
Foundations of  
Speech and Hearing
Anatomy and Physiology





Foundations of  
Speech and Hearing
Anatomy and Physiology

Jeannette D. Hoit 
Gary Weismer



5521 Ruffin Road
San Diego, CA 92123

e-mail:  info@pluralpublishing.com
Website:  http://www.pluralpublishing.com

Copyright © 2018 by Plural Publishing, Inc. 

Typeset in 10/12 Palatino by Flanagan’s Publishing Services, Inc.
Printed in Korea by Four Colour Print Group

All rights, including that of translation, reserved. No part of this publication may be reproduced, stored in a 
retrieval system, or transmitted in any form or by any means, electronic, mechanical, recording, or otherwise, 
including photocopying, recording, taping, Web distribution, or information storage and retrieval systems 
without the prior written consent of the publisher.

For permission to use material from this text, contact us by
Telephone:  (866) 758-7251
Fax:  (888) 758-7255
e-mail:  permissions@pluralpublishing.com

Every attempt has been made to contact the copyright holders for material originally printed in another source. If any have 
been inadvertently overlooked, the publishers will gladly make the necessary arrangements at the first opportunity.

Library of Congress Cataloging-in-Publication Data

Names: Hoit, Jeannette D. (Jeannette Dee), 1954- author. | Weismer, Gary, 
   author.
Title: Foundations of speech and hearing : anatomy and physiology / Jeannette 
   D. Hoit, Gary Weismer.
Description: San Diego, CA : Plural Publishing, [2018] | Includes 
   bibliographical references and index.
Identifiers: LCCN 2016030878| ISBN 9781597569590 (alk. paper) | ISBN 
   1597569593 (alk. paper)
Subjects: | MESH: Speech — physiology | Speech Perception | Speech Disorders | 
   Respiratory System — anatomy & histology
Classification: LCC QP306 | NLM WV 501 | DDC 612.7/8 — dc23
LC record available at https://lccn.loc.gov/2016030878



v

Contents

Preface	 xiii
Acknowledgments	 xv

Chapter 1. I ntroduction	 1
Reference	 2

Chapter 2.  Breathing and 	 3 
Speech Production
Introduction	 3
Fundamentals of Breathing	 3

Anatomical Bases of Breathing	 4
Skeletal Superstructure	 4
Breathing Apparatus and Its Subdivisions	 5

Forces and Movements of Breathing	 8
Forces of Breathing	 8
Realization of Passive and Active Forces	 15
Movements of Breathing	 16

Adjustments of the Breathing Apparatus	 18
Pulmonary Apparatus	 18
Chest Wall	 19
Pulmonary Apparatus-Chest Wall Unit	 20

Output Variables of Breathing	 20
Volume	 20
Pressure	 22
Shape	 25

Neural Control of Breathing	 26
Neural Substrates	 27
Control of Tidal Breathing	 29
Control of Special Acts of Breathing	 30

Ventilation and Gas Exchange During Tidal Breathing	 31
Breathing and Speech Production	 33

Breathing in Extended Steady Utterances	 34
Breathing in Running Speech Activities	 35
Body Position and Speech Breathing	 38

Extended Steady Utterances in the Supine Body Position	 39
Running Speech Activities in the Supine Body Position	 40



Foundations of Speech and Hearing:  Anatomy and Physiologyvi

Speech Breathing in Other Body Positions	 41
Ventilation, Gas Exchange, and Speech Breathing	 41
Drive to Breathe and Speech Breathing	 43
Cognitive-Linguistic Factors and Speech Breathing	 44
Conversational Interchange and Speech Breathing	 45
Body Type and Speech Breathing	 46
Development and Speech Breathing	 47
Age and Speech Breathing	 48
Sex and Speech Breathing	 48

Review	 48
References	 50

Chapter 3.  Laryngeal Function and 	 53 
Speech Production
Introduction	 53
Fundamentals of Laryngeal Function	 53

Anatomy of the Laryngeal Apparatus	 53
Skeleton	 53
Laryngeal Joints	 59
Internal Topography	 62

Forces and Movements of the Laryngeal Apparatus	 67
Forces of the Laryngeal Apparatus	 67
Movements of the Laryngeal Apparatus	 76

Control Variables of Laryngeal Function	 81
Laryngeal Opposing Pressure	 82
Laryngeal Airway Resistance	 83
Glottal Size and Configuration	 84
Stiffness of the Vocal Folds	 85
Effective Mass of the Vocal Folds	 86

Neural Substrates of Laryngeal Control	 87
Laryngeal Functions	 89

Degree of Coupling Between the Trachea and Pharynx	 89
Protection of the Pulmonary Airways	 89
Containment of the Pulmonary Air Supply	 89
Sound Generation	 89

Laryngeal Function in Speech Production	 90
Transient Utterances	 90
Sustained Utterances	 90

Turbulence Noise Production	 90
Voice Production	 92

Running Speech Activities	 102
Fundamental Frequency	 102
Sound Pressure Level	 103
Spectrum	 104

Development and Laryngeal Function in Speech Production	 104
Age and Laryngeal Function in Speech Production	 107
Sex and Laryngeal Function in Speech Production	 108

Review	 110
References	 111



viiContents

Chapter 4.  Velopharyngeal-Nasal 	 119 
Function and Speech Production
Introduction	 119
Fundamentals of Velopharyngeal-Nasal Function	 119

Anatomy of the Velopharyngeal-Nasal Apparatus	 119
Skeletal Superstructure	 119
Pharynx	 121
Velum	 124
Nasal Cavities	 124
Outer Nose	 125

Forces and Movements of the Velopharyngeal-Nasal Apparatus	 126
Forces of the Velopharyngeal-Nasal Apparatus	 126
Movements of the Velopharyngeal-Nasal Apparatus	 133

Adjustments of the Velopharyngeal-Nasal Apparatus	 135
Coupling Between the Oral and Nasal Cavities	 136
Coupling Between the Nasal Cavities and Atmosphere	 137

Control Variables of Velopharyngeal-Nasal Function	 137
Velopharyngeal-Nasal Airway Resistance	 137
Velopharyngeal Sphincter Compression	 139
Velopharyngeal-Nasal Acoustic Impedance	 140

Neural Substrates of Velopharyngeal-Nasal Control	 141
Ventilation and Velopharyngeal-Nasal Function	 142

Velopharyngeal-Nasal Function and Speech Production	 142
Velopharyngeal-Nasal Function and Sustained Utterances	 143
Velopharyngeal-Nasal Function and Running Speech Activities	 145
Gravity and Velopharyngeal-Nasal Function in Speech Production	 147
Development of Velopharyngeal-Nasal Function in Speech Production	 148
Age and Velopharyngeal-Nasal Function in Speech Production	 150
Sex and Velopharyngeal-Nasal Function in Speech Production	 151

Review	 151
References	 152

Chapter 5. Ph aryngeal-Oral Function 	 157 
and Speech Production
Introduction	 157
Fundamentals of Pharyngeal-Oral Function	 157

Anatomy of the Pharyngeal-Oral Apparatus	 157
Skeleton	 157
Temporomandibular Joints	 161
Temporomandibular Joint Movements	 161
Internal Topography	 164

Forces and Movements of the Pharyngeal-Oral Apparatus	 166
Forces of the Pharyngeal-Oral Apparatus	 166
Movements of the Pharyngeal-Oral Apparatus	 175

Adjustments of the Pharyngeal-Oral Apparatus	 178
Adjustments of the Pharynx	 178
Adjustments of the Mandible	 179
Adjustments of the Tongue	 179
Adjustments of the Lips	 180



Foundations of Speech and Hearing:  Anatomy and Physiologyviii

Control Variables of Pharyngeal-Oral Function	 180
Pharyngeal-Oral Lumen Size and Configuration	 180
Pharyngeal-Oral Structural Contact Pressure	 182
Pharyngeal-Oral Airway Resistance	 182
Pharyngeal-Oral Acoustic Impedance	 182

Neural Substrates of Pharyngeal-Oral Control	 183
Pharyngeal-Oral Functions	 184

Degree of Coupling Between the Oral Cavity and Atmosphere	 185
Chewing	 185
Swallowing	 185
Sound Generation and Filtering	 185

Pharyngeal-Oral Function in Speech Production	 185
The Speech Production Code	 186

Vowel Coding Scheme	 186
Diphthong Coding Scheme	 187
Consonant-Coding Scheme	 188

The Speech Production Stream	 190
Coarticulation	 190
Traditional Theory of Coarticulation (Feature Spreading)	 192
Articulatory Phonology or Gesture Theory	 194

Development and Pharyngeal-Oral Function in Speech Production	 196
Age and Pharyngeal-Oral Function in Speech Production	 198
Sex and Pharyngeal-Oral Function in Speech Production	 200

Review	 200
References	 202

Chapter 6. A natomy and Physiology 	 207 
of the Auditory System
Introduction	 207
Temporal Bone	 207
Peripheral Anatomy of the Ear	 209
Outer Ear (Conductive Mechanism)	 210

Pinna (Auricle)	 210
External Auditory Meatus (External Auditory Canal)	 211
Tympanic Membrane (Eardrum)	 212

Middle Ear (Conductive Mechanism)	 213
Chambers of the Middle Ear	 213
Ossicles and Associated Structures	 214
Ligaments and Muscles of the Middle Ear	 215
Auditory (Eustachian) Tube	 216
Medial and Lateral Wall View of Middle Ear:  A Summary	 217
Transmission of Sound Energy by the Conductive Mechanism	 218

Inner Ear (Sensorineural Mechanism)	 219
Semicircular Canals	 221
Vestibule	 221
Cochlea	 221

Scalae	 221
Basilar Membrane and Organ of Corti	 222
Hair Cells	 223
Traveling Waves	 224



ixContents

Auditory Nerve and Auditory Pathways (Neural Mechanism)	 226
Auditory Nerve	 226
Auditory Pathways	 227

Review	 228
References	 229

Chapter 7.  Brain Structures and 	 231 
Mechanisms for Speech, Language,  
and Hearing
Introduction	 231
The Nervous System:  An Overview and Concepts	 231

Central Versus Peripheral Nervous System	 232
Anatomical Planes and Directions	 233
White Versus Gray Matter, Tracts Versus Nuclei, Nerves	 235 

Versus Ganglia
Gray Matter and Nuclei	 235
White Matter and Fiber Tracts	 235
Ganglia	 236

Efferent and Afferent	 236
Lateralization and Specialization of Function	 237

Cerebral Hemispheres and White Matter	 238
Cerebral Hemispheres	 238

Frontal Lobe	 238
Parietal Lobe	 241
Temporal Lobe	 242
Occipital Lobe	 244
Insula	 244
Limbic System (Limbic Lobe)	 245

Cerebral White Matter	 245
Association Tracts	 246
Striatal Tracts	 248
Commissural Tracts	 248
Descending Projection Tracts	 249
Ascending Projection Tracts	 252

Subcortical Nuclei and Cerebellum	 253
Basal Ganglia	 253
Thalamus	 256
Cerebellum	 256

Brainstem and Cranial Nerves	 257
Surface Features of the Brainstem:  Ventral View	 258

Ventral Surface of Midbrain	 258
Ventral Surface of Pons	 260
Ventral Surface of Medulla	 260

Surface Features of the Brainstem:  Dorsal View	 260
Dorsal Surface of Midbrain	 260
Dorsal Surface of Pons	 261
Dorsal Surface of Medulla	 262

Cranial Nerves and Associated Brainstem Nuclei	 262
Cranial Nerve I (Olfactory)	 262
Cranial Nerve II (Optic)	 262



Foundations of Speech and Hearing:  Anatomy and Physiologyx

Cranial Nerve III (Oculomotor)	 262
Cranial Nerve IV (Trochlear)	 264
Cranial Nerve V (Trigeminal)	 265
Cranial Nerve VI (Abducens)	 265
Cranial Nerve VII (Facial)	 266
Cranial Nerve VIII (Auditory-Vestibular Nerve)	 267
Cranial Nerve IX (Glossopharyngeal)	 268
Cranial Nerve X (Vagus)	 269
Cranial Nerve XI (Spinal Accessory Nerve)	 269
Cranial Nerve XII (Hypoglossal)	 270

Cortical Innervation Patterns	 270
Spinal Cord and Spinal Nerves	 272

Spinal Cord	 272
Spinal Nerves	 274

Nervous System Cells	 274
Glial Cells	 275
Neurons	 276

Cell Body (Soma)	 276
Axon and Terminal Button	 277
Synapse	 278

Resting Potential, Action Potential, and Neurotransmitters	 279
Resting Potential	 279
Action Potential	 281
Synaptic Transmission and Neurotransmitters	 283

Neuromuscular Junction	 285
Meninges, Ventricles, Blood Supply	 286

Meninges	 286
Dura Mater	 286
Arachnoid Mater	 287
Pia Mater	 288
Meninges and Clinically Relevant Spaces	 288

Ventricles	 288
Lateral Ventricles	 288
Third Ventricle	 289
Cerebral Aqueduct, Fourth Ventricle, and Other Passageways for CSF	 290
Production, Composition, and Circulation of CSF	 290

Blood Supply of Brain	 291
Anterior Circulation	 291
Posterior Circulation	 291
Circle of Willis	 292
MCA and Blood Supply to the Dominant Hemisphere	 293
Blood-Brain Barrier	 295

Review	 297
References	 298

Chapter 8. Sw allowing	 299
Introduction	 299
Anatomy	 299

Breathing, Laryngeal, Velopharyngeal-Nasal, and Pharyngeal-Oral 	 299 
Structures



xiContents

Esophagus	 300
Stomach	 300

Forces and Movements of Swallowing	 302
Oral Preparatory Phase	 303
Oral Transport Phase	 304
Pharyngeal Transport Phase	 305
Esophageal Transport Phase	 306
Overlap of Phases	 307

Breathing and Swallowing	 308
Neural Control of Swallowing	 309

Role of the Peripheral Nervous System in Swallowing	 310
Role of the Central Nervous System in Swallowing	 311

Variables That Influence Swallowing	 312
Bolus Characteristics and Swallowing	 312

Consistency	 312
Volume	 312
Taste and Temperature	 313

Swallowing Mode	 313
Single Versus Sequential Swallows	 314
Cued Versus Uncued Swallows	 314

Body Position and Swallowing	 315
Development and Swallowing	 315
Age and Swallowing	 316
Sex and Swallowing	 317

Review	 317
References	 318

Author Index	 323 
Subject Index	 329





xiii

Preface

Almost a decade ago the two of us and Tom Hixon entered into conversations with 
Sadanand Singh, President of Plural Publishing at the time, to write a speech science 
textbook that would combine solid, detailed anatomical material on the speech appa-
ratus with information on contemporary speech physiology and speech acoustics and 
perception. To our knowledge this was the first attempt to present an in-depth textbook 
treatment of anatomy, physiology, acoustics, and perception. The aim of the presentation 
level was somewhere between the stripped-down, simplistic presentations of some texts 
available at that time, versus the extreme detail presented in at least one popular text 
that relied on a preponderance of anatomical information, with very limited information 
on speech physiology and speech acoustics. The text that resulted was Preclinical Speech 
Science: Anatomy, Physiology, Acoustics and Perception, published in 2008. Judging from 
sales and reviews, the text was a success.

In 2012 we initiated work on a second edition of Preclinical. We sought feedback on 
what instructors and students liked and did not like about the first edition, and a recurring 
theme in the feedback was the absence (and desirability) of a chapter on the neural basis 
of speech, hearing, and language. We prepared a chapter to address this material, made 
changes to all the original chapters, and the second edition of Preclinical was published 
in 2014. At the time of this writing, a third edition of Preclinical is under development in 
which we will update, refine, and enhance the existing text as well as add materials to bet-
ter meet the needs of students in communication sciences and disorders programs.

When seeking feedback on the second edition of Preclinical, we heard many requests 
for a chapter on the auditory system, something that would serve the needs of under-
graduate courses that combine speech and hearing anatomy and physiology. The original 
plan for Preclinical was to support an intensive graduate-level course in speech anatomy, 
physiology, and acoustics for students working toward their clinical master’s degree in 
speech-language pathology. At the same time, we came to the conclusion that the text 
could be modified to fit more squarely with the aims of undergraduate curricula in com-
munication sciences and disorders. The book you hold in your hand, Foundations of Speech 
and Hearing: Anatomy and Physiology, is that modification. The present text includes the 
best aspects of Preclinical, although reduced in scope and detail. It also contains a new 
chapter on auditory anatomy and physiology. We feel it is the right fit for an undergradu-
ate course on speech and hearing anatomy and physiology — it is neither oversimplified 
nor excessively detailed, and the presentation is always guided by our concept of the 
information required for the next step in the education of speech-language pathologists 
and audiologists. Importantly, the high-quality images of Preclinical, so central to the 
quality of that text, have been retained and enhanced in the current Foundations text.

Although the current text lists two authors, a significant portion of the material was 
originally conceptualized and written by Tom Hixon (1940-2009). If this current text has 
any merit or even excellence, it is in no small part due to Tom’s extraordinary vision and 
effort in making the first edition of Preclinical a reality.

Enjoy the wonders of the anatomy and physiology of the speech and hearing 
apparatus.
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Introduction

The study of anatomy and physiology of speech and 
hearing is pleasurable to some students and painful to 
others. We hope that this book will bring at least some 
pleasure to all readers, even those who think they are 
not interested in the “dry” sciences. This book is writ-
ten to be thorough and accurate. It is also written with 
clinical endpoints in mind; thus, only those topics that 
are ultimately important to understanding, evaluating, 
and managing clients with speech, hearing, and swal-
lowing disorders are covered.

One outgrowth of this clinical mindset is that this 
book differs from others of its genre in certain of its 
conceptualizations. Some examples are provided here.

The respiratory (breathing) subdivision of the 
speech mechanism is covered in all speech-related 
anatomy and physiology textbooks, as it is in this one. 
All such books provide illustrations of the different 
structures, list the muscles and their functions, and 
describe the general process of breathing; this book 
does as well. What sets this book apart is the cogent 
and relatively simple description of how this extremely 
complex system operates for various activities through 
focus on the functional components of the breathing 
apparatus, especially the chest wall (rib cage wall, dia-
phragm, and abdominal wall). This firmly grounded 
and clinically driven approach to presenting material 
on the breathing apparatus (see Chapter 2) is rooted in 
the work of Thomas J. Hixon who generated the semi-
nal research in this area and the fact that the authors of 
this book, both of whom were mentored by Dr. Hixon, 
have also contributed to our understanding of speech 
breathing.

Most textbooks divide the speech mechanism into 
three or four subsystems. The first two, respiratory 
(breathing) and laryngeal, are also used in this book. 
Where this book diverges from the others is in the treat-
ment of the region above the larynx. Some textbooks 
present this region as a single subdivision of the speech 
mechanism, often called articulatory and encompassing 
the pharyngeal, oral, and nasal cavities and associated 
structures. Other textbooks present this region as two 
subdivisions, using terms such as articulatory (meaning 
the oral region) and resonatory (meaning the velopha-
ryngeal and nasal regions). There are problems with 
using these terms in this context. One is that not all 
the articulators are in the articulatory subdivision; the 
larynx also acts as an articulator (see Chapters 3 and 5). 
Another problem is that the resonators are not exclu-
sively found in the velopharyngeal and nasal regions; 
the lower pharynx and the oral cavities also serve as 
acoustic resonators. And yet another problem is that 
these regions are not used exclusively for articulating or 
resonating but also serve other functions, such as swal-
lowing. In this book, the regions above the larynx are 
presented as two subdivisions, one called velopharyn-
geal-nasal and the other called pharyngeal-oral. These 
terms may seem cumbersome, but they are precise and 
convey a clear conceptualization of these regions and 
their functions. The velopharyngeal-nasal apparatus 
includes both the velopharynx and the nasal airways 
and associated structures. As readers will understand 
after reading Chapter 4, inclusion of the nasal por-
tion of the apparatus is critical to understanding the 
aeromechanic and acoustic functions of this part of the 
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speech mechanism. The pharyngeal-oral apparatus 
includes the middle and lower pharynx and the oral 
cavity and associated structures. The inclusion of the 
pharyngeal part of the apparatus in this subdivision 
reflects the fact that during speech production, this part 
of the pharynx acts as an articulator along with its oral 
counterparts.

There are other features that set this book apart. 
To begin, the illustrations, nearly all of which have 
been created by artist Maury Aaseng, are masterfully 
crafted and support the text by focusing on the salient 
structures. Also, a full chapter is devoted to swallow-
ing, an area of study that has assumed enormous clini-
cal importance over the past few decades. And, finally, 
coverage of neural control is distributed throughout 
all the chapters, including an in-depth treatment of the 
topic in Chapter 7.

This book draws heavily from our book titled Pre-
clinical Speech Science: Anatomy, Physiology, Acoustics, 
Perception (Hixon, Weismer, & Hoit, 2014). In fact, much 
of this book is either directly taken from the Preclinical 

book or is a modified version of it. Modifications com-
prise some simplifications and clarifications to help the 
readers of Foundations who are less familiar with the 
topics covered. The exception is a brand new chapter 
on auditory anatomy and physiology that has been 
added to this book. In the spirit of the other chapters, 
the material included in this new chapter organizes the 
information as a foundation for clinical aspects of audi-
tory function.

It should be noted that this “spin-off” book has 
been produced without express agreement of Thomas 
J. Hixon (1940–2009). We hope that he would have con-
doned our efforts to make this material more accessible 
to students at all levels of training.

Reference

Hixon, T. J., Weismer, G., & Hoit, J. D. (2014). Preclinical speech 
science: Anatomy, physiology, acoustics, perception. San Diego, 
CA: Plural.
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2

Breathing and  
Speech Production

Introduction

It is estimated that 15% of individuals with speech dis-
orders have problems that are caused, at least in part, by 
abnormalities of speech breathing. A speech breathing 
disorder may have functional and/or organic origins 
and may present as a problem of breathing movement, 
gas exchange, breathing comfort, or any combination 
of these (Hixon & Hoit, 2005). To recognize, evaluate, 
and manage speech breathing disorders, it is necessary 
to understand normal speech breathing and its ana-
tomical and physiological underpinnings.

This chapter begins by considering the structures 
and general functions of the breathing apparatus and 
then turns to consideration of breathing for normal 
speech production. This is followed by a discussion of 
selected variables that are known to influence speech 
breathing.

Fundamentals of Breathing

The breathing apparatus is a mechanical air pump. 
This section considers the nature of this pump and how 
it functions. Topics discussed include the anatomical 
bases of breathing, forces and movements of breath-
ing, adjustments of the breathing apparatus, output 

variables of breathing, neural control of breathing, and 
ventilation and gas exchange during tidal breathing. 
For the purposes of this chapter, the breathing appara-
tus is considered to include the pulmonary apparatus 
and chest wall (both defined below). Structures of the 
laryngeal apparatus, velopharyngeal-nasal apparatus, 
and pharyngeal-oral apparatus are covered in other 
chapters.

Coming to Terms

Terms can enlighten you or get you into verbal 
quagmires. Respiratory physiologists have gone 
out of their way to be precise in their use of 
terms. They’ve even held conventions to iron out 
their differences in language. It’s a good idea to 
take a little extra time and care when reading the 
early sections of this chapter. Let the lexicon of 
the respiratory physiologist take firm root. Don’t 
be tempted to skip over parts just because the 
words in the headings look familiar to you. You 
may be surprised to find that a term you thought 
you understood actually has an entirely different 
meaning to a respiratory physiologist.
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Anatomical Bases of Breathing

The breathing apparatus is located within the torso 
(body trunk). A skeleton of bone and cartilage forms 
a superstructure for the torso. This superstructure is 
depicted in Figure 2–1.

Skeletal Superstructure

At the back of the torso, 34 irregularly shaped verte-
brae (bones) form the vertebral column or backbone. 
The uppermost 7 of these vertebrae are termed cervical 
(neck), the next lower 12 are called thoracic (chest), and 
the next three lower groups of 5 each are referred to as 
lumbar, sacral, and coccygeal (collectively, abdominal). 
The vertebral column constitutes a back centerpost for 
the torso.

The ribs comprise most of the upper skeletal 
superstructure. They are 12 flat, arch-shaped bones on 
each side of the body. The ribs slope downward from 
back to front along the sides of the torso, forming the 
rib cage and giving roundness to the superstructure. 
At the front, most of the ribs attach to bars of costal 
(rib) cartilage, which, in turn, attach to the sternum or 
breastbone. The sternum serves as a front centerpost 
for the rib cage. The typical rib cage includes upper 
pairs of ribs attached to the sternum by their own cos-
tal cartilages, lower pairs that share cartilages, and the 
lowest two pairs that float without front attachments.

The rest of the upper skeletal superstructure is 
formed by the pectoral girdle (shoulder girdle). This 
structure is near the top of the rib cage. The front of the 
pectoral girdle is formed by the two clavicles (collar 
bones), each of which is a strut extending from the ster-

Front view Back view

Clavicle

Sternum

Humerus

Ribs

Pelvic
girdle

Vertebral
column

Scapula

Costal 
cartilage

Cervical

Thoracic

Lumbar

Sacral

Coccygeal

Figure 2–1.  Skeletal superstructure of the torso consisting of the clavicles, ribs, sternum, pelvic girdle, scapulae, and 
vertebral column.
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num over the first rib toward the side and back of the 
rib cage. At the back, the clavicles attach to two trian-
gularly shaped plates, the scapulae (shoulder blades). 
The scapulae cover most of the upper back portion of 
the rib cage.

Two large, irregularly shaped coxal (hip) bones 
are located in the lower skeletal superstructure. These 
two bones, together with the sacral and coccygeal ver-
tebrae, form the pelvic girdle (bony pelvis). The pelvic 
girdle comprises the base, lower back, and sides of the 
lower skeletal superstructure.

Breathing Apparatus and Its Subdivisions

The breathing apparatus (breathing pump) and its sub-
divisions are depicted in Figure 2–2. The torso, which 
houses the apparatus, consists of upper and lower cavi-
ties that are partitioned by the diaphragm. The upper 
cavity is called the thorax (or colloquially the chest) 
and is almost totally filled with the heart and lungs; the 
lower cavity, the abdomen or belly, contains much of 
the digestive system and other organs and glands. The 
structures of the breathing apparatus form two major 

subdivisions, the pulmonary apparatus and chest wall. 
These subdivisions are concentrically arranged, with 
the pulmonary apparatus being surrounded by the 
chest wall.

Pulmonary Apparatus

The pulmonary apparatus is the air containing, air 
conducting, and gas exchanging part of the breathing 
apparatus. Figure 2–3 portrays some of its salient fea-
tures. The pulmonary apparatus provides oxygen to 
the cells of the body and removes carbon dioxide from 
them. The apparatus can itself be subdivided into two 
components, the pulmonary airways and lungs.

Pulmonary Airways.  The pulmonary airways constitute 
a complex network of flexible tubes through which air 
can be moved to and from the lungs and between differ-
ent parts of the lungs. These tubes are arranged like the 
branches of an inverted deciduous tree. The network, 
in fact, is commonly referred to as the pulmonary tree.

The trunk of the pulmonary tree (the top part) is 
the trachea or windpipe. The trachea is a tube attached 

Breathing 
apparatus

Pulmonary 
apparatus

Chest wall Pulmonary-chest 
wall unit

Trachea

Lungs

Rib cage
wall

Abdominal
wall

Pulmonary
airways

Diaphragm

Abdominal
content

Figure 2–2.  Breathing apparatus and its subdivisions: the pulmonary apparatus (lungs and airways) and the chest wall 
(rib cage wall, diaphragm, abdominal wall, and abdominal content). From Evaluation and management of speech breathing 
disorders: Principles and methods (p. 13), by T. Hixon and J. Hoit, 2005, Tucson, AZ: Redington Brown. Copyright 2005 by 
Thomas J. Hixon and Jeannette D. Hoit. Modified and reproduced with permission.
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to the bottom of the larynx (voice box). It runs down 
through the neck into the torso. The trachea is com-
posed of a series of C-shaped cartilages whose open 
ends face toward the back where the structure is com-
pleted by a flexible wall shared with the esophagus (a 
muscular tube leading to the stomach). At its lower end, 
the trachea divides into two smaller tubes, one run-
ning to the left lung and one running to the right lung. 
These two tubes, called the main-stem bronchi, branch 
into what are called lobar bronchi, tubes that run to 
the five lobes of the lungs (two on the left and three on 
the right). The five lobar bronchi each branch and their 
offspring also each branch, and so on, through more 
than 20 generations. Each successive branching leads 
to smaller and less rigid structures. These include, in 
succession, segmental bronchi, subsegmental bronchi, 
small bronchi, terminal bronchi, bronchioles, terminal 
bronchioles, respiratory bronchioles, alveolar ducts, 
alveolar sacs, and alveoli. The last, the alveoli, are 
extremely small cul-de-sacs filled with air. They num-
ber more than 300 million and are the sites where oxy-
gen and carbon dioxide are exchanged.

Lungs.  The lungs are the organs of breathing. They are 
a pair of porous and spongy cone-shaped structures. 
Each lung contains many resilient elastic fibers and 
behaves like a stretchable bag. The outer surfaces of 
the lungs are covered with a thin airtight membrane, 
the visceral pleura. A similar membrane, the parietal 

pleura, covers the inner surface of the chest wall where 
it contacts the lungs. Together these two membranes 
form a double-walled sac that encases the lungs. Both 
walls of this sac are covered with a thin layer of liquid 
that lubricates them and enables them to move easily 
upon one another. The same layer of liquid links the 
visceral and parietal membranes together, in the way 
that a film of water holds two glass plates together. This 
is called pleural linkage. Thus, the lungs and chest wall 
tend to move as a unit; where one goes the other follows.

Chest Wall

The chest wall encases the pulmonary apparatus. There 
are four parts to the chest wall: the rib cage wall, dia-
phragm, abdominal wall, and abdominal content.

Rib Cage Wall.  The rib cage wall surrounds the lungs 
and is shaped like a barrel. The rib cage superstruc-
ture includes the thoracic segments of the vertebral 
column, the ribs, the costal cartilages, the sternum, 
and the pectoral girdle. The rest of the rib cage wall is 
formed by muscular and nonmuscular tissues that fill 
the spaces between the ribs and cover their inner and 
outer surfaces.

Diaphragm.  The diaphragm forms the floor of the tho-
rax and the roof of the abdomen. The diaphragm sepa-
rates the thorax and abdomen, and thus, gets its name: 

Figure 2–3.  The pulmonary apparatus consisting of the airways (tra-
chea, main-stem bronchi, lobar bronchi, segmental bronchi, subsegmental 
bronchi, small bronchi, terminal bronchi, bronchioles, terminal bronchi-
oles, respiratory bronchioles, alveolar ducts, alveolar sacs, and alveoli) 
and lungs (spongy structures that surround the pulmonary airways).
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diaphragm, meaning the fence between. The diaphragm 
is dome-shaped and looks like an inverted bowl. The 
left side of the diaphragm is positioned slightly lower 
than the right (to accommodate the heart above and the 
liver below). At its center, the diaphragm consists of a 
tough sheet of inelastic tissue, the central tendon. The 
rest of the structure is formed by a sheet of muscle that 
rises as a broad rim from all around the lower portion 
of the inside of the rib cage and extends upward to the 
edges of the central tendon.

Ribbit, Ribbit

Ever watch a frog breathe? Did you notice how 
its cheeks moved? Frogs don’t have a diaphragm 
to pull air into their lungs. They push the air 
in, using their mouths like pistons. Frogs are 
positive pressure breathers. People are negative 
pressure breathers. A frog doesn’t have the 
ability to emulate us (except, perhaps, Kermit) 
if its positive pressure pump fails. But we have 
the ability to emulate the frog if our negative 
pressure pump fails by doing what is called glos-
sopharyngeal breathing. And what would you 
suppose is the common name for such breath-
ing? Well, it’s frog breathing. In frog breathing, the 
tongue and throat are used to pump air into the 
lungs. Air is gulped in small portions (mouth-
fuls), each held in place by closing the larynx as 
a one-way valve. Frog breathing isn’t difficult to 
learn and once mastered can be used to fill the 
lungs in a stepwise fashion all the way to the top.

Abdominal Wall.  The abdominal wall provides a cas-
ing for the lower half of the torso. This casing is shaped 
like an oblong tube and runs all the way around the 
torso. The lower part of the skeletal superstructure 
of the torso forms the framework around which the 
abdominal wall is built. This includes a back center-
post of 15  vertebrae (lumbar, sacral, and coccygeal) 
that extends from near the bottom of the rib cage to the 
tailbone and pelvic girdle. Much of the abdominal wall 
consists of two broad sheets of connective tissue and 
several large muscles. The two sheets of connective tis-
sue cover the front and back of the abdominal wall and 
are called the abdominal aponeurosis and lumbodorsal 
fascia, respectively. Muscles are located all around the 
abdominal wall — front, back, and flanks — and com-
bine with the abdominal aponeurosis, lumbodorsal 
fascia, vertebral column, and pelvic girdle to form its 
encircling casing.

Abdominal Content.  The abdominal content is every-
thing in the abdominal cavity. This includes a wide 
array of structures, such as the stomach, intestines, and 
various other internal structures. This content is close 
to unit density (the density of water) and constitutes a 
relatively homogeneous mass. This mass is suspended 
from above by a suction force at the undersurface of the 
diaphragm and is held in place circumferentially and at 
its base by the casing of the abdominal wall. Together, 
the abdominal cavity and the abdominal content are the 
mechanical equivalent of an elastic bag filled with water.

Pulmonary Apparatus-Chest Wall Unit

The pulmonary apparatus and chest wall form a single 
functional unit that derives from the linkage effected by 
the pleural membranes. As illustrated in Figure 2–4, the 

Pulmonary
apparatus

Chest
wall

Pulmonary 
apparatus–chest 

wall unit

Figure 2–4.  Resting positions of the pulmonary appa-
ratus, chest wall, and pulmonary apparatus-chest wall unit 
(breathing apparatus). Note that the resting position (size) 
of the pulmonary apparatus is larger and the resting posi-
tion (size) of the chest wall is smaller when the two parts are 
linked than when they are separated.
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inspire. Thus, like a coil spring, the more the breathing 
apparatus is deformed from its resting size, whether in 
the inspiratory (stretched) or expiratory (compressed) 
direction, the greater the passive recoil force it generates.

Active Force

The active force of breathing comes from the actions 
of muscles of the chest wall. The sign (inspiratory or 
expiratory) and magnitude of this force depend on 
which muscles are active and in what combinations. 
Active force also depends on the amount of air in the 
breathing apparatus. The more air in the apparatus, the 
greater the active force that can be generated to expire, 
and the less air in the apparatus, the greater the active 
force that can be generated to inspire.

The roles of individual muscles in generating 
active force are described below for the rib cage wall, 
diaphragm, and abdominal wall. These descriptions 
assume that only the muscle under consideration is 
active and that it is shortening during contraction. It 
should be noted, however, that several factors might 
influence the contribution of an individual muscle, 
including the actions of other muscles, the mechani-
cal status of different parts of the chest wall, and the 
breathing activity being performed.

Muscles of the Rib Cage Wall.  The muscles of the rib 
cage wall are defined to include muscles of the neck 
and rib cage. These muscles are depicted in different 
views in Figure 2–5.

Rib Torque

Sounds like leftovers. Actually, it refers to 
rotational stress produced when one end of a rib 
is twisted out of line with the other. Some have 
suggested that when the ribs are elevated during 
resting tidal inspiration, they’re twisted outward 
(placed under positive torque) and store energy, 
which is then supposedly released during 
expiration. Not so. The ribs are actually twisted 
inward (are under negative torque) at the resting 
tidal end-expiratory level. The lungs are pulling 
inward on the rib cage wall at that level. The ribs 
untwist during resting tidal inspiration, but do 
not reach neutral (zero torque) in the upright 
body position until the 60% VC (percent vital 
capacity) level is attained. Resting tidal inspira-
tion involves only about a 10% VC increase, 
from say, 40% to 50% VC. Thus, rib torque 
actually opposes resting tidal expiration rather 
than assists it. The only thing leftover about rib 
torque in this context is the folklore.
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resting positions of the pulmonary apparatus and chest 
wall when linked are different from their individual 
resting positions when the two are separated. When the 
pulmonary apparatus is removed from the chest wall, 
its resting position is a collapsed state in which it con-
tains very little air. This is represented as a collapsed 
spring in the figure (lower left). In contrast, the resting 
position of the chest wall, with the pulmonary appara-
tus removed, is a more expanded state, represented as 
a stretched spring in the figure (lower middle). With 
the pulmonary apparatus and chest wall held together 
by pleural linkage, the breathing apparatus assumes 
a resting position between these two positions such 
that the pulmonary apparatus is somewhat expanded 
and the chest wall is somewhat compressed. This rest-
ing position of the linked pulmonary apparatus-chest 
wall unit is a mechanically neutral or balanced state in 
which the force of the pulmonary apparatus to collapse 
is opposed by an equal and opposite force of the chest 
wall to expand. The linked pulmonary apparatus-chest 
wall unit (breathing apparatus) is represented as a 
combined spring in the figure (lower right).

Forces and Movements of Breathing

Forces applied to and by different parts of the breathing 
apparatus result in movements. Such forces and move-
ments constitute breathing at the mechanical level.

Forces of Breathing

Passive and active forces operate on the breathing 
apparatus. Passive force is inherent and always pres-
ent. Active force, in contrast, is applied willfully and in 
accordance with ability.

Passive Force

The passive force of breathing comes from: (a) the natu-
ral recoil of muscles, cartilages, ligaments, and lung tis-
sue, (b) the surface tension of alveoli, and (c) the pull 
of gravity. These forces cause the breathing apparatus 
to behave like a coil spring, which, when stretched or 
compressed, tends to recoil toward its resting length.

The sign (inspiratory or expiratory) and magni-
tude of passive force depends on the amount of air in 
the breathing apparatus. When the apparatus contains 
more air than it does at rest, it recoils toward a smaller 
size (expires), like the release of a stretched spring. The 
more air in the apparatus, the greater the recoil force 
to expire. In contrast, when the apparatus contains less 
air than it does at rest, it recoils toward a larger size 
(inspires), like the release of a compressed spring. The 
less air in the apparatus, the greater the recoil force to 
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Figure 2–5.  Muscles of the rib cage wall. From Evaluation and management of speech breathing disorders: Principles 
and methods (pp. 19–20), by T. Hixon and J. Hoit, 2005, Tucson, AZ: Redington Brown. Copyright 2005 by Thomas J. Hixon and 
Jeannette D. Hoit. Modified and reproduced with permission.


