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The Textbook of Head and Neck Anatomy was first pub-
lished in 1982. This textbook was written with the
thought in mind that students come to this subject
with varying backgrounds; therefore, the regional ap-
proach to the study of anatomy was selected over the
tedious systems approach. Since that first edition, the
textbook has been through two subsequent editions.
During these two latter editions we received sugges-
tions from faculty and students that served to im-
prove the quality of the text and its illustrations, ta-
bles, and Clinical Considerations. In preparing each
new edition, our primary goal remained to present a
text designed and written for the student, incorporat-
ing all of the requisites of optimal learning. These in-
cluded succinct, concise writing; well-developed ta-
bles that digested information for student
understanding; profuse, well-designed illustrations
that accommodated learning; identification of new
terms; a Glossary and Suggested Readings; and a
cross-referenced Index.

We were gratified to learn that the editorial group
responsible for the development of the 4th edition of
our Textbook of Head and Neck Anatomy at Lippincott
Williams & Wilkins agreed to the major change to
using full color and enlarging the format. Now the ta-
bles are larger and more accessible to the reader.
Perhaps more important, the illustrations also are
larger and in full color, which greatly facilitates
anatomical appreciation, understanding, and learning.
We have incorporated a number of figures from other
Lippincott Williams & Wilkins publications, and we've
colorized most of the original art created for the text
over the years by our original illustrator, Jerry Gadd.
We have also added many new tools for the student to
facilitate learning and to broaden one’s understanding
of the clinical importance of learning anatomy.

Organization
After careful consideration, we adopted an organiza-
tion of the text that accommodated our teaching
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styles and the student’s learning methods. Thus we
have maintained the organization of the previous
version for this edition. The first three chapters intro-
duce the basics of anatomy to the student, namely its
long history and the specialized terminology that the
student must master. Over the years we have found
that many students come to anatomy with varied
backgrounds, therefore we present a chapter on the
body systems, specifically as they apply to head
and neck anatomy. This is followed by a chapter de-
signed to introduce the student to anatomical
concepts in the oral cavity, palate, and pharynx pre-
sented from the standpoint of an oral examination.
The next chapter, describing the Embryology of the
Head and Neck, is followed by a chapter detailing the
osteology of the skull. The succeeding ten chapters
are devoted to regional anatomy, ending with the dis-
cussion of the Brain and Spinal Cord. Although all of
the cranial nerves were presented in the respective
chapters, a particular chapter is devoted to the cra-
nial nerves, their associations with the autonomic
nervous system, and with their distributions in the
head and neck. This is followed with a chapter on the
anatomical basis for local anesthesia. There are sum-
marizing chapters on lymphatics, the vascular sup-
ply of the head and neck, and the fascia of the head
and neck.

Many of our former students have suggested that
the posterior neck is not of much value to those
preparing for a career in the dental profession. We,
therefore, reduced much of the written material in this
segment but, for those interested, we have retained the
tables and some of the illustrations.

Key Features

Many important relevant Clinical Considerations are
incorporated within each chapter. These were placed
at the end of each chapter in previous editions,
whereas in this edition we have placed them at the
appropriate position within the text where the subject
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is discussed. A list of all 139 Clinical Considerations
by chapter, title, and page number is presented in the
front of the text in order to provide the reader easy ac-
cess to them for reference and study.

In an effort to assist the student to identify the
material contained in major headings, we have incor-
porated the Summary Bite. The Summary Bite is a
synopsis of the main points in the text under the
heading. Students may find these summary bites use-
ful in preparing for exams.

Tables have been added to each new edition of
the text, including the present edition, because they
organize and summarize large amounts of informa-
tion that assist students in mastering information in a
minimum amount of time. A list of all 29 of the tables
by chapter, table number, and page number is pre-
sented in the front of the text to assist the student in
finding the table of interest.

Chapter Outlines on the opening page of each
chapter highlight the major subjects discussed. This is
followed by a section of Key Terms that provides brief
definitions and/or short descriptions that the student
is expected to master.

We use a specific color scheme to indicate the
three, and occasionally four, levels of headings within
the text, though frequently the fourth level was re-
placed by bullets. The student should remember that
bullets are not above or below the paragraph order,
but are merely used to indicate some importance to
that particular entry or paragraph.

We have retained the Glossary in this edition to
aid the student in grasping the language of anatomy
as it relates to the head and neck, as well as an ex-
tensive cross-referenced Index. Students seeking ad-
ditional information concerning the subjects cov-
ered in this text will find a current Suggested
Readings section in the back of the book helpful.
Included are references to textbooks and atlases of
Gross Anatomy, Developmental Anatomy, and
Neuroanatomy.

Ancillaries

Two new educational tools are being introduced in
this 4th edition. We have developed a bank of approx-
imately 200 USMLE Type I examination questions
with answers (approximately 10 per chapter) that
tests comprehension of the material presented in
each chapter.

Available to instructors with this new edition are
PowerPoint presentations that provide an overview of
each chapter and offers the faculty teaching and/or
review resources for use with the textbook. Also avail-
able is an image bank of all figures and tables within
the text.

A complete, searchable version of the full text is
available on thePoint as well at http://thePoint.lww.
com/Hiatt4e. thePoint provides dedicated flexible
learning solutions and resources for students
and faculty using our Textbook of Head and Neck
Anatomy.


http://thePoint.lww.com/Hiatt4e
http://thePoint.lww.com/Hiatt4e

Pamela L. Alberto, DMD

Director of Predoctoral Surgery

Clinical Associate Professor

Department of Oral & Maxillofacial Surgery
New Jersey Dental School—U.M.D.N.J.
Newark, New Jersey

William Bird, RDH, MA

Director

Allied Dental Education Department
Santa Rosa Jr. College

Santa Rosa, California

Alan W. Budenz, MS, DDS, MBA

Professor, Director of Oral Diagnosis and
Patient Intake

Department of Anatomical Sciences

Department. of Dental Practice

University of the Pacific

San Francisco, California

Reviewers

Susan J. Crim, PhD, MSEd, RDH
Associate Professor and Department Chair
Dental Hygiene

University of Tennessee

Memphis, Tennessee

Karen Kulikowski, DMD

Professor

Department of Allied Dental Education

The University of Medicine and Dentistry of
New Jersey

Scotch Plains, New Jersey






Acknowledgments

We wish to express our sincere thanks to our col-
leagues and students for their constructive criticisms
as well as their suggestions aimed at improving our
Textbook of Head and Neck Anatomy. Their comments
have been valuable to us and we incorporated many
of them into this fourth edition.

We wish to thank Lippincott Williams &Wilkins
for affording us the opportunity of borrowing many of
the excellent anatomical images from their publica-
tions to illustrate the didactic material of our text.

We would especially like to thank Dr. Robert
Jaynes, Department of Radiology at Ohio State
University College of Dentistry, for his exquisite pano-
graphic radiograph; Dr. Stuart Josell, Chairman of
Orthodontics, University of Maryland Dental School,
for the clinical photographs of a cleft lip and cleft
palate; and Dr. Christine Ferrell, Department of
Orthodontics, University of Maryland Dental School,
for lending us the cephalometric radiograph. We would
like to thank one of our students, Kari Moss for
permitting us to photograph her eyes. We would
especially like to thank Dr. Radi Masri, Research
Assistant Professor in the Deparment of Endodontics,

Prosthodontics, and Operative Dentistry for
Photographing the clinical subjects of the oral cavity
in Chapter 4.

Finally we would like to thank our friends at
Lippincott Williams & Wilkins for assisting us through
every step of the way in the production of the current
edition of this book. We extend our gratitude to
Jessica Schulteis, temporary Managing Editor; Terry
Mallon, Design Coordinator; and Rachelle Detweiler,
Ancillary Editor. Special thanks go to Andrea Klingler,
our Managing Editor, and Jen Clements, Art Director.
These two individuals were always there when we
needed them.

Although we have made every effort to ensure
care and accuracy, we realize that some errors and
omissions may have escaped our attention. Therefore,
criticisms, suggestions, and comments that would
help to improve this textbook will be appreciated.
Comments may be addressed to jhi34@yahoo.com and
Ipg21136@yahoo.com.

James L. Hiatt, PhD
Leslie P. Gartner, PhD

Xi


mailto:jhi34@yahoo.com
mailto:lpg21136@yahoo.com

List of Tables

Pharyngeal Arch Derivatives and Their
Innervation 55

s+ Derivatives of the Pharynx and the
Pharyngeal Pouches 61

Fy Fy Fy
=2 g =2
o ) ®
o &
w -

Derivatives of Facial Components 65

Bones of the Skull 67

Fy
g
o
(=)
[}
-—

Foramine of the Skull and Their
Contents 75

1 Muscles of the Back of the Neck 112

Boundaries and Contents of the
Suboccipital Triangle 115

3 Boundaries of the Cervical
Triangles 118

Muscles Associated with the Posterior
Triangle 120

Branches of the Cervical Plexus 122
6 The Infrahyoid Muscles 128

'/ Deep Prevertebral Muscles of the
Neck 134

y N B B ) y 5 s &
g SHTEZ g g = |2 g
(1] (1] (1] (4] (1] D (1] (1] D
oo [ ~ I~ I~ I ~ I~ [ ~ I~ I o>
- (3] H N N

Muscles of the Face and Scalp 140

Branches of the Facial Nerve in the
Superficial Face 147

Fy
g
®
G
N

1 Venous Sinuses of the Dura 158

et Bones of the Orbit 163

Fy
=2
o
&

"l Communications of the Orbit 164

Fy
=2
®
—
=
&

Muscles of the Eye 172

Ells i Bony Ossicles and Their
Associations 176

X

Boundaries, Communications, and
Contents of the Infratemporal
Fossa 191

Muscles of Mastication 192
Maxillary Artery 201

Muscles Acting on the
Temporomandibular Joint 215

Openings of the Paranasal
Sinuses 224

Vascular and Sensory Nerve Supply of
the Paranasal Sinuses 227

Suprahyoid Muscles and Extrinsic
Muscles of the Tongue 231

Muscles of the Palate and
Pharynx 247

Intrinsic Muscles of the Larynx 259
Cranial Nerves 280

Parasympathetic Ganglia of the
Head 284

Trigeminal Nerve—Sensory
Components 289

Trigeminal Nerve—Motor
Components 292

Cranial Nerves—Clinical Testing 293

Anesthesia of the Teeth and Supporting
Tissues in the Maxillary Arch 313

Anesthesia of the Teeth and Supporting
Tissues in the Mandibular Arch 313

Lymph Nodes of the Head and
Neck 331



Lips 33
Vestibule 35
Tongue 39
Palate 40
Oropharynx 49

Abnormal Development of the Head and Neck 53
First Arch Defects 56
Preauricular Pits 57

Cysts and Fistulas 59

Pouch Defects 59

Thyroid 59

Tongue 60

Facial Malformations 63
Treacher Collins Syndrome 63
Cleft Lip 65

Cleft Palate 65

Chapter 7

Congenital Malformations 106
Fascial Layers 111

Torticollis 116

Paralysis of the Trapezius Muscle 116
Referred Pain 116

The Subclavian Artery 125
Fractured Clavicle 126

Carotid Sinus Syndrome 128
External Jugular Vein 131

Thyroid Gland Involvement 132
Hyperthyroidism 132

Cretinism 132

Thyroidectomy 132

Parathyroid Removal 132

Horner Syndrome 136
Neurocirculatory Compression 136

List of Clinical
Considerations

Scalp 142

Facial Artery Compression 149
Thrombophlebitis of the Facial Vein 150
Danger Area of the Face 151
Lacerations and Facial Incisions 151
Bell Palsy 151

Trigeminal Neuralgia 151

Cranial Base Fractures 153

Chapter 10

Conjunctivitis 165

Cornea 166

Myopia and Hyperopia 168
Glaucoma 169

Detached Retina 169
Cataract 170

Otitis Media 174
Otosclerosis 174

Meniére Disease 177
Nerve Deafness 177

Chapter 11

Saliography of the Parotid Duct 182
Mumps 182

Parotid Gland 183

Parotid Gland Innervation 184
Parotid Tumors 186

Stylohyoid Ligament 187

Chapter 12

Masticator Space Infection 194
Temporomandibular Disorder (TMD) 199

xiii



Xiv List of Clinical Considerations

Anesthesia 203
Injury to the Mandibular Nerve 206

Temporomandibular Disorders (TMD) 214
Crepitis 214

TMJ Dislocation 214

TMJ Arthritis 214

Epistaxis (Nosebleed) 221

Deviated Nasal Septum 222

Nose and Nasal Passages 223

Maxillary Molars and the Maxillary Sinus 225
Cerebrospinal Rhinorrhea 226

Paranasal Sinuses 227

Lingual Cancer 235
Sialography 238

Hypoglossal Nerve Injury 240
Sublingual Artery Damage 241

Cleft Palate 245

Hard Palate 245

Soft Palate 246
Palatine Tonsils 249
Adenoids 252

Pharynx 252
Esophageal Defects 255
Heimlich Maneuver 261
Larynx 261
Tracheotomy 261

Myelencephalon 272
Arterial Occlusion or Rupture 274
Stroke 276

Anosmia 282
Myopia and Hyperopia 283
Multiple Sclerosis 283

Detached Retina 283

Cataract 283

Presbyopia 283

Oculomotor Nerve Injury 284

Trochlear Nerve Injury 285

Unilateral Lesion of Motor Root of the trigominal
nerve 298

Trigeminal Neuralgia 298

Abducens Nerve Injury 299

Bell Palsy 302

Conductive Hearing Loss 303

Nerve Deafness 303

Méniere Disease 303

Otitis Media 303

Otosclerosis 303

Unilateral Lesion of the Glossopharyngeal Nerve
Outside Brainstem 305

Unilateral Lesion of the Vagus after Leaving
Brainstem 308

Pharynx 308

Larynx 308

Accessory Nerve Injury 309

Hypoglossal Nerve Injury 310

Aspiration 314

Subperiosteal Injections 314

Middle Superior Alveolar Nerve Block 315
Posterior Superior Alveolar Nerve Block 318
Infraorbital Nerve Block 318

Greater Palatine Nerve Block 320
Nasopalatine Nerve Block 321

Mandibular Nerve Block 323

Buccal Nerve Block 323

Mental Nerve Block 323

Mandibular Incisive Block 326

Jugulodigastric Lymph Node 332
Lymph Node Examination 333

Implications of the Disease State from Lymph Node

Examinations 333

Carotid Sinus Syndrome 335
Sublingual Artery Damage 338
Facial Artery Compression 340



Pulse Rates 340

Epistaxis (Nosebleed) 346
Blockage—Central Artery of the Retina 348
Thrombophlebitis of the Facial Vein 350
Improper administration of Anesthesia 352
Venous manometer 353

List of Clinical Considerations

Danger Space 360

Thrombophlebitis of the Facial Vein 361
Danger Area of the Face 361
Lacerations and facial Incisions 361
Masticator Space Infection 363

XV






List of Tables  xii

List of Clinical Considerations xiii

| Introduction 1

m Anatomic Concepts 3

Divisions of Anatomy 4
Descriptive Anatomic Terms 4

Anatomic Variation 6

| Body Systems 7

Cellular Organization 8
Integumentary System 8
Muscular System 11
Skeletal System 14
Circulatory System 19

Nervous System 22

n The Oral Cavity, Palate,
and Pharynx 31

Lips 32

Vestibule 32

Oral Cavity Proper 34
Tongue 36

Contents

Palate 38
Teeth 41
Pharynx 47

Embryology of the Head
and Neck 50

The Head and Neck 51
Head and Neck Development 51

Pharyngeal Arch, Groove, and Pouch
Development 53

Floor of the Pharynx 59

Face, Nose, and Palate Development 61

m Osteology 66

Skull and Cervical Vertebrae 67
Skull 67

Mandible 79

Hyoid Bone 80

Cervical Vertebrae 80

ﬂ Neck 104

Clinical Consideration 106
Surface Anatomy 106
Superficial Structures of the Neck 107

Deep Fascia 109
xvii



Xviii

Contents

Posterior Aspects of the Neck 114
Triangles of the Neck 114

Deep Prevertebral Muscles of the Neck 136

Superficial Face 137

Surface Anatomy 138
Scalp 138
Face 143

Cranial Fossa 152

Dura Mater 153
Diploic and Emissary Veins 159

Cranial Nerves 159

Eye and Ear 161

Orbit 162
Ear 174

Parotid Bed 179

Superficial Anatomy and Boundaries 180
Parotid Gland 181

Carotid Arteries 184

Facial Nerve 185

Structures Deep to the Parotid Bed 186

Deep Face 188

Regional Innervation and Vascular
Supply 189

Descriptions and Boundaries 189
Muscles and Fascia 191

Vascular Supply 200

Innervation 204

Mastication 206

Temporomandibular
Joint 208

Joint Anatomy 209

Types of movement 213

Pterygopalatine Fossa,
Nasal Cavity, and
Paranasal Sinuses 216

Pterygopalatine Fossa 217
External Nose 220
Internal Nose 221

Nasal Cavity 221
Paranasal Sinuses 224

Vascular and Nerve Supply of the Nasal
Cavity and Paranasal Sinuses 226

Submandibular Region
and Floor of Mouth 229

Contents and Boundaries 230
Muscles and Fascia 230

Salivary Glands 237

Palate, Pharynx,
and Larynx 243

Pharyngeal Plexus 244
Palate 244

Pharynx 249
Esophagus 254
Larynx 255

Trachea 261
Deglutition 262

Brain and Spinal
Cord 263

Meninges 264



Brain 265

Spinal Cord 276

Cranial Nerves 278

Cranial Nerves 279

Cranial Nerve Modalities

I

I
111
v
v
VI
VII
VIII
IX

XI
XII

Olfactory Nerve 281
Optic Nerve 281
Oculomotor Nerve 282
Trochlear Nerve 285
Trigeminal Nerve 285
Abducens Nerve 298
Facial Nerve 299
Vestibulocochlear Nerve
Glossopharyngeal Nerve
Vagus Nerve 305
Accessory Nerve 308
Hypoglossal Nerve 309

279

302
303

Anatomic Basis for

Local Anesthesia 311

Anesthesia 312

Plexus Anesthesia 312

Trunk Anesthesia 316

Contents Xix

Lymphatics of the Head
and Neck 327

Lymph Nodes of the Head and Neck 328

Lymphatic Drainage of the Head and
Neck 331

Vascular Supply of the
Head and Neck 334

Common Carotid Artery 335
Subclavian Artery 348
Veins of the Head and Neck 350

Fasciae of the Head
and Neck 3bb

Cervical Fascia 356

Cervical Fascial Spaces 360

Fasciae of the Face and Deep Face 361
GLOSSARY 365
FIGURE CREDITS 374

SUGGESTED READINGS 377

INDEX 378






Introduction

only because of our interest in the delivery of

children but also because of the importance
of understanding anatomy in healing wounds and
caring for the sick. Mankind’s interest in anatomy is
ancient because it has been learned from archeologi-
cal evidence that even brain surgery was performed
with considerable success as early as 7000 Bc in
Europe, 3000 Bc in Africa, and 2000 Bc in the pre-
Incan civilizations.

Although anatomic representations and the study
of anatomy have been noted in almost every culture,
occidental medicine traces its origin to philosophers in
the golden age of Greece and the Arabic physicians,
who studied, instructed, and wrote about anatomy and
attempted to relate it to function and disease. They
also named observed structures, and their students ex-
panded this knowledge by discovering and naming yet
other structures. Students of anatomy during the
Middle Ages—even as late as the 18th century—used
Greek and Latin, the lingua franca of learned men.
Hence, most of the structures named during those cen-
turies of discoveries were named in those languages, a
practice continued into modern times.

The earliest written treatise on anatomic studies
was set down by the Greek physician Alcmaeon ap-
proximately 2500 years ago. He discovered and dis-
sected the optic nerves, tracing them back to the optic
chiasma, and deduced their role in binocular vision.
He also discovered and described the auditory tube,
suggested that the brain is responsible for intelligence,
and studied the ramifications of blood vessels.

! natomy has always fascinated humans, not

Writing at about the same time, the Greek philoso-
pher Pythagoras also suggested that the brain was the
center of intelligence. He believed that the physical
and emotional well-being of an individual was related
to the ratio of the four humors: phlegm, yellow bile,
black bile, and blood. These four humors were re-
lated to the four elements: water, fire, earth, and air,
respectively, whose properties were moist, dry, cold,
and hot. A healthy individual would possess a proper
combination of these fluids, whereas a disproportion-
ate ratio would be responsible for a diseased state of
the body and/or mind. This belief in humors became
a basic tenet of Hippocratic medicine. Unfortunately,
Aristotle’s writings lent credence to this line of think-
ing; thus, it persisted well into the Middle Ages.
Aristotle, however, did make major contributions to
the study of anatomy by correctly describing many or-
gans and structures of the human body. He may also
have been the first anatomist to illustrate his descrip-
tions with drawings.

Shortly after the decline of Athens, the Greek
scholars of Alexandria, especially Herophilus, pio-
neered in the teaching of anatomy by the use of
human dissections. For his work in this field,
Herophilus is considered the founder of anatomy, and
his dissertations (all lost) encompassed many areas of
the subject. The next four centuries saw a decline in
anatomic studies until the advent of Galen, possibly
the greatest physician of his age. His writings on
anatomic structures were so precise and well re-
searched that they constituted the solid bases of medi-
cine for longer than a millennium. He believed that

1



2 Introduction

structure and function were closely interrelated, and
his painstaking studies of the spinal cord illuminated
his theories, which survived into the early 19th cen-
tury. Soon after Galen, the Roman Empire collapsed
and Europe entered its Dark Ages. During this period,
it was the Persian physicians, chiefly Avicenna writing
around 1000 ap, who were responsible for keeping the
scientific perspectives of medicine and anatomy alive.

A major landmark of anatomic history occurred
in 1224, when Frederick II proclaimed that to be
permitted to perform surgery one must have studied
anatomy by dissecting a human body. Although this
edict established anatomy as a discipline unto itself,
no major advance occurred for another 350 years.
The next important achievement came with Leonardo
da Vinci, whose brilliant anatomic illustrations added
new emphasis to the functional appreciation of struc-
ture. He, more than anyone before him, was able to
display the results of his dissections and simplify the
complexities of the human body. Hence, the study of
human anatomy returned to Europe, flourishing dur-
ing the Renaissance. This enlightened period of hu-
manistically oriented culture permitted questioning
of secular dogma.

The teachings of the ancients were at last openly
opposed by the Belgian physician Andreas Vesalius,
who applied strict scientific discipline to his anatomic
observations. He single-handedly revised the disci-
pline of anatomy and wrote a treatise that was the fore-
runner of modern anatomy textbooks. Within a gener-
ation or so of Vesalius, another great anatomist,
William Harvey, wrote about the blood vessels and the
heart. His work, the cornerstone of the study of the
structure and function of the circulatory system, revo-
lutionized medicine, physiology, and anatomy.

The invention of the microscope around this time
opened new vistas in anatomy, permitting the mar-
velous discoveries of Wirsung, Malpighi, Purkinje,
Golgi, Cajal, and Ehrlich. Discussion of theseanatomists
is outside the scope of this brief historical survey, but
interested readers are encouraged to refer to books
dealing with the history of medicine or anatomy.

Modern anatomy textbooks approach the subject
from a systemic, regional, or surgical point of view. A
systemic anatomy textbook, as the name implies,
treats the body as if it were organized into neat, self-
contained systems, such as the skeletal, muscular,
nervous, and circulatory systems, each of which is de-
tailed in the text. Such an approach is valuable, espe-
cially in a reference textbook, because it describes
each structure in a continuous fashion.

Textbooks that treat the subject in a regional man-
ner divide the body into specific areas, such as upper
extremity, lower extremity, thorax, and head and
neck, and discuss the contents of each region (i.e., os-
teology, myology, nervous, and vascular elements).
Descriptions do not exceed the boundaries of the
region, regardless of the fact that many structures
(e.g., vessels, nerves, and muscles) are not wholly con-
tained within that specified area. Textbooks of surgical
anatomy are based on such a regional approach, with
emphasis on surgical techniques, approaches, and nor-
mal anatomic variations.

The head and neck comprise a highly specialized
region of the body. The structures contained within
this region are closely interrelated because they are
compacted into a small, complicated area. Other re-
gions of the body, where interrelationships are less
complex, lend themselves to a systemic approach.
The head and neck region does not. Consequently,
the present textbook is written from a regional point
of view because the authors continue to believe this
approach is more likely to promote better student un-
derstanding.

The regional method synthesizes morphologic
features for the reader by correlating relationships as
the reader progresses through the various anatomic
divisions of the head and neck. Furthermore, this ap-
proach aids not only those who have constant access
to a laboratory situation but also those who do not.
And, finally, this approach eliminates the need to
synthesize the final product from its component
parts, thus assisting the student in mastering the in-
tricacies of this fascinating region of the body.



Anatomic

Concepts

Divisions of Anatomy
Gross Anatomy

Anterior and Posterior are the anato-
mic terms for “front” and “back.”
Sometimes the terms ventral and dorsal
are used to depict anterior and posterior,
but these terms are usually applied to
quadrupeds.

Anatomic Position is that position of
the body (facing forward with palms
forward) from which the position of all
structures are described.

Cranial or Superior and Caudal or
Inferior are terms applied to “headward”
and “tailward.”

Descriptive Anatomic Terms

Horizontal or Transverse Plane is a
plane at right angles to the sagittal plane.

Medial and Lateral are terms used to
describe positions relative to the midline
of the body. For example, a structure lo-
cated closer to the midline than another
structure is described as being medial to
it or, if farther away, lateral to it.

Median Plane or Midsagittal Plane is a
plane through the midline of the body
from anterior to posterior. Any plane that
passes parallel to this plane is called a
sagittal plane.

Chapter Outline

Anatomic Variation

Mesial and Distal are terms that relate
to tooth locations that are described from
the median plane. Thus, canine teeth are
mesial to premolar teeth, whereas molar
teeth are distal to premolar teeth.

Proximal and Distal are positions
relative to the body. For example, the
elbow is proximal to the wrist, whereas
the fingers are distal to the wrist.

Superficial and Deep are self-
explanatory (e.g., skin is superficial

to muscle, whereas the heart is deep to
the lungs). Alternate terms for superficial
and deep are external and internal.
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from the Greek words ana and tome, literally

means to “cut up” or dissect. The human body,
therefore, is described in an anatomy text as if it were
dissected layer by layer. Because the study of anatomy
is a descriptive science and the descriptions are related
spatially, a student of anatomy must become familiar
with the language an anatomist uses in describing
these spatial relationships. Without understanding the
basic vocabulary, the student would be unable to learn
the subject effectively and to communicate with peer
professionals.

T he word anatomy, which has been derived

Four major categories of anatomy
study include: developmental anatomy, neuroana-
tomy, microscopic anatomy, and macroscopic anatomy.

The science of human anatomy is generally divided
into four major categories of study. Developmental
anatomy, commonly referred to as human embry-
ology, deals with the study of how the mature
body is formed, beginning with a fertilized ovum.
Neuroanatomy is the specialized study of the nervous
system, including that of the brain and spinal cord.
Microscopic anatomy is the division of anatomy that
studies the fine details of the human body using the
microscope. This division is more commonly referred
to as histology, the study of tissues. Macroscopic or
gross anatomy, on the other hand, is that division of
anatomy that studies the human body with the un-
aided eye.

Gross Anatomy

Gross anatomy is the study of the
human body with the unaided eye, and it may be
studied systemically or regionally.

Gross anatomy of the human body may be studied
from one of two approaches. Systemic anatomy is the
approach that describes and discusses each system sep-
arately and in its entirety (e.g., studying all of the mus-
cles of the body that compose the muscular system be-
fore discussing the components of any other system).

Regional Anatomy
Regional anatomy confines itself to

a particular region of the body without extending the
study outside the region.

Regional anatomy details a region of the body,
such as the head and neck, studying all systems in
that area as a complete, integrated unit.

The regional approach used in this text provides
the student with a more comprehensive presentation
of an anatomic region, thus enhancing an under-
standing of interrelationships between the various
systems of the body.

Human anatomic terms are spa-
tially related to the anatomic position defined as erect
with the palms facing forward.

Human anatomic structures are described spatially rel-
ative to the anatomic position, defined for the human
as an erect position with the palms of the hands facing
forward (Fig. 2-1). Structures on the “front” side of
the body are described as being anterior, whereas
those on the “back” of the body are termed posterior.
Occasionally, other terms may be used for anterior
and posterior, such as ventral in place of anterior and
dorsal in place of posterior (Fig. 2-2). The terms ven-
tral and dorsal are perhaps more appropriate when re-
lated to quadrupeds, although embryologists and neu-
roanatomists prefer these terms.

Similarly, alternate terms may be used in refer-
ring to directions aimed at the head or tail. Cranial or
superior means “toward the head,” whereas caudal or
inferior refers to “tailward,” although neu-
roanatomists prefer the term rostral for cranial or
superior. The terms superficial and deep are used to
describe positions relative to the surface of the body
from any aspect. The ribs are superficial to the lungs
but deep to the skin. Alternate terms for superficial
and deep are external and internal, respectively.

Proximal and distal are terms generally applied to
positions close to or away from the body, respectively.
For example, the wrist is proximal to the finger but dis-
tal to the elbow. The teeth are described as being ei-
ther mesial or distal to each other in the dental arch
from the median plane of the face. For example, the
canine tooth is mesial to the first premolar and distal
to the lateral incisor. Medial and lateral are terms
applied in relationship to the midline of the body. A
structure, A, located closer to the midline than another
structure, B, is therefore medial to structure B.

An anatomy student must also learn to visualize
several imaginary planes passing through the body
serving to divide it in one way or another. The
median plane passes vertically through the body from
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Figure 2-1.
sagittal, and transverse (horizontal) planes.

anterior to posterior at the midline. This plane di-
vides the body into symmetric right and left halves,
except for certain areas of the viscera. This plane
may also be referred to as the midsagittal plane. Any
plane parallel to this plane is simply a sagittal plane.

Frontal or coronal plane

Horizontal or transverse
plane

Posterior or dorsal —|
}~ Anterior or
ventral

Transverse plane

\ .
Dorsa Anterior
———— cranial
. Ve
Posterior Ntray
caudal Frontal

plane

Figure 2-2. Human figure and a quadruped figure
illustrating comparative planes and directional references with
alternate terminology.
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Transverse
(horizontal)
plane

Human figure in the anatomic position (palms facing forward), illustrating frontal (coronal),

A plane through the body at right angles to the mid-
sagittal plane is the horizontal or transverse plane,
providing a cross section with superior and inferior
parts. Another plane passes at right angles to the mid-
sagittal plane, again in a vertical direction, and is the
frontal or coronal plane, dividing the body into ante-
rior and posterior sections (Fig. 2-3).

Although the previously described terms are ap-
plied to the entire body, they are also appropriately
used in describing the structures in head and neck
anatomy.

Median or Sagittal plane

midsagittal \

plane .l

Horizontal or
transverse
plane

[} Juwm
)

Figure 2-3. Planes of reference and alternate terminology in
the anatomy of the head and neck.
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Anatomic variation is often the rule
rather than the exception and the student must learn
to recognize and interpret its significance.

A student of anatomy must learn early that anatomic
variation is frequently the rule rather than the excep-
tion. Structures observed in the cadaver often do not
conform to the descriptions found in anatomy text-
books. The major structures might not vary so much
but, as the finer details are studied, variations clearly
emerge. For example, a student would not expect
great variation in the number of bones present in a
cadaver, and the variation is not great. However, the

individual processes on the bones and their relation-
ships are not at all constant from one individual to an-
other. Similarly, muscles might display slightly differ-
ent origins, insertions, and tendons. Nerves might not
arise from the segment as described. Variations in
blood supply are common; thus, a particular region
might be supplied from an entirely different source
than that described.

It is important that the student learn to recognize
anatomic variations as they exist, whether or not
they are described. Furthermore, the student must
learn to interpret logically the significance of these
variations and perhaps to extrapolate their effects on
the living individual. Mastering this diagnostic tech-
nique helps enable the professional to make rational
decisions regarding anatomic variations observed in
clinical practice.



Cellular Organization
Integumentary System
Skin
Hair
Nails
Glands
Muscular System
Structure
Smooth Muscle

Autonomic Nervous System is an
involuntary (visceral) motor system
serving smooth muscles, cardiac muscles,
and glands.

Cardiovascular System is composed
of the heart, arteries, capillaries, veins,
and the blood. The two-pump heart
circulates blood through the pulmonary
circuit to oxygenate the blood and to rid
it of carbon dioxide, and it pumps the
oxygen-rich blood in the systemic circuit
to the remainder of the body.
Additionally, the cardiovascular system
transports water, hormones, and
nutritive materials and exchanges these
for waste and carbon dioxide, which it

Cardiac Muscle

Skeletal Muscle
Skeletal System

Skeleton

Bone Classification

Joints

Bone Development

Cartilage

will deliver for elimination. Most of
these exchanges take place in the
capillary beds within the tissues.

Endochondral Bone Formation is a
method of bone development where
bone forms on a cartilage model which it
eventually replaces.

Enteric Nervous System is the third
division of the autonomic system, located
wholly within the wall of the alimentary
canal; it functions in regulating the
process of digestion. The enteric nervous
system is composed of about the same
number of neurons as are present in

the spinal cord. Although the sympathetic
and parasympathetic nervous systems

Chapter Outline

Circulatory System
Cardiovascular System
Lymphatic System

Nervous System
Structure
Functional Components
Peripheral Nervous System (PNS)
Central Nervous System (CNS)
Autonomic Nervous System

exercise a modulating effect on the
enteric nervous system, it can function on
its own if the connections are severed.

Integument includes the skin, hair,
nails, and glands.

Intramembranous Bone Formation is a
method of bone development where the
bone forms within the surrounding
mesenchyme.

Muscle usually spans across a joint from
a bony origin on one side of the joint to
insert upon a bone making up the other
side of the joint. Contraction of the
muscle, which is controlled by nerve
stimulation, will alter the angle of the
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joint. Some muscles, such as those of the
facial expression, originate and insert in
connective tissue proper rather than bone.

. . homeostatic state.
Parasympathetic Nervous System is

a division of the autonomic nervous
system composed of a two-neuron chain
originating in either the brain or sacral
spinal cord and synapsing with the
second neuron within an autonomic
ganglion. This second neuron innervates
the effector organs (smooth muscle,

cardiac muscle, and glands). The
parasympathetic nervous system is
“calming” as it returns the body to a

Skeleton is composed of bone whose
articular ends are usually covered with
cartilage to absorb shock and reduce
friction. The skeleton is made up of a
series of bones comprising the axial
skeleton and others comprising the
appendicular skeleton.

Sympathetic Nervous System is a
division of the autonomic nervous
system composed of a two-neuron chain
originating in the thoracic and first two
or three lumbar spinal cord segments
and synapsing with the second neuron
within an autonomic ganglion. This
second neuron innervates the effector
organs (smooth muscle, cardiac muscle,
and glands). The sympathetic system
provides for the “fight or flight”
response.

uman beings, just as all other animals, are
Hcomposed of a complex aggregate of special-
ized cells. These cells—the building blocks of
all living things—have become specialized to perform

certain functions, a “division of labor.”

Cells are organized into tissues, or-
gans, and organ systems based on their specializa-
tions relative to structure and function.

Because structure and function are interrelated, it is
possible to group these cells and the material they
export into the extracellular spaces into functional
classifications based on morphologic features. Similar
specialized cells organized to perform a specific role
are grouped into tissues. Thus, the cell classifications
of epithelium, connective tissue, muscle, and nerve
represent all of the specializations relative to struc-
ture and function.

Tissues fabricated together and performing in
unison to accomplish a particular function make up
an organ. Organs acting together to accomplish spe-
cific functionary roles are referred to as organ sys-
tems. Thus, the body possesses a myriad of cells
organized into tissues and organs performing to-
gether as the integumentary, skeletal, muscular, cir-
culatory, endocrine, digestive, respiratory, excretory,
reproductive, and nervous systems.

Although it is not the purpose of this text to de-
tail the systems of the body, it is nevertheless essen-
tial that students possess a satisfactory knowledge
of the systems encountered in the head and neck.
By learning or reviewing a brief overview of each

of these systems, students will reach a common
starting point for studying the anatomy of the head
and neck.

The integumentary system is com-
posed of the skin and its derivatives, including the
hair, nails, and glands.

The integument, or skin, includes its derivatives—the
hair, nails, and glands. Tt functions to protect the un-
derlying structures against intrusion from the outside
and from loss from within. Furthermore, it serves as
a sensory receptor, a body temperature regulator,
and an organ of secretion and excretion.

Skin

The skin covers the body except

where it becomes continuous with the mucous mem-

branes at the orifices of the body. It possesses many spe-
cializations in different regions of the body.

The skin forms a pliable covering over the body and
becomes continuous with mucous membranes at the
orifices of the body, as at the anus, urethra, vagina,
nares, and the oral cavity. The skin is thickest over
the back, the palm of the hand, and the sole of the
foot, where it is about 6 mm thick. The thinnest skin,
which overlies the tympanic membrane and the eye-
lid, is about 0.5 mm thick. In most areas of the body
the skin is loosely attached to the underlying struc-
tures, thus permitting it to be easily displaced. It is,
however, firmly attached to the periosteum of the



tibia, to cartilage of the ear, and over joints of the fin-
gers and the palm of the hand.

Skin color is primarily controlled by three factors:
blood, carotene, and melanin. Variation in color is
related to degree of vascularity, oxygen content of
blood, skin thickness, and profuseness of pigmenta-
tion. Under certain conditions, physiologic changes
may produce a transient increase in pigmentation, as
evidenced in the tanning process from exposure to
sunlight. The external genital areas, the axilla, and
the areola of the mammary gland display constantly
deeper pigmentation.

Skin possesses fine furrows or creases extending
in various directions across its surface. These furrows
tend to divide the surface into polygonal areas. Some
of these areas are large, whereas others (e.g, on the
back of the hand) are small. Epidermal ridges and
sulci (furrows) on the fingers, palms, and soles are or-
ganized in a specialized fashion of whorls and curves
peculiar to each individual. This particular unique-
ness provides the basis for fingerprint identification.
Epidermal ridges provide friction against slippage in
walking and in grasping. Ducts of sweat glands open
on the summits of the ridges, whereas in areas cov-
ered with hair, the shafts emerge at points of intersec-
tion of the furrows. Typically, the secretions of the
sebaceous glands empty in the furrows also.

Structure

Skin is composed of the epidermis,

which is made up of the avascular epidermis, a strat-

ified squamous keratinized epithelium, as well as the under-

lying connective tissue, known as the dermis, which houses

blood vessels, nerve endings, connective tissue, sebaceous
and sweat glands, hair follicles, and smooth muscles.

Skin is composed of two layers: the epidermis, or sur-
face layer, and the underlying dermis. The epidermis
is without blood vessels but is penetrated by sensory
nerve endings. In general, the epidermis is only about
1 mm thick and is composed of several layers of strati-
fied squamous epithelial cells. Histologists have subdi-
vided these layers into five distinct groups based on
morphologic features and function. The deepest layer,
the stratum basale (formerly known as the stratum
germinativum), overlies the dermis and is primarily re-
sponsible for producing all of the epidermal cells above
it, which are being shed constantly. As these cells ma-
ture, they produce keratohyalin, which is eventually
transformed into keratin in the superficial layers. The
most superficial layer, the stratum corneum, is com-
posed of dead cells and keratin and forms a horny layer
whose thickness is related to the trauma it experiences.
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The dermis underlying the epidermis possesses
the blood supply, lymphatic channels, and nerve end-
ings. It also contains sebaceous and sweat glands, hair
follicles, and the smooth muscles of the skin. The
interface of the epidermis and dermis is thrown into
interdigitations of epidermal ridges and dermal ridges
(dermal papillae), which serve to secure the two lay-
ers (Fig. 3-1).

The dermis is composed of two basic layers—a
superficial papillary layer and the deeper reticular
layer—containing collagenous and elastic fibers,
which account for its strength and elasticity. The
deepest layer of the dermis sits on a subcutaneous
connective tissue layer. The interface of these two
layers is somewhat interdigitated so that when the
layers are separated from each other the dermal side
appears to exhibit a dimpled appearance similar to an
orange peel. These dimples are sites of entry for
nerves and blood vessels into the skin from the sub-
cutaneous connective tissue.

The subcutaneous connective tissue (hypoder-
mis) is a loose, fibrous connective tissue containing
fat and some elastic fibers. It may be termed loose
areolar tissue or superficial fascia. Some areas of the
body possess large deposits of fat in this layer and are
designated panniculus adiposus. Certain other areas,
notably the eyelids, penis, and scrotum, as well as the
nipple and areola of the mammary gland, are devoid
of subcutaneous fat. Embedded in this layer are the
roots of the hair follicles, blood vessels, secretory por-
tions of the sweat glands, and nerves with special sen-
sory endings for pressure. Overlying some joints, the
hypodermis contains bursae, which are fluid-filled
sacs that provide lubrication for movement of the
skin as the joint is flexed. Many mammals, such as
the horse, possess voluntary muscles in the hypoder-
mis that permit flinching of the skin. Muscles of this
nature, originating in the hypodermis and inserting
in the dermis, are present in the scalp, face, and
neck. Here they are grouped in humans as the mus-
cles of facial expression. Involuntary (smooth) mus-
cles are also represented in this layer, muscles such
as the dartos muscle of the scrotum and the muscles
of the nipple and areola of the mammary gland.

Hair

Hair is found in nearly all places on

the body except the palms, the soles, and a few other

places. If hair is straight, its cross-sectional shape is round;
if hair is curly, its cross section is flattened.

Hair is found on nearly all parts of the body with
the exception of the palms, the soles, the dorsum
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Figure 3-1. Skin structure. Observe the interface between the highly cellular epidermis and the
underlying dermis where hair follicles, smooth muscles, and sebaceous and sweat glands
originate, but reside mostly in the deeper layer of the dermis and the hypodermis, alongside

vascular and nerve elements.

of the terminal digits, the nipples, the umbilicus, and
the skin portion of the genitalia. Hair is also absent in
areas of skin that are transitional to mucous mem-
brane, such as the lips and nares. The cross section of
hair may be round, causing it to be straight, or it may
be flattened, producing curly hair. The eyelashes,
hair of the pubic region, and hair in the beard are

very thick, whereas in other areas of the body it may
be so thin that it may go unnoticed. Hair on the scalp
may remain for up to four years, whereas the eye-
lashes may survive only for a few months.

Hair is a product of the epidermis, whose deeper
cells invade the dermis and form a hair follicle
from which the nonliving hair develops. The dermis



responds by forming a papilla to nourish the regener-
ative cells of the follicle. Thereafter, the hair grows
surfaceward, finally exiting the skin. The free part of
the hair is called the shaft and that within the follicle
is the root. Color is imparted to the hair by melanin
and red pigment in the hair cells.

Each hair has in association with it one or more
sebaceous glands, whose ducts open into the neck of
the hair follicle. Involuntary muscle fibers (arrector
pili) arise in the dermis and attach to the hair follicle,
serving to erect the hair, squeezing out the secretions
of the sebaceous glands and producing “goose bumps”
on the flesh (Fig. 3-1).

Nails

Nails are composed of highly kera-
tinized epithelial cells that form nail plates at the
distal ends of the terminal digits.

The nails, which grow approximately 1 mm per week,
are modifications of epidermal cell layers on the ter-
minal digits. It should be noted that toe nails grow at
a slower rate. The vascular nail bed, formed by the
lower germinal layer of the epidermis and the dermis,
on which lies the translucent nail plate, imparts
a pinkish hue to the nail. The visible part of the nail
is the body and the hidden portion behind the nail
wall is the root. The nail is formed in the proximal
part near the whitened lunula, which may be covered
by eponychium (cuticle). The epidermis is thickened
under the distal portion of the nail, forming the
hyponychium.

Glands

Glands of the skin include sweat
glands, sebaceous glands, and the mammary glands
(modified sweat glands).

Glands of the skin include the sebaceous glands, the
sweat glands, and the mammary glands (the last will
not be discussed in this text because they are remote
to the head and neck). The sebaceous glands have
been described in their association with hair follicles,
but there are nonfunctional sebaceous glands, known
as Fordyce granules, located in regions of the body
devoid of hair, namely, the lips, the corners of the
mouth, and sometimes within the oral cavity. In ad-
dition, these glands may be found in most areas of the
genitalia as well as the areola and nipple. The secre-
tory cells are constantly destroyed and become part
of the oily secretion sebum, which protects the skin
and hair from undue drying.
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Sweat glands are widely distributed, being absent
only from the lips, parts of the ear, the skin of the nip-
ple, and some skin areas of the genitalia. Sweat
glands are most dense over the palms and soles. The
clear, noncellular fluid produced by the sweat glands
regulates body temperature as it evaporates from the
surface of the skin, cooling it (Fig. 3-1).

The muscular system is composed

of specialized cells that have the capacity to contract,

which permits movement. There are three types of muscles:
skeletal, cardiac, and smooth.

Cells specialized to function in contraction on stimu-
lation comprise the muscles of the body. Skeletal
muscles are usually attached from bone to bone,
across a joint. On contraction, muscles change the
angle of the joint, producing motion. In this way,
muscles acting in concert, effect movement. Such
motion may be under conscious control (voluntary)
or not under conscious control (involuntary). Muscles
that affect smiling, walking, writing, and so on are
voluntary muscles, whereas those used in altering
the diameter of blood vessels or controlling the bowel
are in the involuntary category.

The body has three types of muscles: skeletal,
cardiac, and smooth. The first two are striated and
the last is not. Skeletal muscle is under voluntary
control, whereas cardiac and smooth muscles are
involuntary.

Structure

The contractile elements are the

myofibrils composed of actin and myosin, whose

organization makes the skeletal and cardiac muscle cells

appear striated, whereas smooth muscle cells do not ex-
hibit striations.

Microscopically, the muscle cell is referred to as a
muscle fiber. The cytoplasm of skeletal and cardiac
muscle cells contains many contractile elements
called myofibrils, which are composed of actin and
myosin. The fibril arrangement in these muscles is
such that the muscle fiber appears to be cross-
banded in alternate light and dark striations. This
appearance is responsible for the name striated
muscle. Skeletal muscle fibers are long, cylindrical,
multinucleated cells whose nuclei are located pe-
ripherally (Fig. 3-2).
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Figure 3-2. Skeletal muscle. (A) Belly of muscle shown with fascicles in
cross section. (B) A detailed section of a single muscle fiber.

Smooth and cardiac muscle cells, in contrast,
each possess only one centrally located nucleus.
Microscopic evaluation reveals no striations within
the cytoplasm of smooth muscle cells.

Smooth Muscle

Smooth muscle is involuntary,

nonstriated, and contains a central nucleus. It is the

contractile element in blood vessels and forms the walls of
the viscera.

Smooth muscle is a nonstriated, fusiform muscle con-
taining a centrally placed nucleus. This involuntary
muscle is the contractile element in vessel walls and
forms the walls of the viscera, where it forms longitu-
dinal and circular layers reinforcing the hollow vis-
cera. Contractions of these layers in the gastrointesti-
nal (GI) tract are responsible for peristalsis. Each hair
of the skin possesses a smooth muscle attached at its
base. Contractions of these muscles causes “goose-
flesh.” Because smooth muscle is involuntary, it is
innervated by the autonomic nervous system.

Cardiac Muscle

Cardiac muscle is found in the
heart. It is striated and branched and joins to form in-
tercalated discs. Each cell posses a centrally placed nucleus.

Cardiac muscle is found mostly in the muscular
pump, the heart. Cardiac muscle fibers are striated

in a fashion similar to skeletal muscle cells, but
each cell possesses only one centrally located nu-
cleus. Features unique to cardiac muscle are its
branching and its anastomosing, or joining together,
of the cells, and its transversely oriented interca-
lated discs, located at the junction of any two fibers.
This muscle type is unique in that it possesses an
ability to modify its contractive actions by altering
the wave of impulses received from the nervous
system.

Skeletal Muscle

Skeletal muscle is the most abun-

dant muscle. Skeletal muscle is voluntary and highly

striated. The cells are very large and multinucleated.
Skeletal muscle is responsible for body movements.

Skeletal muscle is by far the most abundant muscle in
the body. In fact, it comprises about 40% of the total
body weight. Skeletal muscle size varies from the
large muscles of the leg to the very small stapedius
muscle (only about 2 mm long), which is attached to
the tiny stapes bone of the middle ear cavity.

Each skeletal muscle fiber is encased in a thin
connective tissue covering, the endomysium. A
muscle fascicle, composed of a group of muscle
fibers, is bundled into a separate connective tissue
sheath, the perimysium. The entire muscle, com-
posed of many fasciculi, is wrapped in yet another
connective tissue sheath, termed the epimysium or
deep fascia.



Attachment

The connective tissue coverings

of muscle fibers attach to bone via tendons. A flat-

tened attachment such as is present on the skull is termed

aponeurosis. Bursae form around the attachment of some

tendons, providing lubrication, reduction of frictional forces,
and protection.

At the attachment to bone, the endomysium, along
with the epimysium and perimysium, merge to form
the tendon, a dense, regular, collagenous connective
tissue, silvery white in color. Tendons are extremely
strong and at the their attachment site on bone the
periosteum is absent. In certain regions of the body,
such as in the muscles of the scalp, attachment is by
an aponeurosis, a broad, flat, sheetlike structure, in-
stead of a tendon.

Some attachments are provided with bursae,
which lubricate the tendon as it passes over bone.
Often a synovial sheath encloses a tendon, forming a
tubular sac that is capable of secreting a synovial
fluid, which functions to reduce friction. Friction is
also reduced by the epimysium, the deep fascia of the
body. Because the deep fascia encloses muscles and
bone in a continuous manner, it also serves to con-
tain the spread of infection.

Tendinous attachments to bone are usually de-
scribed as the origin and insertion of the muscle.
Generally, the muscle is described as arising from the
origin, possessing a fleshy belly (the contractive por-
tion), and inserting at the insertion site. The origin is
usually the more proximal and/or fixed area, with the
insertion being the more distal or movable area.
Movement is usually described relative to the muscle
insertion position moving toward the origin while the
body is in the anatomic position. It must be stressed
that these are not inviolate rules but, rather, are arbi-
trarily used by anatomists as aids in describing func-
tion. These rules are especially difficult to apply in
the head and neck; thus, learning muscle functions in
this region of the body is painstaking.

Although the previous description of bone-to-bone
origin and insertion is the usual occurrence, the mus-
cles of facial expression do not follow this rule.
Generally, these muscles arise from bone or fascia and
insert into the skin of the face. On contraction, they
produce movements of the skin that we recognize as
facial expressions.

Form

Muscle size, form, and fiber arrange-
ment is indicative of its power and direction of the
movement it produces across a joint.
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Examining a muscle’s size, form, and fiber arrange-
ment in relation to its insertion into the tendon will
indicate the relative strength of the muscle as well
as the direction of its force. Muscle fibers that ap-
proach the tendon in an oblique fashion afford more
power. Muscles whose anatomy takes this form are
pennate. Fibers entering a tendon at two oblique an-
gles, as do the veins of a feather, are said to be
bipennate. Multiples of this architectural arrange-
ment produce multipennate muscles, which exhibit
the greatest strength.

Action

Terms employed to describe mus-

cle action are not easily applied to all movements.

However, most are intuitive, such as flexion and extension

across a joint and adductors and abductors moving things

toward or away from the midline. Actions about the head

and neck are protrusion, retraction, elevation, rotation, and
depression.

Muscle action is described according to the move-
ment effected in the part in motion from the
anatomic position (this basic reference position was
shown in Fig. 2-1). Although individual actions are
often difficult to separate given the complexities of a
variable motion—as, for example, in mandibular
movement—they are expressed in a few anatomic
terms. Flexion is described as motion that reduces the
angle of a joint, whereas extension increases the joint
angle. Making a fist uses the flexor muscles; opening
a closed fist uses the extensor muscles. Adduction
and abduction describe motion toward and away from
the body centerline, respectively. Terms describing
movements of the head and neck—protrusion, re-
traction, elevation, rotation, and depression—are
self-explanatory.

Several other terms are used to describe various
other motions created by the action of a muscle; how-
ever, because these are of no concern to the study of
the head and neck, their discussion will be omitted
here. Often, names assigned to muscles reflect the ar-
chitecture of the muscle, its form or shape, its attach-
ments and action, or, in some cases, a combination of
these features. However, seldom does a muscle func-
tion independently. Indeed, movements are so com-
plex that muscles must function in a cooperative
and integrated manner to accomplish a total desired
movement. To recognize this complexity, anatomists
have created additional terms that indicate how a
muscle functions in producing a total movement.
Muscles may be prime movers or synergists, which
assist a prime mover. Certain other muscles, such as
the strap muscles attached to the hyoid bone, serve as
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fixators, so that other actions may be initiated by yet
other muscles. Antagonists function in such a man-
ner that the action they develop is in opposition to
the desired function of yet other muscles (agonists).
In addition to aiding in the production of smooth
movement, antagonists protect the musculoskeletal
system from damaging itself, as might occur through
a violent movement.

Nerve Control

Voluntary muscle contraction is con-

trolled by nerves that interact with the muscle fiber at

the motor end plate stimulating the muscle fiber to contract.

Other nerve fibers enter the muscle to relay sensory and pro-
prioceptive information back to the central nervous system.

Voluntary muscles must receive nerve stimulation to
contract. The number of nerve fibers in a muscle de-
pends on the muscle’s size and the degree of control
required of the muscle. The extrinsic muscles of the
eye, for instance, are well endowed with nerve fibers,
whereas the muscles of the back possess fewer nerve
endings. As the nerve fiber approaches the muscle, it
branches to innervate many muscle fibers. The motor
end plate is that part of the muscle fiber’s cell mem-
brane where the nerve fiber forms a synapse with the
muscle cell and the impulse is transmitted (Fig. 3-2).
In addition to this nerve fiber, which serves a motor
function, other fibers enter the muscle, which will con-
duct sensations of pain and proprioception from the
muscle and surrounding connective tissue back to the
central nervous system (CNS). These nerves provide
sensory data to the CNS so the motor function may be
reprogrammed either voluntarily or involuntarily, as
might be necessary for the individual to take protec-
tive measures.

When a muscle fiber is stimulated, it contracts
maximally according to the “law of all or none.” Tt
holds, then, that fine movements are accomplished
by stimulating fewer nerve fibers, resulting in activa-
tion of only a portion of the total muscle fibers at a
given time.

Energy requirements necessary for the work per-
formed by the muscles demand a rich vascular supply.
It is a general rule throughout the entire body that
nerves and blood vessels travel together as neurovas-
cular bundles, are named alike, and enter the muscle
together. Larger muscles, requiring additional vascu-
larization, may have additional arteries entering their
surfaces without associated nerves. In such cases, the
artery usually arises from a nearby vascular trunk.
Whereas nerve supply to a muscle is specific, vascular
supply might not be; therefore, vascular supply is pro-
vided by region.

Bone and cartilage are specialized

connective tissues that make up the skeletal system.

As a system they perform many functions, including protec-

tion, attachment for muscles, leverage, mineral storage, and
blood formation.

The elements of the skeletal system—bone, carti-
lage, and the joints—are composed of intercellular
materials and cells specialized in performing certain
functions for the body. Functions unique to this
system include support, protection, providing at-
tachment for muscles, leverage, mineral storage,
and blood formation.

Support is derived from the mineral salts that are
deposited in the matrix and fibers secreted by the
cells of the system. Through this process, the skeletal
system provides form and a framework on which all
of the remaining systems of the body are supported
and held together.

Protection is afforded to the soft tissues of the
body, including the viscera, lungs, and brain, by en-
casing them in partially enclosed structures, such as
the rib cage and pelvis, or in an enclosed chamber,
the skull.

The skeletal system also provides sites of attach-
ment for skeletal muscles along the bones and across
the joints. The various parts of the skeletal system
then can be used as levers for the production of motion
as a result of muscle contraction. In addition to their
function in providing leverage, bones become calcified
by mineral deposits during development and growth
and, therefore, serve as reservoirs for mineral storage.
The predominant minerals stored are calcium, magne-
sium, and phosphate.

A final major function of the skeletal system is
blood cell formation. The interiors of most bones, in-
cluding the epiphyses of long bones, flat, irregular,
and short bones, house bone marrow, whose special-
ized cells have the capacity of differentiating and
maturing into circulating blood cells. Although the
liver and spleen are active in blood cell production
prenatally, they cease this function prior to birth;
thus, after birth, bone marrow becomes the princi-
pal site of blood cell production.

Skeleton

The bony skeleton is composed of
206 bones divided into an axial and an appendicular
skeleton.



The skeletal system, composed of 206 bones, is di-
vided into the axial skeleton and the appendicular
skeleton according to the following distribution:

Bone Number
Axial Skeleton
Skull 28
Hyoid 1
Vertebral Column 26
Ribs and Sternum 25
Subtotal 80
Appendicular Skeleton
Upper Limbs 64
Lower Limbs 62
Subtotal 126
Total 206

This number is not constant because slight variations
can exist among individuals. Many bones do not fuse
together until after infancy; therefore, infants pos-
sess more bones than adults. Occasionally, some skull
bones, which develop as bilateral halves, do not fuse
in the midline, thus remaining doubled. The frontal
bone is one example of this phenomenon, in some
cases remaining divided into two separate bones at
the metopic suture instead of fusing at the midline.

Accessory bones might also develop in bones
possessing multiple ossification centers that fail to
unite. This condition gives rise to Wormian bones,
often observed in the larger flat bones of the skull.
Sesamoid bones develop within tendons either for
additional leverage, as in the patella (kneecap), or as
a means of reducing friction at the joint. Several of
these bones may be present, but again the number
varies among individuals.

The axial skeleton comprises the bones making up
the longitudinal axis and protects the spinal cord,
brain, and vital organs. It also supports the head
and neck, along with the trunk and its appendages. A
major part of this portion of the skeleton is the skull,
composed of many bones more or less tightly sutured
together forming the cranial vault to protect the brain,
as well as bones forming the face. The mandible and
bony ossicles of the ear are bones that are separate
from the skull proper, but they are still considered part
of the skull. Although the hyoid bone does not articu-
late with the skull, it is occasionally listed as part of the
skull because of its functional association.

The vertebral column is the major foundation of
the skeleton and protects the spinal cord. Attached to
the vertebral column are the ribs, which enclose and
protect the lungs and heart and attach anteriorly to
the medial, anteriorly placed sternum. The five fused
sacral vertebrae and four coccyx form part of the
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pelvis, serving to protect the pelvic viscera. These
last nine constitute the remaining components of the
axial skeleton.

The appendicular skeleton, composed of some
126 bones, makes up the remaining skeletal system.
The bones of the superior extremity include those of
the hand, arm, and pectoral girdle. The pectoral gir-
dle attaches the bones of the superior extremity to
the axial skeleton. The inferior extremity includes the
bones forming the foot and leg and the pelvic girdle.
Here the pelvic girdle attaches the extremity to the
axial skeleton.

Bone Classification

Bones are classified according to
their shape: long, short, flat, irregular, and sesamoid
bones.

Bones may be classified on the basis of their general
shape. These shapes include long bones, as found in
the arms and legs, short bones, as in the wrist and
ankle, flat bones, like those forming the skull, and
irregular bones, such as the vertebrae. Sesamoid
bones are also described as a separate category.

Bone is a composite of cells and organic matrix se-
creted by bone cells with deposited inorganic salts
crystallized within the matrix. This complex organiza-
tion produces a lightweight structure with a great ten-
sile strength and the ability to withstand compression.
The tubular design of long bones, consisting of a thin
layer of compact bone external to spongy bone with
its trabeculae, increases the structural strength of the
bone. The articular ends of bones usually covered by
the articular cartilage are designated as condyles or
heads. The shaft of the bone may possess several char-
acteristic landmarks indicating much information.
Terms used to describe these features include smooth
areas, indicating a periosteum cover only; elevations,
in the form of lines, crests, ridges, processes, tuber-
cles, tuberosities, and spines, indicating points of
attachments; depressions, such as pits, foveae, and
fossae, indicating intervals between elevations or sites
where a structure may be housed; grooves and sulci,
indicating linear depressions housing particular struc-
tures; foramina and notches, indicating openings or
holes; and canals or meatuses, indicating passageways
or tunnels.

Joints

Joints are formed when two or

more bones come together. They may be classified

as fibrous, cartilaginous, or synovial, depending on the
make-up of the union components.
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Two or more bones coming together form a joint.
Sometimes the union is such that movement is pre-
vented, whereas in other instances movement is the
function of the joint. Joints can be classified as fibrous,
cartilaginous, or synovial, depending on the structural
articulations of the opposing bones (Fig. 3-3).

Fibrous joints include two types: syndesmoses
and sutures. The syndesmosis joint permits only
slight movement between the two bones, which are
separated by a layer of fibrous connective tissue. The
interosseous membrane between the radius and the
ulna is an example. Sutures are joints like those be-
tween the flat bones of the skull. Here the individual
bones interdigitate tightly along serrated edges, ren-
dering them almost immovable. The fibrous tissue be-
tween these bones is continuous with the periosteum.

Some believe that gentle manipulative techniques
on the cranial sutures may be used to treat a myriad
of health problems. However, it is now suggested that
this concept is no longer accepted. Cartilaginous
joints are represented by synchondroses and sym-
physes. Opposing bony surfaces of this group are
united by cartilage. A synchrondrosis is a temporary
joint that will eventually be ossified into a bony com-
ponent. The epiphyseal plate on the ends of the grow-
ing long bones is an example of this type of joint. A
symphysis is a cartilage joint between two bones. It is
located in the midline and is interposed between the
fusion of the bones, as in the mandibular symphysis
and the pubic symphysis.

Synovial joints, the most abundant type in the
body, afford the greatest degree of joint movement.
The articular surfaces of the bones are covered by
hyaline cartilage. The entire joint is in turn covered
by ligaments forming an articular capsule, which is
lined by synovial membrane. Occasionally, the joint
is separated by an articular disk (meniscus). This
meniscus is continuous with the capsule peripher-
ally, but its articular surfaces are not covered with
synovial membrane. A variety of synovial joints
exist in the body, each permitting only a particular
type of movement. These movements are catego-
rized using six different terms. Because most of
these terms are not associated with the joints of the
head and neck, they will be defined as discussion of
individual joints requires.

Articulations of the synovial joint are usually of a
gliding or sliding character. The joint contains synovial
fluid, which acts as a lubricant and also supplies nutri-
ents to the avascular articular cartilage. Synovial joints
are richly supplied with sensory nerve endings, princi-
pally of the proprioceptive variety, as well as with pain
and stretch receptors. Articular capsules and ligaments
are highly vascularized, forming capillary networks
over the synovial membranes (Fig. 3-4).

Bone Development

Bone formation may occur in either
of two ways: intramembranous bone formation or
endochondral bone formation.

During embryogenesis and postnatal growth, bone
may develop in one of two ways. It may be formed
directly in mesenchyme, in which case the mode is in-
tramembranous. Most of the flat bones of the skull are
formed in this manner. The other method of bone for-
mation involves bone being elaborated on and replac-
ing a cartilage template. This is endochondral bone
formation and represents the manner in which long
bones and most other bones of the body are formed.

Intramembranous Bone Formation

Intramembranous bone formation
begins in a highly vascularized region where mes-
enchymal cells develop into bone-forming cells.

Intramembranous bone formation begins as the area
destined to become bone becomes highly vas-
cularized and the mesenchymal cells develop into
osteoblasts. These bone-forming cells then begin
secreting collagen and a matrix composed of muco-
proteins, constituting the osteoid. These osteoblasts
possess long cell processes that communicate with
other osteoblasts and nearby blood vessels. At this
stage, the osteoid is a rubbery, tough, somewhat elas-
tic material as yet uncalcified.

Mineral ions of calcium and phosphate, circulat-
ing in the blood, begin to diffuse into osteoid tissue
and are deposited on the surfaces of collagen fibers
as fine crystals. This imparts a hardness and rigidity
to the osteoid in the process of becoming bone.
Osteoblasts (cells that were responsible for secreting
the matrix) become trapped in lacunae and are now
renamed osteocytes.

Endochondral Bone Formation

Endochondrial bone formation
takes place as bone cells invade and replace a carti-
laginous template.

Endochondral bone formation begins after a cartilage
template has been formed in an area destined to be-
come bone. The hyaline cartilage miniaturized model,
which continues to grow while at the same time being
replaced by bone, originally develops in mesenchyme
in a fashion similar to that of intramembranous bone.
Condensation of mesenchymal cells is followed by
differentiation into chondroblasts, which secrete a
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new bone formation, whereas pressure activates re-
sorption (Wolff's Law).

Cartilage

Hyaline cartilage is at the growing

ends of bone and the template for endochondral

bone formation; fibrocartilage is in the intervertebral discs;

and elastic cartilage is in the ear, auditory tube, epiglottis,
and larynx.

Any discussion of bone requires the mention of the ar-
ticulating cartilages that serve as connective tissue at
the joints. Cartilage is a supporting tissue that possesses
a firm but somewhat pliable anatomy, permitting it to
withstand compression and great stresses at the joints.
Cartilage also serves as the template for endochon-
dral bone formation and functions in long bone
growth, as previously discussed. Although cartilage is
formed in a fashion similar to bone, it is poorly vascu-
larized and innervated. Three types are recognized:
hyaline, fibrous, and elastic. Hyaline cartilage is the
type found in the cartilage template of long bones and
at their growing ends. Hyaline cartilage is located also
at the joints as articulating cartilage and may be found
also in the tracheal rings and larynx. Fibrocartilage is
present in the intervertebral discs, in the pubic symph-
ysis, and in the mandibular symphysis. Elastic carti-
lage occurs in the external ear, the auditory tube, the
epiglottis, and some components of the larynx.

The circulatory system is com-
posed of two parts: the cardiovascular system and
the lymphatic vascular system.

The circulatory system is composed of two parts work-
ing in unison to maintain the internal environment.
The heart, arteries, veins, capillaries, and blood com-
prise the cardiovascular system, whereas the lymph
nodes, spleen, tonsils, thymus, lymph, and lymphatic
vessels make up the lymphatic system.

Cardiovascular System

The cardiovascular system is com-
posed of the heart, arteries, veins, capillaries, and
blood.

The cardiovascular system functions to provide
transportation of oxygen, water, nutritive materials,
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and hormones to the tissues of the body in exchange
for carbon dioxide and wastes that will be further
transported to excretory organs for elimination from
the body.

Blood, the fluid tissue of the cardiovascular sys-
tem, is composed of cells and plasma. The cells are
erythrocytes (red blood cells) and leukocytes (white
blood cells). Erythrocytes, which are manufactured
in red bone marrow, transport oxygen and carbon
dioxide gases to and from the body tissues,
respectively. Leukocytes, also manufactured in the
bone marrow, are diverse in origin and function.
Agranular leukocytes, which include lymphocytes
and monocytes, originate in red bone marrow
and lymphatic tissues. They function in the defense
of the body and are especially well represented
in the immune system. Granular leukocytes in-
clude eosinophils, neutrophils, and basophils.
These cells are generally assigned the functions of
protecting the body from outside invasion and com-
bating infection. Blood platelets, formed elements
also found in the blood, assist in coagulating the
blood. The plasma (liquid portion of the blood) is
composed of water, proteins, enzymes, and salts as
well as the products of digestion and excretion. This
fluid leaks out of the capillary walls, becoming the
extracellular fluid (tissue fluid) bathing the cells
with its contents and picking up wastes before its re-
turn to the circulatory system via either venous or
lymph capillaries.

The heart, arteries, veins, and capillaries com-
prise the closed system for the transportation function
of the cardiovascular system. The heart is a double
pump in that it serves two circuits for blood flow that
are completely separated from each other in a normal
healthy adult heart. The pulmonary circuit, located in
the right side of the heart, receives venous (deoxy-
genated) blood in the right atrium from the body via
the superior and inferior venae cavae and from the
walls of the heart via the coronary sinus. During mus-
cular contraction, the pooled blood is pumped from
the right atrium through the right atrioventricular (tri-
cuspid) valve into the right ventricle. Blood in the ven-
tricle is then pumped out the pulmonary trunk, which
divides into right and left pulmonary arteries trans-
porting the blood to the lungs for oxygenation and
some excretion (Fig. 3-6).

Oxygenated blood returns from the lungs in the
pulmonary veins to enter the left side of the heart in
the left atrium. The blood is now in the systemic cir-
cuit, where it is pumped through the left atrioventric-
ular (bicuspid) valve into the enlarged, very muscular
left ventricle. From here, the blood will be pumped
out of the aorta to be distributed by arteries through-
out the entire body (Fig. 3-6).
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Figure 3-6. Schematic representation of the cardiovascular system.

The arteries branch like a tree, becoming smaller
and smaller, with each branching leading away from
the heart. The blood flows away from the heart from
large arteries to small arteries to arterioles and metar-
terioles and finally to capillaries with a bore large
enough only to permit red blood cells to traverse one
or two at a time (Fig. 3-7). In the capillary bed, gases
and nutrients are exchanged for wastes, whereas hor-
mones and enzymes are delivered for body mainte-
nance. Muscles in the walls of the vessels control the
blood flow to the periphery, thus aiding in the control
and management of body temperature and oxygen
requirements.

The cardiovascular system is under control of the
nervous system. The rate and force of the heartbeat is
modulated by the autonomic nervous system through

the specialized cells within the heart musculature.
These specialized cells have the innate capacity to per-
petuate the rate of heartbeat, but the rate has to be
modified by nerve impulses arising from the auto-
nomic nervous system. The blood vessels, particularly
the arteries, are also under control of the autonomic
nervous system. Nerve impulses to the muscular walls
of the arteries elicit either dilation or contraction of the
vessel lumen, thereby increasing or decreasing the
rate of flow.

Specialized sensory mechanisms to monitor
blood pressure and oxygen and carbon dioxide ten-
sion within the bloodstream are located in the
carotid arteries within the neck. The carotid sinus,
located at the beginning of the internal carotid
artery, responds to changes in blood pressure. The
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Figure 3-7. Diagram illustrating the capillary bed where tissue fluids leave the blood vessels to bathe

the tissues before being taken into the lymphatic capillary.

carotid body, located at the bifurcation of the com-
mon carotid artery, is a chemoreceptor sensitive to
changes in oxygen and carbon dioxide tension as
well as hydrogen ion concentration within the
blood. When stimulated, both of these specialized re-
ceptors, served by cranial nerves, evoke an auto-
nomic response aimed at returning the system to
homeostasis (Fig. 3-8).

Lymphatic System

The lymphatic system is composed
of the lymph nodes, spleen, tonsils, thymus, lymph,
and lymph vessels.

The lymphatic system begins as an extensive system
of capillary beds collecting the lymph (extracellular
fluid) from the tissues (Fig. 3-7). The capillaries empty

into larger lymphatic vessels, and eventually the lym-
phatic vessels empty their contents into the blood-
stream in the large veins at the base of the neck.
Between the capillary beds and the point of entry into
the bloodstream, the lymph passes through one or usu-
ally several lymph nodes, which act as filters. Here,
lymphocytes reside in lymphoid nodules and in the
paracortex and are propagated for circulation in the
bloodstream to sites for combating foreign intrusion.
Lymph capillaries within the small intestine, called
lacteals, receive fatty products of digestion which are
eventually transported to the bloodstream via the
thoracic duct.

In addition to the lymph nodes, the lymphatic
system also includes the spleen, thymus, and tonsils,
which are responsible for other lymphatic functions
such as the filtering of blood and the maintenance of
immunocompetence.
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and head.

The nervous system is divided into

the peripheral nervous system (PNS) and the central

nervous system (CNS). The PNS is composed of 12 pairs of

cranial nerves and 31 pairs of spinal nerves. The CNS is
composed of the brain and spinal cord.

The nervous system is a complex organization of tis-
sue, ramifying throughout the body, functioning to
collect information from within and from outside the
environment of the body. The nervous system sorts
this information, then reacts to perceived challenges
imposed on it. Included within the functions of this
system is the process of cognitive faculties occurring
in the highest centers of the brain.

The nervous system is divided morphologically,
for descriptive purposes, into two divisions: the pe-
ripheral nervous system (PNS) and the central nerv-
ous system (CNS). The PNS comprises 12 pairs of cra-
nial nerves emanating from the brain and 31 pairs of
spinal nerves originating from the spinal cord. The

CNS is composed of the brain and the spinal cord
(Fig. 3-9).

Structure

The nervous system is made up of
neurons (impulse-conducting cells) and neuroglial
cells that support the neurons.

The tissue of this system is made up of specialized
cells, neurons, which conduct impulses, and neu-
roglial cells, which serve in a supporting capacity.

A neuron, the basic structural unit of the system,
possesses the ability to perceive stimuli (irritability)
and to transmit physiochemical impulses along its
processes (conduction) to effector organs and/or
other neurons. The neuron is composed of a cell
body (soma, perikaryon) and its processes. The cell
body contains the nucleus and cytoplasm containing
Nissl bodies (rough endoplasmic reticulum), which
may be made visible by light microscopy through the
use of special stains. Neuron cell bodies are located
either in a ganglion, if outside the CNS, or in nuclei,
if within the CNS. Radiating from the cell body are
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freely branching processes called dendrites, which
transmit impulses toward the cell body, and a singu-
lar axon, which transmits impulses away from the
perikaryon. The axon emanates from the cell body at
a bulge called the axon hillock. The arrangement of
processes around the cell body might vary from that

described here and are thus supplied with descriptive
terms (Fig. 3-10).

Axons may or may not possess a fatty myelin
sheath covering composed of the wrapping of
Schwann cell plasmalemma (in the PNS) or oligo-
dendroglia cell membrane (in the CNS). These
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myelin sheaths are of variable thickness and com-
pletely surround the axis cylinder, except at regular
intervals along the axon. These intervals, called the
nodes of Ranvier, impart a linked-sausage appear-
ance to the axon. Myelinated or unmyelinated axons
are covered by a neurilemma sheath composed of
Schwann cells (in the PNS) or oligodendroglia (in the
CNS). The speed of conduction of an impulse along
a nerve fiber is related to the absence or presence
and the thickness of the myelin sheath (Fig. 3-10).

Functional Components
Summary Bite. Neurons are either of a sensory

:} (afferent) function, an intercalated (connecting) func-
tion, or a motor (efferent) function.

See Chapter 18 for a more thorough discussion.
Neurons are categorized functionally as sensory,
intercalated (connecting), or motor. Sensory (affer-
ent) and motor (efferent) functions are each further



subcategorized to facilitate description of a neuron’s
specific function. General somatic afferent refers
to sensory function (modality) perceived from the
body and transmitted to the spinal cord or brain.
Sensations such as pain, temperature, and touch to
the skin are perceived by neurons in this category.
Also in this category is sensation from muscles, ten-
dons, and joints, referred to as “proprioception.”
General visceral afferent is the sensory modality re-
ceived from within the viscera (glands, organs, and
membranes). General somatic efferent, a motor
component, serves to provide innervation to all of
the skeletal muscles of somatic origin, whereas
general visceral efferent stimulation provides motor
innervation to smooth muscles, cardiac muscles,
and glands.

Sensory and motor functions within the head are
carried by the cranial nerves. Certain muscle groups
and the sense organs for hearing, smell, taste, and
sight make this group “special.” The senses of sight
and hearing are transmitted by special somatic
afferent sensory neurons, whereas taste and smell
are transmitted by special visceral afferent sensory
fibers. Similarly, the motor component to the “spe-
cial” muscles (branchiomeric origin) is the special
visceral efferent. Because no “special” category exists
for glandular secretomotor function in the head, the
general visceral efferent component remains for the
glands, smooth muscles, and mucous membranes of
this region. Note that certain of the cranial nerves
carry general visceral afferent sensory components
from the viscera of the head as well.

Dorsal root
ganglion

Spinal
nerve

Ventral
root

Ventral
horn

Anterior cutaneous nerve

Figure 3-11.
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Peripheral Nervous System

The PNS represents those nerve

fibers that receive stimuli from the interior or exterior

of the body (i.e., sight and hearing) and transmit it to the

CNS for processing. The PNS also delivers motor function
from the CNS to the periphery.

Sensory neurons originating peripherally (e.g., in skin)
may possess nerve endings specialized for receiving
various stimuli, such as cold, hot, touch, and pressure.
Nerve endings transmitting pain, on the other hand,
are free and without specializations. Dendrites of the
spinal nerves are connected to their cell bodies located
in the dorsal root ganglion, which is just outside the
spinal cord. The axons pass from the ganglion via
the dorsal root into the dorsal horn (sensory) of the
spinal cord. Here they may terminate, enter the white
matter of the cord to ascend or descend before synaps-
ing on connecting neurons in the spinal cord, or as-
cend to conscious levels in the brain (Fig. 3-11).

Cell bodies of spinal motor neurons are located in
the ventral horn (motor) of the spinal cord. Their
axons traverse the ventral root on leaving the spinal
cord. Just beyond the dorsal root ganglion area, the
sensory and motor roots unite, forming a spinal
nerve that thus carries both sensory and motor com-
ponents (Fig. 3-11). Motor fibers destined for muscle
will continue on to synapse at the motor end plate, a
specialized ending between the nerve and the muscle
(Fig. 3-10).

Sensory nerve endings located, for example, in
the patellar ligament of the knee do not have their

/EVentraI primary ramus

'» Lateral cutaneous nerve

Typical thoracic spinal cord segment and spinal nerve.
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terminals in the dorsal horn but, instead, terminate
directly on motor neurons in the ventral horn of the
spinal cord, thus effecting a reflex arc that bypasses
connecting neurons. Rapid opening of the mouth as a
result of painful stimuli from biting down on a piece
of bone while chewing is an example of a reflex arc in
the fifth cranial nerve.

Central Nervous System

The central nervous system is com-
posed of the brain and spinal cord.

The central nervous system is represented by the
brain, which is housed with the skull, and the spinal
cord, which is housed within the vertebral canal sur-
rounded by the divisions of the vertebrae. The brain
and spinal cord are responsible for analysis, integra-
tion, and response for the body via sensory input and
motor output.

Coverings

The CNS possesses three separate
meninges that encase it: dura mater, arachnoid, and
the pia mater.

The CNS is composed of the brain and the spinal
cord (see Chapter 17). Each is delicately covered by
several layers of meninges and is protected by bone—
either the skull around the brain or the bony verte-
bral column that surrounds the spinal cord.

The meninges covering the brain and spinal cord
are continuous and completely enclose the CNS. Three
separate layers make up the meninges: a tough outer
layer, the dura mater; an inner delicate layer closely
applied to the brain and the spinal cord and their ves-
sels, the pia mater; and an intermediate layer, the
arachnoid, which is closely applied to the dura. Only a
potential space exists between the dura and arachnoid,
known as the subdural space. The subarachnoid
space, located between the arachnoid and pia layers,
contains the cerebrospinal fluid that functions in
bathing and further protecting the CNS.

Autonomic System

The autonomic nervous system,

by definition, is a motor system controlling the vis-

cera, cardiac and smooth muscle, and glands. It is subdi-

vided into the enteric, sympathetic, and parasympathetic
systems.

The autonomic (involuntary, visceral) nervous system
exerts control over the viscera of the body, serving

cardiac muscle, smooth muscle, and/or glands. By def-
inition, the autonomic nervous system is purely motor
in function. Its manner of functioning is different from
that previously described in that innervation is accom-
plished via a two-neuron chain between the CNS and
the effector organ (smooth muscle, cardiac muscle,
and glands). The cell body of the first neuron in the
chain is located in the CNS (brain or spinal cord),
whereas the cell body of the second neuron is located
in one of the autonomic ganglia, all of which lie out-
side the CNS (Figs. 3-11 and 3-12).

The autonomic system is subdivided into the en-
teric, sympathetic, and parasympathetic systems.
The enteric nervous system is located in the wall of
the digestive system and functions in the autonomic
control of the digestive system. It is influenced by
the other two components of the autonomic system.
The enteric nervous system is not associated with
the head and neck and, therefore, will not be dis-
cussed in this textbook.

Sympathetic Nervous System

The sympathetic nervous system is
that system which puts the body ready for action
(“fight or flight”).

The sympathetic system generally prepares the
body for action—as in the “fight or flight” response—
by increasing heart rate, respiration, blood pressure,
and blood flow to the skeletal muscles; dilating the
pupils; and generally “shutting down” visceral activ-
ity. Neurons of the sympathetic system originate in
the intermediolateral cell column of the spinal cord
in the thoracic and upper lumbar segments (T1
to L2-L3). Thus, they are often referred to as the
thoracolumbar outflow of visceral efferent fibers
(Fig. 3-13A).

Parasympathetic Nervous System

The parasympathetic nervous sys-
tem serves to “calm” the body, returning it to a
homeostatic state.

Parasympathetic innervation, conversely, functions
to calm the body by decreasing heart rate, respiration,
and blood pressure; constricting the pupils; and in-
creasing visceral activity. Both systems innervate
many organs of the body where their antagonistic
actions serve to balance functioning to maintain
homeostasis.

Neurons of the parasympathetic system origi-
nate either in the brain in certain nuclei of cranial
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Figure 3-12. Schematic representation comparing the somatic and visceral nervous

systems.

nerves III, VII, IX, and X (cranial outflow) or in the
sacral spinal cord from the intermediolateral cell col-
umn of spinal nerves S2-S4 (sacral outflow).
Together, this system is known as the craniosacral
outflow (Fig. 3-13B).

The cell body of the first neuron within the two-
neuron chain of the autonomic system is located
within the visceral efferent column of the CNS. The
axon of this neuron will synapse on the cell body of
the second neuron in the chain, located in one of the
autonomic ganglia; thus, this axon is preganglionic.
The axon of the second neuron is postganglionic
and extends to the effector organ. The sympathetic
system is served by the autonomic ganglia located
along most of the spinal segments. These ganglia are
known as the sympathetic chain ganglia (paraverte-
bral ganglia) and are connected to each other by the
sympathetic trunk and the several collateral ganglia
(preaortic ganglia) along the major abdominal blood
vessels (Figs. 3-11 and 3-13A). Ganglia of the
parasympathetic system are located close to the
structures innervated and are called terminal gan-
glia, four of which are in the head, whereas others,

the enteric ganglia, are located within the wall of the
alimentary canal (Fig. 3-13B).

Preganglionic sympathetic fibers reach the chain
ganglia via the white rami communicantes, a con-
nection between the spinal nerve and the ganglion
transmitting the myelinated fibers. The postgan-
glionic fiber may enter the spinal nerve via the gray
rami communicantes directly or after ascending or
descending in the sympathetic trunk. Preganglionic
fibers synapse only one time; therefore, those des-
tined to synapse in the collateral ganglia do not
synapse in the chain ganglia (Figs. 3-11 and 3-13A).

Preganglionic parasympathetic neurons of the
cranial outflow originate in cranial nerves III, VII, IX,
and X only and may be distributed to the terminal gan-
glion via the cranial nerve of origin or by the named
preganglionic fiber. Postganglionic fibers are distrib-
uted by other nerves serving the organ (Fig. 3-13B).

Acetylcholine is the neurotransmitter of both
preganglionic sympathetic and parasympathetic
neurons and postganglionic parasympathetic neu-
rons. However, noradrenaline is the primary neuro-
transmitter of postganglionic sympathetic neurons
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except those serving sweat glands. In this case, the
neurotransmitter is acetylcholine.

The suprarenal (adrenal) medulla functions as a
modified sympathetic ganglion. It receives pregan-
glionic sympathetic fibers which synapse on chro-
maffin cells of the medulla, stimulating them to

produce catecholamines, which give rise to epi-
nephrine and norepinephrine, which are released
into the bloodstream. The epinephrine produced
here prepares the body for “fight or flight” during
stress or fear. The norepinephrine produced here is
short-lived.



The Oral Cavity,

Palate, and Pharynx

Lips

Clinical Considerations
Vestibule

Clinical Considerations
Oral Cavity Proper

Lips are the highly vascular fleshy
structures that guard the entrance to the
oral cavity. The dry, red vermilion zone
gives way to a wet epithelium lining the
vestibule.

Oral Cavity Proper is that part of the
oral cavity lying within the space created
by the dental arches and their
surrounding gingiva of each jaw. It is
bounded superiorly by the palate and
inferiorly by the muscular tongue.

Palate forms the roof of the oral cavity
proper and consists of an anterior-

Tongue

Clinical Considerations
Palate

Clinical Considerations

placed bony palate and the posterior
soft palate.

Pharynx is a mucous-lined tube attached
to the base of the cranium coursing
inferiorly to become continuous with the
esophagus. It serves as an airway to the
larynx and as a passageway for food and
drink to the esophagus.

Teeth are arranged on both the maxil-
lary and mandibular arches and articu-
late with the teeth on the opposing arch
during occlusion. While they are in oc-
clusion the oral cavity proper and the

Chapter Outline

Teeth

Odontogenesis
Pharynx

Clinical Considerations

vestibule are separated. The deciduous
dentition possesses 20 teeth, which is
later replaced by the permanent denti-
tion possessing a complement of 32
teeth.

Tongue forms the floor of the oral cavity
proper and consists of the body, the
freely moving portion, and the base
which is attached to the hyoid bone.

Vestibule is that portion inside the oral
cavity lying between the dental arches
and the cheeks laterally and the lips
anteriorly.

31



32 The Oral Cavity, Palate, and Pharynx
his chapter provides an overview of the
I anatomy of the oral cavity as it would be ob-
served in an oral examination. In addition,
some pertinent clinical aspects of the variations in
normal anatomy of the oral cavity are addressed
where appropriate. Subsequent chapters detail re-
gional dissections pertinent to a thorough understand-

ing of the anatomic structures of the head and neck.

The oral cavity (mouth) is the entry portal of
the digestive system. It is bounded anteriorly by the
lips and posteriorly by the oropharyngeal isthmus
(isthmus faucium), a more or less circular aperture
that guards the entrance to the pharynx. The oral cav-
ity is lined with mucous membrane composed of strat-
ified squamous epithelium and an underlying dense,
irregular, collagenous connective tissue that houses
minor salivary glands. For purposes of description, the

oral cavity is subdivided into two major regions: the
outer vestibule and the inner oral cavity proper.

:} Summary Bite. The highly vascular fleshy lips

guard the entrance to the mouth. The red vermilion
zone gives way to mucus membrane leading into the oral
cavity.

The lips are two fleshy, mobile structures guarding the
entrance to the mouth. They are covered externally
with skin that overlies muscle, glands, and connective
tissue. Internally they are lined with a mucous mem-
brane. The red portion of the lips, whose coloration is
caused by a rich vascular bed visible through the thin
epithelium, is termed the vermilion zone. Because it
is not a wet membrane, it must be kept moistened
with the tongue to prevent drying. The skin and ver-
milion zone join at the vermilion border.

The superior lip is bounded laterally by the
nasolabial groove extending from the ala (wing) of
the nose to a short distance lateral to the corner of
the mouth. A slight shallow, vertical depression in the
midline from the nose to the vermilion border is the
philtrum (Cupid’s bow), and just inferior to this de-
pression is the labial tubercle, a fleshy bump of vary-
ing size in the vermilion zone (Fig. 4-1). The inferior
lip is separated from the chin by the labiomental
groove.

The two lips are connected laterally by the labial
commissures, which are thin folds of tissue that are
easily viewed when the mouth is slightly opened.
Occasionally a slight depression is noted in the center
of the labial commissure, known as the commissural

Figure 4-1.
Philtrum; (2) Commissural lip pit; (3) Vermilion zone; (4)
Vermilion border; (5) Labial commissure; (6) Labial tubercle.

Anatomy of the lips and adjacent area. (1)

lip pit. The oral fissure (rima of the mouth) is the
zone between the superior and inferior lips, which
may be opened or, when the two lips are in contact
with each other, closed.

The lips develop from several sources, including
the median nasal (intermaxillary segment), maxillary,
and mandibular processes. Many of the structures just
described are fusion remnants of these embryologic
origins and often become more pronounced with
advancing age. A more detailed description of the de-
velopment and congenital deformities of the lips is
presented in Chapter 5.

:} Summary Bite. The vestibule is the space be-
tween the lips and the cheeks external to the teeth in
occlusion.

The vestibule is the cleft or space between the lips
and cheeks externally and the teeth and gingiva of
the dental arches internally when the teeth are in oc-
clusion. The vestibule communicates with the exte-
rior through the oral fissure of the lips and with the
oral cavity proper via the interdental spaces and the
interval posterior to the last molar teeth in each den-
tal arch (Fig. 4-2).

Laterally, the vestibule is referred to as the buccal
vestibule, whereas anteriorly, in the region of the lips,
it is termed the labial vestibule. The mucobuccal
and/or mucolabial folds (fornix) represent the loca-
tion point at which the regionally named vestibular
mucosa turns to become the alveolar mucosa. Located



Clinical Considerations

Lips

Cleft lip, often associated with cleft alveolar and primary
palate, is the result of a developmental defect and
occurs in approximately 1 in 1,000 births. The
terminology and severity of this and associated defects
in the palate are discussed in detail in Chapter 5.
Congenital commissural lip pits may be observed
infrequently at the angle of the mouth in the commis-
sure. These are remnants of development and are not
clinically significant (Fig. 4-1). The mouth from corner to
corner normally spans between the first premolar teeth.
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As the mouth is opened the oral
fissure becomes an oval to circu-
lar aperture.

Abnormally large superior labial frenula may invade
the interdental space between the maxillary central inci-
sors, thus causing a large diastema. This may be re-
lieved by severing the frenula (frenectomy). If after a rea-
sonable time the diastema persists, orthodontic treat-
ment may be necessary.

in the superior labial vestibule is the incisive fossa
represented by a shallow depression superior to the in-
cisor teeth.

The bulge extending into the labial vestibule
from the alveolar ridge over the root of the superior
canine tooth is the canine eminence, whereas the
shallow depression just lateral to it is the canine
fossa (Fig. 4-3).

Protruding into the roof of the buccal vestibule in
the vicinity of the first molar is the zygomatic process
of the maxilla. This structure may easily be palpated.
The nearly vertical anterior border of the masseter
muscle may also be palpated in the posterior buccal

2

Figure 4-2. Buccal vestibule illustrating buccal mucosa and
Fordyce granules. (1) Palate; (2) Tongue; (3) Molar; (4) Buccal
vestibule; (5) Fordyce granules.

vestibule because it extends from the angle of the
mandible to the zygomatic arch.

The region of the maxilla posterior to the zygo-
matic process and superior to the last molar is the
maxillary tuberosity. This is an important area
anatomically because it serves as an injection site for
anesthesia of the posterior superior alveolar nerve.

The parotid gland empties its salivary secretions
into the buccal vestibule at a small orifice opposite
the second maxillary molar. This opening, which ap-
pears elevated in the mucosa, is the parotid papilla
(Stenson duct). Several other small minor salivary
glands that are regionally named—for example, the

Iy
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Figure 4-3. Superior labial vestibule indicating regionally
named gingiva covering anatomic regions of maxillae. (1)
Superior labial frenulum; (2) Mucogingival junction; (3)
Marginal gingiva; (4) Attached gingiva; (5) Alveolar mucosa;
(6) Canine fossa.
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Figure 4-4. Buccal vestibule with opening of parotid duct
opposite the second maxillary molar. Accessory buccal glands
open onto the mucosa of the vestibule. (1) Parotid papilla; (2)
Lingual gingiva; (3) Accessory buccal glands.

buccal glands and labial glands—also open into the
vestibule via microscopic openings (Figs. 4-2 and 4-4).

In most individuals, small yellow spots may be
observed in the buccal mucosa lateral to the corner of
the lips. These are Fordyce granules, composed of
defunct sebaceous glands that became trapped in the
mucosa during development (Fig. 4-2).

Extra reflections of labial mucosa appear as folds of
tissue in the midline attaching the superior and infe-
rior lips to the gingiva. These are the labial frenula
(sing. frenulum), where the superior labial frenulum is
the most prominent (Fig. 4-3). Often, additional frenula
may be observed in the labial and buccal vestibules.

Occasionally, the superior labial frenulum is so
broadly attached that it interferes with normal erup-
tion of the central incisors, thereby producing a di-
astema. Correction of this condition usually requires
surgical removal of the frenulum between the central
incisors to permit the teeth to return to the normal
position.

The gingiva (gum) is covered by the gingival mu-
cosa, which folds back on itself to form a free edge,
known as the gingival margin, which surrounds the
inferior margin of the clinical crowns of the teeth. The
vestibular gingiva in this region becomes continuous
with the gingiva of the oral cavity proper.

The interdental papilla lies between the teeth in
the interdental spaces, and the retromolar papilla is
that specialized area of the gingiva distal to the last
molars in both dental arches. The coronal-most aspect
of the interdental papilla of the molar region usually
possesses a concavity known as the col.

Gingival mucosa is pale pink and stippled in good
oral health. The alveolar mucosa overlies the alveolar

6 5 4 3 2

Figure 4-5. The lower jaw, including the regional areas of
the mucosa and gingiva. The free gingival groove represents
the area above the dotted line. (1) Interdental papilla; (2) Labial
frenulum; (3) Mucogingival junction; (4) Attached gingiva; (5)
Mucolabial fold; (6) Canine eminence; (7) Free gingival groove.

processes of both the maxillary and mandibular
arches. Tts red hue is caused by the visibility of its vas-
cularity through the nonkeratinized epithelium of its
mucosa. Where the alveolar mucosa blends into the re-
maining vestibular mucosa is not easily distinguished.
However, a rather sharp, scalloped line, the mucogin-
gival junction, separates the gingival mucosa from the
alveolar mucosa (Figs. 4-3 and 4-5).

:} Summary Bite. The oral cavity proper is that part

of the oral cavity lying internal to the dental arches
of each jaw and their surrounding gingiva. It is bounded
superiorly by the palate and inferiorly by the muscular
tongue.

The oral cavity proper lies internal to the dental
arches and their contained dentition and gingiva. It is
bounded superiorly by the palate and inferiorly by
the muscular tongue and reflections of the mucous
membrane extending from the mandibular gingiva in
the sublingual sulcus (groove) to the base of the
tongue. Anterolaterally, it is bounded by the lingual
surfaces of the teeth, lingual gingiva, and lingual alve-
olar mucosa.

The posterior boundary of the oral cavity proper
is formed by the vertical portion of the soft palate su-
periorly and by the anterior pillar of the fauces (the
palatoglossal arch). This arch, which includes the
palatoglossus muscle and overlying oral mucosa, ex-
tends from the soft palate to the sides of the base of
the tongue (Fig. 4-6).
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Vestibule

A fold of mucosa in the posterior-most boundary of the
vestibule connecting the maxillary and mandibular alve-
olar regions covers the pterygomandibular raphe. The
raphe is a tendinous inscription between the buccinator
and superior constrictor muscles that is attached to the
pterygoid hamulus and the area of the retromolar tri-
angle of the mandible (Fig. C4-1).

The superior labial frenulum frequently possesses a
tag of tissue located on its anterior surface approxi-
mately midway between its attachments at the lip and
gingiva. This tissue lends an irregular surface to the
frenulum. This small mass is nonpathologic and may be
regarded as a hyperplastic anomaly. The region of the
buccal mucosa adjacent to the mandibular retromolar
papilla contains an aggregation of accessory buccal
glands that results in a prominence in the mucosa. This,
along with the retromolar papilla, is often referred to in-
correctly as the retromolar pad.

Occasionally, a white line, the linea alba, may be ob-
served on the buccal mucosa representing that area of

Figure C4-1.
bular raphe and the retromandibular triangle. (1)
Pterygomandibular raphe; (2) Retromolar pad; (3) Buccal
vestibule.

Buccal vestibule. Observe the pterygomandi-
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the mucosa in close proximity to
the occlusal surfaces when the
jaws are in the closed position
(Fig. C4-2).

The space of the vestibule is somewhat reduced
when the mouth is opened by the forward movement of
the coronoid process of the mandible as its condyle
moves forward and downward. This may interfere with
dental radiographic procedures in the maxillary molar
area and in preparing study models and making maxil-
lary dentures.

The masseter muscle also impinges on the vestibu-
lar space as the mouth is closed and teeth are clenched.
The anterior edge of this muscle may be palpated in the
clenched position by inserting a finger in the buccal
vestibule. The presence of this muscle must be taken
into account when fitting a mandibular prosthesis.

Figure C4-2. Buccal vestibule. Observe the linea alba and
the parotid papilla. (1) Attached gingiva; (2) Lower lip; (3)
Linea alba; (4) Buccal vestibule; (5) Parotid papilla.

Communication of the oral cavity proper with the
vestibule has been discussed previously; now its com-
munication with the pharynx will be described.

The oral cavity communicates with the oral phar-
ynx via the oropharyngeal isthmus, the fauces. This
aperture is bounded by the soft palate superiorly, by

the surface of the posterior one third of the tongue in-
feriorly, and by the palatoglossal arch laterally.
Anything posterior to these named structures lies
in the pharynx. For example, the palatine tonsil lies
in a tonsillar crypt between the palatoglossal and
palatopharyngeal arches. Thus, the palatine tonsil
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Figure 4-6. The body of the tongue and the anatomy of the
anterior and posterior pillars of the fauces. (1) Pharynx; (2)
Palatopharyngeal arch; (3) Tonsilar fossa; (4) Posterior 1/3 of
tongue; (5) Lingual tonsil; (6) Uvula.

is considered to be in the pharynx because its posi-
tion is posterior to the palatoglossal arch (Figs. 4-6
and 4-7).

Palatopharyngeal Lingual
arch tonsil

The tongue, lying in the floor of the
oral cavity proper, is divided into a body and the base.

The tongue, a muscular organ, is divided for descrip-
tive purposes into the body, which lies relatively free
in the oral cavity, and the base, which is fixed to the
hyoid bone. The base spans the oral cavity and phar-
ynx. The dorsum of the body possesses the median
sulcus, a shallow groove superficially dividing the
tongue longitudinally in the midline into right and
left halves.

The surface mucosa exhibits specialized zones
demarcating the remnants of the embryologic origin
of the tongue. The sulcus terminalis may be ob-
served as a posteriorly directed, V-shaped shallow
groove separating the anterior two thirds (or body)
from the posterior one third (base) of the tongue. The
terminal sulcus is the developmental dividing line.

Palatine Palatoglossal

Epiglottis tonsil arch

Foramen
cecum

Fungiform
papilla

Sulcus
terminalis

Circumvallate
papilla

Median
sulcus

Foliate
papilla

Figure 4-7. Diagram of the dorsum of the tongue.
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Figure 4-8. Dorsum of the tongue illustrating fungiform
papillae and circumvallate papillae of its base. (1) Base of
tongue; (2) Circumvallate papilla; (3) Body of tongue; (4)
Fungiform pabpilla; (5) Lingual tonsil.

That is, anything anterior to it is in the oral cavity,
whereas anything posterior to it is in the pharynx.
The posterior one third and base will be described
here because they may be observed when the tongue
is protruded, as in an oral examination (Fig. 4-8).

Lying alongside but anterior to the terminal sul-
cus is a row of 8 to 10 mushroom-shaped circumval-
late papillae (vallate papillae). These structures pos-
sess taste buds and receive the ducts of the serous
glands of von Ebner, one of the few named groups of
minor accessory salivary glands. The remaining mu-
cosal surface of the dorsum of the anterior two thirds
of the tongue possesses specialized projections,
known as lingual papillae. The most numerous are
the filiform papillae and, interspersed among them
are the mushroom-shaped fungiform papillae; the
former present a rough surface and they present no
taste buds, whereas the latter display a few taste buds
on their dorsal surface (Fig. 4-8).

On the posterolateral aspect of the anterior two
thirds of the tongue are vertical furrows known as
the foliate papillae; their taste buds degenerate after
the first couple of years of life (Fig. 4-9). Located in the
midline, just posterior to the apex of the sulcus, is the
foramen cecum, a shallow, pitlike depression that is
a remnant of the developmental thyroglossal duct
(see Chapter 5). The rest of the dorsal surface of the
posterior one third of the tongue exhibits irregular
bulges in its mucosa representing the lingual tonsils.

The mucosa of the ventral surface of the tongue
is smooth and without surface papillae. The medially
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Figure 4-9. Dorsal surface of the tongue illustrating the
papillae associated with its body. (1) Foliate papilla (left side);
(2) Filiform papilla; (3) Fungiform papilla; (4) Foliate papilla
(right side).

placed lingual frenulum attaches the anterior two
thirds of the tongue to the floor of the mouth (Fig. 4-
10).

On either side of the frenulum, extending almost
to the tip of the tongue, surface bulges may be ob-
served representing the underlying glands of
Blandin-Nuhn, another group of the named, minor ac-
cessory salivary glands. These glands are mixed, pro-
ducing both serous and mucus saliva, which empty
into the oral cavity via several minute pores.

Figure 4-10. Anterior floor of the mouth. Observe the
sublingual fold overlying the sublingual gland. (1) Lingual
caruncle; (2) Sublingual sulcus; (3) Mandibular torus; (4)
Sublingual fold; (5) Sublingual vein; (6) Lingual frenum.
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The bilateral deep lingual veins may be ob-
served through the nearly transparent mucosa on ei-
ther side of the frenulum coursing just deep to the
mucosa along the tongue'’s inferior surface from the
tip to the deep regions in the floor of the mouth,
where the vein disappears from view.

Lateral to the vein is a fringed fold of mucous
membrane, the plica fimbriata (Fig. 4-9), which often
exhibits tissue tags from its free edge. Ducts of the
glands of Blandin-Nuhn open into the oral cavity
through the fringes of the plica fimbriata. Just above
the floor of the mouth on either side of the lingual
frenulum is an elevation of the mucous membrane
(plica sublingualis) overlying the bulging sublingual
glands (Fig. 4-10).

On closer examination one may observe several
small openings along the surface of the plica sublin-
gualis representing the small sublingual ducts
(ducts of Rivinus). In addition, a large sublingual
duct (duct of Bartholin) from the sublingual gland
joins the submandibular duct (Wharton duct) just
before its entry into the oral cavity for the delivery of
saliva from the submandibular gland. The Wharton
duct empties at the sublingual caruncula, an en-
larged (Fig. 4-11) papilla adjacent to the lingual frenu-
lum. Incisive glands, a small group of minor acces-
sory salivary glands, may also be found on the floor
of the oral cavity on either side of the lingual frenu-
lum just posterior to the mandibular incisors.
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Figure 4-11. Floor of the mouth. Observe the sublingual
caruncula indicating opening of the submandibular duct at
the base of the lingual frenulum. Of special interest are the
mandibular tori. (1) Tongue (ventral surface); (2) Lingual
frenum; (3) Sublingual fold; (4) Mandibular torus (left side);
(5) Mandibular torus (right side); (6) Sublingual sulcus; (7)
Lingual caruncle.

A more thorough discussion of the development,
structure, vascularization, innervation, and function
of the tongue is presented in Chapter 15.

The palate forms the roof of the
oral cavity and is composed of the anterior hard
palate and the posterior soft palate.

The palate, representing the roof of the oral cavity,
is divided into the hard palate, comprising the ante-
rior two thirds, and the soft palate, comprising the
remaining posterior one third (Fig. 4-12). Muco-
periosteum covers part of the bony skeleton of the
hard palate, whereas mucous membrane covers the
muscular soft palate. Anterolaterally, the palatal mu-
cosa blends into the alveolar and gingival mucosae sur-
rounding the lingual surface of the maxillary teeth.
Posteriorly, the palate blends into the anterior and
posterior pillars of the fauces laterally. The free pos-
terior border of the soft palate terminates in the
inferiorly directed uvula, located in the midline. The
palatine velum is that area of the soft palate repre-
sented by the superiorly placed posterior free margin
and the laterally placed pillars of the fauces (Fig. 4-13).
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Figure 4-12. Palate. Most of the area shown is hard palate
with its rugae and incisive papilla. The most posterior aspect
behind the dotted line covers the palatine bone. Anterior as-
pect is fatty, giving way to a glandular region posteriorly. (1)
Incisive papilla; (2) Palatine rugae (left side); (3) Median pala-
tine raphe; (4) Anterior hard palate (fatty region); (5) Posterior
hard palate (glandular region); (6) Palatal gingiva; (7) Palatine
rugae (right side).



Clinical Considerations

Tongue

Normally, the tongue varies considerably in size and sur-
face presentation, and this variation is often the result of
developmental abnormalities. Some of the more com-
mon inconsequential anomalies are microglossia (small
tongue), macroglossia (large tongue), fissured tongue
(excessive fissures in dorsum) (Fig. C4-3A), median

Figure C4-3. Tongue forms. (A) Fissured tongue. Note the
deep furrows on the surface. This represents a congenital
anomaly rather than a pathologic condition. (B) Large
tongue. Observe the slight scalloped region along the lateral
border apparently indicating the lingual aspect of the
occlusal arch.
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rhomboid glossitis (an area de-
void of lingual papilla), and cre-
nated tongue (indentations
along the margins pressing on the teeth in occlusion)
(Fig. C4-3B).

Other anomalies exist, particularly in the lingual
papilla, which manifest themselves in many ways, each
of which has been supplied with a descriptive term.
Space does not permit their descriptions here. Textbooks
in oral diagnosis should contain this information.

If the lingual frenulum is attached to the tip of the
tongue too far anteriorly, a condition known as anky-
loglossia (tongue-tied) exists. This condition limits
speech because of the immobility of the tongue.
Ankyloglossia may be surgically corrected by clipping
the frenulum (frenectomy) to shorten its extent.

The thyroglossal duct normally atrophies during
fetal life. Incomplete atrophy leads to formation of a
midline cyst or accessory thyroid in the vicinity of the
foramen cecum. Depending on the size of this lingual
thyroid, other structures in the vicinity may be obliter-
ated and/or hidden from view.

Floor of Mouth

The floor of the oral cavity proper frequently possesses
bony swellings along the lingual surface of the mandible
known as mandibular tori (Fig. 4-11). Additional bony ex-
ostoses may be present on the buccal surface of the
mandible in the vicinity of the alveolar processes. The
tori present radiographic opacity, whereas the buccal ex-
ostoses seldom demonstrate radiographic change.
Neither of the two conditions presents problems, except
in denture construction when they must be removed sur-
gically. Difficulty may be encountered in placing films for
dental radiographs and in preparing study models.

A retrocuspid papilla, a small papule, may often be
observed on the lingual gingiva adjacent to the mandibu-
lar cuspid. Such a papilla is not clinically significant.




40 The Oral Cavity, Palate, and Pharynx

Figure 4-13. Soft palate illustrating the uvula and
palatoglossal and palatopharyngeal folds. (1) Soft palate; (2)
Uvula; (3) Palatopharyngeal/Palatoglossal arches; (4) Body of
tongue; (5) Circumvallate papilla; (6) Lingual tonsil.

The mucoperiosteum displays some specializa-
tions in its surface, especially anteriorly. A median

Clinical Considerations

Palate

1

Figure C4-4. Palatine torus. The bulge on the surface of
the palate is a bony exostoses and does not represent a
pathologic condition. It may be necessary to remove it be-
fore preparing a denture. (1) Palatine torus.

palatine raphe, the developmental fusion of the pala-
tine shelves, may be observed on the hard palate.

Located in the midline of the palate, immediately
behind the central incisors, lies a small, oval-shaped
surface prominence termed the incisive papilla (Fig.
4-12). This structure covers the oral opening of the in-
cisive canal through which the nasopalatine nerves
and nasopalatine arteries are transmitted to the ante-
rior palate. It is an important landmark for anesthesia
of the anterior palate. Posterior to this region is a se-
ries of transverse folds that appear to radiate from the
incisive papilla. These folds are the palatine rugae,
which are vestigial in humans but may serve acces-
sory masticating and special sensory functions in
some lower animals.

Lateral to this area of the palate and beneath the
covering mucosa is the fatty region. Moving posteri-
orly, the fatty region is replaced by a glandular re-
gion, housing the mucous, minor palatine glands ex-
tending into the soft palate. Near the midline and just
posterior to the hard palate is the palatine fovea, a
small depression or pit that receives the ducts of
some of the palatine glands of the hard and soft
palates (Fig. 4-12).

The developmental defect of
greatest concern to the dental
profession is the cleft palate.
Isolated incidence is in the vicinity of 1 in 2,500 births in
the United States. Development, congenital anomalies,
and terminology related to palate formation and clefting
is discussed in detail in Chapter 5.

The normal shape of the palate is classically de-
scribed as vaultlike, but this varies in individuals from
narrow to wide, flat or high, and so on. Frequently, one
may observe a midline bulge in the palate resulting from
excess bone growth. This is termed palatine torus and
presents no problem except during denture construction,
at which time it must be removed surgically (Fig. C4-4).

Whenever anesthetic injections are to be adminis-
tered in the palate they should be given, if possible, in
an area away from the mucoperiosteum. If an injection
must be given in the area covered by mucoperiosteum
(hard palate), care must be exercised and the injection
must be given slowly to prevent tearing of the collage-
nous bundles away from the bone.




The palate is formed by the fusion of the inter-
maxillary segment with the two lateral palatine
processes of the maxillae. This fusion is initiated
early in development and serves to separate the com-
mon oronasal cavity into separate nasal and oral cav-
ities, thus limiting their communication only through
the pharynx. A more thorough account of develop-
ment and congenital anomalies associated with the
palate is presented in Chapter 5.

Teeth are arranged on the maxillary

and mandibular arches. They articulate with their

counterpart on the opposing arch and during occlusion, and

when they do that they separate the oral cavity proper from
the vestibule.

The teeth are arranged in a row on both the maxillary
and the mandibular dental arches. They form a
boundary between the vestibule and the oral cavity
proper. As discussed previously, the gingiva of the
vestibule and the oral cavity proper become continu-
ous in the interdental spaces.

The permanent teeth are named similarly on
each side and in the two arches. There are two inci-
sors, one canine (cuspid), two premolars (bicus-
pid), and three molars; thus, eight teeth are in each
quadrant of the jaw, for a total complement of 32
teeth. This is the normal complement of teeth found
in a mature adult. The third molar, wisdom tooth,
is often slow to erupt and may not present itself
in the oral cavity. Occasionally it is congenitally ab-
sent, thereby reducing the total complement of teeth
(Figs. 4-14 and 4-15).

Deciduous teeth, as the name implies, are
those that are eventually shed or replaced. Thus
they represent the complement of teeth present in
childhood. Each quadrant contains the following de-
ciduous teeth: two incisors, one canine, and two mo-
lars. The molars occupy the same position as will
the permanent premolars; thus, there are five decid-
uous teeth in each quadrant for a total of 20 teeth
(Fig. 4-16).

The two dentitions, deciduous and permanent,
may be expressed in a dental formula as in the follow-
ing diagrams:

Deciduous

M C I I C M
Maxilla 2 1 2 2 1 2 =20
Mandible 2 1 2 2 1 2
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Permanent

M P C I 1 C P M
Maxilla 3 2 1 2 2 1 2 3 =32
Mandible 3 2 1 2 2 1 2 3

The teeth develop from substances elaborated by
certain layers of the primitive oral ectoderm and
certain specialized cells of the ectomesenchyme. As
the teeth develop, the alveolar processes of the
maxilla and mandible form the bony socket sur-
rounding it. The tooth is anchored in its alveolus by
a calcified tissue, the cementum, and a soft tissue,
the periodontal ligament. The clinical crown of the
tooth is that part exposed in the oral cavity, whereas
the root lies in the bony alveolus, out of view.
Enamel overlies dentin in the crown, where it ter-
minates just below the gingival line at the neck. The
dentin in the root is overlaid by the cementum,
which anchors the tooth to the bone via the peri-
odontal ligaments. The central core of the tooth is
composed of the soft-tissue pulp containing blood
vessels, nerves, and lymphatics that reach the area
through the apical foramen at the tip of the root
(Figs. 4-17 and 4-18).

The tooth has an occlusal surface that contacts the
same surface of its counterpart on the opposing den-
tal arch on closure of the mouth. Buccal surface and
lingual surface refer to the vestibular surface and the
oral cavity proper surface, respectively. The incisal
edge is the cutting edge of the anterior teeth. The pre-
molars and molars possess cusps (raised knobs on the
occlusal surface). Also, because embryologically the
teeth form from the midline laterally, the surface that
most closely approximates the midline is considered
to be the mesial aspect; that which is in the opposite
direction is the distal aspect (Fig. 4-14).

Odontogenesis

Odontogenesis, the development of teeth, begins in
the middle of the sixth week of gestation (Fig. 4-18).
Although a continuous process, it is arbitrarily subdi-
vided into various stages. These are the bud, cap, and
bell stages, followed by apposition, root formation,
and eruption.

The basal layer of the ectodermally derived presump-
tive oral epithelium of the stomadeum undergoes pro-
liferation, both on the maxillary and mandibular
arches, along the region of the future dental arches,
forming a horseshoe-shaped band of ectodermal tis-
sue, the dental lamina, surrounded by neural crest-de-
rived ectomesenchyme.

The epithelially derived cells are separated from
the underlying and surrounding connective tissue
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Figure 4-14. Dental arches. Terminology and relationships in dental anatomy.
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Figure 4-15. Panographic radiograph of the jaws.

elements by a thin acellular layer, the basement
membrane.

Bud Stage

Along with the formation of the dental lamina, 10
round epithelial structures, each referred to as a bud,
develop at the distal aspect of the dental lamina of
each arch. These correspond to the 10 deciduous
teeth of each dental arch, and they signify the bud
stage of tooth development.

Each bud is separated from the ectomesenchyme
by a basement membrane. Ectomesenchymal cells
congregate deep to the bud, forming a cluster of cells,
which is the initiation of the condensation of the ec-
tomesenchyme. The remaining ectomesenchymal
cells are arranged in a more or less haphazardly uni-
form fashion.

Cap Stage

Cells of the inferior aspect of each tooth bud prolifer-
ate, forming a larger, more expanded structure, the
cap. The cap is said to be composed of an epithelially
derived enamel organ, which is separated by the
basement membrane, from a condensation of ec-
tomesenchymal cells, known as the dental papilla.

Enamel Organ

The cells in the core of the enamel organ are known
as the stellate reticulum. It is completely enveloped
by the two regions of a single layer of epithelial cells,
the squamous to low-cuboidal-shaped outer enamel
epithelium (OEE) and the cuboidal to low-columnar-
shaped inner enamel epithelium (IEE). They contact
each other at the rim-shaped cervical loop, which
represents the presumptive cervix of the future tooth.
Some cells of the stellate reticulum form a group of

flattened cells, known as the enamel knot (Ahren
knot).

The dental papilla, the future pulp of the tooth,
fills the concavity of the enamel organ. It is composed
of a vascularized embryonic connective tissue whose
mesenchymal cells are derived from neural crest.

The dental follicle (dental sac) is a membranous
structure that surrounds the tooth germ. It will give
rise to the periodontal ligament, cementum, and
alveolus.

The succedaneous lamina, a cordlike epithelial
band, arises from each enamel organ and will give
rise to the enamel organ of that permanent tooth
which will replace the deciduous tooth presently
being formed. This permanent tooth germ will also go
through the same stages of odontogenesis, but at a
later date than its deciduous counterpart.

Bell Stage

Mitotic activity of the enamel organ enlarges this
structure and forms a new cell layer, the stratum in-
termedium. The enlarged structure resembles a bell,
hence the bell stage of tooth development. The cell
layers of the inner enamel epithelium elongate and
become tall, columnar cells. Because of this histo-
logic change, the bell stage is said to be the stage of
histodifferentiation.

Additionally, the entire bell-shaped enamel organ
changes its morphology to form the template for the
future tooth; therefore, the bell stage is also said to be
the stage of morphodifferentiation.

Enamel Knot

The process of morphodifferentiation is responsible
for the establishment of the template of the presump-
tive tooth, that is, the enamel organ will assume the
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Figure 4-17. Radiographs of the teeth. Enlargement of a
molar tooth illustrating the anatomy of the tooth and the
alveolus.

shape of an incisiform, caniniform, or molariform
tooth. Tt has been recently discovered that this event
is controlled by the enamel knot (Ahren knot).

It appears that the ectomesenchymal cells of the
dental papilla induce the cells of the enamel knot to
begin to express signaling molecules, thus transform-
ing the enamel knot into one of the principal signal-
ing centers of tooth morphogenesis.

D E

Origin of the Permanent Molars

The posterior regions of the upper and lower dental
laminae elongate and each newly elongated region
forms three buds, the three permanent molars of
each quadrant, for which no deciduous counterparts
exist. Therefore, these 12 permanent molars are re-
ferred to as accessional teeth.

Apposition

The tall, columnar cells of the dental papilla, the pre-
odontoblasts, begin to elaborate a collagen-rich sub-
stance known as dentin matrix, and these cells are
now referred to as odontoblasts.

The initial layer of dentin matrix is different from
the remainder of the dentin matrix of the tooth and is
referred to as mantle dentin.

In response to the formation of mantle dentin,
the preameloblasts become ameloblasts and secrete
the first layer of enamel matrix. Since this very first
layer of enamel matrix differs from most of the
enamel matrix of the tooth, it is referred to as apris-
matic enamel matrix. Thus, the dentinoenamel
junction has just been established in a very small re-
gion of the developing tooth germ.

Enamel

Dentin

Pulp

Alveo
bone

=

Figure 4-18. Tooth development in the human. (A) Bud stage. (B) Cap stage. (C) Bell stage.
(D) Appositional stage. (E) Beginning of eruption. (F) Eruption into the oral cavity.



Odontoblasts retreat on a daily basis, and they ap-
parently move approximately 4 to 8 pm per day.
During this motion they elaborate dentin matrix. As
aprismatic enamel matrix is being formed, the
ameloblasts retreat (as did the odontoblasts) but in
the opposite direction.

As they move away from the odontoblasts, each
forms a short, blunt Tomes process and manufac-
tures enamel matrix around this process. As the
enamel matrix is secreted, the ameloblast withdraws
its Tomes process, leaving a space in the enamel ma-
trix, known as rod space, which quickly becomes
filled with enamel matrix, and a small block of
enamel matrix is known as a rod segment. Every
day, each ameloblast manufactures a single rod seg-
ment; these rod segments are placed on top of one
another, forming an enamel rod (enamel prism).
Because of these rod segments, the enamel formed is
known as prismatic enamel.

Root Formation

Root formation begins when dentinogenesis and
amelogenesis approach the cervical loop. Possibly
influenced by the presence of enamel and dentin
near the cervical loop, this structure begins to un-
dergo mitosis and grows in an apical direction as an
epithelial cylinder that surrounds the dental papilla.
This epithelial cylinder, the Hertwig epithelial root
sheath, is composed of two layers of cells, an outer
and an inner layer, derived from the outer enamel
epithelium and the inner enamel epithelium, re-
spectively.

Because of the absence of a stellate reticulum and
stratum intermedium, the inner layer of the Hertwig
epithelial root sheath will not form enamel. However,
these cells will provide signaling molecules that will
cause the peripheral layer of cells of the dental
papilla to differentiate into odontoblasts and elabo-
rate dentin matrix. These cells will also form, on the
surface of mantle dentin, an enamel-like hyaline
layer of Hopewell-Smith, a substance that facilitates
the adherence of cementum to the radicular dentin.

Radicular Dentinogenesis

Radicular dentin formation is similar to coronal
dentin formation in that there is a layer of mantle
dentin matrix formed first. The bulk of radicular
dentin, known as circumpulpal dentin, is manufac-
tured similarly to its coronal counterpart.

Cell Rests of Malassez

Subsequent to the formation of the hyaline layer of
Hopewell-Smith, the Hertwig epithelial root sheath
(which was composed of two continuous layers of ep-
ithelial cells) begins to undergo partial degeneration.

The Oral Cavity, Palate, and Pharynx 47

It becomes a network of epithelial cords surrounding
the root of the tooth, and is called the rest cells of
Malassez.

Cementoblasts

Ectomesenchymal cells, derived from the dental folli-
cle, pass through the discontinuities among the net-
work of epithelial cords and, proceeding between the
newly formed dentin and the now incomplete inner
layer of the Hertwig epithelial root sheath, differenti-
ate into cementoblasts. The cementoblasts manufac-
ture cementum matrix, which mineralizes to become
cementum.

Detailed information regarding developmental
processes, as well as information on the complex
anatomy and function of the individual teeth, is
available in texts of oral histology, embryology, and
dental anatomy.

The muscular pharynx is a mucosal

lined tube attached to the base of the cranium, cours-

ing inferiorly to become continuous with the esophagus. It

serves as an airway to the larynx and as a passageway for
food and drink to the esophagus.

The pharynx is a muscular tube lined with mucous
membrane. It extends in an inferior direction from
the base of the cranium to the level of the sixth cervi-
cal vertebra, where it becomes continuous with the
esophagus. The pharynx possesses several attach-
ments along its length; therefore, its mobility is some-
what restricted.

The pharynx lies behind the nasal cavity, oral cav-
ity, and larynx. Although its posterior wall presents a
continuous surface, superiorly its anterior wall is inter-
rupted by the choanae of the nasal cavity and the isth-
mus of the oral cavity. Thus, the pharnyx serves to
conduct air to the larynx from the nasal and oral cavi-
ties as well as food to the esophagus from the mouth.

The muscular wall of the pharynx is composed of
three overlapping muscles, originating from several
anatomic structures in their vicinity and all inserting
into a longitudinal line, the posterior median raphe,
in the dorsal wall of the pharynx.

The three muscles are the superior pharyngeal,
middle pharyngeal, and inferior pharyngeal con-
strictors, each named for its relative location. Each
muscle possesses fibers that ascend and descend
from their origin to be inserted into the raphe. This
fanned-out arrangement provides for a strong but
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Figure 4-19. Muscles of the pharynx. (A) Posterior view illustrating the posterior median raphe.
(B) Lateral view demonstrating fiber directions.
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Figure 4-20. Regional divisions of the pharynx.



flexible multilayered wall whose muscle fibers course
in a direction oblique to each other (Fig. 4-19).

The pharynx, for purposes of description, is di-
vided into three anatomic regions: the nasopharynx,
oropharynx, and laryngeal pharynx (Fig. 4-20). The
most superior portion, the nasopharynx, begins at the
superior attachment to the sphenoid and occipital
bones and ends at the soft palate. This is the widest
part of the pharynx and is in communication with the
nasal cavity via the choanae and with the middle ear
cavity via the auditory tube (Eustachian tube). A
fold of mucous membrane, in the area of the auditory
tube, covers the salpingopharyngeus muscle, which
blends into the pharyngeal wall. In the pharyngeal
recess, behind the lip of the auditory tube, is the pha-
ryngeal tonsil (Fig. 4-20).

During swallowing, the nasopharynx is sealed off
from the oral cavity by the elevation of the soft palate
superiorly and posteriorly against the posterior and lat-
eral walls of the pharynx. This may be observed dur-
ing an oral examination by having the patient open the
mouth, protrude the tongue, and say “ah.” This causes
the palate to be elevated and permits observation of the
oropharynx extending from the palate to the larynx.

The lateral wall of the pharynx is formed by the
palatopharyngeal fold covering the palatopharyn-
geus muscle. This fold, arising from the soft palate, is
also called the posterior pillar of the fauces,
whereas the fold anterior to this, the palatoglossal
fold, is also called the anterior pillar of the fauces.
This fold is not a part of the lateral wall of the phar-
ynx; rather, it is the fold that covers the palatoglossal
muscle, one of the extrinsic muscles of the tongue

Clinical Considerations

Oropharynx

Small clumps of lymphoid tissue surround the entry into
the deep portions of the digestive tract at the orophar-
ynx. This lymphatic ring of Waldeyer is well developed in
the child and regresses with advancing age.

It is possible to view the posterior nasal choanae,
the auditory tubes, and the larynx during an oral exami-
nation by illuminating the oropharynx and using a dental
mirror.

{1101 +| The Oral Cavity, Palate, and Pharynx 49

5 4 3

Figure 4-21. The shared anatomy of the oral cavity/oral
pharynx with the tonsilar sinus separating the oral cavity from
the oral pharynx. (1) Uvula; (2) Palatoglossal arch; (3) Palatine
tonsil fossa; (4) Body of tongue; (5) Oropharyngeal wall; (6)
Palatopharyngeal arch.

(Fig. 4-21). Note that the sinus between the two folds
houses the palatine tonsil.

Anteriorly, the base of the dorsum of the tongue
lies in the pharynx. Inferiorly, the epiglottis projects
into the oral pharynx behind the tongue, separated by
two small pouches (valleculae) located on either side
of the epiglottis (Fig. 4-7).

A more thorough discussion of the pharynx is
found in regional descriptions that follow in Chapter 16.

On examination of the
oropharynx, a ridge of tissue on
the posterior pharyngeal wall
may be observed on a plane with the soft palate. This
ridge, known as the Passavant bar, represents the con-
tact zone between the pharynx and the palate when it is
elevated for sealing off the nasopharynx from the
oropharynx.
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Cleft Lip results when the maxillary
process and the intermaxillary segment
fail to fuse with one another. This may

be observed as a notching of the lip to a
unilateral cleft lip that may reveal the
unfused maxillary process and the
intermaxillary segment. More severe mal-
formations may result in a bilateral cleft lip
with neither of the maxillary processes
fused with the intermaxillary segment.

Cleft Palate results from failure of the lat-
eral palatine shelves to fuse in the midline
(or with the intermaxillary segment), thus
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failing to separate the oronasal cavity into
a nasal cavity superior to the palate and
an oral cavity inferior to the palate.

Foramen Cecum is the small pit at the
apex of the V-shaped terminal sulcus
separating the anterior two thirds of the
tongue (body) from the posterior one
third (base) of the tongue. The pri-
mordium of the thyroid gland, derived
from the pharyngeal wall at the foramen
cecum, migrates into the neck to be
positioned ventral and inferior to the
thyroid cartilage.

Muscles of Facial Expression are
specialized muscles about the face that
arise from the hypodermis or bone and
insert into the dermis of the face, neck,
or scalp. Coordinated contractions of
these muscles, especially about the
mouth, nose, and eyes, convey emotions
in humans. This group of muscles arises
from the second pharyngeal arch and is
innervated by the facial nerve (cranial
nerve VIl), the nerve of second arch.

Muscles of Mastication are the four bilat-
eral pairs of muscles developed from the



mandibular arch that are attached to the
mandible and whose contractions supply
the forces for mastication. These muscles
are innervated by the mandibular division
of the trigeminal nerve (cranial nerve V).

Pharyngeal Arches are the five bars of
condensed mesenchymal tissue inter-
posed between the successive pairs of
the pharyngeal pouches and grooves
(clefts). Each pharyngeal arch gives rise
to bone, cartilage, vascular, muscle, and
nerve components.

Pharyngeal Grooves form concurrently
around the stomodeal neck area on the
lateral surface of the embryo where they
approximate, but do not contact, the
corresponding pharyngeal pouches.
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the pharyngeal gut that develop just
posterior to the ruptured buccopharyn-
geal membrane and invade the laterally
positioned mesenchyme.

Primary Palate (Premaxilla) develops
from the intermaxillary segment (formed
by the fused median nasal swellings) as
it grows down from the nose to form the
nasal septum, columella, philtrum of the
upper lip, labial tubercle, and into the
mouth where anterior teeth supporting
structures and gingiva develop. The pri-
mary palate is that triangular portion of
the hard palate that is located behind the
four incisor teeth and is bounded by
imaginary lines drawn from the space
between the lateral incisors and canine
teeth of either side and extending to the

Stomatognathic System includes the
muscles of mastication and the struc-
tures within the mouth for ingesting and
masticating food. This system also forms
sounds produced by the larynx into
speech for communication.

Stomodeum is the primitive mouth cavity
in the human embryo. This shallow space
is lined with ectoderm and is separated
from the cephalic end of the pharyngeal
gut by the buccopharyngeal membrane.

The Rathke Pouch develops in the oral
ectoderm of the roof of the primitive oral
cavity just anterior to the buccopharyngeal
membrane. This evaginating pouch comes
in contact with a pouch developing from
the floor of the diencephalon. These two

. ) incisive foramen.
Pharyngeal Pouches are the five pairs

of endodermally lined out-pouchings of

structures give rise to the pituitary gland.

The head and neck comprise the most complicated
portion of the human anatomy. The complex bony
skull houses the brain, which is the control and coor-
dination center for all body functions. Connected to
the brain are the special sense organs of taste, hear-
ing, smell, and sight. These organs perceive stimuli
from the environment and transmit these sensations
to the brain via the cranial nerves. Located in the
head is the stomatognathic system, including the
muscles of mastication and the structures within the
mouth for ingesting and masticating food. This sys-
tem also forms sounds produced by the larynx into
speech for communication. In addition, the face pos-
sesses a special system of muscles, the muscles of fa-
cial expression, whose coordinated contractions
about the mouth, nose, and eyes convey our emo-
tions. And finally, the nose serves as the point of
entry to the respiratory system and olfaction and in-
cidentally as an entranceway for disease.

Indeed, no other region of the body is so complex
or performs so many complicated functions as the
head and neck. Because of its intricate nature, the
compactness of the region, the ramifications of anom-
alies and congenital defects, and the disease manifes-
tations arising in the head and neck, perhaps no other
region of the body is served by so many specialized
areas of medicine and surgery.

Understanding developmental

processes in the head and neck is necessary for com-

prehending nerve-muscle relationships in normal patients

as well as in those with congenital defects to arrive at the
proper diagnosis and treatment.

An understanding of the developmental processes
that form the head and neck ultimately helps students
assimilate and remember the vast amount of informa-
tion necessary to master the study of head and neck
anatomy. For example, understanding nerve-muscle
relationships in development and subsequent muscle
migrations away from their embryonic origin is of
particular importance in the head and neck as it re-
lates to adult morphology and as an explanation of
congenital defects. Understanding these elements of
development helps one arrive at sound reasoning for
diagnosis and management of congenital defects
about the head and neck as well as for treatment
modalities of many disease manifestations.

Descriptive Language for Head
and Neck Development

Terms that are applied in de-

scribing human development sometimes have been

incorrectly carried over from descriptions of development in
lower animals.
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Language used in describing the developmental
anatomy of the head and neck may be particularly
confusing to students who have not yet studied em-
bryology. Early development within vertebrate ani-
mals is similar; indeed, to the untrained eye it would
be difficult to distinguish an early human embryo
from many of those of lower animals. For this reason,
much of the terminology used in embryology is gen-
erally applied to all vertebrates, creating some confu-
sion to the untrained individual in the specific study
of human development.

The term branchia, for example, literally means
“gill”; consequently, it is the term used to describe the
embryologic development of gills in fish. This term is
sometimes used in describing the embryologic forma-
tion of the head and neck in human beings. Obviously,
humans do not possess gills; however, the term is not
used without reason. Many of the head and neck struc-
tures in humans are homologues of gill structures in
the primitive vertebrates. The equivalent term used in
descriptions of human head and neck development is
pharyngeal. This term, although not completely accu-
rate, will be used in this text. The terms groove and
cleft may also be used interchangeably, but this should
not create misunderstanding.

Genetic and Molecular Aspects
of Development

Related genes on all chromosomes
control patterning, thus either facilitating or inhibit-
ing normal development.

A group of related genes located in the chromosomes
of all cells are responsible for patterning, a term used
to define the spatial relationship of specific predeter-
mined periods of development. These genes are
turned on or off as a result of intracellular and extra-
cellular phenomena that cause them to be either acti-
vated or suppressed, thus facilitating or impeding the
normal sequence of development.

Homeobox Genes

Homeobox genes code for tran-
scriptional factors that turn on a cascade of genes
responsible for regulating segmentation and axis for-

mation. These genes control the “window of opportunity”
for normal development.

A specific group of highly conserved genes, known
as homeobox genes, code for the synthesis of tran-
scriptional factors—proteins that bind to and regu-
late the expression of other genes. Thus, these
homeobox genes as well as certain growth factors

are essential for the temporal sequencing of devel-
opmental events. For example, certain genes can be
switched on only after being activated by the synthe-
sized products (i.e., proteins) coded from other
genes. By the same token, these same genes might
not be activated if certain other genes have been ac-
tivated before them. This implies that there is a
“window of opportunity” in development when cer-
tain events must take place, indicating that most
events in embryologic development are sequential
and that each event must take place neither before
nor after the period of opportunity written in the
DNA code. Hence, these homeobox genes are re-
sponsible for establishing a temporospatial pattern
of developmental events as occurs in segmentation
and axis formation. When this does not progress
properly, development does not proceed normally,
resulting in anomalies, congenital defects, and, if se-
vere enough, death to the developing embryo.

Signaling Cells and Target Cells

Signaling cells produce growth

factors, signaling molecules, or ligands bound for

other cells which have receptors for these molecules on

their surface; these cells are known as target cells. Such

cell-to-cell interaction triggers a sequence of developmen-
tal events.

During development, cells must interact with each
other, either indirectly by receptor-mediated binding
of the product of a particular cell or directly by cellu-
lar contact between the cells. Accordingly, there are
signaling cells and target cells in all developmental
processes. The products of these signaling cells are
referred to as growth factors, signaling molecules, or
ligands, which reach target cells via body fluids.

Target cells possess receptor molecules on their
plasmalemma that will bind only signaling molecules
produced by the signaling cell, which fit together like
a lock and key. When the cellular interaction is phys-
ical cell-to-cell contact, the cells must be able to rec-
ognize each other by the binding of their correspon-
ding ligand-receptor molecules. Once this has been
accomplished, the signaling cell interacts with the
target cell, triggering a series of sequential events in-
fluencing a single gene or a group of genes. This may
result in releasing new signaling molecules; altering
the activities of the target cell; causing the target cell
to differentiate into another cell type; causing prolif-
eration of the target cell; or causing the target cell to
undergo apoptosis and die.

The process whereby the signaling cell causes the
target cell to differentiate into another cell type is
called induction. Each event in development possesses



Clinical Considerations

Abnormal Development of the Head and Neck

Abnormalities in the embryologic development of the
head and neck lead to a great variety of malformations
with varying degrees of severity. The head and neck
develop under the control of autosomal and sex-linked
inheritance, modulated by the great influence of envi-
ronmental factors.
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The interdependence of
events and the sequencing of
development during this rather
short embryonic period, perhaps before the woman is
even aware of her pregnancy, contributes to the possi-
bility of malformation.

a specific induction period (window of opportunity)
that precludes the actual development. The most se-
vere congenital defects occur from interference during
induction rather than during actual growth and devel-
opment. For example, a particular teratogen may
cause cleft palate in a developing fetus when intro-
duced during the actual formation of the palate, yet
may have no effect at all when introduced at a later
date when the palatal shelves have approximated but
have not as yet fused with each other.

During early development at the

cephalic end of the embryo, a series of pharyngeal

arches with grooves between them may be observed on the

external surface. These surround the development of out-

pocketing of the pharyngeal gut just caudal to the buc-
copharyngeal membrane.

In the human embryo, the stomodeum or primitive
mouth cavity, a shallow depression lined with ecto-
derm, is separated from the cephalic end of the pha-
ryngeal gut by the buccopharyngeal membrane, which
ruptures during the fourth week of gestation (Fig. 5-1).
Just anterior to the buccopharyngeal membrane,
a midline diverticulum known as the Rathke pouch
develops in the oral ectoderm of the roof of the prim-
itive oral cavity. This evaginating pouch comes in
contact with a pouch developing from the floor of the
diencephalon. Further development of these two op-
posed structures gives rise to the pituitary gland.
During the fourth and fifth weeks of gestation, as
the buccopharyngeal membrane is degenerating,
communication is established between the future

oral cavity and the pharynx. Concomitant with this
event, out-pouchings of the pharyngeal gut develop
just posterior to the ruptured buccopharyngeal mem-
brane, forming five pairs of pharyngeal pouches that
invade the mesenchyme laterally. Although it was
once thought that the neural crest cells of the pharyn-
geal arches were responsible for patterning skeletal
components of the arches, it is now clear that the en-
dodermal lining of the pharyngeal pouches regulates
this patterning.

Concurrent with the formation of the pouches in
the pharyngeal wall, four pairs of grooves develop
around the stomodeal neck area on the lateral surface
of the embryo. These pharyngeal grooves (branchial
grooves) invade the underlying mesenchyme approx-
imating, but not contacting, their corresponding pha-
ryngeal pouches. Invasion by the pouches and the
grooves produces a condensation of mesenchymal
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Figure 5-1. Frontal view of an embryo at 4 to 5 weeks of
age. Observe the branchial arch formation and the ruptured
buccopharyngeal membrane.
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Figure 5-2. Developing face. (A) Fourth week. (B) Fourth to fifth week. (C) Fifth to sixth week.
(D) Sixth to seventh week. Note how the nose develops and the eyes appear more anteriorly

placed, illustrating the nasolacrimal groove.

tissue interposed between successive pairs of pouches
and grooves (clefts). These five bars of condensed
mesenchymal tissue are the pharyngeal (branchial)
arches (see Figs. 5-2, 5-3, and 5-4).

The mesenchymal cells forming much of the ven-
tral regions of the developing pharyngeal arches are
derived from neural crest cells originating from the
vicinity of the midbrain region and the rhom-
bomeres. During early pharyngeal arch formation,
these cells express homeobox gene (Hox gene) prod-
ucts indicative of the region of their origin.

Figure 5-3A. Scanning electron Figure 5-3B.
micrograph of a stage 15 (8.0-mm)
human embryo in frontal view.
Observe the maxillary processes,
mandibular process, hyoid and
third pharyngeal arch processes,
and nasal pits. X52.

Scanning electron
micrograph of a stage 17 (11.7-mm)
human embryo in lateral view.
Observe the nasal pits, median and
lateral nasal processes, maxillary
processes, mandibular process, and
hyoid arch. X57.

Continued development and growth of the arches
results in their fusion in the anterior midline. Each
arch will develop its own bone, cartilage, vascular,
muscular, and nerve components. The arches form
sequentially from rostral to caudal, with the first arch
being most highly developed and the last arch being
poorly developed. The first and second arches are
named “mandibular” and ‘“hyoid” arches, respec-
tively, whereas the remaining three are unnamed.
The discussion of pharyngeal arch derivatives that
follows is summarized in Table 5-1.

Figure 5-3C. Scanning electron
micrograph of the face of a stage
18 (17.5-mm) human embryo in
frontal view. Observe the fused
processes making up the nose,
the maxillary processes, and the
mandibular processes delineating
the mouth. X14.
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Figure 5-4. Early development of the pharyngeal grooves and pouches.

(A) Early development. (B) Later development. Observe the second arch overgrow-
ing the second, third, and fourth grooves leaving a cervical cyst in drawing B. Note
the diverticula of pouches three and four as each develops dorsal and ventral
prolongations.

Table 5-1

Pharyngeal Arch Derivatives and Their Innervation

Arch Skeletal Ligaments Muscle Nerve
| Meckel’s cartilage Sphenomandibular ~ Muscles of mastication Cranial nerve V
Mandibular  Maxillae Anterior ligament (temporalis, masseter, medial (trigeminal)
Mandible of malleus and lateral pterygoids) mandibular div.
Malleus Tensor veli palatini
Incus Tensor tympani
Digastric (anterior belly)
Mylohyoid
I Reichert’s cartilage Stylohyoid Muscles of facial expression Cranial nerve VIl (facial)
Hyoid Hyoid (part) (platysma, buccinator, frontalis,

Lesser cornu
Body, upper part
Styloid process

occipitalis, auricular,
orbicularis, oculi, oris)
Stapedius

Digastric (posterior belly)
Stylohyoid

Hyoid (part)
Greater cornu
Body, lower part

Stylopharyngeus

Cricothyroid
Pharyngeal constrictors?

Cranial nerve IX
(glossopharyngeal)
Cranial nerve X (vagus)
External branch of
superior laryngeal nerve®

o1

Thyroid cartilage

Laryngeal cartilages
(cricoid, arytenoid,

Intrinsic laryngeal muscles—
except cricothyroid

Pharyngeal plexus®

Cranial nerve X (vagus)
Recurrent laryngeal nerve®

corniculate, cuneiform)

“The origin of some of the muscles of the pharynx is as yet unclear. The pharyngeal constrictors may in fact receive innervation from more than one source.
bAlthough this named branch of the vagus nerve is traditionally described as the motor innervation to the identified laryngeal muscles, it is important to re-
member that the motor fibers of the vagus nerve, at least in this region, are actually motor fibers contributed to the vagus nerve from the cranial portion of the
accessory nerve (cranial nerve Xl).

“Several of the pharyngeal and associated muscles of the soft palate are innervated by branches of the pharyngeal plexus—a complex of the nerves located on
the posterior aspects of the pharynx consisting of contributions from cranial nerves IX and X (IX is sensory, whereas X is motor, although these motor fibers
are contributed from XI). Fibers from the superior cervical gaglion also contribute to the pharyngeal plexus, serving vasomotor functions.
























Clinical Considerations

Facial Malformations

Retinoic Acid

Retinoic acid, the acidic form of vitamin A, stimulates
the expression of homeobox genes and is known to be
implicated in early facial development. However, the
absence as well as the excess availability of retinoic
acid have been shown to result in increased incidences
of severe facial malformations.

Treacher Collins Syndrome
Treacher Collins syndrome
(mandibulofacial dysostosis) is a
severe deformity of the face, eyes, ears, and derivatives
of the mandibular arch with undeveloped zygoma
bones. Although it is an autosomal dominate trait, it can
be produced in laboratory animals following exposure to
teratogenic doses of retinoic acid.

including transforming growth factor-a and epidermal
growth factor.

As the two maxillary swellings grow anteriorly to-
ward the midline to contribute to the formation of the
upper jaw, each develops a shelflike structure that
grows inferiorly to project obliquely on the side of the
tongue into the sublingual sulcus (Fig. 5-10). As the
tongue drops from the nasal into the oral cavity dur-
ing the seventh week of development, these lateral
palatine shelves ascend to a horizontal position above
the tongue (Fig. 5-11) and fuse with each other in the
midline, forming the secondary palate (Fig. 5-12). As
a result of the fusion, some of the epithelial cells of
the seam undergo programmed cell death, thus per-
mitting confluence of mesenchymal tissues across
the midline. However, some of the epithelial cells of
the seam are transformed into mesenchymal cells
under the influence of transforming growth factor-,
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whereas others migrate and become part of the ep-
ithelium lining the oral cavity.

The intermaxillary segment forms the primary
palate, the triangular portion of the palate that is
located behind the four incisor teeth and extends pos-
teriorly in the midline to the incisive papilla. Fusion
of the secondary palate with the primary palate sep-
arates the oronasal cavity into the nasal cavity and
the oral cavity. Concomitantly, the nasal septum de-
velops as a downgrowth within the nasal cavity and,
as it fuses with the nasal aspect of the palatine
shelves, it divides the nasal cavity into bilateral
halves.

As the nasal wall continues to develop, divertic-
ula form and invade the maxillae, frontal, ethmoid,
and sphenoid bones, giving rise to the paranasal si-
nuses. (For a summary of the derivatives of facial
components, see Table 5-3.)
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Face formation. (A) The nasolacrimal groove is as yet unsealed, as are the maxillary/median

nasal process seams. (B) The nasolacrimal groove is sealing and the upper lip and philtrum have formed.
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Figure 5-9. Development of the face illustrating deriv-
atives of embryologic development. (A) Approximately
8 weeks of development. (B) Adult. (1) Median nasal
process; (2) Lateral nasal process; (3) Maxillary process;
(4) Mandibular process.

Primary Incisive Nostril
palate foramen

Uvula

Philtrum of lip

Primary
palate

D

Figure 5-10. Ventral view of the palate, gum, lip, and nose. (A) Normal. (B) Unilateral
cleft lip extending into the nose. (C) Unilateral cleft lip involving the lip and jaw extending
to the incisive foramen. (D) Bilateral cleft involving the lip and jaw. (E) Isolated cleft
palate. (F) Cleft palate combined with unilateral anterior cleft lip.

o

Figure 5-11. Cleft lip. 4
Figure 5-12. Cleft palate.



Table 5-3 Derivatives of Facial Components

Embryonic Part

Frontal process Forehead

Facial Derivatives

Skeletal Derivatives

Frontal bone

Frontonasal process Bridge of nose

Nasal bones

Median nasal process Globus of nose

Ethmoid-perpendicular plate

Intermaxillary segment
(fused median nasal

processes) Philtrum

Columella of nose
Primary palate (premaxilla)

Vomer

Superior labial frenulum
Center portion of upper lip

Lateral nasal process

Sides and ala of nose

Maxillary process
Upper cheek

Major portion of upper lip

Maxilla, zygoma
Secondary palate

Mandibular process

Lower lip, lower cheek

Mandible

Clinical Considerations

Cleft Lip and Cleft Palate

These two malformations are the most common defects
observed on the face. Cleft lip occurs in about 1 of every
1,000 births in the United States, being more prevalent
in boys (80%) than in girls. The incidence also seems to
be related to increasing maternal age. The incidence of
cleft palate is about 1 in 2,500 births. Unlike the differ-
ences noted with cleft lip, the cases observed in occur-
rence of cleft palate show girls (67%) to be more prone
to develop the defect than boys. Some evidence points
to the fact that the slower development in the female,
with palatal fusion being delayed 1 week, may contribute
to this condition.

Genetic and environmental factors play a large role
in malformations of the lip and palate; however, space
does not permit discussion of these factors here.

Cleft Lip
Cleft lip (see Fig. 5-7) may be observed only as a small
notching of the lip to a unilateral cleft lip revealing the
unfused maxillary process with the intermaxillary seg-
ment of one side. Malformation of more severe conse-
quences results in bilateral cleft lip where neither of the
maxillary swellings have fused with the intermaxillary
segment. Extremely severe cases of bilateral cleft lip
display the philtrum and the entire undifferentiated in-
termaxillary segment, which would have developed into
the primary palate. Many cases of cleft lip present mal-
formation of the primary palate and the anterior teeth.
Rarely, the median nasal processes fail to fuse and pro-
liferate, resulting in median cleft lip.

Depending on the severity of the cleft lip and the

structures associated with it, sur-
gical repair is successful, al-
though it may require several
procedures.

Cleft Palate

Posterior (secondary) cleft palate (see Fig. 5-7) results
from failure of the lateral palatine processes to fuse in the
midline with the intermaxillary segment, thereby permit-
ting direct communication between the oral and nasal
cavities. Unilateral cleft palate results when one palatal
shelf does not fuse with the intermaxillary segment.
When both shelves fail to fuse with each other and the
median nasal septum, bilateral cleft palate results.

Anterior (primary) cleft palate is a consequence of
fusion failure between the primary and secondary
palatal processes (see Fig. 5-7). Clefts of both anterior
and posterior palates result from failure of fusion be-
tween the primary palate, palatal shelves of the second-
ary palate, and the median nasal septum.

Varying degrees of clefting exist, the last described
being most severe, and the least severe is observed sim-
ply as a bifid uvula. Factors producing cleft lip, with or
without cleft palate, are distinctly different from factors
producing cleft palate alone.

A team approach, involving specialists in medicine,
dentistry, social work, and speech therapy, are often
used to correct and rehabilitate the more serious cases
of cleft palate and/or cleft lip. Although it may take sev-
eral surgical and dental procedures over a number of
years, along with therapy, the results are usually good.




Skull and Cervical Vertebrae
Skull
External Aspect of the Skull

Atlas, the first cervical vertebra, is greatly
modified. The body is replaced by an ante-
rior arch whose ventral surface possesses
an anterior tubercle, whereas its dorsal
surface presents the facet for the dens of
the axis, thus permitting rotation. Superior
facets articulate with facets on the occipi-
tal bone, whereas the inferior facets artic-
ulate with facets on the axis.

Axis, the second cervical vertebra, is also
modified to participate in the formation of
the atlantoaxial joint. The body of the axis
is modified superiorly to present a projec-
tion, the dens, which presents an articular
facet that meets the articular facet on the
internal surface of the anterior arch of the
atlas, permitting the arch of the atlas to
rotate about the dens of the axis.

Cervical Vertebrae are the superior
seven vertebrae of the vertebral column.
The superior two cervical vertebrae, the
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Internal Aspect of the Skull
Internal Base
Mandible

atlas and axis, support the head and per-
mit its rotation at the atlantoaxial joint.
With the exception of the 7th cervical
vertebra, the transverse processes of all
cervical vertebrae are pierced by the
large foramen transversarium, housing
the vertebral vessels and associated
sympathetic plexus.

Cranium is that portion of the skull that
houses the brain. Eight bones comprise
the cranium, including the paired tempo-
ral and parietal bones and the unpaired
ethmoid, frontal, sphenoid, and

occipital bones.

Dental Arches are two in number. One
is formed in the maxillae and the other
is formed in the mandible. Each arch
normally houses 16 teeth in the adult,
which articulate with their counterparts
in the opposing arch as a result of the
actions of the muscles of the mandible.

Chapter Outline

Hyoid Bone
Cervical Vertebrae
Typical Cervical Vertebrae

Key Terms

Face is composed of the remaining

14 bones of the skull. These include the
paired nasal, maxillae, palatine, lacrimal,
zygoma, and inferior nasal conchae, and
the unpaired vomer and mandible.

Hyoid Bone is a small, U-shaped bone
situated horizontally in the middle of
the anterior neck. It does not form a
joint with another bone; rather, it is
suspended by three bilateral ligaments
and as many as 10 (and occasionally
11) muscles.

Mandible is the only movable bone of
the skull. It is a double-jointed bone that
articulates with the articular eminence of
the zygomatic process of the paired
temporal bones. This is made possible
by several ligaments about the joints and
the contractions of the muscles that act
upon the mandible.



Zygomatic Arch represents most of
the bony prominence of the cheek. It is
formed by the zygomatic process of the
temporal bone and the temporal process

of the zygomatic bone. The space
superior and deep to the arch is called
the temporal fossa, whereas the space
inferior and deep to the arch is called the
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infratemporal fossa. Both of these fossae
are filled with three of the four muscles
of mastication.

The skull and cervical vertebrae, as well as the hyoid
bone, comprise the bony skeletal system of the head
and neck. In addition, the viscera of the neck—
specifically, the larynx—contains a cartilaginous skele-
ton that will be discussed later. This chapter examines
the skull, the cervical vertebrae, and the hyoid bone.

The bony skull is composed of 22

paired and single bones that make up the face and

cranium. With the exception of the mandible, the bones of

the skull are tightly attached to each other via sutures which
render them immovable.

The skull, excluding the three pairs of ossicles of the
ear, is composed of 22 bones, some of which are
paired, whereas the others are single. Twenty-one of
these bones are firmly attached to each other via
sutures and are immovable. The only movable bone is
the tooth-bearing mandible, which articulates with the
paired temporal bones by a combined hinge and glid-
ing (ginglymoarthrodial) joint, the temporomandibular
joint. Articulation at this joint permits the teeth of the
mandible to interact with the teeth on the opposing
tooth-bearing arch, the paired maxillae, and thus func-
tion in biting, mastication, and other actions.

It is convenient to divide the skull arbitrarily
into two portions, namely, the bones assisting in the
formation of the face and those forming the cranium.
Fourteen bones compose the face: the paired nasal
bones, maxillae, palatine bones, lacrimal bones,
zygoma, and inferior nasal conchae, along with the
singular vomer and mandible. Eight bones comprise
the cranium, the portion of the skull housing the
brain: the paired temporal and parietal bones and
the singular frontal, sphenoid, ethmoid, and occipital
bones (Table 6-1).

Examination of the skull is normally performed
first externally and then internally. Externally, it is
viewed from several perspectives, namely, anterior,
lateral, posterior, superior, and inferior views,

whereas internally the base of the skull and the cal-
varia are studied.

External Aspect of the Skull

Anterior View
The anterior view presents the
bones of the face and the anterior portion of
the calvaria.

From the anterior perspective, the skull is viewed face-
on, observing all of the bones that comprise the face as
well as some of the bones that form the calvaria. At
first glance, the most obvious landmarks are the paired
orbits separated medially and inferiorly by the anterior
nasal aperture. The bony prominence of the forehead
is superior to the orbits, whereas the zygomatic arch is
visible lateral and inferior to the orbits. An additional
obvious feature is the presence of the teeth located in
the upper and lower jaws (Figs. 6-1 and 6-10).

Bearing these landmarks in mind, one may now
begin a thorough examination of the anterior aspect
of the skull. The forehead is formed by the squamous
part of the frontal bone, whose posterior aspect ex-
tends to the coronal suture. Here, the frontal bone ar-
ticulates with the right and left parietal bones, which
are separated from each other by the midline sagittal
suture. The paired frontal eminences are more or less
prominent elevations on either side of the middle of
the forehead just above the superciliary arches, which
may be palpated in the living individual as elevations
superior to the eyebrows. Between the superciliary
arches is a rather smooth depressed area, the

Table 6-1 Bones of the Skull

Ossicles
of the
Cranial No. Facial No. Ears, No.
Ethmoid 1 Inferior concha 2 6
Frontal 1 Lacrimal 2
Occipital 1 Mandible 1
Parietal 2 Maxilla 2
Sphenoid 1 Nasal 2
Temporal 2 Palatine 2
Vomer 1
Zygoma 2
Total 8 14 6
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glabella. Superior to the glabella occasionally is an-
other suture, the metopic frontal suture, a remnant of
the postembryonic fusion between the right and left
halves of the frontal bone. Inferior to the superciliary
arch is the superior rim of the orbit.

Orbit
The orbit is comprised of several
bones, including portions of the frontal, maxilla, eth-
moid, palatine, sphenoid, zygoma, and lacrimal. Its concav-
ity houses the eyeball (orb) muscles, vessels, nerves, and
connective tissue in the living.

The orbit is a complex cavity formed by seven bones:
the maxilla, frontal, ethmoid, palatine, zygomatic,
sphenoid, and lacrimal bones (Figs. 6-1 and 6-2).
It houses the eyeball (orb) and its associated
muscles, vessels, nerves, and connective tissues. The
medial walls of the orbits are parallel to each other
(and to the sagittal suture), whereas their lateral walls
are positioned approximately 45 degrees from their
medial walls. Consequently, each orbit is widest ante-
riorly and narrowest posteriorly and may be envi-
sioned to have the shape of a truncated pyramid
(see Fig. 6-14 and Chapter 10).

The anterior-most aspect of the orbit (or its
base), known as the rim, is formed by three bones:
the frontal, zygoma, and maxilla. The entire supe-
rior aspect of the rim is formed by the frontal bone,
which is interrupted by the supraorbital foramen
(or, frequently, the “notch”) located medially. This
foramen transmits the supraorbital vessels and
nerves. Most of the medial and about half of the in-
ferior rim are formed by the maxilla, specifically its
frontal and part of its orbital processes. The remain-
ing inferior portion and most of the lateral portion of
the rim are formed by the zygoma. The remainder
of the orbit will be described in relation to its roof,
floor, lateral and medial walls, and apex.

The roof of the orbit is formed by a shelf of the
frontal bone known as the orbital plate. Two depres-
sions are located anteriorly on the roof; the smaller
medial one, known as the trochlear fovea, houses a
small cartilage associated with the superior oblique
muscle of the eye, and the larger depression, the lat-
erally positioned lacrimal fossa, accommodates the
lacrimal gland. The roof is completed posteriorly by a
small portion of the lesser wing of the sphenoid bone.

The lateral wall is composed of the greater wing of
the sphenoid bone posteriorly and the zygomatic bone
anteriorly. The line of fusion between the roof and the
lateral wall is incomplete posteriorly, creating the su-
perior orbital fissure, which is bounded also by the
lesser wing of the sphenoid bone and the orbital plate
of the frontal bone. The superior orbital fissure is tra-
versed by cranial nerves I11, TV, VI, and the ophthalmic

division of V, as well as small arterial branches and the
superior ophthalmic vein. Similarly, a gap between the
lateral wall and the floor of the orbit, the inferior orbital
fissure, is formed by the greater wing of the sphenoid
bone, the maxilla, the palatine bone, and the zygoma.
The inferior orbital fissure transmits the maxillary di-
vision of cranial nerve V, the zygomatic nerve, infraor-
bital vessels, and the vein to the pterygoid plexus.

The floor of the orbit is composed of the maxilla,
palatine bone, and zygoma. In the middle of the floor,
mostly on the orbital plate of the maxilla, is a depres-
sion, the infraorbital groove, which communicates
with the infraorbital foramen via the infraorbital canal.
The infraorbital vessels and nerve leave the orbit
through the infraorbital canal.

The medial wall of the orbit is formed by four
bones: the maxilla, lacrimal, ethmoid, and sphenoid
bones. Bordering the rim of the orbit medially, the
frontal process of the maxilla and the lacrimal bone
both participate in the formation of a depression, the
fossa for the lacrimal sac. This fossa is continuous in-
feriorly with the nasolacrimal canal. Two small
foramina, evident on the medial wall of the orbit at
the ethmoidal-frontal suture, are the anterior and
posterior ethmoidal foramina. The anterior ethmoidal
foramen transmits the anterior ethmoidal nerve and
vessel, whereas the posterior ethmoidal nerve and
vessel pass through the posterior ethmoidal foramen.

The apex of the orbit consists of a single round
opening, the optic foramen, through which cranial
nerve II, the ophthalmic artery, a branch of the in-
ternal carotid artery, as well as the carotid plexus
(a sheath of autonomic nerve fibers wrapped around
the artery) enter the orbit from the cranial vault.

Nasal Cavity
The nasal cavity lies in the midline
below and between the orbits, covered by the paired
nasal bones. Its medial wall is formed by the ethmoid bone,
whereas its lateral wall is formed by the zygoma. The frontal
bone forms the superior wall, whereas the maxilla forms
the floor.

The nasal cavity is below and between the two orbits.
Anterosuperiorly, it is covered by the paired nasal
bones, which articulate with one another in the mid-
line, with the perpendicular plate of the ethmoid in-
ternally, as well as with the frontal process of the
maxilla and the frontal bone. The nasal bones and the
nasal cartilages form the bony and cartilaginous
bridge of the nose.

The cavity opens at its anterior extent via the an-
terior nasal aperture (piriform aperture), whose
boundary is formed by the two nasal bones superiorly
and the maxillae laterally and inferiorly. Inferiorly, at
the midline of the anterior nasal aperture, the right



and left maxillae fuse, forming a small, bony, nipple-
like structure, the anterior nasal spine. Posteriorly, the
nasal cavity extends to the posterior nasal aperture, or
choanae, where, similarly, the horizontal plates of the
palatine bones fuse in the midline to form the poste-
rior nasal spines.

The nasal cavity is divided in the midline into
right and left halves by the nasal septum, composed
of the perpendicular plate of the ethmoid anteriorly
and superiorly and the vomer bone inferiorly and pos-
teriorly. The sphenoid, maxillae, and palatine bones
also make minor contributions to the bony nasal sep-
tum. The floor of each nasal cavity is formed by the
horizontal plate of the palatine bone posteriorly and
by the palatine process of the maxilla anteriorly.

The incisive canals are located at the junction of
the vomer with the anterior-most portion of the pala-
tine process of each maxilla. These canals transmit the
descending septal arteries and the nasopalatine nerves,
which course along on both sides of the nasal septum.
The two incisive canals open on the oral palatal surface
of the maxillae in the midline just posterior to the in-
terproximal aspect of the central incisors, at the inci-
sive foramina housed in the incisive fossa.

The lateral wall of the nasal cavity is rather com-
plex because it contains foramina communicating
with the sinuses, meatuses (which form air passages
in an anteroposterior direction), and their overlying
turbinate bones, known as conchae.

Several bones, listed in an anteroposterior direc-
tion, participate in the formation of the lateral wall:
the maxilla, lacrimal, ethmoid, and palatine bones;
the medial pterygoid plate of the sphenoid; and the in-
ferior nasal concha. The ethmoid bone has turbinate
bones, the superior and middle conchae, protruding
into the nasal cavity.

Lateral, deep, and inferior to these conchae are
air passages, the meatuses. The superior meatus ex-
tends as far as the middle concha, and it communi-
cates with the posterior ethmoid air cells. The space
below and deep to the middle nasal concha and supe-
rior to the inferior nasal concha is the middle meatus.
This meatus communicates indirectly with the ante-
rior ethmoidal air cells, directly or indirectly with the
frontal sinus, and with the maxillary sinus via the
opening (ostium) of the maxillary sinus. The space
lateral and inferior to the inferior nasal concha is the
inferior meatus, which extends as far inferiorly as the
floor of the nasal cavity. The nasolacrimal canal
opens into the anterior portion of the inferior meatus.

Face
The face is formed by 14 bones: the
paired nasal bones, zygoma, lacrimal bones, maxil-
lae, palatine bones, inferior nasal conchae, and the singular
vomer and mandible.
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The portion of the face between the inferior rim of the
orbit and the upper teeth is formed primarily by the
maxillae. Just inferior to the rim is the infraorbital fora-
men. Lateral to this is the suture between the zygo-
matic process of the maxilla and the maxillary process
of the zygoma, with the two processes contributing to
the bony cheek prominence (Figs 6-1, 6-2, and 6-6).

The inferior-most aspects of the two maxillae
house the 16 maxillary teeth, forming the upper den-
tal arch (Figs. 6-1, 6-2, and 6-10). Each maxilla contains
a central and a lateral incisor and a canine, whose sin-
gle root forms a prominent tuberosity on the maxilla,
known as the canine eminence. Medial to the canine
eminence is a fossa superior to the two incisors, the in-
cisive fossa, and a similar fossa located lateral to the
canine eminence, known as the canine fossa (see Fig.
4-3). The maxillary dental arch also houses two premo-
lars and three molars. Teeth of this arch articulate with
those of the mandible, the only bone of the skull that
possesses the capacity to move.

The right and left halves of the mandible each
contain a central and lateral incisor and a canine,
whose single root is demarcated on the mandible as
the canine eminence. Similarly to the maxillae, me-
dial to this eminence, is the incisive fossa. Two pre-
molars and three molars complete the mandibular
dental arch. At the level of the second premolar of the
mandible is the mental foramen, through which the
mental nerve and vessels exit the mandibular canal.

Occasionally, a line indicating the mental symph-
ysis may be observed in the midline inferior to the in-
terdental septum between the two central incisors, ex-
tending through the mental protuberance or point of
the chin. This represents the line of fusion of the right
and left halves of the mandible during embryogenesis.
The oblique line, the angle, and the anterior border of
the mandible are also evident from this view.

Lateral View
The lateral view displays the cranial
vault with some of the sutures between the various
bones making up the cranium, some of the bones of the
face, and the bones forming the zygomatic arch.

From the lateral aspect, the skull is viewed in profile.
The large cranial vault is evident, as are the bones of
the face (Figs. 6-2 and 6-5). Various suture lines may
be observed, namely, the coronal suture, between
the frontal and parietal bones, which ends in the
sphenoparietal suture at the greater wing of the
sphenoid. Another suture, separating the squama of
the temporal bone from the parietal bone, is the
squamosal suture, which arches posteriorly, ending
in the lambdoidal suture separating the occipital and
parietal bones. Continuous with the lambdoidal suture
inferiorly is the occipitomastoid suture, separating
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the mastoid portion of the temporal bone from
the occipital bone. The anterior border of the tempo-
ral squama participates in the formation of the
sphenosquamosal suture, delineating its fusion with
the greater wing of the sphenoid.

Two lines, the superior and inferior temporal lines,
arch across the frontal and parietal bones, indicating
sites of attachment of the temporal fascia and tempo-
ralis muscle, respectively. This region of the skull lies
deep to the zygomatic arch and constitutes the medial
wall of a large region known as the temporal fossa.

Temporal Fossa
The temporal fossa is viewed from
the lateral aspect and is the depression between the
zygomatic arch and the superior temporal lines on the tempo-
ral bone indicating the space filled by the temporalis muscle.

The temporal fossa is a space bounded by the zygoma
and the zygomatic process of the frontal bone anteri-
orly and the superior temporal lines superiorly and
posteriorly (Figs. 6-5 and 6-6). Inferiorly, its boundary
is delineated by the supramastoid crest, the posterior
root of the zygomatic arch, a line connecting the pos-
terior and anterior roots of the zygomatic arch, the in-
fratemporal crest of the greater wing of the sphenoid,
and its posterior continuation on the temporal bone
to the anterior root of the zygomatic arch.

The zygomatic arch marks the boundary of the
lateral aspect of this fossa, whereas the bony struc-
tures of the skull form its medial wall. The anterome-
dial aspect of the temporal fossa presents the inferior
orbital fissure. The temporal fossa, occupied by mus-
cles, vessels, and nerves, is superior to and continu-
ous with another deep space, the infratemporal fossa.

Infratemporal Fossa
The space deep and inferior to the
zygomatic arch, when viewed from the lateral aspect,
represents the infratemporal fossa. Medially, it is bounded
by part of the maxilla, lateral pterygoid plate of the sphe-
noid bone, and the pterygomaxillary fissure. This space
houses the medial and lateral pterygoid muscles and the in-
sertion of the temporalis muscle.

This space is located inferior and deep to the zygo-
matic arch. Its contents include the muscles of mas-
tication, their vascular and nerve supply, as well as
other structures of the deep face. The anterior
boundary of the infratemporal fossa is the infratem-
poral surface of the maxilla and the deep surface of
the zygomatic bone. Medially, it is bounded by the
lateral surface of the lateral pterygoid plate of the
sphenoid, the maxillary alveolar border, and a gap,
the pterygomaxillary fissure. Superiorly, its bound-
ary is the infratemporal crest of the sphenoid (the

boundary between the temporal and infratemporal
fossae), the inferior aspect of the temporal squama,
and the infratemporal surface of the greater wing of
the sphenoid, housing the foramen ovale and the
foramen spinosum.

Posteriorly the infratemporal fossa is poorly de-
fined by the anterior limits of the mandibular fossa,
whereas inferiorly it is completely open.

Pterygopalatine Fossa
The pterygopalatine fossa is
viewed from the lateral view and from the lateroinfe-
rior view. It lies inside the pterygomaxillary fissure located
on the medial wall of the infratemporal fossa between the
pterygoid process of the sphenoid and the posterior aspect
of the maxilla. The pterygopalatine fossa transmits the max-
illary vessels.

Entrance into the pterygopalatine fossa is gained via a
gap, the pterygomakxillary fissure, which transmits the
maxillary vessels. This fissure is located on the medial
wall of the infratemporal fossa and is formed by the in-
terval between the pterygoid process of the sphenoid
and the convex posterior aspect of the maxilla.

The fossa is pyramidal in shape and is enclosed
by three bones, the maxilla and palatine bones, and
the pterygoid process of the sphenoid (Fig. 6-6). It
communicates with the interior of the skull through
the foramen rotundum, transmitting the maxillary
branch of the trigeminal nerve; with the orbit via the
inferior orbital fissure; and with the nasal cavity by
the sphenopalatine foramen.

Extending posteriorly from this fossa is the ptery-
goid canal, which transmits the nerve of the pterygoid
canal. Inferiorly, the fossa becomes constricted and
ends in the pterygopalatine canal (greater palatine
canal) conducting the greater palatine vessels and
nerves. The fossa contains an autonomic ganglion and
its associations and blood vessels.

Zygomatic Arch
The zygomatic arch is formed by a
suture between part of the zygoma and part of the
temporal bone. It may be viewed from the lateral, lateroinfe-
rior, frontal, inferior, and lateral oblique aspects. In addition
to giving the face form, the contribution of the temporal
bone to the zygomatic arch also forms the articular surface
for the temporomandibular joint.

The zygomatic arch assists in the formation of the
bony prominence of the cheek and provides attach-
ments for the temporalis fascia and the masseter
muscle. The zygomatic arch is formed by the tempo-
ral process of the zygomatic bone and the zygomatic
process of the temporal bone, which are joined to
each other by a suture positioned more or less 45 de-



grees to the vertical (Figs. 6-2, 6-5, 6-6, and 6-7). Just
medial to this suture, in the temporal fossa, the tem-
poralis muscle passes to insert on the mandible.

The zygomatic process of the temporal bone
arises from two or (according to some) three roots.
The anterior root ends in front of the mandibular
(glenoid) fossa in a round prominence, the articular
eminence, which is the region of articulation of the
mandibular condyle with the temporal bone. The
posterior root continues further posteriorly, passing
above the external auditory meatus and lateral to the
mandibular fossa. The postglenoid tubercle, a bony
structure posterior to the mandibular fossa that as-
sists in preventing backward excursion of the condyle
out of the fossa, is considered by some to be the third
root of the zygomatic process of the temporal bone.

The zygomatic arch is continuous medially with
the zygoma, a quadrilateral bone constituting a part of
the inferior and lateral borders of the orbit. The supe-
rior border is formed by the frontal process of the zy-
goma and the inferior border by its maxillary process.

The zygomaticofacial foramen (frequently two
foramina) pierces the body of the zygoma and trans-
mits the zygomaticofacial nerve and vessels. On its
orbital aspect, the zygomatic bone presents the two
zygomatico-orbital foramina, which transmit nerves
and vessels to the zygomaticofacial and zygomati-
cotemporal foramina. The latter foramen opens on
the medial (temporal) surface of the zygomatic bone,
and through it the zygomaticotemporal nerve and
vessels enter the temporal fossa.

The zygomatic bone articulates with the zygo-
matic process of the maxilla, which describes an
arched line, the zygomaticoalveolar crest, as it curves
inferiorly to meet the alveolar portion of the maxilla.

Mastoid and Styloid Processes
The region just posterior and infe-
rior to the external ear canal is the mastoid process
serving as an attachment site for several muscles. Anterior
to the mastoid process is a long pointed bone directed infe-
riorly and anteriorly into the space of the neck. This is the
styloid process, which serves as an attachment site for sev-
eral muscles and ligaments related to movements of the
mandible, hyoid bone, tongue, and pharynx.

The external acoustic meatus and the surrounding
lateral aspect of the tympanic portion of the temporal
bone are wedged between the mastoid process and
the posterior root of the zygomatic process of the
temporal bone just posterior to the mandibular fossa
(Figs. 6-5, 6-6, and 6-7). This oval-shaped opening
transmits the cartilaginous external ear canal leading
to the tympanic membrane.

Behind and inferior to the external acoustic mea-
tus is the mastoid process, which serves as a region
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of attachment of several muscles. On its posterior as-
pect the mastoid foramen is frequently present,
transmitting emissary veins. The styloid process, lo-
cated anterior to the mastoid process, is a long, sharp,
pointed, icicle-shaped bone directed inferiorly and
anteriorly. It gives attachment to several muscles and
ligaments that assist in regulation of the excursion
and movements of the mandible, hyoid bone, tongue,
and pharynx. Between the mastoid and styloid
processes is a constant foramen, the stylomastoid
foramen, transmitting the facial nerve.

Posterior View
The occipital bone and the sagittal
and lambdoidal sutures are observed from the poste-
rior view. However, the foramen magnum is not. It may be
observed from the lateroinferior view and viewing the base.
Many of the muscles of the posterior neck attach to the oc-
cipital bone as indicated by the nuchal lines.

When the skull is observed from a posterior view, the
foramen magnum is not visible. However, it may be
observed in a lateroinferior view (Fig. 6-6) and from
viewing the base of the skull (Fig. 6-7). The most ob-
vious features present are the posterior aspects of the
sagittal suture and the lambdoidal suture, the former
separating the paired parietal bones from each other
and the latter acting as the dividing line between the
occipital and parietal bones. Occasionally, one or
more small islands of bone, known as sutural bones
(Wormian bones), are present in the apex of the
lambdoidal suture, where it is met by the inferior ex-
tent of the sagittal suture. Enclosed by the diverging
lines of the lambdoidal suture is the flat, shell-shaped
portion of the occipital bone, the squama.

A thick ridge, known as the superior nuchal line,
extends to bisect the occipital squama into superior
and inferior halves. At the midpoint, the right and left
superior nuchal lines meet in a bony point, the exter-
nal occipital protuberance.

A thin ridge of bone on the occipital squama,
known as the external occipital crest or median nuchal
line, runs directly inferiorly, to terminate at the pos-
teromedial ridge of the foramen magnum. At the mid-
point of the external occipital crest, the inferior nuchal
line extends laterally, representing the superior border
of attachment for three muscles of the back of the
neck. Occasionally, the highest nuchal lines, posi-
tioned just above the superior nuchal lines, are also
evident. These serve as lines of attachment for the
galea aponeurotica.

Superior View
A superior view of the skull dis-
plays an oval shape that is broader posteriorly, being
broadest at the parietal eminence. The bones identified
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from this view are the paired parietal bones and portions of
the frontal and occipital bones.

The skull, observed from a superior view, is oval. It is
narrower anteriorly and broader posteriorly, where
the broadest region is the parietal eminence. This view
reveals the portions of those bones that form the skull-
cap, consisting of the frontal squama, two parietal
bones, and a small portion of the occipital squama.
The frontal eminences and, if present, the metopic
frontal sutures are evident. The coronal suture, indi-
cating the border between the frontal and paired pari-
etal bones, is met at its midline by the anterior extent
of the sagittal suture at the bregma. The sagittal suture
separates the right and left parietal bones from each
other, terminating posteriorly at the lambda, the apex
of the lambdoidal suture.

Anterior to the lambda, just lateral to the sagittal
suture, are the paired parietal foramina, through
which emissary veins pass. The bones comprising the
calvaria (skullcap) are somewhat unusual in that they
present two tables of compact bone, the outer and
inner plates, which sandwich between them a layer
of spongy (cancellous) bone, known as the diploé.

Inferior View
The base of the skull provides a
view of the maxillae containing the teeth of the max-
illary arch anteriorly, the zygomatic arches laterally, and the
superior nuchal line of the occipital bone posteriorly.

The inferior aspect of the skull (the base of the skull)
is usually observed with the mandible detached to
permit an unobstructed view of the various structures
(Fig. 6-7). The anterior-most border includes the max-
illary central incisors, whereas the posterior border is
said to be the superior nuchal line.

The lateral extent includes the two zygomatic
arches and the two mastoid processes. The base of
the skull will be examined in three sections: the ante-
rior portion, which extends as far back as the hard
palate; the middle portion, which stops at a tangent
drawn along the anterior-most point of the foramen
magnum; and the posterior portion, which entails the
remainder of the base of the skull.

Anterior Portion
The anterior portion is represented
by the 16 maxillary teeth embedded in the maxillary
arch, which fuses behind the third molars forming the alve-
olar tubercle. Superior to this is the maxillary tuberosity.
The hard palate forms the roof between the right and left
halves of the maxillary arch.

The anterior portion is a flat-topped, dome-shaped
region that houses the 16 maxillary teeth arranged

peripherally in a horseshoe-shaped configuration
(Figs. 6-7 and 6-8). It is the inferior-most portion of
the skull, with the exception of the mandible.

The teeth are embedded in the alveolar arch, and
intruding into the space between any two teeth,
known as the interproximal region, is a bony exten-
sion, the interdental septum. Posterior to the third
molars, the buccal and lingual alveolar arches fuse,
and the area of fusion is known as the alveolar tuber-
cle. Superior to the alveolar tubercle, the broad, poste-
rior extent of the maxilla is the maxillary tuberosity.

In the anterior portion (and at this point it should
be appreciated that although this view observes the
skull upside-down, the descriptive terms refer to the
normal anatomic position), the roof is arched and is
separated into four segments by two intersecting su-
tures, the cruciform suture. The longer limb of this
suture is the combination of the intermaxillary/inter-
palatine sutures, which separate the hard palate into
right and left halves. The shorter limb of this suture
is made up of the palatomaxillary sutures, which sep-
arate the horizontal plates of the palatine bones from
the palatine processes of the maxillae.

The anterior-most part of the intermaxillary
suture lies in a depression, the incisive fossa (not to be
confused with the same-named depression on the ex-
ternal aspect of the maxilla), into which the incisive
foramina opens (Fig. 6-8). The incisive foramen re-
ceives the right and left incisive canals, each of which
transmits the nasopalatine branch of the sphenopala-
tine artery as well as the nasopalatine nerve.

Posteriorly, on the lateral aspect of the hard
palate, normally within the palatomaxillary suture, is
the greater palatine foramen, through which the
greater palatine vessels and nerves pass. Just poste-
rior to this foramen two, or occasionally three,
smaller foramina, the lesser palatine foramina, are
present (Fig. 6-8). They permit passage of the lesser
palatine vessels and nerves. These foramina are con-
tained in the pyramidal process of the palatine bone,
which juts out posteriorly and laterally and is inter-
posed between the lateral and medial pterygoid
plates of the sphenoid bone.

The posterior aspect of the hard palate ends in a
midline, bony projection known as the posterior
nasal spine, the origin of the muscle of the uvula.

Middle Portion
The middle portion represents parts
of the sphenoid, palatine, temporal, vomer, and occip-
ital bones and their foramina representing passageways for
vessels and nerves to move into and out of the skull.

This is the most complex portion of the base of the
skull and is composed of parts of the sphenoid, pala-
tine, temporal, vomer, and occipital bones, housing



several foramina, which present passageways to and
from the exterior of the skull (Fig. 6-7 and 6-8). The
pyramidal portion of the palatine bone has already
been discussed. It covers a portion of the maxillary
tuberosity and is interposed between the alveolar tu-
bercle and the medial and lateral pterygoid plates of
the sphenoid bone.

The medial pterygoid plate presents a short,
wedge-shaped structure at its inferior free edge, the
pterygoid hamulus, around which the tendon of the
tensor veli palatini muscle passes. This muscle origi-
nates in the scaphoid fossa, a small depression at the
base of the pterygoid processes. Above this fossa, at
the root of the medial pterygoid plate, is the opening
of the pterygoid canal (vidian canal), through which
the like-named nerve passes. Below this fossa is a
larger depression, between the lateral and medial
pterygoid plates, known as the pterygoid fossa. It
contains the origins of the medial pterygoid and ten-
sor veli palatini muscles.

Between the right and left medial pterygoid
plates is the choana, the posterior entrance into the
nasal cavity, which is separated into right and left
compartments by the nasal septum. The posterior as-
pect of this midline septum is the vomer, whose su-
perior, broadened portion, evident in the inferior
view, is met by a horizontal projection from the base
of the medial pterygoid plate known as the vaginal
process. This process forms the floor of the pharyn-
geal canal, which transmits the like-named nerve.

Posterior to the vomer is a thick, bridgelike bone,
the basilar portion of the occipital bone, which flares
out laterally as it extends back to the foramen mag-
num and the occipital condyles. A bony protuberance
in the middle of the basilar portion of the occipital
bone is known as the pharyngeal tubercle. It acts as a
point of suspension for the entire pharynx, via the
pharyngeal raphe. Shallow depressions and slight
ridges on either side of the pharyngeal tubercle rep-
resent attachments for some of the muscles of the
posterior neck.

The occipital bone approximates the jagged
petrous portion of the temporal bone, which houses
the carotid canal, through which the internal carotid
artery gains entrance into the cranial cavity. This
canal terminates anteromedially at the apex of the
petrous portion of the temporal bone, at the foramen
lacerum. This foramen, obstructed in the live individ-
ual by a cartilaginous plate, is formed by the junction
of the temporal, occipital, and sphenoid bones. Small
arterial branches to the meninges and emissary veins
from the cavernous sinus are said to pass through it.

The petrous portion of the temporal bone articu-
lates anteriorly with the sphenoid, forming a groove
that passes backwards and laterally, finally disappear-
ing as a canal in the petrous bone. This groove and
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canal house the cartilaginous portion of the auditory
tube. A ridge of bone, the spine of the sphenoid, forms
the lateral border of this groove and is perforated by
the foramen spinosum, through which the middle
meningeal artery and recurrent meningeal branch of
the mandibular division of cranial nerve V gains en-
trance into the cranial cavity.

The foramen ovale, located just anterior and me-
dial to the foramen spinosum, pierces the greater
wing of the sphenoid and permits the passage of the
accessory meningeal artery and the mandibular divi-
sion of the trigeminal nerve.

Lateral to the foramen ovale is the flat portion of
the greater wing of the sphenoid and part of the root
of the zygomatic arch of the temporal bone. These
form part of the roof of the infratemporal fossa. The
lateral border of this table turns upward at nearly a
right angle, forming a ridge, the infratemporal crest,
which marks the boundary between the infratempo-
ral and temporal fossae. The sphenotemporal suture
passes diagonally across this ridge. Posterior to this
table is a deep depression, housed in the tympanic
and squamous portions of the temporal bone, the
mandibular fossa (glenoid fossa). This depression ac-
cepts the articular disc and, indirectly, the condyle of
the mandible, thus participating in the formation of
the temporomandibular joint.

The squamotympanic fissure passes diagonally
across the mandibular fossa. Approximately halfway
through its course, a thin wedge of bone, the inferior-
most tip of the tegmen tympani, protrudes through
this fissure, thus creating two new fissures, an ante-
rior (petrosquamous) and a posterior (petrotympanic)
fissure.

The petrotympanic fissure transmits the chorda
tympani branch of cranial nerve VII and the anterior
tympanic branch of the maxillary artery. The anterior
border of the mandibular fossa is represented by the
articular eminence of the zygomatic process and the
posterior extent by the postglenoid tubercle, which is,
according to some, the posterior root of the zygomatic
arch. Curving inferiorly and posteriorly from the post-
glenoid tubercle is the free edge of the tympanic por-
tion of the temporal bone.

Posterior Portion
The occipital bone and its foramen
magnum and occipital condyles, which articulate
with the atlas and the mastoid and styloid processes, form
most of the posterior portion. Again, many foramina are po-
sitioned in the posterior portion.

This portion contains the foramen magnum, the occip-
ital condyles, the styloid and mastoid processes, and
the region of the occipital squama as far superiorly as
the superior nuchal line (Figs. 6-5, 6-6, and 6-7). The
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occipital condyles, which are located on either side of
the foramen magnum, articulate with the atlas.
Directly in front of and superior to each condyle is the
hypoglossal canal, which traverses the bone in a pos-
teromedial direction and transmits cranial nerve XII
and a meningeal artery. Just posterior to the condyle
is a depression, the condylar fossa, which may or may
not be perforated by the condylar foramen, through
which emissary veins pass.

Lateral to the hypoglossal canal is the jugular
foramen, formed by the jugular notch of the occipital
and the jugular notch of the temporal bones. Several
important structures pass through this foramen,
namely, cranial nerves IX, X, and XI, the inferior pet-
rosal and transverse sinuses (draining into the jugu-
lar bulb, the expanded terminus of the internal
jugular vein), and some meningeal arteries.

Just lateral to the large jugular foramen is the
small stylomastoid foramen, wedged between the
needle-shaped styloid process and the thick, cone-
shaped mastoid process, through which cranial nerve
VII leaves the skull. The mastoid process also gives
rise to several muscles, one of which originates from
a deep cleft, the mastoid notch, on the medial aspect
of the process.

Medial to this cleft is the groove for the occipital
artery. This groove is bordered medially by the tem-
poro-occipital suture and laterally by the ridge of bone
separating the groove from the mastoid notch.
Frequently, above and behind the mastoid process is
the mastoid foramen, transmitting emissary veins.

The most obvious structure in this part of the
base of the skull is the foramen magnum, which
transmits the medulla oblongata and associated
meninges, the spinal roots of cranial nerve XI, the
vertebral arteries, anterior and posterior spinal arter-
ies, and the autonomic fibers traveling on the verte-
bral arteries. The remaining features of the occipital
bone were described in the posterior view.

Internal Aspect of the Skull

The internal aspect of the skull may be divided into
two major regions, namely, the superior aspect—that
is, the internal surface of the calvaria—and the inter-
nal base of the skull.

Internal Surface of the Calvaria
The calvaria forms the skullcap pro-
tecting the superior aspect of the brain. The frontal
bone, two parietal bones, and a small portion of the occipi-
tal bone comprise the calvaria.

The calvaria, or skullcap, is a dome-shaped structure
that protects the superior aspect of the brain. It is com-
posed of the frontal bone, the two parietal bones, and

a small portion of the occipital bone. The anterior-
most aspect may or may not contain the superior-most
extent of the two frontal sinuses housed between the
external and internal plates of the frontal bone. A thin,
wedge-shaped ridge of bone, the frontal crest, juts out,
its sharp edge pointing posteriorly, to which the falx
cerebri attaches (Fig. 6-3). The superior aspect of the
frontal crest flares out before blending into the sur-
rounding frontal squama. As it flares out, it is grooved,
indicating the location of the superior sagittal sinus.
This groove, the sagittal sulcus, becomes deeper as it
continues posteriorly in the midline. The coronal,
sagittal, and lambdoidal sutures are also evident.

A few shallow, irregular excavations, the foveolae
granularis, are present lateral to the sagittal sulcus, in-
dicating the location of the lacunae lateralis, structures
associated with arachnoid granulations. The lateral as-
pects of the cranial vault are grooved by branches of
the meningeal vessels (Fig. 6-4).

Internal Base
The internal base of the skull pres-
ents three depressions termed the anterior, middle,
and posterior cranial fossae. These depressions house dif-
ferent lobes of the brain.

The internal base of the skull is arranged as three de-
pressions positioned in an anteroposterior direction,
each lower than the one preceding it: the anterior,
middle, and posterior cranial fossae (Fig. 6-9).

In the living individual, the internal base and
calvaria are lined by a periosteodural membrane,
which is reflected onto itself to form venous sinuses
(discussed in Chapter 17). These sinuses leave their
marks on the bones as grooves, one of which, the
sagittal sulcus, was mentioned previously. Additional
marks on these bones are caused by the presence
of' blood vessels (Fig. 6-4), cranial dura, sulci and gyri
of the brain, and foramina permitting the passage of
structures into and out of the cranial cavity.

Some of the foramina, viewable in the internal
base of the skull, were described in the previous sec-
tion and their contents were noted there. The relative
locations of these will be indicated in the present
section, but their descriptions will not be repeated
because Table 6-2, as well as the previous section,
provide that information.

Anterior Cranial Fossa
The depressions located in the ante-
rior cranial fossa form in the frontal ethmoid and sphe-
noid bones and house the frontal lobes of the cerebrum.

The anterior cranial fossa is composed of portions
of the frontal, ethmoid, and sphenoid bones (Fig. 6-9).
The frontal lobes of the cerebrum lie on this floor. The



Osteology 75

Table 6-2 Foramine of the Skull and Their Contents

Foramen Location on Skull Bone(s) Location on Bone Contents
Anterior ethmoidal Medial wall of orbit Ethmoidal Fronto-ethmoidal suture Anterior ethmoidal nerve
and frontal and vessels
Carotid canal Middle cranial Temporal Petrous portion of Internal carotid artery and
fossa temporal associated sympathetic
plexus
Cecum Anterior cranial Frontal and Between the base of the Emissary veins
fossa ethmoidal frontal crest and crista galli
Condyloid Posterior cranial Occipital In condylar fossa just Emissary veins
fossa behind the condyle
Greater palatine Anterior base of Palatine and Between the palato- Greater palatine vessels
the skull maxilla maxillary suture, lingual to and nerve
the third molar
Hiatus of the facial Middle cranial Temporal Petrous portion of tem- Greater petrosal nerve
canal fossa poral, lateral to trigeminal
impression
Hypoglossal canal Posterior cranial Occipital Directly above the anteror Cranial nerve XII,
fossa aspect of the occipital meningeal branch of the
condyle ascending pharyngeal
artery
Incisive Palatal midline Maxillae Opens into the incisive Nasopalatine nerves and
fossa just behind the in- descending septal branches
terdental septum between of the sphenopalatine
the two central incisors artery
Inferior orbital Orbit Sphenoid, Between lateral wall and Maxillary division of
fissure maxilla, floor of orbit cranial nerve V, zygomatic
palatine, and nerve, infraorbital vessels
zygoma and veins to the pterygoid
plexus, ophthalmic vein
Infraorbital Inferior to rim of Makxilla Inferior to rim of orbit, Infraorbital vessels and
orbit lateral to nasal aperture, nerve
above canine fossa
Internal auditory Posterior cranial Temporal Posterior aspect of the Cranial nerves VIl and VIII,
meatus fossa petrous portion of nervus intermedius and
temporal internal auditory vessels
Jugular Posterior cranial Occipital and Lateral to the foramen Cranial nerves IX, X, and
fossa temporal magnum, medial to the Xl; inferior petrosal and
styloid process sigmoid sinuses; meningeal
arteries; jugular bulb of
internal jugular vein
Lacerum Middle cranial Temporal, Medial to the apex of the Covered by cartilaginous
fossa occipital, and petrous part of the tem- plate, which is pierced by
sphenoid poral; lateral to basilar meningeal arteries and

part of occipital

emissary veins

Lesser palatine

Palate (posterior
palatine part)

Pyramidal process of
palatine

Lesser palatine vessels and
nerves

(continued)
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Table 6-2 Foramine of the Skull and Their Contents (continued)

Osteology

Foramen Location on Skull Bone(s) Location on Bone Contents
Magnum Posterior cranial Occipital Posterior to the clivus Medulla oblongata and
fossa associated meninges, spinal
roots of cranial nerve XI,
vertebral arteries, anterior
and posterior spinal
arteries, postganglionic
sympathetic fibers
Mandibular Medial surface of Mandible Medial surface of ramus, Inferior alveolar vessels
the mandible inferior to lingula and nerve
Mastoid Posterior external Temporal Above and behind the Emissary veins, mastoid
surface mastoid process near branch of the occipital
temporo-occipital suture artery
Mental Anterior surface Mandible Inferior to interproximal Mental nerve and vessels
of mandible region between first and
second premolar
Nasolacrimal canal Anteromedial Maxilla and Region of articulation Nasolacrimal duct
aspect of orbit lacrimal between the frontal
process of the maxilla and
the lacrimal bone
Olfactory Anterior cranial Ethmoid Cribriform plate of ethmoid Olfactory nerves
fossa surrounding the crista galli
Optic Middle cranial Sphenoid Apex of the orbit, between Optic nerve, ophthalmic
fossa the two roots of the lesser artery and associated post
wing of the sphenoid ganglionic sympathetic
fibers, central artery of
retina
Ovale Middle cranial Sphenoid Greater wing of sphenoid, Mandibular division of
fossa anteromedial to the cranial nerve V, accessory
foramen spinosum meningeal artery, some-
times the lesser petrosal
nerve
Parietal Anterior to lambda Parietal On superior aspect near Emissary vein to superior
on either side of the sagittal suture sagittal sinus, sometimes a
sagittal suture branch of the occipital
artery
Pharyngeal canal External base of Sphenoid Between the vaginal Pharyngeal nerve,

skull; medial to
medial pterygoid
plate

and palatine

process of the sphenoid
and the sphenoid process
of the palatine

pharyngeal artery

Posterior Medial wall of orbit Frontal and Fronto-ethmoidal suture, Posterior ethmoidal nerve

ethmoidal ethmoidal posterior to the anterior and vessels (when present)
ethmoidal foramen

Posterosuperior Anterior to the ptery- Maxilla Infratemporal surface and Posterosuperior alveolar

alveolar gomaxillary fissure maxillary tuberosity nerves and vessels

Pterygoid canal Extends from fora- Sphenoid Body of sphenoid just Nerve and vessels of the

(vidian canal)

men lacerum to
pterygopalatine fossa

above the pterygoid
processes

pterygoid canal (vidian
nerve and vessel)




Table 6-2 Foramine of the Skull and Their Contents (continued)

Osteology 77

Foramen Location on Skull Bone(s) Location on Bone Contents

Rotundum Middle cranial fossa Sphenoid Greater wing Maxillary branch of the
trigeminal nerve

Sphenopalatine Medial wall of ptery- Sphenoid Between sphenoidal Sphenopalatine artery and

gopalatine fossa and palatine

and orbital processes

posterior superior nasal brs.
(nasopalatine) nerves

Spinosum Middle cranial fossa Sphenoid Spine of the sphenoid Middle meningeal vessels
and recurrent meningeal
branch of mandibular divi-
sion of cranial nerve V
Stylomastoid Between styloid and Temporal Posterior to the base of Facial nerve, stylomastoid
mastoid processes the styloid process vessels
Superior orbital Postero superior Sphenoid Between roof and lateral Cranial nerves lll, IV, VI,
fissure aspect of orbit and frontal wall, lateral to apex ophthalmic division of V;
sympathetic fibers; branches
of middle meningeal artery;
recurrent branch of lacrimal
artery; superior ophthalmic
vein
Supraorbital Superior rim of Frontal Below superciliary arch Supraorbital nerve and
orbit vessels
Zygomaticofacial Lateral to the infero- Zygoma Malar surface, above the Zygomaticofacial nerve
lateral angle of the origin of zygomaticus and vessels
orbital rim major muscle
Zygomatico-orbital Anterior floor of orbit Zygoma Orbital surface Zygomaticofacial and
zygomaticotemporal nerves
and vessels
Zygomaticotemporal Temporal fossa Zygoma Temporal surface Zygomaticotemporal nerve

and vessels

anterior and lateral extents are formed by the frontal
bones, whereas its posterior boundary is formed by the
lesser wings and body of the sphenoid.

The frontal bone has a wedge-shaped midline
structure, the frontal crest, which ends in a point in-
feriorly demarcating part of the contribution of the
frontal bone to the foramen cecum. This foramen, if
patent, transmits emissary veins, and it is here that
the superior sagittal sinus originates.

The posterior part of the foramen cecum is
formed by the ethmoid bone. Just behind this foramen
is a triangular wedge of bone, the crista galli (cock’s
comb) of the ethmoid, which provides attachment for
the falx cerebri. The base of the crista galli sits in a de-
pression between the two orbital plates of the frontal
bone. The floor of this midline depression is known as
the cribriform plate of the ethmoid. As its name im-
plies, this plate is perforated by numerous olfactory

foramina, which transmit the olfactory nerves to the
olfactory bulbs that occupy this depression.

A small, triangular plate of bone extends anteri-
orly from the body of the sphenoid bone. The apex of
this bony triangle, the ethmoidal spine of the sphe-
noid bone, contacts the posterior-most part of the
crista galli. Thus, it is interposed between the orbital
plates of the frontal bone and the cribriform plate of
the ethmoid. The ethmoidal spine blends laterally
into the lesser wings of the sphenoid.

Posteriorly, the lesser wings of the sphenoid bone
terminate in a curved knife-edge, the inferior aspect
of which contains the sphenoparietal sinus. The
lesser wing of the sphenoid becomes broader medi-
ally, ending in the blunt, rounded anterior clinoid
process, forming a ledge above the middle cranial
fossa. This process forms the most anterior attach-
ment of the tentorium cerebelli.
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Middle Cranial Fossa
The middle cranial fossa is formed
by the lesser wings extending to the greater wings of
sphenoid, part of the temporal and parietal bones. The tem-
poral lobes of the brain rest in the floor of the middle cranial
fossa. The middle part of the fossa is occupied by the sella
turcica, housing the pituitary gland.

The floor of the middle cranial fossa, which supports
the temporal lobes of the brain, is at a lower level
than and extends anteriorly underneath the anterior
cranial fossa. Anteriorly, the middle cranial fossa is
limited by the lesser wings of the sphenoid, the ante-
rior border of the groove for the optic chiasma, and
the anterior clinoid processes. Laterally, it extends to
the greater wing of the sphenoid, the squamous por-
tion of the temporal, and the inferior part of the pari-
etal bones (Fig. 6-9). Posteriorly, it is limited by the
dorsum sellae of the sphenoid and the superior aspect
of the petrous portion of the temporal bone.

Most of the center of this fossa is occupied by
the sella turcica of the sphenoid, spreading antero-
laterally and posterolaterally to its wall. The body of
the sphenoid is sculpted in the midline to form the
sella turcica, whose deepest portion is known as the
hypophyseal fossa. The anterior wall of the sella
turcica, the tuberculum sellae, is almost vertical and
bears a lateral projection on each side, known as the
middle clinoid process. The posterior wall of the
sella turcica, the dorsum sellae, juts up and bears
two small, knoblike projections known as the poste-
rior clinoid processes. These processes provide at-
tachment for the tentorium cerebelli.

The chiasmatic groove leads laterally into the
optic foramen, through which the optic nerve, the
central artery of the retina, and the ophthalmic
branch of the internal carotid artery, with its associ-
ated sympathetic plexus, enter the orbit. Immediately
lateral to the optic foramen, the diagonal gap between
the lesser and greater wings of the sphenoid is known
as the superior orbital fissure, which transmits cranial
nerves III, IV, VI, and the ophthalmic division of V,
along with the ophthalmic veins.

Posterior to the superior orbital fissure is the fora-
men rotundum, through which the maxillary division
of the trigeminal nerve exits the cranial fossa. Two
additional foramina, the foramen ovale and foramen
spinosum, lie posterolateral to the foramen rotun-
dum in the sphenoid bone.

Medial to the foramen ovale is the foramen
lacerum, which is, at times, formed into an incom-
plete canal by a piece of bone, the lingula, jutting out
posteriorly from the body of the sphenoid. The lin-
gula, at its origin, participates in the formation of a
ridge forming the lateral border of a shallow groove
for the internal carotid artery. Posteriorly, the lingula

approximates the most medial region of the petrous
portion of the temporal bone, the anterior surface of
which bears a slight depression known as the trigem-
inal impression (for the trigeminal nerve ganglion).

Lateral to this impression is a small groove on the
anterior, deep surface of the petrous portion of the
temporal bone. The groove opens posteriorly into a
canal, the hiatus of the facial canal. Above and lateral
to the hiatus is a bony prominence, the arcuate emi-
nence, overlying the superior semicircular canal. The
thin, bony roof of the tympanic cavity partly sur-
rounds (laterally and anteriorly) the arcuate emi-
nence and is known as the tegmen tympani.

The superior-most portion of the petrous portion
of the temporal bone is a thin ridge, which constitutes
part of the posterior border of the middle cranial
fossa. This ridge contains the groove for the superior
petrosal sinus.

Posterior Cranial Fossa
The posterior cranial fossa is both
deeper and larger than the other two fossae and
houses the brainstem, the cerebellum, and the occipital lobe
of the cerebrum. The foramen magnum occupies its deep-
est part. Additionally, the jugular foramina are located in
this fossa.

The posterior portion of the internal base of the skull
is the posterior cranial fossa. Forming it are parts of
the occipital, temporal, and parietal bones plus a
small contribution from the sphenoid bone. This
fossa houses the brainstem, cerebellum, and the oc-
cipital lobe of the cerebrum. The foramen magnum is
located at its deepest part.

The remainder of the internal base of the skull
is referred to as the posterior cranial fossa. It is
formed by the occipital, temporal, and parietal
bones, along with a small contribution from the
sphenoid bone (Fig. 6-9).

Immediately anterior to the foramen magnum,
the somewhat concave clivus extends upward to artic-
ulate with the sphenoid. Along the lateral aspect of
this basilar portion of the occipital bone, as it approx-
imates the petrous portion of the temporal bone, is
the groove for the inferior petrosal sinus. An oval
foramen, the internal auditory (acoustic) meatus,
pierces the posterior face of the petrous temporal
bone, leading to the internal ear. Cranial nerves VII
and VIII, as well as the internal auditory arteries and
veins, pass through it.

Directly inferior to the internal auditory meatus is
the large jugular foramen, conducting various nerves
and vessels. Medial to the jugular foramen is a bony el-
evation, the jugular tubercle, whose superior surface is
grooved for the passage of cranial nerves IX, X, and XI
to the jugular foramen.



The hypoglossal foramen, leading to the hy-
poglossal canal, pierces the occipital bone just inferior
to the jugular tubercle. This canal transmits cranial
nerve XII and the meningeal branch of the ascending
pharyngeal artery. Occasionally, the condylar canal
also pierces the occipital bone, ending at the mouth of
the jugular foramen, where it is met by the groove for
the sigmoid sinus. This groove describes a sigmoid-
shaped curve on the occipital and neighboring tempo-
ral and parietal bones, where it continues as the
groove for the transverse sinus. Usually the groove on
the left is somewhat shallower than the one on the
right. Near the midline of the posterior wall of the pos-
terior cranial fossa, the groove for the transverse sinus
makes a 90-degree arc and turns superiorly to end in
the groove for the superior sagittal sinus.

At the region where the transverse sinus turns su-
periorly is a large protuberance, the internal occipital
protuberance, which marks the intersection of two
linear bony elevations forming a cross, the cruciate
eminence. The cruciate eminence divides the region
into four concavities. The lower concavities serve as
the housing of the two cerebellar hemispheres and
are known as the cerebellar fossae, whereas the two
superior depressions mark the location of the occipi-
tal lobes of the cerebrum.

The lower leg of the cruciate eminence, extend-
ing from the internal occipital protuberance to the
posterior lip of the foramen magnum, is the internal
occipital crest, which receives the attachment of the
falx cerebelli.

The mandible (jaw bone), the only

movable bone of the skull, houses the 16 adult

mandibular teeth. It is a double-jointed bone articulating

with each of the paired temporal bones forming the tem-

poromandibular articulation, thus bringing the lower dental
arch into occlusion with the upper dental arch.

The mandible, forming the skeleton of the chin, is one
of the largest bones of the skull and the only movable
one. The mandible houses the 16 lower teeth and, via
its articulation with the temporal bone, brings the
lower dentition into intimate contact with the upper
dental arch. The mandible consists of a horseshoe-
shaped, horizontally placed body and two rami project-
ing upward and backward (Figs. 6-1, 6-2, 6-5, and 6-10).

The two rami are suspended from the skull by a
series of bilateral ligaments and muscles. These limit
the excursion of the bone and simultaneously pro-
vide great versatility of motion by permitting a
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plethora of movements, including opening, closing,
protrusion, retraction, lateral excursion, and a lim-
ited degree of rotation.

The mandible presents an external and internal
surface (Fig 6-10). The external surface will be de-
scribed first. The horseshoe-shaped body presents a
fusion line in the anterior midline, between the two
central incisors, known as the symphysis menti
(mandibular symphysis), the inferior extent of which
is triangular and is referred to as the mental protu-
berance, or the point of the chin.

The base of the mental protuberance forms the
anterior-most portion of the inferior border of
the mandible and is somewhat concave in the mid-
line but presents two small, bony projections later-
ally, the mental tubercles. Above the mental tuber-
cles, on either side of the symphysis menti, the body
of the mandible presents two slight concavities, the
incisive fossae.

On the lateral surface, the mental foramen is ev-
ident, located inferior to the interproximal region
between the first and second premolars. It opens in
a posterior direction and transmits the mental nerve
and vessels.

A line, the oblique line, connects the mental tuber-
cle with the anterior border of the ramus. This oblique
line is very faint until it reaches the first molar, where
it becomes prominent and, at the level of the second
molar, begins to arch upward to become continuous
with the sharp, anterior edge of the ramus.

Medial to the oblique line, just lateral and distal to
the third molar, is a shallow depression, the retromo-
lar fossa. Medial to the retromolar fossa is another
shallow, triangular depression, the retromolar triangle.

The lateral border of the retromolar triangle be-
comes continuous with the lateral (buccal) alveolar
crest, whereas the medial border is continuous with
the medial alveolar crest of the third molar. These
crests then continue forward to form the buccal and
lingual alveolar plates of the mandible. In the inter-
proximal regions, these plates are connected to each
other by bony connections, the interdental septa.

The internal surface in the midline of the body of
the mandible bears two, or sometimes four, bony tu-
bercles. The two superior ones are constant and are
the mental spines (also referred to as superior
mandibular spines or genial tubercles) from which
the genioglossus muscles originate. The two lower tu-
bercles, the inferior mandibular spines, serve as the
origins of the geniohyoid muscles.

The medial aspect of the body of the mandible
bears a bony ridge, the mylohyoid line, extending
from the symphysis menti to the region of the third
molar. The mylohyoid line delineates the origin of
the mylohyoid muscle. Superior to the mylohyoid
line anteriorly is a shallow fossa, the sublingual fossa,
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whereas the submandibular fossa projects posteriorly
below this line. Each fossa is named after the major
salivary gland that occupies it.

Posterior to the body of the mandible is the ramus.
The region where the posterior border of the ramus is
continuous with the posterior extent of the base of the
mandible is the angle of the mandible. The buccal (ex-
ternal) aspect of the ramus is marked with tuberosities
and depressions, indicating the site of attachment of
the masseter muscle.

Just anterior to the attachment of the masseter is
a slight, seldom evident groove on the body of the
mandible, the groove for the facial artery, indicating
the route that artery takes as it curves upward to
enter the face. The upward extension of the ramus
ends in the coronoid and condylar processes.

The flattened, triangular coronoid process serves
as the insertion for the temporalis muscle. The inser-
tion of this muscle also occupies the anterior border
of the ramus on its medial aspect. The condylar
process flares out and ends in an articular surface,
the condyle of the mandible, which articulates with
the temporal bone.

The region just below the condyle is the neck of
the mandible, on whose medial aspect the lateral
pterygoid muscle inserts into a slight depression,
the pterygoid fovea. The arciform region between
the coronoid and condylar processes is known as the
mandibular notch, through which the masseteric
nerve and vessels pass into the masseter muscle.

Near the middle of the medial surface of the
ramus is the mandibular foramen, which opens into
the mandibular canal housing the inferior alveolar
nerve and vessels. The opening is guarded anteriorly
by a sharp ridge of bone, the lingula, whose free apex
points posteriorly toward the condyle. The lingula
serves as the region of attachment of the spheno-
mandibular ligament.

Inferior to the lingula is the mylohyoid groove,
extending from the mandibular foramen in an
anteroinferior direction and marking the course
of the mylohyoid nerve. The angle of the mandible
and the region posterior to the mylohyoid groove
presents a roughened, craggy appearance caused
by the insertion of the medial pterygoid muscle. (See
Figs. 6-11 through 6-13.)

The small, U-shaped hyoid bone is
located in the neck above the thyroid cartilage and
bridging the centerline of the neck. Several tendons attach

to this bone and as many as 10 or 11 muscles attach to each
bilateral half.

The hyoid is a small, U-shaped bone that, at first
glance, appears insignificant because of its small size
(Fig. 6-15). However, each bilateral half gives attach-
ment to three ligaments and as many as 10 and
sometimes 11 muscles. This bone is suspended by
ligaments and muscles between the temporal bones
and the sternum. It consists of five parts: the quadri-
lateral, median body (corpus), and four cornua
(horns), the two greater and two lesser cornua.

The two greater horns, directed posteriorly, end in
a tubercle and are attached by a cartilaginous connec-
tion earlier in life. The cartilage ossifies in middle-aged
individuals. The lesser cornua, small nipplelike struc-
tures pointing cranially and posteriorly, are attached
to the articulation of the greater cornua with the body.

Frequently, an anterior midline vertical ridge di-
vides the body of the hyoid bone into right and left
halves. The inferior border of the body is flat except
for a small, cranially directed midline concavity.

The following muscles attach to the body: ge-
nioglossus (via a few tendinous slips), geniohyoid, hyo-
glossus, levator of the thyroid gland (when present),
mylohyoid, omohyoid, sternohyoid, and thyrohyoid.
Two ligaments, the hyoepiglottic and thyrohyoid (in
part), are also attached to the body of the hyoid bone.

The following muscles are attached to the greater
cornu: digastric (via a tendinous loop), hyoglossus,
middle pharyngeal constrictor, stylohyoid, and thyro-
hyoid. The thyrohyoid membrane is attached, in part,
to the tubercle of the greater cornu.

The lesser cornu gives attachment to the chon-
droglossus portion of the hyoglossus muscle as well
as to the stylohyoid ligament.

The seven most superior vertebrae

are the cervical vertebrae. The first two, the atlas and

axis, are highly modified to permit rotation of the head upon
the vertebral column.

There are seven cervical vertebrae, and they constitute
the most superior extension of the vertebral column.
The superior two, the atlas and axis, are greatly modi-
fied to support the head and permit its rotation at the
atlantoaxial joint. The seventh cervical vertebra (C7) is
also modified but will not be treated separately here.
Interposed between any two vertebrae is an inter-
vertebral disc, as well as other cartilaginous struc-



tures involved in regions of facets to facilitate
smooth, frictionless movement and provide cushion-
ing and support for the whole vertebral column.

Typical Cervical Vertebra

A typical cervical vertebra appears

much like thoracic vertebra except that the transverse

processes of all cervical vertebrae (except the seventh) are

pierced by the large foramen transversarium, housing the
vertebral vessels and associated sympathetic plexus.

The typical cervical vertebra, as any other typical
vertebra, has a large, anteriorly directed body from
which the posterior vertebral arch is directed dor-
sally (Fig. 6-16). This arch encloses the vertebral
foramen. All the vertebral foramina together consti-
tute the vertebral canal, which houses the spinal
cord, meninges, and associated vessels. The poste-
rior vertebral arch consists of two short, anterior
pedicles and two broader, posterior laminae. Jutting
out from the two laminae are two superior articular
processes, two inferior articular processes, two
transverse processes, and a single posteriorly and
inferiorly directed spinous process.

The superior and inferior aspects of the pedicles
bear vertebral notches known as the superior and in-
ferior vertebral notches. As two vertebrae articulate
with each other, the superior notch of the lower ver-
tebra and the inferior notch of the upper vertebra
form the invertebral foramen, through which the
spinal nerves leave the vertebral canal.

The transverse processes of all cervical vertebrae
(except the seventh) are pierced by the large foramen
transversarium, housing the vertebral vessels and as-
sociated sympathetic plexus.

The seventh cervical vertebra has a small or dou-
bled foramen transversarium. The superior articular
processes project cranially, bearing the posteriorly
directed articular facets. The inferior articular
processes project caudally, with their articular facets
directed anteriorly.

The superior surface of the body is somewhat
concave and presents an upward-curving lip on either
side. The inferior surface of the body is slightly con-
cave in an anteroposterior direction, while being con-
vex in the transverse plane. The bifid spinous process
(longest in C7) projects posteriorly and inferiorly.

Atlas

The first cervical vertebra is greatly

modified because it articulates superiorly with the oc-

cipital condyles rather than with a superior vertebra. Its
body is a modified anterior arch that presents a facet for the
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dens of the axis on its dorsal surface, which is retained in
the atlas by a ligament. The inferior facets articulate with the
superior facets of the axis.

The atlas, or first cervical vertebra, is greatly modified.
The body is replaced by an anterior arch, whose ven-
tral surface possesses an anterior tubercle, whereas
the dorsal surface presents the facet for the dens of the
axis (Fig. 6-17). The anterior arch is connected to the
posterior arch via the right and left lateral masses,
which bear the superior and inferior articular facets.
The superior facets articulate with the occipital
condyles, and the inferior facets articulate with the su-
perior articular facets of the axis.

The dens is retained in the atlas by the trans-
verse ligament of the atlas, a fibrous sling that is at-
tached to a tubercle on the medial surface of each
lateral mass.

The transverse processes of the atlas are very
long and bear the foramina transversarium for the
passage of the vertebral artery and associated struc-
tures. The superior surface of the posterior arch pos-
sesses a groove for the passage of the vertebral artery
to enter the foramen magnum. The posterior arch
ends in the small posterior tubercle, representing the
remnant of the spinous process.

Axis

The second cervical vertebra is

modified to help form the atlantoaxial joint. The body

is modified, forming the toothlike dens which articulates

with the anterior arch of the atlas. The spinous process is

large and bifid, and it serves for the attachment for the
many muscles responsible for head movements.

The axis, or second cervical vertebra, is also modified
to participate in the formation of the atlantoaxial joint
(Fig. 6-17). The body of the axis is modified superiorly
to present a cranial toothlike projection, the dens,
which is notched posteriorly to accept the transverse
ligament of the atlas. Anteriorly, the dens possesses
an articular facet that meets the articular facet of the
atlas’s anterior arch.

The pedicles are modified superiorly because
they are overlaid by the superior articular facets, and
the vertebral notches of this surface are very shal-
low. The inferior vertebral notches, however, are
very deep. The transverse processes of the axis are
short and possess only a single tubercle, but other-
wise they are unremarkable. The spinous process is
large and bifid, and it serves for the attachment of
many muscles responsible for various movements of
the head.
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