
suprasegmental, 262
sustained phonation, 244, 247–248, 

250, 254
termination of phonation, 244, 246, 

252
theories, 265
thyroepiglottic ligament, 182, 188
thyrohyoid membrane, 182, 188
thyroid cartilage, 180–181
tracheostoma, 181
tracheostomy, 181
triticeal cartilage, 182
valleculae, 182, 188
ventricular folds, 189, 194
ventricular phonation, 246
vestibular folds, 189
vestibular ligament, 189
vestibule, 189, 194
vibration, 250, 258, 274
vocal attack, 244–245
vocal folds, 188–189, 192–194, 226, 

247, 265
vocal intensity, 254, 258, 261
vocal jitter, 262, 272
vocal ligament, 182, 188
vocal register, 248–254

breathy phonation, 253–254
falsetto, 252, 254
glottal fry, 251–252, 254
modal, 248–251, 254
pressed phonation, 253

Strohbass, 251–252
subglottal air pressure, 253
whispering, 254
whistle register, 253

voiceless phonemes, 177
Phonatory system, 27, 37
Phonological system, 389
Photoreceptors, 575
Phylogeny, 49, 572
Physical, 6–7
Physiological dead space air, 143
Physiological research, 29
Physiology (definition), 2
Pia mater, 591
Pinna, 485–487, 489, 517, 556
Pitch, 233, 255–258, 262–265

changing, 256–257
habitual, 254–255, 257
length, 256–257
mass, 256–257
optimal, 254, 257
range, 256–257
tension, 256–257

Plane suture, 22
Plantar flexion, 8
Plasma, 13
Plasticity, 717
Platysma muscle, 366
Pleural (defined), 92
Pleural linings, 92, 95
Pleurisy, 93, 171
Plexuses, 578
Plane joints, 19, 21, 23
Planes, 4–7
Plantar, 8–9
Pneumotachograph, 136
Pneumothorax, 146
Pons, 640–641, 644–646
Pontine reticulospinal tract, 688
Pontocerebellar fibers, 634
Positive pressure, 55
Posterior, 7, 9
Posterior abdominal muscle, 128
Posterior cricoarytenoid muscle, 

206–207
Posterior funiculus, 682
Posterior quadrate lamina, 195
Posterior thoracic muscles, 108–111, 

123–124
Postnatal development, 163–169
Poststimulus time histograms, 527–531
Postsynaptic nerves, 30
Posture, 153–155
Precentral gyrus, 612
Precuneus, 617

Prefrontal association cortex, 723–724
Prenatal development, 38–49, 160–163, 

168, 265–266, 396–405, 
579–580

angioblasts, 46, 49
articulation, 396–405

auditory meatus, external, 404
dentition, 403
esophageal development, 399
facial muscles, 404
facial structure, 397, 400–405
frontonasal prominence, 402, 405
gingiva, 403
infraorbital lamina, 406
labiogingival lamina, 402
mandibular development, 403, 405
maxillary prominences, 402, 405
membranous viscerocranium, 396
nasal cavities, 402–403
nasal placodes, 402, 405
neurocranium, 396
optic vesicles, 402, 405
oral cavity, 399–401
otic pit, 402
palate, 402–403, 405–406
pharynx, 399–401
pinna, 404
salivary gland development, 

399–401
skull, 396–399
stomodeum, 402, 405
taste sensors development, 399–401
tongue development, 399–401

auditory physiology, 549–553
autosomal recessive genes, 38–39, 48
bone development, 46
chromosomes, 38
DNA, 38, 48
dominant genes, 38–39, 48
ectoderm, 40, 42, 49
electrical impulses, 43
embryonic period, 40–46, 49
encephalon, 579–580
endochondral ossification, 46, 49
endoderm, 40, 43, 49
fetal period, 40–46, 49
genetic inheritance, 39
genetics (definition), 38, 48
genotypes, 38–39
inner ear, 549–553
intramembranous ossification, 46, 49
mesenchymal cells, 40, 49
mesoderm, 40, 42, 46, 49
myogenic mesoderm, 46, 49
nervous system, 44
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neural crest cells, 46–49
neural plate, 40
neural tube, 45–46
notochord, 40, 49
ontogeny, 49
optic vesicles, 46
ossification centers, 46, 49
pharyngeal (branchial) arch system, 

46–49
phenotype, 38, 48
phonation, 265–266
phylogeny, 49
pinna, 549
primitive node, 40, 49
primitive streak, 40
recessive genes, 38–39, 48
sex-linked inheritance, 40, 48
stages, 40–46
stomodeum, 40
timeline, 41
zygotes, 40, 49

Presbycusis, 555
Presbylarynx, 270, 273
Presbyphagia, 463–465
Presbyphonia, 270, 273
Pressure (defined), 55
Pressures, 145–153, 155–159

alveolar (pulmonic) pressure, 
146–148, 150

atmospheric pressure, 145, 15
intraoral (mouth) pressure, 145, 

148–149
intrapleural (pleural) pressure, 

146–148, 150
relaxation pressure curve, 151–152
subglottal pressure, 145, 148–150
tissue-generated, 150–153
transglottal pressure, 149
volumes, speech, 155–159

Presynaptic nerves, 30
Primary reception area for vision (VI), 

717
Prime movers, 24
Primitive node, 40, 49
Primitive streak, 40
Projection fibers, 619, 628
Pronated, 8
Prone, 7, 9
Proprioceptors, 576
Prosody, 262, 264
Proximal, 7, 9
Pseudoglandular stage, 162–163, 168
Pseudopalate prosthesis, 380
Pterygoid muscles, 364–366
Puberphonia, 268

Pubic symphysis, 69
Pulmonary fibrosis, 170–171
Pulmonary system, 26, 89
Purring, 250
Putamen, 620
Pyramidal cells, 599
Pyramidal decussation, 637, 642–643, 

647
Pyramidal pathways, 685
Pyramidal systems, 579
Pyriform lobe, 617
Pyriform sinus, 187–188, 198

Q
Quadrangular membranes, 182, 188
Quadratus lumborum, 116, 128–129
Quiet inspiration, 96, 133, 135
Quiet tidal volume, 142

R
Rarefaction, 235
Rate of flow, 137
Recessive genes, 38–39, 48
Reciprocal nature, joints, 21
Rectus abdominis, 126–128
Referrals, 203
Reflex arc, 678–681, 693
Reflexive circuits, 465–471
Regional equipotentiality, 717
Reinke’s edema, 193
Reissner’s membrane, 504, 509
Relaxation pressure curve, 151–152
Reproductive system, 26, 37
Research, hearing, 514
Residual volume (RV), 142, 144
Resonant frequency, 288
Resonation, see Articulation; Articulatory 

systems
Resonatory system, 27, 37
Respiration, 53–129, 133–174

abdomen, 133, 135
active expiration, 133, 135
aging, 163–169
air movement, respiratory system, 

92–96, 137
alveolar stage, 163, 168
anatomical dead space air, 143
apical pleurae, 93
asthma, 171
bony thorax, 56
bronchial tree, 79–80, 82–91

alveoli, 88, 91
cilia, 90

contaminants, 89–90
cuboidal cells, 89
dead air, 87
divisions, 82
lingula, 82
lungs, 84–86, 90, 92
mediastinal structures, 82
mucus, 90
pulmonary, 89
terminal bronchioles, 87–88
thoracic cavity, 87

canalicular stage, 163, 168
central pattern generators (CPGs), 

166, 168
checking action, 157
chronic obstructive pulmonary disease 

(COPD), 169–170
clavicle, 56, 69
clavicular breathing, 138
communication-affecting pathologies, 

169–172
costal, 93
costal pleurae, 93
dead space air, 142–144
defined, 54
diaphragm, 93–94, 96–102

central tendon, 97, 101–102
cervical plexus, 102
crura, 98
crus, 98
esophageal hiatus, 99
vertical dimension, 102

diaphragmatic pleura, 93
diffusion, 138
elasticity, 134–135
expiration, 95, 133
expiration muscles, 118–128

abdominal aponeurosis, 124
abdominal aponeurosis, 125
abdominal muscles, 124–128
anterior lateral abdominal muscles, 

125–128
diaphragm, 119
external oblique abdominis, 

126–128
innermost intercostals, 119–121
internal intercostal (interosseous 

portion), 119–121
internal oblique abdominis, 

125–127
linea alba, 124
posterior abdominal muscle, 128
posterior thoracic muscles, 123–124
quadratus lumborum, 128–129
rectus abdominis, 126–128
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Respiration  (continued)
expiration muscles  (continued)

serratus posterior inferior, 123–124
subcostals, 123–124
tendinous intersections, 127
thorax muscles, 119–123
transversus abdominis, 125, 127
transversus thoracis, 119, 121–123

expiratory reserve volume (ERV), 142, 
144

flow of, 135, 137
forced inspiration, 133, 135
function, 95–96
functional residual capacity (FRC), 

143–144
gravity, 134–135
hiatus, 94
hip bone, 69
hypoxic, 156
ilium, 69
innominate, 69
insertions, 95–96
inspiration, 95, 133
inspiration muscles, 96–118

accessory, 102–104, 118
anterior thoracic muscles, 104–108
arm, upper, 113–118
diaphragm, 96–102
erector spinae (sacrospinal muscles), 

108, 110
external intercostal muscles, 

104–108
forced inspiration, 96
interchondral portion, 104–108
intercostal muscles, 104–108
intercostal nerves, 107
intermediate (longissimus) bundle, 

110–111
internal intercostal muscles, 

104–108
lateral (iliocosto cervicalis) bundle, 

108
levator scapulae, 113, 115–116
levatores costarum (brevis), 

108–109
medial (spinalis) bundle, 108, 111
neck mucles, 111–113
pectoral muscles, 106
pectoralis major, 113–115
pectoralis minor, 113–115
posterior thoracic muscles, 108–111
quadratus lumborum, 116
quiet inspiration, 96
rhomboideus major, 113, 116–117
rhomboideus minor, 113, 116–117

scaleni, 111–113
serratus anterior, 113, 115–116
serratus posterior superior, 108, 

110, 116
shoulder, 113–118
sternocleidomastoid 

(sternomastoid) muscle, 111–113
subclavius, 113, 115
trapezius, 113, 116–117

inspiratory capacity (IC), 143–144
inspiratory reserve volume (IRV), 142, 

144
instruments, 135–137
laminar flow, 138
latissimus dorsi, 116, 128–129
lung cancer, 171
lung capacities, 140, 143–144, 153, 

163–164
lung volumes, 140–144, 150, 154, 

157, 163–164
manometer, 136
mediastinal pleura, 93
mediastinum, 94
minute volume, 139
muscles, 95–129

development, 166–167
expiration, 118–128
inspiration, 96–118
latissimus dorsi, 128–129
weakness, 144

neurogenic etiologies, 171–172
neuromuscular disease, 154
notochordal canal, 162
origins, 95–96
parietal pleurae, 92
passive expiration, 133, 135
pathologies, communication, 169–172
pectoral girdle, 56, 67, 69–71
pelvic girdle, 56, 67–71
perfusion, 138
physiological dead space air, 143
pleural (defined), 92
pleural linings, 92, 95
pleurisy, 171
pneumotachograph, 136
pneumothorax, 146
postnatal development, 163–169
posture, 153–155
prenatal development, 160–163, 168
pressures, 145–153, 155–159

alveolar (pulmonic) pressure, 
146–148, 150

atmospheric pressure, 145, 15
intraoral (mouth) pressure, 145, 

148–149

intrapleural (pleural) pressure, 
146–148, 150

relaxation pressure curve, 151–152
subglottal pressure, 145, 148–150
tissue-generated, 150–153
transglottal pressure, 149
volumes, speech, 155–159

pseudoglandular stage, 162–163, 168
pubic symphysis, 69
pulmonary fibrosis, 170–171
quiet inspiration, 133, 135
quiet tidal volume, 142
rate of flow, 137
residual volume (RV), 142, 144
respiratory capacities, 144
respiratory cycle, 138–140, 156
respiratory passageway, 76–82
respiratory rate, aging, 164–166
resting lung volume (RLV), 142
rib cage, 67, 69, 71–76, 95, 98, 103, 

123, 162
angle of rib, 71
cartilaginous attachment, 73, 76
chondral, 73
corpus sterni, 74
ensiform process, 74
false ribs, 73
floating ribs, 73
manubriosternal angle, 74
manubrium sterni, 74
palpation, 123
ribs, 71–74
shaft of rib, 71
sternal notch, 75
sternum, 74–76
suprasternal notch, 75
true ribs, 73
xiphoid process, 74

scapula, 56, 69
shoulder girdle, 69
sleep apnea, 170
speech volumes, 155–159
spinal column, 57, 67
spinal cord, 57, 67–68
spinal nerves, 67
spirometer, 135–137
sternum, 56–57, 69
structures, 56–57
terminal saccular stage, 163, 168
thorax, 57, 71, 76–82, 92

bolus, 79
bronchi, 76–77
bronchial tree, 79–80
bronchial tubes, 76–80
carina, 76
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deformities, 77
esophagus, 79–81
lobar bronchi, 82
mainstem bronchi, 76–77
segmental bronchi, 77–78, 82
terminal respiratory bronchioles, 82
trachea, 76–77, 81, 91

tidal volume (TV), 140–141, 144
torque, 134
total lung capacity (TLC), 143–144
transverse dimension (of thoracic 

expansion), 92
turbulence, 138–139
turbulent flow, 138
ventilation, 137–138
venules, 93
vertebrae, 56
vertebral column, 56–67, 162

annulus fibrosus, 57
cervical vertebrae, 57–63, 67
coccygeal vertebrae, 57, 67
coccyx, 58, 65, 67
corpus (defined), 58
dens, 60
facet, 60
foramina, 58
herniation, 63
intervertebral disks, 57, 63
intervertebral foramen, 58
lumbar vertebrae, 57–58, 63–67
nucleus pulposus, 57, 63
odontoid, 60, 62
pedicle, 62
sacral vertebrae, 57, 67
sacrum, 58, 65
spinous process, 59–60, 67
thoracic vertebrae, 57–59, 63, 67
transverse processes, 59, 67
tubercle, 60
vertebra, 57
vertebral artery, 62
vertebral foramen, 59

vertical dimension (of thoracic 
expansion), 92

visceral pleurae, 92
visceral thorax, 56
vital capacity (VC), 143–144, 157, 

159
volume, 138–139

Respiration reflexes, 470
Respiratory bud, 266
Respiratory capacities, 144
Respiratory cycle, 138–140, 156
Respiratory emergencies, 76
Respiratory passageway, 76–82

Respiratory rate, aging, 164–166
Respiratory system, 26, 37, 160–167

postnatal development, 163–167
prenatal development, 160–163

Resting lung volume (RLV), 142
Resting potentials, 525, 527
Retching, 467, 471
Reticular activating system (RAS), 625
Rhinencephalon, 579
Rhomboideus major, 113, 116–117
Rhomboideus minor, 113, 116–117
Rib cage, 67, 69, 71–76, 95, 98, 103, 

123, 162
angle of rib, 71
cartilaginous attachment, 73, 76
chondral, 73
corpus sterni, 74
ensiform process, 74
false ribs, 73
floating ribs, 73
manubriosternal angle, 74
manubrium sterni, 74
palpation, 123
ribs, 71–74
shaft of rib, 71
sternal notch, 75
sternum, 74–76
suprasternal notch, 75
true ribs, 73
xiphoid process, 74

Rima glottidis, 177
Rima vestibuli, 189
Rolandic sulcus, 608
Rooting reflex, 460, 464, 468
Rostral spinocerebellar tract, 634
Rostral, 7
Rubrospinal tract, 633
Ruffini endings, 454

S
Saccular cysts, 192
Sagittal plane, 4, 9
Sagittal section, 7, 9
Salivation, 457–459
Salpingopharyngeal fold, 341
Scaleni, 111–113
Scapula, 56, 69
Schwann cells, 583
Segmental spinal reflex arc, 678–679, 

688
Selective enhancement, 515
Sellar (saddle) joints, 19, 21, 23
Semicircular canal dehiscence, 563–564
Semicircular canals, 499, 501–503

Sensation, 574–577, 712–714
Senses, 574–577
Sensorineural hearing loss, 561–563
Sensorineural presbycusis, 555–557
Sensors, 712–714
Sensory fibers, 588
Sensory functions, 456
Sensory processes, 28
Serrated suture joints, 22
Serratus anterior, 113, 115–116
Serratus posterior inferior, 123–124
Serratus posterior superior, 108, 110, 

116
Severe acute respiratory syndrome 

(SARS) coronavirus 2 (SARS-
CoV-2), 139

Sex, 37
Sex-linked inheritance, 40, 48
Sexual dimorphisms, 37, 269, 417
Shoulder girdle, 69
Shoulder muscles, 113–118
Simultaneous vocal attack, 245, 254
Single-neuron response, 693
Skeletal muscle, 14
Skeletal system, 26, 37
Skull, 9, 293–302
Sleep apnea, 170, 720
Smooth muscle, 14-16
Soft palate, 291, 339
Soma, 581–582
Somatic muscle, 14
Somatic nervous system, 578–579
Somatic sense, 575, 718
Sound pressure, 235
Source-filter theory (of vowel 

production), 288–291
Spastic dysarthria, 720
Spatial, 6
Spatiotopic array, 718
Special somatic afferent (SSA) nerves, 

648
Special visceral afferent (SVA) nerves, 

650
Special visceral efferent (SVE) nerves, 

650
Speech function, 381–388

lips, 382–383
mandible, 383–384
oral mechanism examination (OME), 

387
proprioceptive information, 382
tongue, 384–387
tongue protrusion, 387–388
tongue weakness, 387
velum, 387–388
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Speech system, 26–27, 37
Speech volumes, 155–159
Spheroid (cotyloid) joints, 19, 21, 23
Spinal arc reflex, 32
Spinal column, 57, 67
Spinal cord, 9, 57, 67–68, 595–596, 

670–688
anterior funiculus, 682–684
anterior spinocerebellar tract, 685
anterior spinothalamic tract, 682–684
Babinski reflex, 686
coccygeal ligament, 671
conus medullaris, 671
corticobulbar tract, 686–687
corticospinal tract, 685–686, 688
cranial nerves, 675
dermatomes, 675–676
dorsal root ganglia, 678, 688
fasciculus cuneatus, 682
fasciculus gracilis, 682
final common pathway, 679
lateral funiculus, 684
LMN, 679–681
medullary reticulospinal tract, 688
pathways, 681–688
pontine reticulospinal tract, 688
posterior funiculus, 682
pyramidal pathways, 685
reflex arc, 678–681
segmental spinal reflex arc, 678–679, 

688
segments, 674
spinal cord segment, 672
spinal nerves, 671–672, 675
spinocerebellar tracts, 684–685
spinothalamic tract, 688
tectospinal tract, 687
vestibulospinal tract, 688

Spinal cord segment, 672
Spinal nerves, 31, 67, 671–672, 675
Spinal reflexes, 713
Spinocerebellar tracts, 684–685
Spinothalamic tract, 688
Spiral limbus, 505
Spirometer, 135–137
Spongy bone, 13
Squamous (pavement) epithelium, 11
Squamous suture joints, 22
Stereocilia, 506, 509
Stereognosis, 574
Sternocleidomastoid (sternomastoid) 

muscle, 111–113
Sternohyoid muscle, 221–222, 225–226
Sternothyroid muscle, 222–225–226

Sternum, 56–57, 69
Stimulation, 525–526
Stomodeum, 40
Stratified epithelium, 11
Stress, 263
Stria vascularis, 557
Striated muscle, 14-16
Structure, 2
Stylohyoid muscle, 216–217, 225
Subclavius, 113, 115
Subcortex, 620–628

amygdaloid body, 620
basal ganglia, 620–622
caudate nucleus, 620
corpus striatum, 621
diencephalon, 624–628
epithalamus, 625
globus pallidus, 620, 627
hippocampal formation, 623–624
hypothalamus, 627
lateral geniculate body (LGB), 625
lentiform nucleus, 623
mammillary body, 624
medial geniculate body (MGB), 625
pes hippocampus, 624
putamen, 620
reticular activating system (RAS), 625
subthalamus, 625
thalamus, 624–626

Subcortical structures, 36–37
Subcostals, 123–124
Subglottal pressure, 145, 148–150
Subglottal, 177
Subthalamus, 37, 625
Sucking reflex, 460, 464, 468
Suckling pattern, 460, 464, 468
Sulci, 604, 616
Summating potential, 526
Superficial anatomy (definition), 2
Superficial, 7, 9
Superior olivary complex (SOC), 538–539
Superior thyroarytenoid muscle, 211
Superior, 7, 9
Supination, 8
Supine, 7, 9
Supplementary motor area (SMA), 612, 

719
Suprahyoid muscles, 214, 225
Suprasegmental, 262
Surface anatomy (definition), 2
Surface electromyography (sEMG), 

380–381
Sustained phonation, 244, 247–248, 

250, 254

Suture joints, 19–22
Swallowing reflex, 470
Swallowing, 430–432, 441
Sylvian fissure, 608
Sympathetic system, 578
Sympathetic trunk ganglia, 578
Symphysis joints, 19–21
Symphysis menti, 216
Synapse, 571
Synaptic pruning, 716
Synarthrodial, 18

joints, 23
Synchondrosis, 19, 21
Syndesmosis, 19, 21
Synergists, 24, 26
Synostosis, 23, 321
Synovial joints, 19–21, 23
Systemic anatomy (definition), 2
Systems, body, 26–38

articulatory system, 27, 37
digestive system, 26, 37
endocrine system, 26, 37
muscular system, 26, 37
nervous system, 26–38

accessory nerve, 35
aducens, 34
afferent processes, 28
axons, 30
basal ganglia, 36–38
brainstem, 31, 33, 36, 38
Broca’s area, 35
central nervous sytem (CNS), 28, 37
cerebellum, 36, 38
cerebral cortex, 31, 35–36, 38
corticospinal pathway, 31
cranial nerves, 31–33, 37
dendrites, 30
depolarization, 30
end boutons, 30
facial nerve, 34
frontal lobe, 35
glial cells, 37
glossopharyngeal nerve, 34
hypoglossal nerve, 35
I olfactory nerve, 33–34, 37
insular lobe, 36
IX glossopharyngeal nerve, 33–34, 

37
neurons, 27–31, 37
occipital lobe, 36
oculomotor nerve, 34
olfactory nerve, 33
optic nerve, 34
parietal lobe, 36
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peripheral nervous system (PNS), 
28, 37

postsynaptic nerves, 30
presynaptic nerves, 30
sensory processes, 28
spinal arc reflex, 32
spinal nerves, 31
subcortical structures, 36–37
subthalamus, 37
temporal lobe, 36
thalamus, 37–38
trigeminal nerve, 34
trochlear nerve, 34
V trigeminal nerve, 33–34, 37
vagus nerve, 34
vestibulocochlear nerve, 34
VII facial nerve, 33–34, 37
VIII vestibulocochlear nerve, 

33–34, 37
X vagus nerve, 33–34
XI accessory nerve, 33, 35, 37–38
XII hypoglossal nerve, 33, 35, 38

phonatory system, 27, 37
pulmonary, 26
reproductive system, 26, 37
resonatory system, 27, 37
respiratory system, 26, 37
skeletal system, 26, 37
speech, 26–27, 37
urinary system, 26, 37

T
Tactile sense, 453–455, 575
Taste mediation, 447–449
Taste pore, 445
Taste receptors, 445–446
Tectorial membrane, 505
Tectospinal tract, 687
Teeth, see Dentition
Teleceptors, 575–576
Telencephalon, 579
Temporal lobe, 36, 614, 616
Temporalis muscle, 362–364, 366
Temporal–occipital–parietal (TOP) 

association cortex, 723–724
Tendinous intersections, 127
Tendons, 16–17, 23
Tensile strength, 12
Tension, 456
Teratogens, 2
Terminal bronchioles, 87–88
Terminal device, 390
Terminal nerve, 669

Terminal saccular stage, 163, 168
Termination of phonation, 244, 246, 

252
Thalamus, 37–38, 624–626
Thermal receptors, 455
Thermoreceptors, 575
Thoracic cavity, 9, 87
Thorax, 8–9, 57, 71, 76–82, 92

bolus, 79
bronchi, 76–77
bronchial tree, 79–80
bronchial tubes, 76–80
carina, 76
deformities, 77
esophagus, 79–81
lobar bronchi, 82
mainstem bronchi, 76–77
segmental bronchi, 77–78, 82
terminal respiratory bronchioles, 82
trachea, 76–77, 81, 91

Thorax muscles, 119–123
Thrombosis, 630
Thrombus, 630
Thyroarytenoid muscle, 210–211
Thyroepiglottic ligament, 182, 188
Thyroepiglotticus muscle, 211
Thyrohyoid membrane, 182, 188
Thyrohyoid muscle, 220–221, 226
Thyroid angle, 195
Thyroid cartilage, 180–181, 195
Thyroid notch, 195
Thyromuscularis, 209–210
Thyropharyngeus muscle, 220–221,  

226
Thyrovocalis muscle, 209
Tidal volume (TV), 140–141, 144
Tissue aggregates, 16–23

amphiarthrodial, 18
aponeurosis, 17, 23
articulation, 18
bones, 18–19, 23
diarthrodial, 18
fascia, 16, 23
joints, 18–23

amphiarthrodial joints, 23
articular capsule, 21
cartilaginous joints, 19, 21, 23
condylar, 19, 21, 23
cotylica, 21
cotyloid, 21
craniosynostosis, 23
dentate suture, 22
diarthrodial joints, 23
ellipsoid, 19–21, 23

fibrous joints, 19, 21, 23
ginglymus (hinge), 19–21, 23
gomphosis, 19, 21–22
movement, 19
plane joints, 19, 21, 23
plane suture, 22
reciprocal nature, 21
sellar (saddle), 19, 21, 23
serrated suture, 22
spheroid (cotyloid), 19, 21, 23
squamous suture, 22
suture, 19–22
symphysis, 19–21
synarthrodial, 23
synchondrosis, 19, 21
syndesmosis, 19, 21
synostosis, 23
synovial joints, 19–21, 23
trochoid (pivot), 19, 23

ligaments, 16, 23
morphology, 17
muscles, 16
organs, 16
perimysium, 16
periosteum, 18
synarthrodial, 18
tendons, 16–17, 23

Tissue-generated pressure, 150–153
Tissues, 10–16

cardiac muscle, 14, 16
cilia, 10
connective tissue, 11–16

adipose, 11–12, 16
areolar, 11–12, 16
blood, 11, 13, 16
bone, 11, 13, 16
cartilage, 11–13, 16
compact bone, 13
fibroblasts, 13
fibrocartilage, 13, 16
fibrous tissue, 12–13
hyaline cartilage, 16
interstitial, 12
loose connective tissue, 12
lymphocytes, 13
lymphoid, 11–12
macrophages, 13
mast cells, 13
matrix, 12–13
mucous membrane, 12, 15
mucus, 12
spongy bone, 13
white fibrous, 11–12, 16
yellow (elastic) cartilage, 11–12, 16
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Tissues  (continued)
epithelial tissue, 10–12, 15

ciliated epithelium, 11
columnar epithelium, 11
cuboidal (cubical) epithelium, 11
squamous (pavement) epithelium, 

11
stratified epithelium, 11
transitional epithelium, 11
basement membrane, 11–12
baseplate, 11–12

muscular tissue, 11, 14–16
nervous tissue, 11, 16
skeletal muscle, 14
smooth muscle, 14-16
somatic muscle, 14
striated muscle, 14-16
viscera, 14

Tongue, 353–361, 419–420
ankyloglossia, 357
articulation problems, 419–420
chondroglossus muscle, 360–361
extrinsic, 358–361
genioglossus muscle, 358–361
hyoglossus muscle, 360–361
inferior longitudinal muscle, 357–358, 

361
intrinsic, 355–358
lingual frenulum, 355, 357
palatoglossus muscle, 360–361
papillae, 354
styloglossus muscle, 360–361
sublingual folds, 355
superior longitudinal muscle, 

356–357, 361
transversus muscles, 357–358, 361
vertical muscles, 357–358, 361

Tongue map, 451
Tongue thrust, 364
Tonicity, 572
Tonotopic array, 718
Torque, 134
Total lung capacity (TLC), 143–144
Tracheostoma, 181
Tracheostomy, 181
Trajectories, 391
Transaxial, 7
Transducer, 485
Transglottal pressure, 149
Transitional epithelium, 11
Transverse arytenoid muscle, 204–206
Transverse dimension (of thoracic 

expansion), 92
Transverse plane, 4, 7
Transverse section, 9

Transversus abdominis, 125, 127
Transversus thoracis, 119, 121–123
Trapezius, 113, 116–117
Traumatic brain injury (TBI), 597, 752
Traveling wave, 523
Trigeminal nerve, 34
Triticeal cartilage, 182
Trochlear nerve, 34
Trochoid (pivot) joints, 19, 23
Trunk, 3, 9, 118
Tumor, left-hemisphere, 755–756
Turbulence, 138–139
Turbulent flow, 138
Tympanic membrane, 556

U
Uncrossed olivocochlear bundle 

(UCOB), 663
Unilateral upper motor neuron 

(UUMN) dysarthria, 720
Upper extremity, 9
Urinary system, 26, 37
Uvular reflex, 468

V
V trigeminal nerve, 33–34, 37, 654–658, 

670
Vagus nerve, 34, 198
Valleculae, 182, 188
Valsalva maneuver, 230
Vascular supply, 629
Vasoconstriction, 578
Vasovagal response, 667
Velopharyngeal function, 418
Velopharyngeal ort, 340
Velum, 339, 343
Venous system, 630
Ventilation, 137–138
Ventral cochlear nucleus (VCN), 662
Ventral spinocerebellar tract, 634
Ventral, 7, 9
Ventricles, 595–599
Ventricular folds, 189, 194
Ventricular phonation, 246
Venules, 93
Vermis, 631
Vertebrae, 56
Vertebral canal, 9
Vertebral column, 56–67, 162

annulus fibrosus, 57
cervical vertebrae, 57–63, 67
coccygeal vertebrae, 57, 67
coccyx, 58, 65, 67

corpus (defined), 58
dens, 60
facet, 60
foramina, 58
herniation, 63
intervertebral disks, 57, 63
intervertebral foramen, 58
lumbar vertebrae, 57–58, 63–67
nucleus pulposus, 57, 63
odontoid, 60, 62
pedicle, 62
sacral vertebrae, 57, 67
sacrum, 58, 65
spinous process, 59–60, 67
thoracic vertebrae, 57–59, 63, 67
transverse processes, 59, 67
tubercle, 60
vertebra, 57
vertebral artery, 62
vertebral foramen, 59

Vertical dimension, 92, 102
Vestibular folds, 189
Vestibular function, 517–519
Vestibular mechanism, 517, 519
Vestibular ligament, 189
Vestibular system, 503–504
Vestibule, 189, 194, 498–499, 503
Vestibulocerebellar tract, 634
Vestibulocerebellum, 631
Vestibulocochlear nerve, 34
Vestibulospinal tract, 688
VI abducens nerve, 657, 659, 670
Vibration, 233–235, 238–239, 250, 258, 

274
VII facial nerve, 33–34, 37, 659–661, 

670
VIII vestibulocochlear nerve, 33–34, 37, 

557, 661–664, 670
acoustic branch, 661–662
auditory pathway, 663–664
efferent component, 663
vestibular branch, 663

Viscera, 14
Visceral pleurae, 92
Visceral thorax, 56
Visual sense, 575
Vital capacity (VC), 143–144, 157,  

159
Vocal attack, 244–245
Vocal folds, 188–189, 192–194, 226, 

247, 265–268
Vocal hyperfunction, 208, 247
Vocal intensity, 254, 258, 261
Vocal jitter, 239, 262, 272
Vocal ligament, 182, 188
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Vocal register, 248–254
breathy phonation, 253–254
falsetto, 252, 254
glottal fry, 251–252, 254
modal, 248–251, 254
pressed phonation, 253
Strohbass, 251–252
subglottal air pressure, 253
whispering, 254
whistle register, 253

Vocal tract, 288–290
Voiceless phonemes, 177
Voicing instrumentation, 237–238
Volume, 138–139
Volumes, speech, 155–159

Vomit reflex, 469, 471
Vowel production, source-filter theory, 

288–291

W
Wernicke’s aphasia, 730
Wernicke’s area, 614, 616, 734
White fibrous tissue, 11–12, 16
Whole-nerve action potential, 526
Wind “knocked out,” 122

X
X vagus nerve, 33–34, 638, 666–668, 670

XI accessory nerve, 33, 35, 37–38, 638, 
668–670

XII hypoglossal nerve, 33, 35, 38, 
669–670

Y
Yellow (elastic) cartilage, 11–12, 16

Z
Zygotes, 40, 49


