[LLUSTRATE

EMBRYO

_0GY,

D

.:/-"" a 'A“\‘\.
(1772
EDITION

DENTAL

<-

"OLOGY,

AND ANATOMY

FEHRENBACH POPOWICS




evolve
YOU'VE JUST PURCHASED

MORE THAN
A TEXTBOOK!

Evolve Student Resources for Fehrenbach/Popowics:
lllustrated Dental Embryology, Histology, and Anatomy,
4th edition, include the following:

¢ Practice Quizzes: Approximately 270 multiple-choice questions
in an instant-feedback format, with rationales for correct and
incorrect answers and page-number references for remediation

Histology Matching Game: Drag-and-drop exercises
for histological identification of images

Review and Assessment Questions: Approximately 630
review/assessment short-answer questions separated by
chapter

Supplemental Considerations: Material on topics of

interest that build on the core chapter discussions and
enrich learning

Tooth Identification Excercises: Matching exercises that
correlate a photo of an actual permanent tooth with its tooth
number and description; includes instant feedback for
self-assessment

WebLinks: Robust listings of additional web resources to
supplement chapter discussions

Activate the complete learning experience that comes with each
textbook purchase by registering at

http://evolve.elsevier.com/Fehrenbach/illustrated/

REGISTER TODAY!

You can now purchase Elsevier products on Evolve!
Go to evolve.elsevier.com/html/shop-promo.html to search and browse for products.




EDITION

ILLUSTRATED DENTAL
EMBRYOLOGY, HISTOLOGY,
AND ANATOMY

MARGARET J. FEHRENBACH, RDH, MS

Oral Biologist and Dental Hygienist

Adjunct Instructor, Bachelor of Applied Science Degree, Dental Hygiene Program,
Seattle Central College, Seattle, Washington

Educational Consultant and Dental Science Technical Writer, Seattle, Washington

TRACY POPOWICS, PhD

Associate Professor, Department of Oral Health Sciences
School of Dentistry, University of Washington, Seattle, Washington

ELSEVIER

SAUNDERS



ELSEVIER

SAUNDERS

3251 Riverport Lane
Maryland Heights, Missouri 63043

ILLUSTRATED DENTAL EMBRYOLOGY, HISTOLOGY, AND ANATOMY,

FOURTH EDITION ISBN: 978-1-4557-7685-

Copyright © 2016, 2011, 2006, 1997 by Saunders, an imprint of Elsevier, Inc.

6

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechani-
cal, including photocopying, recording, or any information storage and retrieval system, without permission in
writing from the Publisher. Details on how to seek permission, further information about the Publisher’s permis-
sions policies and our arrangements with organizations such as the Copyright Clearance Center and the Copyright

Licensing Agency, can be found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher (other

than as may be noted herein).

Notices

Knowledge and best practice in this field are constantly changing. As new research and experience broaden
our understanding, changes in research methods, professional practices, or medical treatment may become
necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and
using any information, methods, compounds, or experiments described herein. In using such information or
methods they should be mindful of their own safety and the safety of others, including parties for whom they
have a professional responsibility.

With respect to any drug or pharmaceutical products identified, readers are advised to check the most
current information provided (i) on procedures featured or (ii) by the manufacturer of each product to be
administered, to verify the reccommended dose or formula, the method and duration of administration, and
contraindications. It is the responsibility of practitioners, relying on their own experience and knowledge of
their patients, to make diagnoses, to determine dosages and the best treatment for each individual patient, and
to take all appropriate safety precautions.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any
liability for any injury and/or damage to persons or property as a matter of products liability, negligence or
otherwise, or from any use or operation of any methods, products, instructions, or ideas contained in the
material herein.

International Standard Book Number: 978-1-4557-7685-6

Content Strategist: Kristin Wilhelm

Content Development Manager: Ellen Wurm-Cutter
Content Development Specialist: Joslyn Dumas
Publishing Services Manager: Julie Eddy

Project Manager: Jan Waters

Design Direction: Ashley Miner

ELSEVIER

Printed in China

Last digit is the print number:9 8 7 6 5 4 3 2 1

aa Working together
—4AB8- (o grow libraries in
Pockfid developing countries

www.elsevier.com ¢ www.bookaid.org




REVIEWERS

JANITA COPE, RDH, MS

Associate Professor
Dental Hygiene
Oregon Tech

Klamath Falls, Oregon

JEFFREY R. SMITH, DMD

Instructional Program Manager
Dental Programs

Florida State College at Jacksonville
Jacksonville, Florida



This page intentionally left blank



PREFACE

OVERVIEW

This textbook provides an extensive background for student dental
professionals in the area of oral biology as well as dental professional
program graduates who need to take competency examinations or
update their background knowledge in this area. The textbook strives
to integrate the clinical aspects of dentistry with the basic science
information that is key to its successful performance by the dental
professional.

The textbook is divided into four units: Orofacial Structures,
Dental Embryology, Dental Histology, and Dental Anatomy. The
textbook was organized into units to accommodate differing curricu-
lum; thus, the units do not have to be presented in any specific order.
However, the first unit on orofacial structures serves as an outstand-
ing review for the students before further study in oral biology, which
is also presented in this textbook.

FEATURES

Each of the four units for this text book consists of several chapters
and each chapter builds on the preceding ones in that unit. Each
chapter begins with a Learning Objectives section, which serves
as a checkpoint for the students to test their understanding of the
chapter’s content. In addition, each chapter contains key terms. The
terms are bold when presented for the first time in the text book.
Terms used in other chapters are italicized for increased emphasis of
important concepts. Pronunciations of these terms are provided in
the chapters and the Glossary.

The chapters contain figures that incorporate both micro-
scopic and clinical photographs, and also useful tables and
boxes. Most of the photographs are original to this text-
book and come from the personal collection of Margaret J.
Fehrenbach and the Dr. Bernhard Gottlieb Collection (see
Acknowledgments). The fine illustrations of the dentitions are
original to this textbook, as are most of the other ones in the other
areas of oral biology.

Within each chapter are discussions of clinical considerations
of the topic covering various treatment situations; these allow
for an increased integration of the basic science information into
everyday practice for the dental professional. Each chapter con-
tains cross-references to figures and other chapters so that the
reader can review or investigate interrelated subjects. The content
of this edition incorporates additional input from students and
educators as well as the latest information from scientific studies
and experts.

The textbook concludes with a bibliography, a complete glossary
of key terms using short easy-to-remember phrases with pronuncia-
tion guide, and appendices that contain a review of anatomic nomen-
clature, units of measurement, permanent tooth measurements, and
developmental information for the dentitions.

EVOLVE

A companion Evolve website is available for both students and
instructors. It can be accessed directly at http://evolve.elsevier.com/
Fehrenbach/illustrated.

INSTRUCTORRESOURCES

o Image Collection: All of the images from the textbook are available
electronically and they can be downloaded and used in PowerPoint
or other classroom lecture formats.

o Test Bank: Approximately 600 objective-style questions—multiple-
choice, true/false, matching, short answer—are available with
accompanying objective mapping, rationales, and page/section
references for textbook remediation.

o TEACH Instructor’s Resource Manual: This resource includes de-
tailed lesson plans, PowerPoint lecture outlines, classroom activi-
ties, and the answers to the workbook activities.

STUDENTRESOQURCES

o Practice Quizzes: Approximately 200 multiple-choice questions are
available in an instant-feedback format and they are mapped to
objectives with rationales for correct and incorrect answers. Page-
number references are also included for remediation.

o Histology Matching Game: This learning game has drag-and-drop
exercises for histological identification of images.

o Review & Assessment Questions: Approximately 450 review/
assessment short-answer questions for discussion, review, and/or
assessment.

o Supplemental Considerations—Additional Material: Information
available on topics of interest to specific chapters that build on the
core chapter discussion and enrich learning.

o Tooth Identification Exercises: Matching exercises that correlate a
photo of an actual permanent tooth with its tooth number and de-
scription are available for the students, including instant feedback
for self-assessment.

o WebLinks: Robust listings of additional web resources are included
in supplement chapter discussions.

ADDITIONAL R OUR

The companion Workbook for Ilustrated Dental Embryology, His-
tology, and Anatomy is also available for student use. The workbook
features activities such as structure identification exercises, glossary exer-
cises, tooth drawing exercises, infection control guidelines for extracted
teeth, and review questions. Patient examination procedures for extra-
oral and intraoral structures, the dentition, and occlusal evaluation have
been added to integrate the clinical aspects of densitry with the basic
science information within the included clinical exercises. Case studies
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are also present for each unit as well as removable flashcards using the
original illustrations of the permanent dentition from the textbook.
This textbook is coordinated with the Illustrated Anatomy of the
Head and Neck by Margaret J. Fehrenbach and Susan W. Herring
and it can be considered a companion textbook to complete the
curriculum in oral biology. Many of the figures are also presented

in the Dental Anatomy Coloring Book, edited by Margaret J.

Fehrenbach.

Margaret J. Fehrenbach
Tracy Popowics
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UNIT | OROFACIAL STRUCTURES

CHAPTER ]

Face and Neck Regions

Additional resources and practice exercises are provided on the companion Evolve website for this book:

000 EARNING OBJECTIVES

http://evolve.elsevier.com/Fehrenbach/illustrated.

1.Define and pronounce the key terms in this chapter.

2.Locate and identify the regions and associated
surface landmarks of the face on a diagram and a
patient.

3.Integrate the clinical considerations for the surface
anatomy of the face into patient examination and
care.

A AND N\ N
Dental professionals must be comfortably familiar with the surface
anatomy of the face and neck as discussed in this introduction to Unit I
to provide comprehensive dental care. The superficial features of the
face and neck provide essential landmarks for many of the deeper ana-
tomic structures.

Examination of these accessible features on a patient, both by
visualization and palpation, can give information about the health
of deeper tissue. Some degree of variation in surface features can be
considered within a normal range. However, a change in a surface fea-
ture in a patient may signal a condition of clinical significance and
must be noted in the patient record, as well as correctly followed up by
the examining dental professional. Thus, the variations among indi-
viduals are not what should be noted but the changes in a particular
individual.

Some of these surface changes in the features of the face and neck
may be due to underlying developmental disturbances. Knowledge of
the surface features of the face and neck additionally helps dental pro-
fessionals to understand the associated developmental pattern. Unit IT
describes the development of the face and neck and associated devel-
opmental disturbances. However, other visible surface changes may
be due to underlying associated histologic tissue changes. In Unit III,
the histology of the face and neck is correlated with its visible surface
features. Thus, dental professionals need to study face and neck surface
structures before continuing further in the study of dental embryology
and histology, as well as dental anatomy, as presented in Unit I'V.

In this textbook, the illustrations of the face and neck, as well as any
structures associated with them, are oriented to show the head in ana-
tomic position (see Appendix A), unless otherwise noted. This is the

4.Locate and identify the regions and associated
surface landmarks of the neck on a diagram and a
patient.

5.Integrate the study of surface anatomy of the neck
into patient examination and care.

same position as if the patient in a clinical setting is viewed straight on
while sitting upright in the dental chair.

FACE REGIONS

The face and neck surface is divided into regions, as is the head itself.
Within each region are certain surface landmarks. It is important
to practice finding these landmarks in each region using a personal
mirror while referring to this textbook, as well as the Workbook for
Illustrated Dental Embryology, Histology, and Anatomy, in order
to improve your skills of examination. Later, locating them on peers
and then on patients in a clinical setting will add a real-world level of
competence.

The regions of the face include: the frontal, orbital, nasal, infraor-
bital, zygomatic, buccal, oral, and mental regions (Figure 1-1). Lymph
(limf) nodes are located in certain areas of the face and head and,
when palpable, should be noted in the patient record (Figure 1-2, also
see Figure 11-16).

FRONTAL, ORBITAL, AND NASAL
REGIONS

The frontal (frun-tal) region of the face includes the forehead and the
area above the eyes (Figure 1-3). In the orbital (or-bit-al) region of
the face, the eyeball and all its supporting structures are contained in
the orbit (or-bit) of the skull which is the bony eye socket.

The main feature of the nasal (nay-zil) region of the face is the
external nose (Figure 1-4). The root of the nose is located between
the eyes, and the tip is the apex of the nose. Inferior to the apex on
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FIGURE 1-1 Regions of the face: Frontal, orbital, infraorbital, nasal,
zygomatic, buccal, oral, and mental. (Adapted from Fehrenbach MJ,
Herring SW: lllustrated anatomy of the head and neck, ed 4, St Louis,
2012, Saunders/Elsevier.)

each side of the nose is a nostril, or naris (nay-ris) (plural, nares [nay-
rees]). The nares are separated by the midline nasal septum (sep-
tum). The nares are also bounded laterally by winglike cartilaginous
structures, each ala (ah-lah) (plural, alae [ah-lay]) of the nose.

INFRAORBITAL AND ZYGOMATIC
REGIONS

The infraorbital (in-frah-or-bit-al) region of the face is located infe-
rior to the orbital region and lateral to the nasal region (see Figure
1-3). Farther laterally is the zygomatic (zy-go-mat-ik) region, which
overlies the bony support for the cheek, the zygomatic arch. The
zygomatic arch extends from just below the lateral margin of the eye
toward the middle part of the external ear.

Inferior to the zygomatic arch and just anterior to the external ear
is the temporomandibular (tem-poh-ro-man-dib-you-lar) joint
(TM]J). This is the location where the upper skull forms a joint with
the lower jaw (see Figure 19-1). The movements of the joint occur
when the mouth is opened and closed using the lower jaw or the lower
jaw is moved to the right or left. To palpate the lower jaw moving at
the TM]J on a patient, a finger is placed into the external ear canal
during movement.

BUCCALREGION

The buccal (buk-al) region of the face is composed of the soft tissue
of the cheek (see Figure 1-3). The cheek forms the side of the face
and is a broad area of the face between the nose, mouth, and ear.
Most of the upper cheek is fleshy, mainly formed by a mass of fat
and muscles. One of these muscles forming the cheek is the strong
masseter (mass-et-er) muscle, which is palpated when a patient
clenches the teeth together (see Figure 19-8, A). The sharp angle of
the lower jaw inferior to the earlobe is termed the angle of the man-
dible (man-di-bl).

The parotid salivary (pah-rot-id sal-i-ver-ee) gland has a small
part that can be palpated on a patient in the buccal region as well as in
the zygomatic region (Figure 1-5, see Figure 11-7). Thus, the parotid
is located irregularly from the zygomatic arch down to the posterior
border of the lower jaw.

ORAL REGION

The oral region of the face has many structures within it, such as the
lips and oral cavity (Figure 1-6, see Figures 2-2 and 2-11). The upper
and lower lips are fleshy folds that mark the gateway of the oral cavity
proper. The vermilion (ver-mil-yon) zone of each lip has a darker
appearance than the surrounding skin, with the lips outlined from
the surrounding skin by a transition zone, the mucocutaneous (moo-
ko-ku-tay-nee-us) junction at the vermilion border. Between the ver-
milion zone and the inner oral cavity is the intermediate zone.

On the midline of the upper lip extending downward from the
nasal septum is a vertical groove, the philtrum (fil-trum). The phil-
trum terminates in a thicker area of the midline of the upper lip, the
tubercle (too-ber-kl) of the upper lip. Underlying the upper lip is the
upper jaw, or maxilla (mak-sil-ah) (Figure 1-7, A). The bone under-
lying the lower lip is the lower jaw, or mandible (Figure 1-7, B). For
more information on the jaws, see a detailed discussion in Chapter 2.
The upper and lower lips meet at each corner of the mouth at the
labial commissure (lay-be-al kom-i-shoor).

Clinical Considerations with Lips

Disruption of the vermilion zone may make it hard to determine the
exact location of its mucocutaneous junction at the vermilion border
between the lips and the surrounding skin (Figure 1-8). These changes
may be due to scar tissue from past traumatic incidents, developmen-
tal disturbances, or cellular changes in the tissue, such as those that
occur with solar damage. These changes may also represent a more
serious condition, such as cancer; however, this can be verified only
with tissue biopsy and microscopic examination. If disruption is ini-
tially only from solar damage, protection of the lips (especially the
lower lip) with sunscreen is important because sun exposure increases
the risk of cancerous changes. The risk of cancerous changes with the
lips can be increased with chronic alcohol and tobacco use.

If disruption of the vermilion zone and its mucocutaneous junction
at the vermilion border has been caused by a traumatic incident, noting
it in the patient record is important given that the rest of the oral cavity
may be affected. If this change is part of a past history of a cleft lip, this
also needs to be noted (see Figure 4-8).

MENTAL REGION

The chin is the major feature of the mental (men-tal) region of the
face. The bone underlying the mental region is the mandible, or lower
jaw. The midline of the mandible is marked by the mandibular sym-
physis (man-dib-you-lar sim-fi-sis) (see Figure 4-5).

On the lateral aspect of the mandible, the stout, flat plate of the
ramus (ray-mus) (plural, rami [rame-eye]) extends upward and back-
ward from the body of the mandible on each side (see Figure 1-7, B,
and Figure 1-9). At the anterior border of the ramus is a thin, sharp
margin that terminates in the coronoid (kor-ah-noid) process. The
main part of the anterior border of the ramus forms a concave forward
curve, the coronoid notch.

The posterior border of the ramus is thickened and extends from
the angle of the mandible to a projection, the mandibular condyle
(kon-dyl) with its neck. The articulating surface of the condyle is the
head of mandibular condyle within the TM]J. Between the coronoid
process and the condyle is a depression, the mandibular notch.

Clinical Considerations with Facial Esthetics

The face can be divided vertically into thirds, and this perspective
is considered the vertical dimension of the face (see Figure 1-3).
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FIGURE 1-2 Lymph nodes of the head. A, Superficial nodes. B, Deep nodes. (From Fehrenbach MJ,
Herring SW: /llustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)
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FIGURE 1-3 Landmarks of the frontal, orbital, infraorbital, zygomatic, buccal, and mental regions, as
well as the three divisions of the vertical dimension of the face (see also Figure 1-10). (From Fehrenbach
MJ, Herring SW: lllustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)
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FIGURE 1-4 Landmarks of the nasal region with the nasal septum highlighted (dashed lines). (From
Fehrenbach MJ, Herring SW: lllustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/

Elsevier.)
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FIGURE 1-5 Major salivary glands. (From Fehrenbach MJ, Herring SW: lllustrated anatomy of the head
and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)
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Philtrum

Mucutaneous
junction at the

Upper lip
vermilion border

Tubercle Lab'al.
commissure

Lower lip Vermilion
zone

Mucutaneous a
junction at the FIGURE 1-8 Disruption of vermilion zone and its mu-
vermilion border cocutaneous junction at the vermilion border on the
lower lip due to solar damage. (Courtesy of Margaret J.

FIGURE 1-6 Upper and lower lips with the vermilion zones and mucocutaneous
Fehrenbach, RDH, MS.)

junctions at the vermilion borders. (From Fehrenbach MJ, Herring SW: lllustrated
anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)

/ Body of the maxilla

Canine
eminence
Alveolar
process )
of the maxilla Maxnlar_y
tuberosity
A
Articulating
Coronoid Coronoid Mandibular surface of the
notch  process notch condyle
Mandibular
teeth
Alveolar
process
of the
mandible
B
Body Ramus Angle Neck
of the mandible of the mandible

FIGURE 1-7 Landmarks of the maxilla (A) and mandible (B). (From Fehrenbach MJ, Herring SW: /lllustrated anatomy of the head and neck, ed 4,
St Louis, 2012, Saunders/Elsevier.)
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FIGURE 1-9 Landmarks of the mandible integrated with overlying facial features. (From Fehrenbach MJ,
Herring SW: /llustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)

FIGURE 1-10 Golden Proportions of the face with its three divisions
illustrating the considerations of vertical facial dimension: Nasal height
(A)is related to maxillary height (B) as 1.000:0.618; sum of nasal height
and maxillary height (A + B) are related to mandibular height (C) as
1.618:1.000; mandibular height (C) is related to maxillary height (B) as
1.000:0.618; orofacial height (B + C) is related to nasal height (A) as
1.618:1.000. Note that each ratio is 1.618, which is integral to these
guidelines. These guidelines can also be used when considering the
esthetics of the related smile. See also Figure 1-3.

A discussion of vertical dimension allows a comparison of the three
divisions of the face for functional and esthetic purposes using the
Golden Proportions, which is a set of guidelines (Figure 1-10 and see
Figure 1-3). Loss of height in the lower third, which contains the teeth
and jaws, can occur in certain circumstances, causing pronounced
changes in the functions as well as esthetics of the orofacial structures
(see Figure 14-22).

NECK REGIONS

The regions of the neck extend from the skull and lower jaw down
to the clavicles and sternum (Figure 1-11). Lymph nodes are located
in certain areas of the neck and, when palpable on a patient, should
be noted in the patient record (Figure 1-12). The regions of the neck
can be divided further into different cervical triangles using the large
bones and muscles located in the area.

The large strap muscle, the sternocleidomastoid (stir-no-klii-do-
mass-toid) muscle (SCM), is easily palpated on each side of the neck

Hyoid bone

Sternocleidomastoid
muscle

Thyroid cartilage

FIGURE 1-11 Landmarks of the neck region. (From Fehrenbach MJ,
Herring SW: lllustrated anatomy of the head and neck, ed 4, St Louis,
2012, Saunders/Elsevier.)

of a patient (see Figure 1-11), with its borders dividing the neck into
further regions. At the anterior midline is the hyoid (hi-oid) bone,
which is suspended in the neck. Many muscles attach to the hyoid bone,
which controls the position of the base of the tongue. Also found in the
anterior midline and inferior to the hyoid bone is the thyroid cartilage
(thy-roid kar-ti-lij), which is the prominence of the “voice box,” or lar-
ynx (lare-inks). The vocal cords, or ligaments of the larynx, are attached
to the posterior surface of the thyroid cartilage.

The thyroid gland, an endocrine gland, can also be palpated
on a patient within the midline cervical area (Figure 1-13 and see
Chapter 11). Thus, the thyroid gland is located inferior to the thy-
roid cartilage, at the junction of the larynx and the trachea. The
parathyroid (par-ah-thy-roid) glands are also endocrine glands
that located close to or within the posterior aspect of each side of
the thyroid gland but cannot be palpated in a patient. The sub-
mandibular (sub-man-dib-you-lar) salivary gland and the sub-
lingual (sub-ling-gwal) salivary gland can also be palpated in a
patient in the neck region (see Figure 1-5 and Figure 11-7).
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FIGURE 1-12 Lymph nodes of the neck. A, Superficial cervical nodes. B, Deep cervical nodes. (From
Fehrenbach MJ, Herring SW: /llustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/
Elsevier.)
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FIGURE 1-13 Thyroid gland. (From Fehrenbach MJ, Herring SW: /lllustrated anatomy of the head and
neck, ed 4, St Louis, 2012, Saunders/Elsevier.)



CHAPTER 2

Oral Cavity and Pharynx

Additional resources and practice exercises are provided on the companion Evolve website for this book:

000 EARNING OBJECTIVES

http://evolve.elsevier.com/Fehrenbach/illustrated

1.Define and pronounce the key terms in this chapter.

2.Locate and identify the divisions and associated sur-
face landmarks of the oral cavity on a diagram and a
patient.

3.Integrate the clinical considerations for the surface
anatomy of the oral cavity into patient examination
and care.

A dental professional must be totally committed to improving the
overall health of every patient. In order to accomplish this, dental
professionals must be particularly knowledgeable about their main
area of focus, the oral cavity, and the adjacent throat or pharynx and
its health. To visualize this area of focus successfully, it is important
to know the boundaries, terminology, and divisions of the oral cavity
and the pharynx as discussed in this second chapter of Unit I. Later,
Unit IT describes the development of oral tissue and associated devel-
opmental disturbances. Following that, Unit III describes the under-
lying histology of orofacial tissue that gives them many characteristic
surface features. Later, Unit IV discusses dental anatomy.

Some degree of variation can be possible in the oral cavity and
visible divisions of the pharynx. However, a change in any tissue or
associated structure in a patient may signal a condition of clinical sig-
nificance and must be noted in the patient record, as well as correctly
followed up by the examining dental professional. Thus, it is not the
variations among individuals that should be noted but the changes in
a particular individual.

In this textbook, the illustrations of the oral cavity and pharynx, as
well as any structures associated with them, are oriented to show the
head in anatomic position (see Appendix A), unless otherwise noted.
This is the same as if the patient in a clinical setting is viewed straight
on while sitting upright in the dental chair.

ORAL CAVITY DIVISIONS

The oral cavity is divided into the vestibules, jaws and alveolar pro-
cesses, teeth, and oral cavity proper. Within each part of the oral cavity

4.0utline the divisions of the pharynx and identify
them on a diagram.

5.Integrate the study of surface anatomy of the visible
divisions of the pharynx into patient examination
and care.

are certain surface landmarks. It is important to practice finding these
surface landmarks in the oral cavity using a personal mirror while
referring to this textbook, as well as the Workbook for Illustrated
Dental Embryology, Histology, and Anatomy, in order to improve
skills of examination. Later, locating them on peers and then on
patients in a clinical setting adds a real world level of competence.

An understanding of the divisions of the oral cavity is aided by
knowing its boundaries; many structures of the face and oral cavity
mark the boundaries of the oral cavity (Figure 2-1). The lips of the
face mark the anterior boundary of the oral cavity, and the pharynx
or throat is the posterior boundary. The cheeks of the face mark the
lateral boundaries, and the palate marks the superior boundary. The
floor of the mouth is the inferior border of the oral cavity.

Many oral structures are identified with orientational terms based
on their relationship to other orofacial structures, such as the facial sur-
face, lips, cheek, tongue, and palate (see Figure 2-1). Those structures
closest to the facial surface are termed facial (fay-shal). Those facial
structures closest to the lips are termed labial (lay-be-al). Those facial
structures close to the inner cheek are termed buccal (buk-al). Those
structures closest to the tongue are termed lingual (ling-gwal). Those
lingual structures closest to the palate are termed palatal (pal-ah-tal).

ORALVESTIBULES

The upper and lower horseshoe-shaped spaces in the oral cavity
between the lips and cheeks anteriorly and laterally and the teeth and
their soft tissue medially and posteriorly are considered the vestibules
(ves-ti-bules), both maxillary and mandibular (Figure 2-2). These
oral vestibules are lined by a mucous membrane, or oral mucosa (mu-
ko-sah). The inner parts of the lips are lined by a pink labial mucosa.

9
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The labial mucosa is continuous with the equally pink buccal mucosa
that lines the inner cheek. However, both the labial and buccal mucosa
may vary in coloration, as do other regions of the oral mucosa, in
individuals with pigmented skin (see Figure 9-23).

The buccal mucosa covers a dense pad of underlying fat tissue at the
posterior part of each vestibule, the buccal fat pad. The buccal fat pad
acts as a protective cushion during mastication (mass-ti-kay-shin),
or chewing. On the inner part of the buccal mucosa, just opposite
the maxillary second molar, is a small elevation of tissue called the
parotid papilla (pah-rot-id pah-pil-ah). The parotid papilla protects
the opening of the parotid duct (or Stensen duct) of the parotid sali-
vary gland (see Figures 1-5 and 11-7).

Deep within each vestibule is the vestibular fornix (ves-tib-u-lar
fore-niks), where the pink labial mucosa or buccal mucosa meets
the redder alveolar mucosa (al-vee-o-lar mu-ko-sah) at the muco-
buccal (mu-ko-buk-al) fold. The labial frenum (free-num) (plural,
frena [free-nah]) is a fold of tissue located at the midline between
the labial mucosa and the alveolar mucosa on the upper and lower
dental arches.

Maxillary teeth

Palatal

Lingual
Facial (labial)

Mandibular teeth

FIGURE 2-1 Oral cavity and the jaws with the designation of the
orientational terms (arrows) facial, labial, buccal, palatal, and lingual.
(From Fehrenbach MJ, Herring SW: lllustrated anatomy of the head
and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)

Parotid
papilla

Buccal

mucosa
FIGURE 2-2 Vestibules of the oral cavity with its
landmarks. (From Fehrenbach MJ, Herring SW: Labial

lllustrated anatomy of the head and neck, ed 4,
St Louis, 2012, Saunders/Elsevier.)

Clinical Considerations with Oral Mucosa

On the surface of the labial and buccal mucosa is a common variation,
Fordyce (for-dice) spots (or granules) (Figure 2-3, A). These are vis-
ible as small, yellowish elevations on the oral mucosa. They represent
deeper deposits of sebum from trapped or misplaced sebaceous gland
tissue, usually associated with hair follicles. Most of the population
has these harmless small bumps; however, they become more promi-
nent with age due to thinning of the overlying tissue.

Another variation noted on the buccal mucosa is the linea alba (al-
bah) (see Figure 2-3, B). This is a white ridge of hyperkeratinization
(or calloused tissue) that extends horizontally at the level where the
maxillary and mandibular teeth come together and occlude; similar
ridges of white tissue can sometimes be present on the tongue perim-
eter. An excess amount of this whitened ridge on either the buccal
mucosa or tongue can be associated with certain oral parafunctional
habits (see Figure 9-7).

JAWS, ALVEOLAR PROCESSES,
AND TEETH

The jaws, the maxilla and mandible, are deep to the lips and within
the oral cavity (Figure 2-4 and see Figure 1-7). The maxilla consists
of two maxillary bones that are sutured together during development.
The maxilla has a nonmovable articulation with many facial and skull
bones, and each maxillary bone includes a body and four processes.
Each body of the maxilla (mak-sil-ah) is superior to the teeth and
contains the maxillary sinus (mak-si-lare-ce sy-nus). In contrast, the
mandible is a single bone with a movable articulation with the temporal
bones at each temporomandibular joint (TMJ). The heavy horizontal
part of the lower jaw inferior to the teeth is the body of the mandible.

The alveolar process, or alveolar bone, is the bony extension for
both the maxilla and mandible that contain each tooth socket of the
teeth or alveolus (al-vee-oh-lus) (plural, alveoli [al-vee-oh-lie]) (see
Figure 14-14). The facial surface of the alveolus of each canine, the
vertically placed canine eminence (kay-nine em-i-nins), is especially
prominent on each side of the maxilla. All the teeth are attached to
the bony surface of the alveoli by the fibrous periodontal (pare-ee-o-
don-tl) ligament (PDL), which allows some slight tooth movement
within the alveolus while still supporting the tooth.

Each of the mature and fully erupted teeth consists of both the
crown and the root(s) (Figures 2-5 and 2-6). The crown of the tooth
is composed of the extremely hard outer enamel (ih-nam-1) layer and

~  Maxillary
- vestibule

Alveolar
mucosa

Mucobuccal
fold
Mandibular
vestibule
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Maxillary
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mucosa
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Dorsal
surface
of tongue
A
Maxillary
teeth
Linea @
alba p
; Lateral
surface
of tongue
Buccal
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FIGURE 2-3 Buccal mucosa and labial mucosa with
possible variations. A, With Fordyce spots visible
as small, yellowish elevations. B, With the linea
alba visible as a white ridge of hyperkeratinization
that extends horizontally at the level where the
teeth occlude, with a similar white ridge on the lat-
eral surface of the tongue. (Courtesy of Margaret J.
B Fehrenbach, RDH, MS.)
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teeth 7
Maxillary
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teeth
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Mandibular
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teeth .
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FIGURE 2-4 Diagram of the dental arches with its per-
manent teeth and its landmarks.
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Pulp Enamel

| Dentin

FIGURE 2-5 Distribution of the various tissue types
of the tooth. A, Gross specimen of tooth cross-

sectioned. B, Radiograph of tooth. (From Nanci A:
Ten Cate's oral histology, ed 8, St Louis, 2013, Mos-
by/Elsevier.)

Root-

Crown-

FIGURE 2-6 Diagram of an alveolar process
of both a single-rooted tooth and a multirooted
tooth showing the crown and root as well as as-
sociated tissue types.

the moderately hard inner dentin (den-tin) layer overlying the pulp
of the tooth. The pulp is the soft innermost layer in the tooth. The
moderately hard dentin continues to cover the soft tissue of the pulp
of the tooth in the root(s), but the outermost layer of the root(s) is
composed of cementum (see-men-tum). The bonelike cementum is
the part of the tooth that attaches to the periodontal ligament, which
then attaches to the alveolus of bone, holding the tooth in its socket.

DENTAL ARCHES

The alveolar processes with the teeth in the alveoli are also called den-
tal arches, the maxillary arch and mandibular arch (see Figure 2-4).
The teeth in the maxillary arch are the maxillary teeth, and the teeth
in the mandibular arch are the mandibular teeth.

Cementum

Enamel Pulp Dentin

: Alveolar process
fi of the maxilla

¥ o Dentin
ﬁg/ Cementoenamel

tCrown

U

v

%/ junction
] p

FRoot

Alveolar process
of the mandible

Just distal to the last tooth of the maxillary arch is a tissue-covered
elevation of the bone, the maxillary tuberosity (too-beh-ros-i-tee).
Similarly, on the lower jaw is a dense pad of tissue located just distal
to the last tooth of the mandibular arch, the retromolar (re-tro-mo-
ler) pad. The tooth types in both arches of the teeth of children, or
primary teeth, include incisors (in-sigh-zers), canines (kay-nines),
and molars (mo-lerz).

Adult teeth, or permanent teeth, also include all the same tooth types
as the primary teeth, as well as premolars (pre-mo-lerz). The teeth in
the front of the mouth, the incisors and canines, are considered anterior
teeth. The teeth located toward the back of the mouth, the molars and pre-
molars, if present, are considered posterior teeth. The permanent maxil-
lary anterior teeth are supplied by the anterior superior alveolar artery,
with the permanent maxillary posterior teeth by the posterior superior



FIGURE 2-7 Variation of exostoses (arrows) on the facial surface of
the maxillary arch. (Courtesy of Margaret J. Fehrenbach, RDH, MS.)

FIGURE 2-8 Variation of bilateral mandibular tori (arrows) on the lin-
gual surface of the mandibular arch. (Courtesy of Margaret J. Fehren-
bach, RDH, MS.)

Maxillary
teeth

Mandibular
teeth
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alveolar artery; all of the permanent mandibular teeth are supplied by
branches of the inferior alveolar artery. Additionally, the maxillary teeth
are drained by the posterior superior alveolar vein, with mandibular teeth
drained by the inferior alveolar vein. Later Unit IV discusses the dental
anatomy of each tooth of both dentitions, primary and permanent.

Clinical Considerations with Alveolar Process

A variation present usually on the facial surface of the alveolar process
of the maxillary arch is exostoses (eks-ox-toe-seez). They are localized
developmental growths of bone with a possible hereditary etiology, and
which may be associated with occlusal trauma (Figure 2-7, see Chapter
20). They may be single, multiple, unilateral, or bilateral raised hard
areas, located in the premolar to molar region covered by oral mucosa,
appearing on radiographs as radiopaque (light) areas. They may inter-
fere with radiographic analysis, as well as restorative and periodontal
therapy, and thus must be noted in the patient record.

Another similar variation present on the lingual aspect of the man-
dibular arch is the mandibular torus (tore-us) (plural, tori [tore-eye])
(Figure 2-8). Each torus is a developmental growth of bone with a
possible hereditary etiology similar to exostoses and may also be asso-
ciated with bruxism (grinding). They are usually present bilaterally
in the area of the premolars and can present surface clefting, appear
lobulated or nodular, or even contact each other over the midline.

Mandibular tori are covered in oral mucosa and vary in size. They
are slow growing and asymptomatic lesions, which may be seen on
radiographs as radiopaque (light) masses. They may interfere with
speech, oral hygiene procedures, radiographic film placement and
analysis, as well as prosthesis therapy of the mandibular alveolar pro-
cess. The patient may require reassurance of their background, and
they must be noted in the patient record.

GINGIVAL TISSUE

Surrounding the maxillary and mandibular teeth in the alveoli and
covering the alveolar processes are the soft tissue gums, or gingiva
(jin-ji-vah) (or more accurately, but not commonly by the dental
community, gingivae), composed of a firm pink mucosa (Figure 2-9).
The gingival tissue that tightly adheres to the alveolar process sur-
rounding the roots of the teeth is the attached gingiva. The line of
demarcation between the firmer and pinker attached gingiva and the
movable and redder alveolar mucosa is the scallop-shaped mucogin-
gival (mu-ko-jin-ji-val) junction.

Alveolar
mucosa

Mucogingival
junction

Attached
gingiva

FIGURE 2-9 Gingival tissue and its landmarks
on the maxillary arch, with the mucogingival
junction highlighted (dashed line). (From
Fehrenbach MJ, Herring SW: lllustrated anat-
omy of the head and neck, ed 4, St Louis,
2012, Saunders/Elsevier.)
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At the gingival margin of each tooth is the marginal gingiva (or
free gingiva), which forms a cuff above the neck of the tooth (Figure
2-10). The free gingival (jin-ji-val) groove separates the marginal
gingiva from the attached gingiva. This outer groove varies in depth
according to the area of the oral cavity; the groove is especially promi-
nent on mandibular anterior teeth and premolars. At the most coronal
part of the marginal gingiva is the free gingival crest.

The interdental (in-ter-den-tal) gingiva is the gingival tissue
between adjacent teeth adjoining attached gingiva, with each individ-
ual extension being an interdental papilla (pah-pil-ah). The attached
gingiva may have areas of melanin (mel-a-nin) pigmentation, espe-
cially at the base of the interdental papillae (see Figure 9-23). The

Free gingival
groove

Marginal
gingiva

FIGURE 2-10 Close-up of the gingival tissue and its land-

(From Fehrenbach MJ, Herring SW: lllustrated anatomy
of the head and neck, ed 4, St Louis, 2012, Saunders/
Elsevier.)

Hard palate

Soft palate

Uvula

Posterior wall of
the pharynx

Dorsal surface
of tongue

Free gingival
marks with the location of the gingival sulcus noted (arrow). crest

inner surface of the gingival tissue with each tooth faces a space, the
gingival sulcus (sul-kus).

ORAL CAVITY PROPER

The inside of the mouth is known as the oral cavity proper
(Figure 2-11). The space of the oral cavity is enclosed anteriorly by
both the maxillary arch and mandibular arch. Posteriorly, the open-
ing from the oral cavity proper into the pharynx or throat is the
fauces (faw-seez).

The fauces are formed laterally on each side by the anterior fau-
cial (faw-shawl) pillar and the posterior faucial pillar. The palatine

Alveolar
mucosa

Mucogingival
junction
Attached
gingiva

Interdental
gingiva (papilla)
~_Sulcus

- (inside)

Fauces

Maxillary tuberosity

Pterygomandibular fold

Posterior faucial pillar
Palatine tonsil
Anterior faucial pillar

Retromandibular pad

FIGURE 2-11 Oral cavity proper and the landmarks that form its boundaries. (From Fehrenbach MJ,
Herring SW: /llustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)



tonsils (pal-ah-tine ton-sils) are located between these folds of tissue
created by underlying muscles and are what patients call their “ton-
sils,” which can become enlarged when involved with inflammation
(see Figure 11-18). Included within the oral cavity proper are the pal-
ate, tongue, and floor of the mouth.

PALATE

Within the oral cavity proper is the roof of the mouth or palate (pal-
it). The palate separates the oral cavity from the nasal cavity. The pal-
ate has two parts: anterior and posterior (Figure 2-12, see Figure 5-5).
The firmer anterior part is considered the hard palate.

A midline ridge of tissue on the hard palate is the median pala-
tine raphe (ra-fee), which overlies the bony fusion of the palate. A
small bulge of tissue at the most anterior part of the hard palate, lin-
gual to the anterior teeth, is the incisive (in-sy-ziv) papilla. Directly
posterior to this papilla are palatine rugae (ru-gee), which are firm,
irregular ridges of tissue radiating from the incisive papilla and raphe.

The looser posterior part of the palate is considered the soft palate
(see Figure 2-11). A midline muscular structure, the uvula (u-vu-lah)
of the palate, hangs down from the posterior margin of the soft palate.
The pterygomandibular (teh-ri-go-man-dib-you-lar) fold extends
from the junction of hard and soft palates down to the mandible,
just behind the most distal mandibular tooth, and stretches when the
mouth is opened wider. This fold covers a deeper fibrous structure
and separates the cheek from the throat.

Clinical Considerations with Palate

A variation noted on the midline of the hard palate is the palatal
torus, which is similar to the mandibular torus in presentation and
etiology (Figure 2-13). The torus can interfere if prosthesis therapy
of the maxillary alveolar process is considered. It needs to be noted
in the patient record, and patients may need to be reassured as to its
background. More serious pathology of the palate, such as a history of
cleft palate, also needs to be recorded because of its impact on dental
care (see Figure 5-6).

TONGUE

The tongue is a prominent feature of the oral cavity proper (Figure
2-14). The posterior one-third is the pharyngeal part of the tongue,
or base of the tongue. The base of the tongue attaches to the floor of
the mouth. The base of the tongue does not lie within the oral cav-
ity proper but within the oral part of the throat (discussed later in
the chapter). The anterior two-thirds of the tongue is the body of the
tongue, which lies within the oral cavity proper. The tip of the tongue
is the apex of the tongue.

The top, or dorsal surface of the tongue, has a midline depression,
the median lingual sulcus, corresponding to the position of a midline
fibrous structure deeper in the tongue and fusion tissue area. Certain sur-
faces of the tongue have small, elevated structures of specialized mucosa,
the lingual papillae, some of which are associated with taste buds (see
Figures 9-16 to 9-20). Taste buds are the specialized organs of taste.

The slender, threadlike, whitish lingual papillae are the filiform (fil-
i-form) lingual papillae, which give the dorsal surface its velvety tex-
ture. The reddish, smaller mushroom-shaped dots on the dorsal surface
are the fungiform (fun-ji-form) lingual papillae. Farther posteriorly
on the dorsal surface of the tongue, and more difficult to see clinically,
is an inverted V-shaped groove, the sulcus terminalis (ter-mi-nal-is).
The sulcus terminalis separates the base from the body of the tongue,
demarcating a line of fusion of tissue during the tongue’s development.

Oral Cavity and Pharynx CHAPTER2 R 15

The 10 to 14 larger mushroom-shaped lingual papillae, the circum-
vallate (serk-um-val-ate) lingual papillae line up along the anterior
side of the sulcus terminalis on the body. Where the sulcus terminalis
points backward toward the throat is a small, pitlike depression, the
foramen cecum (for-ay-men se-kum). Even farther posteriorly on the
dorsal surface of the base of the tongue is an irregular mass of tissue,
the lingual tonsil (see Chapter 11).

The side or lateral surface of the tongue has vertical ridges, the
foliate (fo-le-ate) lingual papillae (Figure 2-15).

The underside, or ventral surface of the tongue, has large visible
blood vessels, the deep lingual veins, which pass close to the surface
(Figure 2-16). Lateral to each deep lingual vein is the plica fimbriata
(pli-kah fim-bree-ay-tah) (plural, plicae fimbriatae [pli-kay fim-
bree-ay-tay]) with fringelike projections.

FLOOR OF THE MOUTH

The floor of the mouth is located in the oral cavity proper, inferior to
the ventral surface of the tongue (Figure 2-17). The lingual frenum is
a midline fold of tissue between the ventral surface of the tongue and
the floor of the mouth.

Maxillary
anterior
tooth
Incisive
papilla Palatine
rugae
Median
palatine
raphe
Hard
palate
Soft
palate

FIGURE 2-12 Palate and its landmarks. (From Fehrenbach MJ,
Herring SW: lllustrated anatomy of the head and neck, ed 4, St Louis,
2012, Saunders/Elsevier.)

FIGURE 2-13 Variation of the palatal torus (arrow) on the midline of
the hard palate. (Courtesy of Margaret J. Fehrenbach, RDH, MS.)
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FIGURE 2-14 Dorsal surface of the tongue
with its landmarks. A, Diagram. B, Clinical
view. (From Fehrenbach MJ, Herring SW:
lllustrated anatomy of the head and neck,
ed 4, St Louis, 2012, Saunders/Elsevier.)
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FIGURE 2-15 Lateral surface of the tongue with its
landmarks. (From Fehrenbach MJ, Herring SW: /llus-
trated anatomy of the head and neck, ed 4, St Louis, /

2012, Saunders/Elsevier.) Foliate lingual papillae Body Base



A ridge of tissue on each side of the floor of the mouth, the sublin-
gual (sub-ling-gwal) fold, joins in a V-shaped configuration extending
from the lingual frenum to the base of the tongue. The sublingual folds
contain openings of the sublingual duct from the sublingual salivary
gland (see Figures 1-5 and 11-7). The small papilla, or sublingual car-
uncle (kar-unk-kl), at the anterior end of each sublingual fold contains
openings of the submandibular (sub-man-dib-you-lar) duct and
sublingual duct (or Wharton duct and Bartholin duct, respectively)
from both the sublingual as well as the submandibular salivary gland.

PHARNYGEAL DIVISIONS

The oral cavity proper provides the entrance into the deeper struc-
ture of the throat, or pharynx (fare-inks). The pharynx is a muscu-
lar tube that has both respiratory and digestive system functions. It

Palate

Apex of the
tongue

Plicae
fimbriatae

Lower
lip

FIGURE 2-16 Ventral surface of the tongue with its landmarks. (From

Fehrenbach MJ, Herring SW: [llustrated anatomy of the head and

neck, ed 4, St Louis, 2012, Saunders/Elsevier.)

Sublingual
caruncle |
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has three divisions: nasopharynx, oropharynx, and laryngopharynx
(Figure 2-18).

The division of the pharynx that is superior to the level of the soft
palate is the nasopharynx (nay-zo-fare-inks), which is continuous
with the nasal cavity. The division that is between the soft palate and
the opening of the larynx is the oropharynx (or-o-fare-inks). The oro-
pharynx is considered the oral part of the pharynx and is visible for the
most part to the dental professional. The fauces, discussed earlier, marks
the boundary between the oropharynx and the oral cavity proper. Only
part of the nasopharynx is visible during an intraoral examination by
a dental professional (see Figure 2-11). Finally, the laryngopharynx
(lah-ring-gah-fare-inks) is the more inferior division of the pharynx,
close to the laryngeal opening. To examine the more extensive parts of
the nasopharynx, as well as the laryngopharynx or even the orophar-
ynx in some patients, special diagnostic tools are needed.

cavity

Epiglottis #
L

arynx

Nasopharynx
Oropharynx

Laryngopharynx

Esophagus

FIGURE 2-18 Midsagittal section of the head with the divisions of the
pharynx and associated regions. (From Fehrenbach MJ, Herring SW:
lllustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saun-
ders/Elsevier.)
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FIGURE 2-17 Floor of the mouth with its land-
marks. (From Fehrenbach MJ, Herring SW:
lllustrated anatomy of the head and neck,

4 }Mandibular
“m | teeth ed 4, St Louis, 2012, Saunders/Elsevier.)



UNIT Il DENTAL EMBRYOLOGY

CHAPTER 3

Prenatal Development

@Additional resources and practice exercises are provided on the companion Evolve website for this book:

http://evolve.elsevier.com/Fehrenbach/illustrated.

000 LEARNING OBJECTIVES

1.Define and pronounce the key terms in this
chapter.

2.0utline the preimplantation period, including the
major events that occur during this first week of
prenatal development.

3.Integrate a study of the preimplantation period of
prenatal development into the development of the
orofacial structures and the clinical considerations
due to developmental disturbances associated
with these structures.

4. Qutline the second week of prenatal development
during the embryonic period, including the major
events that occur.

5. Outline the third week of prenatal development
during the embryonic period, including the major
events that occur.

PRENAITAL D OPIVIEN

Dental professionals need to have an understanding of the major
events of prenatal development in order to understand the devel-
opment of the structures of the face, neck, and oral cavity and the
underlying relationships among these structures. Embryology (em-
bre-ol-ah-jee) is the study of prenatal development and is introduced
in this first chapter of Unit II.

Prenatal (pre-nay-tal) development begins with the start of preg-
nancy and continues until the birth of the child; the 9 months of gesta-
tion is usually divided into 3-month time spans, or trimesters. Prenatal
development consists of three distinct successive periods: preimplanta-
tion period, embryonic period, and fetal period (Table 3-1). The preim-
plantation period and the embryonic period make up the first trimester
of the pregnancy, and the fetal period constitutes the last two trimesters.

Each of the structures of the face, neck, and oral cavity has a pri-
mordium (pry-more-de-um), the earliest indication of a tissue type
or an organ during prenatal development. This information about the
embryologic background of a structure also helps in the appreciation
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6. Outline the fourth week of prenatal development
during the embryonic period, including the major
events that occur.

7.Integrate the study of the embryonic period of
prenatal development into orofacial development
and the clinical considerations due to developmental
disturbances associated with these structures.

8. Qutline the fetal period of prenatal development,
including the major events that occur after the
fourth week until birth within this period.

9. Integrate the study of the fetal period of prena-
tal development into orofacial development and
the clinical considerations due to developmental
disturbances associated with these structures.

10.1dentify the structures present during prenatal
development on a diagram.

of any clinical considerations that may occur in these structures due
to developmental disturbances.

Clinical Considerations for Prenatal Development

Developmental disturbances that involve the orofacial structures as
well as other parts of the body can include congenital malforma-
tions (kon-jen-i-til mal-for-may-shins) (or birth defects), which are
evident at birth. Most of these occur during both the preimplantation
period and the embryonic period and thus involve the first trimester
of the pregnancy (discussed later in this chapter). Such malformations
occur in 3 out of 100 cases and are one of the leading causes of infant
death. This does not include anatomic variants, which are common,
such as variation in the lesser details of a bone’s shape. Amniocente-
sis (am-nee-o-sen-tee-sis) (or amniotic fluid test [AFT]) is a prenatal
diagnostic procedure to detect chromosomal abnormalities where the
amniotic fluid is removed and its fetal cells are grown for microscopic
study of the chromosomes as well as sampled for determination of
other fetal complications.
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TABLE 3-1 Prenatal Development Periods
PREIMPLANTATION PERIOD EMBRYONIC PERIOD FETAL PERIOD
First Week Second to Eighth Week Third to Ninth Month
Zygote

Blastocyst

Embryo

Folded Embryo Fetus

Fertilization and implantation

Induction, proliferation,
differentiation,

Maturation

morphogenesis, and
maturation (see Table 3-3)

*The structure size is not accurate or comparative.

Malformation can be due to genetic factors, such as chromosome
abnormalities or environmental agents and factors. These envi-
ronmental agents and factors involved in causing malformations
can include infections, drugs, and radiation and are considered to
be teratogens (ter-ah-to-jens) (Table 3-2). Women of reproduc-
tive age should wisely avoid teratogens to protect the developing
infant from possible congenital malformations (discussed later in
this chapter).

Malformations in the face, neck, and oral cavity range from a
serious cleft in the face or palatal region to small deficiencies of the
soft palate or developing cysts underneath an otherwise intact oral
mucosa. Dental professionals should remember that any orofacial
congenital malformations discovered when examining a patient are
usually understandable and traceable to a specific time in the embry-
ologic development of the individual. Thus, the dental professional
must initially understand the development of an individual’s orofacial
region, including its sequential process to later understand any associ-
ated pathology present.

TABLE 3-2 Known Teratogens Involved in

Congenital Malformations

TERATOGEN  DESCRIPTION

Drugs Ethanol, tetracycline, phenytoin sodium, lithium, meth-
otrexate, aminopterin, diethylstilbestrol, warfarin,
thalidomide, isotretinoin (retinoic acid), androgens,
progesterone

Chemicals Methylmercury, polychlorinated biphenyls

Infections Rubella virus, syphilis spirochete, herpes simplex virus,
human immunodeficiency virus

Radiation High levels of ionizing type*

*Diagnostic levels of radiation, such as in the dental setting, should be avoided with pregnant
women unless for a dental emergency but there has not been any direct link to congenital mal-
formations.
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Sperm (enlarged)

FIGURE 3-1 Sperm fertilizes the ovum and unites
with it to form the zygote after the process of meio-
sis and during the first week of prenatal develop-
ment. Both the chromosomes of the ovum and
sperm are involved in the process.

PREIMPLANTATION PERIOD

The first period of prenatal development, the preimplantation (pre-
im-plan-tay-shin) period, takes place during the first week after con-
ception (see Table 3-1). At the beginning of the first week, conception
takes place where a woman’s ovum (oh-vum) is penetrated by and
united with a man’s sperm during fertilization (fur-til-uh-zay-shun)
(Figure 3-1). This union of the ovum and sperm subsequently forms a
fertilized egg, or zygote (zy-gote).

During fertilization, the final stages of meiosis (my-oh-sis) occur in
the ovum. The result of this process is the joining of the ovum’s chromo-
somes with those of the sperm (see Chapter 7). This joining of chromo-
somes from both biologic parents forms a new individual with “shuffled”
chromosomes. To allow this formation of a new individual, the sperm
and ovum are joined, resulting in the proper number of chromosomes
(diploid number of 46). If both these cells, sperm and ovum, instead car-
ried the full complement of chromosomes, fertilization would result in a
zygote with two times the proper number, resulting in severe congenital
malformations and prenatal death (see later discussion).

This situation of excess chromosomes is avoided with meiosis,
because, during their development in the gonads, this process enables
the ovum and sperm to reduce by one-half the usual number of chro-
mosomes (to haploid number of 23). Thus, the zygote has received
half its chromosomes from the woman and half from the man, with
the resultant genetic material a reflection of both biologic parents. The
photographic analysis of a person’s chromosomes is done by orderly
arrangement of the pairs in a karyotype (kare-e-oh-tipe), with the
sex known by the presence of either having XX chromosomes for a
woman or XY for a man (Figure 3-2).

After fertilization, the zygote then undergoes mitosis, or individ-
ual cell division, that splits it into more and more cells due to cleav-
age (kleve-ij) (see Table 7-2). After initial cleavage, the solid ball of
cells becomes a morula. Because of the ongoing process of mitosis
and secretion of fluid by the cells within the morula, the zygote now
becomes a blastocyst (blas-tah-sist) (or blastula) (Figure 3-3). The
rest of the first week is characterized by further mitotic cleavage, in
which the blastocyst splits into smaller and more numerous cells as it
undergoes successive cell divisions by mitosis.

Thus, mitosis is a process that takes place during tissue growth or
regeneration, which is different from meiosis that takes place during
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FIGURE 3-2 Example of a karyotype demonstrating a photographic
analysis of the chromosomes, with its orderly arrangement of the
pairs. This karyotype is of a man since it has both X and Y chromo-
somes because the presence of the Y determines maleness.
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FIGURE 3-3 Zygote undergoing mitotic cleavage to
form a blastocyst that travels to become implanted in
the endometrium of the uterus.

. Embryoblast
Endometrium of uterus Endometrium (inner cell mass)
Implanted blastocyst Embryoblast layer 3’
Trophoblast

Trophoblast layer

C

FIGURE 3-4 Blastocyst. A, Consists of both an embryoblast layer and trophoblast layer. B, Cross sec-
tion. C, Photomicrograph of sections of blastocysts recovered from the endometrium of the uterus at
4 days. (From Moore KL, Persaud TVN, Torchia MG: The developing human: clinically oriented embry-
ology, ed 10, St Louis, 2015, Saunders/Elsevier.)

fertilization as discussed (see Table 7-2). Mitosis that occurs during
cell division is the self-duplication of the chromosomes of the parent
cell and their equal distribution to daughter cells. The result is that
the daughter cells have the same chromosome number and hereditary
potential as the parent cells. As it grows by cleavage, the blastocyst Epicanthic
travels from the site where fertilization took place to the uterus. folds

Widely spaced
eyes

By the end of the first week, the blastocyst stops traveling and under- Oblique
goes implantation (im-plan-tay-shin) and thus becomes embedded in ?yelld
the prepared endometrium, the innermost lining of the uterus on its Flat, issures
back wall. After a week of cleavage, the blastocyst consists of a layer bl;oad .

X ace Flat-bridged

of peripheral cells, the trophoblast (trof-oh-blast) layer, and a small nose
inner mass of embryonic cells, or embryoblast (em-bre-oh-blast) layer
(Figure 3-4). The trophoblast layer later gives rise to important prenatal
support tissue. The embryoblast layer later gives rise to the embryo dur- I'<:) lx;(:vl\;sd

ing the prenatal period that follows the embryonic period.

Clinical Considerations for Preimplantation Period

FIGURE 3-5 Down syndrome from an extra chromosome number

If any disturbances occur in the basic process of meiosis during fertil- 21 presents with noted orofacial features as well as various levels of
ization, major congenital malformations result from the chromosomal mental disability. (From Zitelli BJ, Davis HW: Atlas of pediatric physical
abnormality, which occur in 1 out of 10 cases. An example of this is diagnosis, ed 6, St Louis, 2012, Mosby/Elsevier.)

Down syndrome (or trisomy 21) where an extra chromosome number
21 is present after meiotic division (Figure 3-5). This syndrome pres-
ents with certain orofacial features that include a flat, broad face with
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widely spaced eyes, flat-bridged nose, epicanthic folds, oblique eyelid
fissures, furrowed lower lip, tongue fissures, lingual papillae hypertro-
phy, and various levels of mental disability. An arched palate and weak
tongue muscles lead to an open mouth position with protrusion of the
tongue of the usual size, and articulated speech is often difficult. It may
also involve increased levels of periodontal disease, delayed tooth erup-
tion, and fewer teeth present with microdontia.

Implantation of the zygote may also occur outside the uterus with
an ectopic (ek-top-ik) pregnancy, most occurring within the fallo-
pian tube. This disturbance has several causes but is usually associated
with factors that delay or prevent transport of the dividing zygote to
the uterus, such as scarred uterine tubes due to pelvic inflammatory
disease. In the past, ectopic pregnancies ruptured causing loss of the
embryo and threatening the life of the pregnant woman but now they
are successfully treated with medications.

EMBRYONIC PERIOD

The second period of prenatal development, the embryonic (em-bre-
on-ik) period, extends from the beginning of the second week to the
end of the eighth week (see Table 3-1). Certain physiologic processes
or spatial and temporal events called patterning occur during this
period, which are considered key to the further development (Table
3-3). These physiologic processes include induction, proliferation,
differentiation, morphogenesis, and maturation (discussed next).
These processes cause the structure of the implanted blastocyst to
become, with further development, an embryo (em-bre-oh). These
physiologic processes also allow the teeth and associated orofacial
structures, as well as other organ structures, to develop in the embryo
(see Table 6-1).

The first physiologic process involved during prenatal development
is the process of induction (in-duk-shin), the action of one group of
cells on another, which leads to the establishment of the developmen-
tal pathway in the responding tissue. Over time, the populations of
embryonic cells vary in the competence of their response to induc-
tion. Just what triggers cells to develop into structures from cellular
interactions is only beginning to be understood, but many develop-
mental disturbances can result from a failure of induction, leading
to a further failure of initiation of certain embryologic structures.
Induction can also occur in the later stages of development when the
structure just increases in size, but these time periods do not seem to
be as sensitive.

TABLE 3-3 Developmental Processes

PROCESS DESCRIPTION

Induction Action of one group of cells on another that leads
to the establishment of the developmental path-

way in the responding tissue

Proliferation Controlled cellular growth and accumulation of

byproducts

Differentiation Change in identical embryonic cells to become

distinct structurally and functionally

Morphogenesis  Development of specific tissue structure or differing
form due to embryonic cell migration or prolifera-

tion and inductive interactions

Maturation Attainment of adult function and size due to prolif-

eration, differentiation, and morphogenesis

Another type of physiologic process that follows induction as well
as the other processes is the dramatic process of proliferation (pro-
lif-er-ay-shin), which is controlled levels of cellular growth present
during most of prenatal development. Later, migration of these pro-
liferated cells also occurs. Finally, growth also occurs as a result of an
accumulation of cellular byproducts.

Growth may be by appositional (ap-oh-zish-in-al) growth, in
which tissue enlarges by the addition of layers on the outside of a
structure. In contrast, growth may be by interstitial (in-ter-stish-il)
growth, which occurs from deep within a tissue type or organ. Hard
tissue growth (such as mature bone or hard dental tissue) is usu-
ally appositional, whereas soft tissue (such as skin or gingival tissue)
increases by interstitial growth. Some tissue types (such as cartilage
and immature bone tissue) use both types of growth to attain their
final mature size.

It is important to note that growth is not just an increase in overall
size, like a balloon being blown up, but it involves differential rates
for the different internal tissue types and organs. An example of this
varied rate of growth is tooth eruption in a child, which occurs over
many years, allowing for the associated growth of the jaws that sur-
round and support the teeth.

In the process of differentiation (dif-er-en-she-ay-shun), a
change occurs in the embryonic cells, which are identical geneti-
cally but later become quite distinct structurally and functionally.
Thus, cells that perform specialized functions are formed by differ-
entiation during the embryonic period. Although these functions
are minimal at this time, the beginnings of all major tissue types,
organs, and organ systems are formed during this period from these
specialized cells.

Differentiation occurs at various rates in the embryo. Many parts
of the embryo are affected: cells, tissue types, organs, and systems.
Various terms describe each one of these types of differentiation,
and it is important to note the specific delineation between each of
them. Cytodifferentiation (site-oh-dif-er-en-she-ay-shun) is the
development of different cell types. Histodifferentiation (his-toe-
dif-er-en-she-ay-shun) is the development of different histologic
tissue types within a structure. Morphodifferentiation (mor-foe-
dif-er-en-she-ay-shun) is the development of the differing mor-
phology (mor-fol-ah-je), which makes up its structure or shape, for
each organ or system.

During the embryonic period, the complexity of the structure and
function of these cells increases. This is accomplished by morphogen-
esis (mor-fo-jen-is-is), which is the process of development of specific
tissue structure or shape. Morphogenesis occurs due to the migration
or proliferation of embryonic cells, which is followed by the induc-
tive interactions of those cells. As previously mentioned, induction
continues to occur throughout the embryonic period as a result of
the new varieties of cells interacting with each other, producing an
increasingly complex organism.

Finally, the physiologic process of maturation (ma-cher-ray-shin)
of the tissue types and organs begins during the embryologic period
and continues later during the fetal period. It is important to note that
the physiologic process of maturation of the individual tissue types
and organs also involves the processes of proliferation, differentiation,
and morphogenesis. Thus, maturation is not the attainment of just the
correct adult size but also the correct adult structure and function of
tissue types and organs.

An embryo is recognizable by the eighth week of prenatal develop-
ment, which is the end of the embryonic period. This chapter dis-
cusses only the major events of the second, third, and fourth weeks
of the embryonic period. The remaining weeks of prenatal develop-
ment, which are pertinent to dental professionals, are addressed in
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