
[image: image]


Illustrated Dental Embryology, Histology, and Anatomy

Fourth Edition


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

[image: image]







Copyright

[image: icon]

3251 Riverport Lane

Maryland Heights, Missouri 63043

ILLUSTRATED DENTAL EMBRYOLOGY, HISTOLOGY, AND ANATOMY, FOURTH EDITION  ISBN: 978-1-4557-7685-6

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

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, 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 permissions 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 recommended 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

Printed in China

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

[image: icon]



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




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 curriculum; thus, the units do not have to be presented in any specific order. However, the first unit on orofacial structures serves as an outstanding 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 microscopic and clinical photographs, and also useful tables and boxes. Most of the photographs are original to this textbook 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 contains 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 pronunciation guide, and appendices that contain a review of anatomic nomenclature, 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.

Instructor Resources

• 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.


• 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.


• TEACH Instructor’s Resource Manual: This resource includes detailed lesson plans, PowerPoint lecture outlines, classroom activities, and the answers to the workbook activities.


Student Resources

• 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.


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


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


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


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


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


Additional Resources

The companion Workbook for Illustrated Dental Embryology, Histology, and Anatomy is also available for student use. The workbook features activities such as structure identification exercises, glossary exercises, tooth drawing exercises, infection control guidelines for extracted teeth, and review questions. Patient examination procedures for extraoral 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 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 I

Orofacial Structures

Outline


Chapter 1. Face and Neck Regions

Chapter 2. Oral Cavity and Pharynx




Chapter 1

Face and Neck Regions


Learning Objectives




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.


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.






Additional resources and practice exercises are provided on the companion Evolve website for this book: [image: icon] http://evolve.elsevier.com/Fehrenbach/illustrated.


Face and Neck

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 anatomic 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 feature 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 individuals 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 professionals to understand the associated developmental pattern. Unit II describes the development of the face and neck and associated developmental 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 IV.

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 anatomic position (see Appendix A), unless otherwise noted. This is the 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, infraorbital, 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 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.

[image: image]

FIGURE 1-1 Regions of the face: Frontal, orbital, infraorbital, nasal, zygomatic, buccal, oral, and mental. (Adapted from Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)





Infraorbital and Zygomatic Regions

The infraorbital (in-frah-or-bit-al) region of the face is located inferior 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 (TMJ). 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 TMJ on a patient, a finger is placed into the external ear canal during movement.

Buccal Region

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 mandible (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 vermilion 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 philtrum 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 underlying 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, developmental 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 initially 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 symphysis (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 backward 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 TMJ. 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). 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).

[image: image]

FIGURE 1-2 Lymph nodes of the head. A, Superficial nodes. B, Deep nodes. (From Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)






[image: image]

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





[image: image]

FIGURE 1-4 Landmarks of the nasal region with the nasal septum highlighted (dashed lines). (From Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)





[image: image]

FIGURE 1-5 Major salivary glands. (From Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)
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FIGURE 1-6 Upper and lower lips with the vermilion zones and mucocutaneous junctions at the vermilion borders. (From Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)





[image: image]

FIGURE 1-7 Landmarks of the maxilla (A) and mandible (B). (From Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)





[image: image]

FIGURE 1-8 Disruption of vermilion zone and its mucocutaneous junction at the vermilion border on the lower lip due to solar damage. (Courtesy of Margaret J. Fehrenbach, RDH, MS.)
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FIGURE 1-9 Landmarks of the mandible integrated with overlying facial features. (From Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)





[image: image]

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.







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 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 larynx (lare-inks). The vocal cords, or ligaments of the larynx, are attached to the posterior surface of the thyroid cartilage.

[image: image]

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





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 thyroid 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 submandibular (sub-man-dib-you-lar) salivary gland and the sublingual (sub-ling-gwal) salivary gland can also be palpated in a patient in the neck region (see Figure 1-5 and Figure 11-7).


[image: image]

FIGURE 1-12 Lymph nodes of the neck. A, Superficial cervical nodes. B, Deep cervical nodes. (From Fehrenbach MJ, Herring SW: Illustrated 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: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)







Chapter 2

Oral Cavity and Pharynx


Learning Objectives




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


2. Locate and identify the divisions and associated surface 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.


4. Outline 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.






Additional resources and practice exercises are provided on the companion Evolve website for this book: [image: icon] http://evolve.elsevier.com/Fehrenbach/illustrated



Oral Cavity Properties

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 II describes the development of oral tissue and associated developmental disturbances. Following that, Unit III describes the underlying 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 significance 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 processes, teeth, and oral cavity proper. Within each part of the oral cavity 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 surface, 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).

Oral Vestibules

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. 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 salivary 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 mucobuccal (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.

[image: image]

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: Illustrated 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 visible 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 prominent 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 perimeter. 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-ee 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-l) layer and 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.
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FIGURE 2-2 Vestibules of the oral cavity with its landmarks. (From Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)
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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 lateral surface of the tongue. (Courtesy of Margaret J. Fehrenbach, RDH, MS.)
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FIGURE 2-4 Diagram of the dental arches with its permanent teeth and its landmarks.
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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, Mosby/Elsevier.)
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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 associated tissue types.




Dental Arches

The alveolar processes with the teeth in the alveoli are also called dental 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.

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 premolars, if present, are considered posterior teeth. The permanent maxillary anterior teeth are supplied by the anterior superior alveolar artery, with the permanent maxillary posterior teeth by the posterior superior 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.
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FIGURE 2-7 Variation of exostoses (arrows) on the facial surface of the maxillary arch. (Courtesy of Margaret J. Fehrenbach, RDH, MS.)
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FIGURE 2-8 Variation of bilateral mandibular tori (arrows) on the lingual surface of the mandibular arch. (Courtesy of Margaret J. Fehrenbach, RDH, MS.)





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 interfere 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 mandibular 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 associated 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 process. 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 surrounding 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 mucogingival (mu-ko-jin-ji-val) junction.
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FIGURE 2-9 Gingival tissue and its landmarks on the maxillary arch, with the mucogingival junction highlighted (dashed line). (From Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)





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 prominent 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 individual extension being an interdental papilla (pah-pil-ah). The attached gingiva may have areas of melanin (mel-a-nin) pigmentation, especially at the base of the interdental papillae (see Figure 9-23). The 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 opening 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 faucial (faw-shawl) pillar and the posterior faucial pillar. The palatine tonsils (pal-ah-tine ton-sils) are located between these folds of tissue created by underlying muscles and are what patients call their “tonsils,” which can become enlarged when involved with inflammation (see Figure 11-18). Included within the oral cavity proper are the palate, tongue, and floor of the mouth.
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FIGURE 2-10 Close-up of the gingival tissue and its landmarks with the location of the gingival sulcus noted (arrow). (From Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)
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FIGURE 2-11 Oral cavity proper and the landmarks that form its boundaries. (From Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)





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 palate 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 palatine 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, lingual 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 cavity 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 surfaces 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 texture. 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.

The 10 to 14 larger mushroom-shaped lingual papillae, the circumvallate (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.
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FIGURE 2-12 Palate and its landmarks. (From Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)
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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: Illustrated 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: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)






A ridge of tissue on each side of the floor of the mouth, the sublingual (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 caruncle (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 structure of the throat, or pharynx (fare-inks). The pharynx is a muscular tube that has both respiratory and digestive system functions. It has three divisions: nasopharynx, oropharynx, and laryngopharynx (Figure 2-18).
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FIGURE 2-16 Ventral surface of the tongue with its landmarks. (From Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)
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FIGURE 2-17 Floor of the mouth with its landmarks. (From Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)





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 oropharynx 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 oropharynx in some patients, special diagnostic tools are needed.

[image: image]

FIGURE 2-18 Midsagittal section of the head with the divisions of the pharynx and associated regions. (From Fehrenbach MJ, Herring SW: Illustrated anatomy of the head and neck, ed 4, St Louis, 2012, Saunders/Elsevier.)
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Chapter 3

Prenatal Development


Learning Objectives




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


2. Outline 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. Outline 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.


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. Outline 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 prenatal development into orofacial development and the clinical considerations due to developmental disturbances associated with these structures.


10. Identify the structures present during prenatal development on a diagram.






Additional resources and practice exercises are provided on the companion Evolve website for this book: [image: icon] http://evolve.elsevier.com/Fehrenbach/illustrated.


Prenatal Development

Dental professionals need to have an understanding of the major events of prenatal development in order to understand the development 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 pregnancy and continues until the birth of the child; the 9 months of gestation is usually divided into 3-month time spans, or trimesters. Prenatal development consists of three distinct successive periods: preimplantation period, embryonic period, and fetal period (Table 3-1). The preimplantation 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 primordium (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 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 malformations (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. Amniocentesis (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.



TABLE 3-1

Prenatal Development Periods∗



	PREIMPLANTATION PERIOD
	EMBRYONIC PERIOD
	FETAL PERIOD




	First Week
	Second to Eighth Week
	Third to Ninth Month


	[image: image]






	Fertilization and implantation
	Induction, proliferation,
differentiation,
morphogenesis, and
maturation (see Table 3-3)
	Maturation






[image: image]


∗ 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 environmental 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 reproductive 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 embryologic 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 associated pathology present.


TABLE 3-2

Known Teratogens Involved in Congenital Malformations



	TERATOGEN
	DESCRIPTION




	Drugs
	Ethanol, tetracycline, phenytoin sodium, lithium, methotrexate, 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 malformations.
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FIGURE 3-1 Sperm fertilizes the ovum and unites with it to form the zygote after the process of meiosis and during the first week of prenatal development. 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 conception (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 chromosomes with those of the sperm (see Chapter 7). This joining of chromosomes 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 carried 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 chromosomes (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 individual cell division, that splits it into more and more cells due to cleavage (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 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 travels from the site where fertilization took place to the uterus.
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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 chromosomes 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.
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FIGURE 3-4 Blastocyst. A, Consists of both an embryoblast layer and trophoblast layer. B, Cross section. 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 embryology, ed 10, St Louis, 2015, Saunders/Elsevier.)





By the end of the first week, the blastocyst stops traveling and undergoes implantation (im-plan-tay-shin) and thus becomes embedded in the prepared endometrium, the innermost lining of the uterus on its back wall. After a week of cleavage, the blastocyst consists of a layer of peripheral cells, the trophoblast (trof-oh-blast) layer, and a small 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 during the prenatal period that follows the embryonic period.

Clinical Considerations for Preimplantation Period

If any disturbances occur in the basic process of meiosis during fertilization, major congenital malformations result from the chromosomal abnormality, which occur in 1 out of 10 cases. An example of this is Down syndrome (or trisomy 21) where an extra chromosome number 21 is present after meiotic division (Figure 3-5). This syndrome presents with certain orofacial features that include a flat, broad face with widely spaced eyes, flat-bridged nose, epicanthic folds, oblique eyelid fissures, furrowed lower lip, tongue fissures, lingual papillae hypertrophy, 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 eruption, and fewer teeth present with microdontia.
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FIGURE 3-5 Down syndrome from an extra chromosome number 21 presents with noted orofacial features as well as various levels of mental disability. (From Zitelli BJ, Davis HW: Atlas of pediatric physical diagnosis, ed 6, St Louis, 2012, Mosby/Elsevier.)






Implantation of the zygote may also occur outside the uterus with an ectopic (ek-top-ik) pregnancy, most occurring within the fallopian 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 developmental pathway in the responding tissue. Over time, the populations of embryonic cells vary in the competence of their response to induction. Just what triggers cells to develop into structures from cellular interactions is only beginning to be understood, but many developmental 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 pathway 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 proliferation and inductive interactions



	Maturation
	Attainment of adult function and size due to proliferation, 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 proliferated 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 usually 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 surround 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 genetically but later become quite distinct structurally and functionally. Thus, cells that perform specialized functions are formed by differentiation 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 morphology (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 morphogenesis (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 inductive 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 development, which is the end of the embryonic period. This chapter discusses only the major events of the second, third, and fourth weeks of the embryonic period. The remaining weeks of prenatal development, which are pertinent to dental professionals, are addressed in Chapters 4 and 5, which describe the more detailed development of the orofacial structures.

Second Week

During the second week of prenatal development within the embryonic period, the implanted blastocyst grows by increased proliferation of the embryonic cells, with differentiation also occurring resulting in changes in cellular morphogenesis; every ridge, bump, and recess now indicates these increased levels of cellular differentiation. This increased number of embryonic cells creates the embryonic cell layers (or germ layers) within the blastocyst. A bilaminar (by-lam-i-nar) embryonic disc is eventually developed from the blastocyst and appears as a three-dimensional but flattened, essentially circular plate of bilayered cells (Figure 3-6).
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FIGURE 3-6 Blastocyst forming the bilaminar embryonic disc. A, Consisting of the epiblast layer and hypoblast layer surrounded by the amniotic cavity and yolk sac. B, Photomicrograph of longitudinal section of an embedded 14-day embryo. (From Moore KL, Persaud TVN, Torchia MG: The developing human: clinically oriented embryology, ed 10, St Louis, 2015, Saunders/Elsevier.)
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FIGURE 3-7 Bilaminar embryonic disc with primitive streak resulting in bilateral symmetry.




The bilaminar embryonic disc (or disk) has both a superior and inferior layer. The superior epiblast (ep-i-blast) layer is composed of high columnar cells, and the inferior hypoblast (hi-po-blast) layer is composed of small cuboidal cells. After its creation, the disc is suspended in the uterus’s endometrium between two fluid-filled cavities, the amniotic (am-nee-ot-ik) cavity, which faces the epiblast layer, and the yolk sac, which faces the hypoblast layer and serves as initial nourishment for the disc. The bilaminar embryonic disc later develops into the embryo as prenatal development continues.

Even later, the placenta (pla-sen-tuh), a prenatal organ that joins the pregnant woman and developing embryo, develops from the interactions of the trophoblast layer and endometrial tissue. The formation of the placenta and the developing umbilical circulation permit selective exchange of soluble bloodborne substances between them. This includes oxygen and carbon dioxide as well as nutritional and hormonal substances.

Third Week

During the beginning of the third week of prenatal development within the embryonic period, the primitive streak forms within the bilaminar disc (Figure 3-7). This furrowed, rod-shaped thickening in the middle of the disc results from an increased proliferation of cells in the midline area. The primitive streak causes the disc to have bilateral symmetry (sim-me-try), with a right half and left half; most of the further development of each half of the embryo mirrors the other half. If looked at from a top view, the embryo would resemble the sole of a shoe with the head end wider than the tail end and with a slightly narrowed middle.

In addition, during the beginning of the third week, some cells from the epiblast layer move or migrate toward the hypoblast layer only in the area of the primitive streak (Figure 3-8). These migratory cells locate in the middle between the epiblast and hypoblast layers and become mesoderm (mes-oh-derm), an embryonic connective tissue, as well as embryonic endoderm (en-doe-derm). Mesodermal cells have the potential to proliferate and differentiate into diverse types of connective tissue, forming cells such as fibroblasts, chondroblasts, and osteoblasts (see Chapter 8).

With three layers present, the bilaminar embryonic disc has thickened into trilaminar (try-lam-i-nar) embryonic disc (Figure 3-9). Thus, the trilaminar embryonic disc has three embryonic cell layers. With the creation of the new embryonic cell layers of mesoderm and embryonic endoderm, the epiblast layer is now considered ectoderm (ek-toe-derm). At the same time, the hypoblast layer has been displaced by the cells migrating into the primitive streak and now becomes extra-embryonic endoderm.
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FIGURE 3-8 Bilaminar embryonic disc with migration of the epiblast layer cells toward the hypoblast layer to form the new mesoderm layer.
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FIGURE 3-9 After the formation of the middle layer of mesoderm, the resulting trilaminar embryonic disc consists of the ectoderm, mesoderm, and endoderm. The cephalic and caudal ends of the disc are associated with the oropharyngeal and cloacal membranes (dashed circles).





Within the trilaminar embryonic disc, each embryonic cell layer is distinct from the others and thus gives rise to specific tissue (Table 3-4, see Table 8-1). The ectoderm gives rise to the skin epidermis, the central nervous system (CNS), and other structures. The mesoderm gives rise to connective tissue, such as skin dermis, cartilage, bone, blood, muscle, and other associated tissue. The endoderm gives rise to the respiratory epithelium and cells of glands.

Mesoderm and associated tissue are found in all areas of the future embryo except at certain embryonic membranes at both ends of the embryo and the pharyngeal pouches (discussed later in this chapter). In these areas without mesoderm present, both the ectoderm and endoderm fuse together, thereby preventing the migration of mesoderm between them.

Because the trilaminar embryonic disc has undergone so much growth during the past 3 weeks, certain anatomic structures of the disc become apparent. The disc now has a cephalic (se-fal-ik) end, or head end. At the cephalic end, the oropharyngeal membrane forms, which consists of only ectoderm externally and endoderm internally, without any intermediate mesoderm. This membrane is the location of the future primitive mouth or stomodeum of the embryo and thus the beginning of the digestive tract (see Figure 4-1). The disc also has a caudal (kaw-dal) end, or tail end (see Figure 3-9). At the caudal end, the cloacal membrane forms, which is the location of the future anus, or terminal end of the digestive tract.


TABLE 3-4

Development of Embryonic Cell Layers



	
	ECTODERM
	MESODERM
	ENDODERM
	NEURAL CREST CELLS∗





	Origin
	Epiblast layer
	Migrating cells from epiblast layer
	Migrating cells from epiblast layer
	Migrating neuroectoderm



	Histologic features
	Columnar
	Varies
	Cuboidal
	Varies



	Future structures
	Epidermis; sensory epithelium of the eyes, ears, nose, nervous system, and neural crest cells; mammary and cutaneous glands
	Dermis, muscle, bone, lymphatics, blood cells and bone marrow, cartilage, reproductive, and excretory organs
	Respiratory and digestive system linings, liver, and pancreatic cells
	Components of nervous system pigment cells, connective tissue proper, cartilage, bone, and certain dental tissue
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∗ Neural crest cells from the neuroectoderm are included, but they are not present in the embryonic disc until the later part of the third week; neural crest cells are considered to be a fourth embryonic cell layer by embryologists.





During the latter part of the third week, the CNS begins to develop in the embryo (Figure 3-10). Many steps occur during this week to form the beginnings of the spinal cord and brain (see Table 8-7). First, a specialized group of cells differentiates from the ectoderm and is now considered neuroectoderm (noor-oh-ek-toe-derm). These cells are localized to the neural (noor-al) plate of the embryo, which is a central band of cells that extends the length of the embryo, from the cephalic end to the caudal end. This plate undergoes further growth and thickening, which cause it to deepen and invaginate inward, forming the neural groove.

Near the end of the third week, the neural groove deepens further and is surrounded by the neural folds. As further growth of the neuroectoderm occurs, the neural tube is formed during the fourth week by the neural folds undergoing fusion (fu-zhin) at the most superior part. The neural tube forms the future spinal cord as well as other neural tissue of the CNS (see Table 3-4).

Other areas of the embryo also undergo fusion during the third week and in subsequent weeks, as the embryo develops, but the process occurs differently depending on the structures involved. In the case of the neural tube (and also the palate as discussed in Chapter 5), the process of fusion, as the name implies, can be the joining of two separate surfaces on the embryo (Figure 3-11). However, in the case of facial fusion, the process of fusion can also include the elimination of a groove between two adjacent processes appearing as swellings on the same surface of the embryo. In these cases, merging of underlying tissue and cell migration into the groove produces the joining of the facial processes (see Figures 4-3 and 4-4).

In addition, during the third week, another specialized group of cells, the neural crest cells (NCCs), develop from neuroectoderm (Figure 3-12). These cells migrate from the crests of the neural folds and then join the mesoderm to form mesenchyme (mes-eng-kime). The mesenchyme is involved in the development of many face and neck structures, such as the branchial arches, because they differentiate to form most of the connective tissue of the head.

On reaching their predetermined destinations, the NCCs undergo differentiation into diverse cell types that are, in part, specified by local environmental influences. Embryologists consider the NCCs to be a fourth embryonic cell layer (see Table 3-4). In future development, these cells become involved in the formation of components of the nervous system, melanocyte pigment cells, connective tissue proper, cartilage, bone, and certain dental tissue by becoming a specialized type of mesenchyme, ectomesenchyme, such as the formation of the pulp, dentin, cementum, alveolar process, and periodontal ligament (see Figure 6-1). Thus, NCCs are essential in formation of most oral and dental tissue, except for the enamel and certain types of cementum, as well as the development of the face and neck (see Chapters 4, 5, and 6).
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FIGURE 3-10 Central nervous system of the embryo beginning to form. A, Formation of the neuroectoderm from the ectoderm within the neural plate that thickens to form the neural groove. B, Neural groove deepens to become surrounded by the neural folds. C, Neural folds meet and fuse, forming the neural tube.
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FIGURE 3-11 Process of fusion that can have the joining of swellings or tissue from different surfaces of the embryo, which occurs with the neural tube, upper lip, and palate. This is unlike the fusion with the joining of swellings or tissue on the same surface of the embryo that occurs on the face (see Figure 4-4).
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FIGURE 3-12 Neural crest cells from the neural folds (A) will migrate and join with the mesoderm to form the mesenchyme (B) to affect tissue development.




By the end of the third week, the mesoderm additionally differentiates and begins to divide on each side of the tube into 38-paired cuboidal segments of mesoderm, forming the somites (so-mites) (Figure 3-13). The somites later appear as distinct elevations on the surface of the sides of the embryo and continue to develop in the following weeks of prenatal development, giving rise to most of the skeletal structures of the head, neck, and trunk, as well as the associated muscles and dermis of the skin.

Fourth Week

During the fourth week of prenatal development within the embryonic period, the trilaminar embryonic disc undergoes anterior (cephalic) and lateral embryonic folding, which places forming tissue types into their proper positions for further embryonic development, as well as producing a somewhat tubular embryo (Figure 3-14). This folding results from extensive proliferation of the ectoderm and differentiation of basic tissue and occurs mainly at the cephalic end, where the brain will form. This cephalic tissue grows beyond the oropharyngeal membrane to overhang the developing heart.

Folding due to increased growth occurs not only at the cephalic end but also at the caudal end and at the sides of the embryo simultaneously. As a result of this folding, the positions of the embryonic cell layers take on a more recognizable placement for the further development of the embryo.

Thus, after folding of the disc, the endoderm lies inside the ectoderm, with mesoderm filling in the areas between these two layers. This movement of the embryonic cell layers forms one long, hollow tube lined by endoderm from the cephalic end to the caudal end of the embryo—specifically, from the oropharyngeal (or-oh-fah-rin-je-al) membrane to the cloacal (klo-ay-kal) membrane. This tube is the future digestive tract and is separated into three major regions: foregut, midgut, and hindgut.

The anterior part of this tube is the foregut (fore-gut), which forms the primitive pharynx, or primitive throat, and includes a part of the primitive yolk sac as it becomes enclosed with folding (see Figure 4-10). The two more posterior parts, the midgut (mid-gut) and hindgut (hinde-gut), respectively, form the rest of the mature pharynx, as well as the remainder of the digestive tract (see Figure 2-18). During development of the digestive tract, four pairs of pharyngeal pouches will form from evaginations on the lateral walls lining the pharynx (see Figure 4-11).

Finally, during the fourth week, the face and neck begin to develop, with the primitive eyes, ears, nose, oral cavity, and jaw areas. The development of the face and neck is discussed in Chapter 4, and the development of the associated oral cavity is described in Chapters 5 and 6.

Clinical Considerations for Embryonic Period

Because the beginnings of all essential external and internal structures are formed during the embryonic period, this is considered the most critical period of prenatal development. Thus, developmental disturbances occurring during this period may give rise to major congenital malformations of the embryo (as discussed earlier).

One syndrome that can occur within this period is ectodermal dysplasia (ek-toe-derm-al dis-play-ze-ah), which involves the abnormal development of one or more structures from ectoderm (Figure 3-15). This syndrome has a hereditary etiology and presents with abnormalities of the teeth, skin, hair, nails, eyes, facial structure, and glands, because these are derived from ectoderm or associated tissue. There may be partial or complete anodontia, the absence of some or all teeth in each dentition, and the teeth that are present for either dentition frequently have developmental disturbances (see Chapter 6). Partial or full dentures are used for both functional and esthetic purposes, but need to be reconstructed periodically as the jaws continue to grow; implants may be considered after growth halts if bone levels of each remaining alveolar process are adequate.
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FIGURE 3-13 Differentiated mesoderm gives rise to the somites. A and B, Somites are located on both the sides of the developing nervous system. C, View of 13-somite embryo at around 24 days. (From Moore KL, Persaud TVN, Torchia MG: The developing human: clinically oriented embryology, ed 10, St Louis, 2015, Saunders/Elsevier.)
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FIGURE 3-14 Trilaminar embryonic disc has folded into the embryo. A and B, Disc now has undergone embryonic folding as a result of extensive growth of the ectoderm, and there is development of the brain with spinal cord, heart, and digestive tract. C, With this folding, the endoderm is now inside the ectoderm, with the mesoderm filling in the areas between the two tissue types, except at the two embryonic membranes as shown on cross section. (From Moore KL, Persaud TVN, Torchia MG: The developing human: clinically oriented embryology, ed 10, St Louis, 2015, Saunders/Elsevier.)





If there is failure of migration of the NCCs to the facial region, Treacher Collins (tree-chur kol-inz) syndrome (TCS) (or mandibulofacial dysostosis) develops in the embryo (Figure 3-16). This results in failure of specific areas of orofacial development, presenting with downward slanting eyes, underdeveloped zygomatic bone, drooping lateral lower eyelids, and conductive hearing loss, with malformed or absent ears as well as dental developmental disturbances, such as anodontia, enamel dysplasia, and micrognathia (small lower jaw).

In addition, if teratogens are present during the active differentiation of a tissue type or organ, after crossing from pregnant woman by way of the placenta, this can raise the incidence of congenital malformations. An example of an infective teratogen for the embryo is the virus causing rubella (roo-bell-ah), which can result in cataracts, cardiac defects, and deafness. Another infective teratogen is the bacterial spirochete causing syphilis (sif-i-lis), Treponema pallidum, because it produces defects in the incisors (Hutchinson incisor) and molars (mulberry molar), as well as blindness, deafness, and possible paralysis if not treated (Figure 3-17, see Chapters 16 and 17).
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FIGURE 3-15 Ectodermal dysplasia is marked by the abnormal development of ectodermal structures resulting in certain facial features and an absence of teeth, or anodontia (partial in this case). (Courtesy of Margaret J. Fehrenbach, RDH, MS.)
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FIGURE 3-16 Treacher Collins syndrome from the failure of migration of the neural crest cells to the facial region in the embryo presents with areas without complete orofacial development, having marked features, including micrognathia (small lower jaw). (From Kaban LB, Toulis MJ: Pediatric oral and maxillofacial surgery, ed 1, Philadelphia, 2004, Saunders/Elsevier.)





An example of the result of a teratogenic drug effect during the embryonic period is fetal (fete-il) alcohol syndrome (FAS) (Figure 3-18). High levels of ethanol ingested by a pregnant woman cross the placenta and can result in prenatal and postnatal growth deficiency, mental disabilities, and other facial disturbances, such as small head circumference, low nasal bridge, short nose, small midface, widely spaced eyes with epicanthic folds and eyelid fissures, indistinct philtrum, and thin upper lip. Oral changes, such as crowding of the dentition, mouth breathing, anterior open bite, and associated gingivitis, may occur, possibly because of an increased finger sucking habit. However, the effects of alcohol on prenatal development can include much more than those defining criteria, and prenatal exposure to alcohol can potentially impact development at almost any point in the pregnancy, from embryonic through fetal development.

Direct exposure to high levels of radiation can act as an environmental teratogen during the embryonic period. Radiation may injure embryonic cells, resulting in cell death, chromosome injury, and delay of mental and physical growth. The severity of embryonic damage is associated with the absorbed dose, the dose rate, and the state of embryonic or fetal development at the time of exposure.
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FIGURE 3-17 Dental anomalies from syphilis, an infective teratogen. A, Hutchinson incisors. B, Mulberry molar. (From Ibsen OAC, Phelan JA: Oral pathology for dental hygienists, ed 6, St Louis, 2014, Saunders/Elsevier.)
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FIGURE 3-18 Fetal alcohol syndrome presents with noted orofacial features and various levels of mental disability. This syndrome is caused by the pregnant women’s excessive use of ethanol during the embryonic period. (From Streissguth AP, Landesman-Dwyer S, Martin JC, et al: Teratogenic effects of alcohol in humans and laboratory animals, Science 209:353-361, 1980. Copyright 1980; American Association for the Advancement of Science.)





However, congenital abnormalities have not been directly linked to a diagnostic level of radiation, such as that used in the dental setting. Scattered radiation from a radiographic examination of the oral cavity administers a dose of only a few millirads to a pregnant woman, which is not known to be teratogenic to an embryo. Nevertheless, even this small dose should be avoided during pregnancy unless an emergency situation requires it; proper protective precautions should be used with all patients at all times as well as with the administering dental professionals.

Failure of fusion of the neural tube results in neural tube defects of the tissue overlying the spinal cord, such as the meninges, vertebral arches, muscles, and skin. One type of neural tube defect is spina bifida (spi-nah bif-ah-dah), characterized by defects in the vertebral arches and various degrees of disability. Nutritional and environmental factors can also have an important role as teratogens in causing neural tube defects; folic acid supplements are now being recommended during pregnancy to help prevent this defect as well as cleft lip and cleft palate (see Figures 4-8 and 5-6).




Fetal Period

The final period of prenatal development, the fetal period, follows the embryonic period (see Table 3-1). It encompasses the beginning of the ninth week or third month continuing to the ninth month, with the maturation of existing structures occurring as the embryo enlarges to become a fetus (fete-is). This process involves not only the physiologic process of maturation of the individual tissue types and organs but also further proliferation, differentiation, and morphogenesis, as discussed before with the development of the embryo.

Although developmental changes with the fetus are not as dramatic as those that occur during the embryonic period, they are important because they allow the newly formed tissue types and organs to function. Even though the embryo has been breathing since the third week of prenatal development, by the end of the fourth month, the fetal heartbeat and fetal movements are also present.

Clinical Considerations for Fetal Period

Systemic tetracycline antibiotic therapy of the pregnant woman can act as a teratogenic drug during the fetal period. This therapy can result in tetracycline (tet-rah-si-kleen) stain within the child’s primary teeth that are developing at that time. This intrinsic yellow to yellow-brown discoloration of the teeth can occur in slight, moderate, or severe degrees, as the antibiotic becomes chemically bound to the dentin for the life of the tooth, and because of the transparency of overlying enamel, this stain is easily visible.
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FIGURE 3-19 Lingual view of the permanent maxillary anterior teeth with tetracycline stain caused by the ingestion of the drug by a child during the time of development of the permanent dentition. Veneer restorative crowns have been placed on the facial surface of the affected teeth for esthetic reasons. Many times vital whitening (or bleaching) may also be effective to some extent, evening out the tooth color. (Courtesy of Margaret J. Fehrenbach, RDH, MS.)





The adult’s permanent teeth may also be affected, similarly to the primary teeth, if the drug is given to a child during their development (Figure 3-19). If the permanent teeth are involved, treatment may require full-coverage crowns or veneers to improve the appearance of the teeth, although, in some cases, vital tooth whitening may even out the discoloration. Thus, this type of antibiotic therapy should be avoided if possible in pregnant women and children. Studies also show that overuse of amoxicillin in children with ear and respiratory infections may be involved in pitting and intrinsic stain in the permanent tooth enamel, resulting in enamel dysplasia (see Box 6-1, O, P).






Chapter 4

Face and Neck Development


Learning Objectives




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


2. Outline the events that occur during facial development, describing each step in its formation.


3. Identify the structures present during facial development on a diagram.


4. Integrate the study of the facial development into understanding the observed orofacial structures and the clinical considerations due to developmental disturbances of these structures.


5. Outline the events that occur during neck development, describing each step in its formation.


6. Identify the structures present during neck development on a diagram.


7. Integrate the study of neck development into understanding the observed orofacial structures and the clinical considerations due to developmental disturbances of these structures.






Additional resources and practice exercises are provided on the companion Evolve website for this book: [image: icon] http://evolve.elsevier.com/Fehrenbach/illustrated.


Facial Development

Dental professionals must have a clear understanding about the development of the face to further relate the underlying structural relationships to any developmental disturbances that may be present.

The face and its associated tissue begin to form during the fourth week of prenatal development within the embryonic period (Figure 4-1 and Box 4-1). During this time, the rapidly growing brain of the embryo bulges over the oropharyngeal membrane and developing heart (Figure 4-2). The area of the future face is now squeezed between the developing brain and heart with the formation of the three embryonic layers and resultant embryonic folding (see Figure 3-14).

All three embryonic layers are involved in facial development: ectoderm, mesoderm, and endoderm (Table 4-1). Early development of the face is also dominated by the proliferation and migration of ectomesenchyme, derived from neural crest cells (NCCs) (see Chapter 3 for more discussion).

Facial development includes the formation of the primitive mouth, mandibular arch, maxillary process, frontonasal process, and nose. Facial development depends on the five major facial processes (or prominences) that form during the fourth week and surround the primitive mouth of the embryo: single frontonasal process and paired maxillary and mandibular processes (Figure 4-3). Thus, these facial processes become the centers of growth for the face. If the adult face is divided into thirds—upper face, midface, and lower face—these parts roughly correspond to the three centers of facial growth. The upper face is derived from the frontonasal process, the midface from the maxillary processes, and the lower face from the mandibular processes.

The facial development that starts in the fourth week will be completed later in the twelfth week within the fetal period. The face changes shape considerably as it grows from being an embryo to forming into a fetus. Thus, overall facial proportions develop during the later fetal period. It is important to note that the development of the associated oral structures is occurring at the same time as discussed in Chapters 5 and 6.

Most of the facial structures develop by fusion of swellings or tissue on the same surface of the embryo (Figure 4-4). A cleft, or furrow, is initially located between these adjacent swellings due to proliferation, differentiation, and morphogenesis (see Table 3-3). However, with most facial fusion, these furrows are usually eliminated as the underlying mesenchyme migrates into the furrow, making the embryonic facial surface smooth. This migration takes place because adjacent mesenchyme grows and merges beneath the external ectoderm during the maturation of the structure. In some cases, a slight groove or line maybe left on the facial surface, showing where the fusion of the swellings took place. Differing from this type of fusion that takes place on the facial surface is the type of fusion that occurs during development of the upper lip and palate (see Figure 3-11). In contrast to most facial fusion, upper lip and palatal fusion involves the fusion of swellings or tissue from different surfaces of the embryo, such as that which occurs with the fusion of the neural tube (see Figure 3-10, C).

The overall growth of the face is in both an inferior and anterior direction in relationship to the cranial base. The growth of the upper face is initially the most rapid, in keeping with its association with the rapidly developing brain. Subsequently, the forehead ceases to grow significantly after age 12. In contrast, the midface and lower face grow more slowly over a prolonged period of time and finally cease to grow late in puberty. Much later, the eruption of the permanent third molars at approximately 17 to 21 years of age marks the end of the major growth of the lower two-thirds of the face. The underlying facial bones, also developing at this time, depend on centers of bone formation by intramembranous ossification (see Figure 8-12).
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FIGURE 4-1 Scanning electron micrograph of the embryo at the fourth week, showing the developing face with its stomodeum (ST) and lens placode for the eye as well as the developing brain. (Nearby anterior placed developing heart has been cut away to display the branchial arches.) (From Hinrichsen K: The early development of morphology and patterns of the face in the human embryo, Adv Anat Embryol Cell Biol 98:1-79, 1985.)







BOX 4-1 Facial Development within Fourth Week of Prenatal Development

Developmental Events Overview (Not in Precise Order of Occurrence)

• Disintegration of the oropharyngeal membrane of stomodeum enlarges the primitive mouth, allowing access to the primitive pharynx


• Mandibular processes fuse to form mandibular arch, which then uses to form the mandible and lower lip


• Frontonasal process forms and gives rise to the nasal placodes, nasal pits, medial and lateral nasal processes, and intermaxillary segment to form the nose and primary palate


• Maxillary process forms from mandibular arch on each side of the stomodeum


• Maxillary processes fuse with each medial nasal process to form upper lip and with each mandibular arch to form the labial commissures
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FIGURE 4-2 Embryo at the fourth week of prenatal development showing the developing brain, the forming face from the growth of the frontonasal process with its stomodeum and placodes, and the developing heart.





TABLE 4-1

Embryonic Orofacial Development



	EMBRYONIC STRUCTURES
	ORIGIN
	FUTURE STRUCTURES




	Stomodeum
	Ectodermal depression enlarged by disintegration of oropharyngeal membrane
	Oral cavity proper



	First branchial arch (aka mandibular arch)
	Fused mandibular processes and neural crest cells
	Lower lip, lower face, mandible with associated tissue (other arch derivatives shown in Table 4-2)



	Maxillary process(es)
	Superior and anterior swelling(s) from mandibular arch and neural crest cells
	Midface, upper lip sides, cheeks, secondary palate, posterior part of maxilla with associated tissue, zygomatic bones, part of temporal bones



	Frontonasal process
	Ectodermal tissue and neural crest cells
	Medial and lateral nasal processes



	Nasal pits
	Nasal placodes
	Nasal cavities



	Medial nasal process(es)
	Frontonasal process medial to nasal pits
	Middle of nose, philtrum region, intermaxillary segment



	Intermaxillary segment
	Fused medial nasal processes
	Anterior part of maxilla with associated tissue, primary palate, nasal septum



	Lateral nasal process(es)
	Frontonasal process lateral to nasal pits
	Nasal alae








Stomodeum And Oral Cavity Formation

At the beginning of the fourth week, the primitive mouth has become the stomodeum (sto-mo-de-um) (or stomatodeum), which initially appeared as a shallow depression in the embryonic surface ectoderm at its cephalic end (see Figures 4-1 and 4-2). At this time, the stomodeum is limited in depth by the oropharyngeal membrane (see Figure 3-14). This temporary membrane, consisting of external ectoderm overlying endoderm, was formed during the third week of prenatal development. The membrane also separates the stomodeum from the primitive pharynx. The primitive pharynx is the cranial part of the foregut, which is the beginning of the future digestive tract.
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FIGURE 4-3 Adult face with its embryonic derivatives of the five facial processes: single frontonasal process and paired maxillary and mandibular processes.




[image: image]

FIGURE 4-4 Facial fusion can involve the elimination of a furrow between two adjacent swellings of tissue on the same surface of the embryo. This fusion process differs from that of the neural tube, upper lip, and palatal fusion, which is the fusion of two separate structures from two different surfaces (see Figure 3-11).




The first event in the development of the face during the latter part of the fourth week of prenatal development is disintegration of the oropharyngeal membrane (Figure 4-5). With this disintegration of the membrane, the primitive mouth is increased in depth and enlarges across the surface of the midface. Access now occurs through the stomodeum between the internal primitive pharynx and the outside fluids of the amniotic cavity that surrounds the embryo. In future development, the stomodeum will give rise to the oral cavity, which will be lined by oral epithelium, derived from ectoderm as a result of embryonic folding. Additionally, the oral epithelium derived from ectoderm and associated underlying mesodermal tissue will give rise to the teeth and associated tissue types as discussed in Chapter 6 (see Figure 6-1).

Mandibular Arch and Lower Face Formation

After formation of the stomodeum but still within the fourth week, two bulges of tissue appear inferior to the primitive mouth: the two mandibular (man-dib-you-lar) processes (see Figure 4-5). These processes consist of a core of mesenchyme formed in part by NCCs that migrated to the facial region to join with the mesoderm; they are covered externally by ectoderm and internally by endoderm.

These paired mandibular processes then fuse at the midline to form the mandibular arch, the developmental form of the future lower dental arch, the mandible. After fusion, the mandibular arch then extends as a band of tissue found inferior to the stomodeum and between the developing brain and heart. In the midline, on the surface of the mature bony mandible, is the mandibular symphysis, indicating where the mandible is formed by fusion of right and left mandibular processes (see Figure 1-9). The mandibular arch and its associated tissue are the first parts of the face to form after the stomodeum, separating it from the developing cardiac bulge.

The mandibular arch is also considered the first branchial arch (discussed later in this chapter). Thus, this tissue depends on NCCs for its formation, as do all the other more inferior five branchial arches. During the growth of the mandibular arch, Meckel cartilage (mek-el kar-ti-lij) forms within each side of the arch (see Figure 5-3, A-B). Most of this cartilage disappears as the bony mandible forms by intramembranous ossification lateral to and in close association with the cartilage; yet, a small part makes a contribution to it (see Chapters 5 and 8). Also, the cartilage participates in the formation of the middle ear bones.

In future development, the developing mandibular arch directly gives rise to the lower face, including the lower lip. Thus the mandibular arch will also give rise not only to the mandible, but additionally its mandibular teeth and associated tissue. The mandible of the embryo initially appears underdeveloped, but it achieves its more characteristic mature prominent form as it develops further during the fetal period (see Figures 4-5 and 4-3, respectively).

[image: image]

FIGURE 4-5 During the third to fourth week, disintegration of the oropharyngeal membrane enlarges the stomodeum of the embryo and allows access between the primitive mouth and the primitive pharynx. The frontonasal process also enlarges, helping to form the nasal region. Mandibular processes give rise to the maxillary processes and then fuse together at the mandibular symphysis, forming the mandibular arch inferior to the enlarged stomodeum.




The mesoderm of the mandibular arch forms the muscles of mastication (masseter, temporalis, and pterygoids), as well as some palatal muscles and suprahyoid muscles (see Figure 19-8). Because these muscles are derived from the mandibular arch, they are innervated by the first arch nerve, the trigeminal nerve or fifth cranial nerve (see Table 13-3). The mandibular arch is also involved in the formation of the tongue (see Figure 5-9).

During the fifth to sixth week, primitive muscle cells from the mesoderm in the mandibular arch begin to differentiate. These primitive muscle cells become oriented to the site of origin and insertion of the masticatory muscles that they will form. By the seventh week, the mandibular muscle mass has enlarged, and the cells have begun to migrate into the areas where they will begin to differentiate into the four muscles of mastication as discussed. Muscle cell migration occurs before bone formation in the facial area.

By the tenth week, the mandibular muscle masses have become well organized bilaterally into the four muscles of mastication. Nerve branches from the trigeminal nerve are incorporated early in these muscle masses. The muscle cells of the masseter and medial pterygoid muscles have formed a vertical sling that inserts into the site that will form the angle of the mandible. The temporalis muscle cells have differentiated in the temporal fossa and are inserting into the developing coronoid process. The lateral pterygoid muscle cells, which arise from the infratemporal fossa, extend horizontally into the mandibular condyle and disc of the temporomandibular joint.

Frontonasal Process and Upper Face Formation

During the fourth week, the frontonasal (frun-to-nay-zil) process also forms as a bulge of tissue at the most cephalic end of the embryo and is the cranial boundary of the stomodeum (see Figure 4-2). In future development, the frontonasal process gives rise to the upper face, which includes the forehead, bridge of the nose, primary palate, nasal septum, and all structures associated with the medial nasal processes.

Placode Development

On the outer surface of the embryo are placodes, which are rounded areas of specialized, thickened ectoderm found at the location of developing special sense organs. The facial area of the embryo has two lens placodes (plak-odz), which are initially located fishlike on each side of the frontonasal process (see Figures 4-1 and 4-2). Later in development, these lens placodes migrate medially from their lateral positions and form the future eyes and associated tissue.

The two otic (o-tik) placodes are even more laterally and posteriorly placed and form pits that create the future internal ear and the associated tissue as they appear to rise to their mature position as a result of their relative growth. Parts of the nearby branchial apparatus of the embryonic neck later form the external and middle ear (discussed later in this chapter).

In addition to the lens and otic placodes, the two nasal (nay-zil) placodes form in the anterior part of the frontonasal process, just superior to the stomodeum, during the fourth week (see Figure 4-2). These button-like structures form as bilateral ectodermal thickenings that later develop into olfactory epithelium for the sensation of smell, located in the mature nose.

Nose and Paranasal Sinus Formation

During the fourth week, the tissue around the nasal placodes on the frontonasal process undergoes growth, thus starting the development of the nasal region and the nose. The placodes then become submerged, forming a depression in the center of each placode, the nasal pits (or olfactory pits) (Figure 4-6). These nasal pits later develop into the nasal cavity (Figure 4-7, A, and see Figure 11-19).

Deepening of the nasal pits produces a nasal sac that grows internally toward the developing brain. At first, the nasal sacs are separated from the stomodeum by the oronasal (or-oh-nay-zil) membrane. This temporary membrane disintegrates, bringing the nasal and oral cavities into communication in the area of the primitive choanae, posterior to the developing primary palate. At the same time, the superior, middle, and inferior nasal conchae are developing on the lateral walls of the developing nasal cavities.


[image: image]

FIGURE 4-6 Development of the nose from the fusion of the medial and lateral nasal processes; also showing the formation of the upper lip from the medial process fusing with the maxillary process on each side of the stomodeum.




Some of the paranasal sinuses develop later during the fetal period, and others develop after birth. All form as outgrowths of the walls of the nasal cavities and become air-filled extensions of the nasal cavities in the adjacent bones, such as in the maxilla and the frontal bone (see Figure 11-21).

The middle part of the tissue growing around the nasal placodes appears as two crescent-shaped swellings located between the nasal pits. These are the medial nasal processes (see Figure 4-6). In future development, the medial nasal processes will fuse together externally to form the middle part of the nose from the root of the nose to the apex of the nose, as well as the tubercle of the upper lip and philtrum (see Figures 1-4 and 1-6).

The paired medial nasal processes also fuse internally and grow inferiorly on the inside of the stomodeum, forming the intermaxillary (in-ter-mak-si-lare-ee) segment (or premaxillary segment) by the end of the seventh week of prenatal development (see Figure 4-7, B and C, and see Figure 5-1). The intermaxillary segment is involved in the formation of certain maxillary teeth (incisors) and associated structures, such as the primary palate and nasal septum.

On the outer part of the nasal pits are two other crescent-shaped swellings, the lateral nasal processes (see Figure 4-6). In future development, the lateral nasal processes form the alae of the nose, and the fusion of the lateral nasal, maxillary, and medial nasal processes forms the nares (see Figure 1-4). The embryonic nose remains visually flat, however, until the fetal period, when facial development is completed and it has its more mature elevated appearance.


Maxillary Process and Midface Formation

During the fourth week of prenatal development, within the embryonic period, an adjacent swelling forms from increased growth of the mandibular arch on each side of the stomodeum, the maxillary (mak-si-lare-ee) process. Subsequently, each maxillary process will grow superiorly and anteriorly around the stomodeum (see Figure 4-5). Because it is formed from the mandibular arch, the maxillary process is also formed from mesenchyme provided by NCCs that joined with the mesoderm.

In future development, the maxillary processes will form the midface. This includes the sides of the upper lip, cheeks, secondary palate, and posterior part of the maxilla with its canines, certain posterior teeth, and associated tissue. This tissue also forms the zygomatic bones and parts of the temporal bones.

Upper and Lower Lip Formation

During the start of the sixth week of prenatal development, the upper lip begins formation when each maxillary process fuses with each medial nasal process on both sides of the stomodeum, which are brought into proximity by proliferation of the NCCs-derived mesenchyme (see Figures 4-6 and 4-7, A). Thus, the maxillary processes contribute to the sides of the upper lip, and the two medial nasal processes contribute to the philtrum (see Figure 1-6).

[image: image]

FIGURE 4-7 Embryo at 6 weeks. A, Photograph of forming upper and lower lip. B and C, Sagittal sections of the head showing the development of the intermaxillary segment from the fusion of medial nasal processes on the inside of the stomodeum. (A, Courtesy of K.K. Sulik from Nanci A: Ten Cate’s oral histology, ed 8, St Louis, 2013, Mosby.)





This fusion of these processes to form the upper lip is similar to the fusion of the neural tube and palate because it takes place between two processes on different surfaces on each side of the face (see Figure 3-11). The maxillary and medial nasal processes grow toward one another, and fusion initially occurs at the ectodermal surfaces where the processes contact one another. The fused ectodermal tissue is temporarily trapped between the joining processes and later disappears so that the mesenchyme is continuous across the fused medial nasal and maxillary processes. Fusion of these processes to form the upper lip is completed during the end of the seventh week of prenatal development when the grooves between the processes are obliterated. The maxillary processes on each side of the developing face partially fuse with the mandibular arch on each side to create each labial commissure, with the mandibular arch already forming the lower lip.

Clinical Considerations for Upper Lip Development

Failure of fusion of the maxillary process with the medial nasal process can result in cleft (kleft) lip, with varying degrees of disfigurement and disability present in the upper lip (Figures 4-8 and 4-9). The ectodermal tissue trapped within the fusing processes may also fail to disappear. Thus the mesenchyme is prevented from growing together across the two processes. This disturbance may be hereditary or associated with environmental factors. It also may be isolated or associated with other developmental abnormalities, such as cleft palate (see Figure 5-6, C-E). Cleft lip occurs in about 1 in 1000 cases. The cleft results from a failure of the mesenchyme to grow beneath the ectoderm to obliterate any grooves between these processes, or even a deficiency or absence of mesenchyme in the area.

[image: image]

FIGURE 4-8 Two main types of cleft lip deformities, unilateral and bilateral clefts.
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FIGURE 4-9 Unilateral cleft lip that is located at the side of the midline of the oral cavity where the facial processes failed to fuse. (Courtesy of Margaret J. Fehrenbach, RDH, MS.)





These clefts of the lip can be located at one side or both sides of the upper lip; it may be unilateral or bilateral and may vary from a notch in the vermilion zone of the upper lip (incomplete cleft) to more severe cases (complete cleft) that extend into the floor of the naris and through the alveolar process of the maxilla.

Cleft lip is more common and more severe in men, and it is more commonly unilateral and on the left side. It can complicate nursing and feeding of the child as well as present challenges with speech development and facial appearance, and it may increase oronasal infection levels. It is treated by oral and plastic surgery, with dental intervention; however, speech and hearing therapy may also be needed.




Cervical Development

The development of the neck parallels the development of the face over time, beginning during the fourth week of prenatal development within the embryonic period and completed during the fetal period (Figure 4-10, A). The neck and its associated tissue develop from the primitive pharynx and the branchial apparatus, which will be discussed in the next sections. Dental professionals must understand the development of the neck to relate its underlying structural relationships to any developmental disturbances that may be present.

Primitive Pharynx Formation

The beginnings of the hollow tube of the embryo are derived from the anterior part of the foregut and will form the primitive pharynx (fare-inks), which is the future oral part of the pharynx, or oropharynx (see Figure 4-10, B, and see Figure 2-18). The foregut is originally derived from the endoderm embryonic cell layer (see Figure 3-14). The primitive pharynx widens cranially where it joins the primitive mouth or later, the stomodeum, and narrows caudally as it joins the esophagus. The endoderm of the pharynx lines the internal parts of the branchial arches and passes into balloon-like areas of the pharyngeal pouches (discussed later in this chapter). However, this same endoderm does not come to line the oral cavity proper or nasal cavity. Instead, the oral cavity proper and nasal cavity are both lined by ectoderm as a result of embryonic folding.

The caudal part of the primitive pharynx forms the esophagus, which leads to the stomach. A ventral outgrowth forms the laryngopharynx, larynx, and trachea and ends in the superior part of the developing lungs. The developing thyroid gland is also an anterior outpocket from the ventral wall of the pharynx (see Figure 11-14).

Branchial Apparatus Formation

Discussed earlier, the branchial apparatus (brang-ke-al ap-pah-ra-tis) (or pharyngeal apparatus) consists of the branchial arches, branchial grooves and membranes, and pharyngeal pouches.

During the fourth week of prenatal development, stacked bilateral swellings of tissue appear inferior to the stomodeum and include the mandibular arch. These are the branchial arches (or pharyngeal arches), with the mandibular arch being the first branchial arch and the other more inferior arches numbered in craniocaudal sequence (Figure 4-11, and see Figure 4-10, A). These branchial arches consist of six pairs of U-shaped bars of which the central core consists of mesenchyme derived from mesoderm invaded by NCCs, now referred to as ectomesenchyme. This neural-derived mesenchyme condenses to form a bar of cartilage in each arch. Each branchial arch is also covered externally by ectoderm, except for the first arch because it forms anterior to the oropharyngeal membrane. In addition, each branchial arch is lined internally by endoderm and supports the lateral walls of the primitive pharynx.

The branchial arches are located bilaterally, oriented in an anterior-posterior direction on the embryo, bending to surround and support the lateral walls of the developing pharynx. It is important to note that the fifth branchial arch is often so rudimentary that often it is absent or it is included within the fourth branchial arch. The branchial arches will give rise to important structures of the face and neck (see Table 4-2).

Each paired branchial arch has its own developing cartilage, nerve, vascular, and muscular components within each mesenchymal core. The first two pairs of arches develop to the greatest extent of all the arches and are also the only ones specifically named. In general, these first two pairs of arches form the midface and lower face, respectively, and the lower four pairs of arches are involved in the formation of the structures of the neck.

The first branchial arch, which is also known as the mandibular arch, and its associated tissue were described earlier and include Meckel cartilage. Forming within the second branchial arch, which is also known as the hyoid (hi-oid) arch, is cartilage similar to that of the mandibular arch, Reichert (rike-ert) cartilage. Most of it disappears during development; however, parts of it are responsible for a middle ear bone, a process of the temporal bone, and parts of the hyoid bone.
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FIGURE 4-10 Embryo during the fourth week of prenatal development. A, Photograph. B, Diagram. Internally, the foregut gives rise to the primitive pharynx, which will form the oropharynx. (From Moore KL, et al: The developing human: clinically oriented embryology, ed 10, St Louis, 2015, Saunders.)





Additionally, the perichondrium surrounding Reichert cartilage gives rise to the ligament of the hyoid bone. The mesoderm of the hyoid arches helps form the muscles of facial expression, the middle ear muscles, and a suprahyoid muscle. Because these muscles are derived from the hyoid arches, these structures are all innervated by the nerve of the second arches, which is the facial nerve or seventh cranial nerve. The hyoid arches, along with the third and fourth branchial arches, are also involved in formation of the tongue (see Figure 5-9).

During the seventh week, the muscle cells from the mesoderm of the hyoid arches have begun to differentiate. These muscle cells then begin to migrate over the mandibular muscle masses. By the tenth week, the muscle cells have migrated superiorly all over the face, forming a thin sheet of muscle masses. Both superficial and deep groups of muscle fibers eventually develop from these muscle masses and become attached to the newly differentiating bones of the facial skeleton as the muscles of facial expression. The nerve from the facial nerve is incorporated early in these muscle masses.

[image: image]

FIGURE 4-11 Embryo during the fourth week of prenatal development. A to D, Diagrams of two sections with the six branchial arches highlighted along with corresponding pouches and grooves.






TABLE 4-2

Branchial Arches and Derivative Structures



	ARCHES
	FUTURE NERVES AND MUSCLES
	FUTURE SKELETAL STRUCTURES AND LIGAMENTS




	First arches (aka mandibular arches)
	Trigeminal nerve, muscles of mastication, mylohyoid and anterior belly of digastric, tensor tympani, tensor veli palatini muscles
	Malleus and incus of middle ear, including anterior ligament of the malleus, sphenomandibular ligament, and parts of sphenoid bone (see also Table 4-1)



	Second arches (aka hyoid arches)
	Facial nerve, stapedius muscle, muscles of facial expression, posterior belly of the digastric muscle, stylohyoid muscle
	Stapes and parts of malleus and incus of middle ear, stylohyoid ligament, styloid process of the temporal bone, lesser cornu of hyoid bone, upper part of body of hyoid bone



	Third arches
	Glossopharyngeal nerve, stylopharyngeal muscle
	Greater cornu of hyoid bone, lower part of body of hyoid bone



	Fourth through sixth arches
	Superior laryngeal branch and recurrent laryngeal branch of vagus nerve, levator veli palatini muscles, pharyngeal constrictors, intrinsic muscles of the larynx
	Laryngeal cartilages








The third branchial arch has an unnamed cartilage associated with it. This cartilage will be responsible for the formation of parts of the hyoid bone. The only muscle to be derived from the mesoderm of each third arch is a pharyngeal muscle. Each pair of arches is innervated by the glossopharyngeal nerve or ninth cranial nerve.

Both the fourth branchial arch and the sixth branchial arch also have unnamed cartilage associated with them. These arches fuse and participate in the formation of most of the laryngeal cartilages. The mesoderm of these arches is associated with the muscles of the larynx and pharynx. These structures are innervated by the ninth and tenth cranial nerves, although the nerves of these arches are branches of the vagus nerve or tenth cranial nerve.

Between neighboring branchial arches, external grooves are noted on each side of the embryo. These are the branchial grooves (or pharyngeal grooves or branchial clefts) (see Figure 4-11). Only the first branchial groove, which is located between the first and second branchial arches at approximately the same level as the first pharyngeal pouches, gives rise to a definitive mature structure of the head and neck (discussed later in this chapter).


TABLE 4-3

Pharyngeal Pouches and Derivative Structures



	POUCHES
	FUTURE STRUCTURES




	First pouches
	Tympanic membrane (with first branchial groove), tympanic cavity, mastoid antrum, auditory tube



	Second pouches
	Crypts and lymphatic nodules of the palatine tonsils



	Third and fourth pouches
	Parathyroid and thymus glands








To accomplish this the first branchial groove becomes deeper to the extent that the ectoderm of the branchial groove contacts the endoderm of the pharyngeal pouches. At this time, only a thin, double-layered membrane, the first branchial membrane (or pharyngeal membrane), separates the groove from the pouches, although mesenchyme later separates these two layers. This membrane, with its three layers, develops into the tympanic membrane (eardrum). Thus, the first groove forms the external auditory meatus. Other branchial membranes appear in the bottom of each of the four branchial grooves, although, in contrast, they are only temporary structures.

By the end of the seventh week, the last four branchial grooves are obliterated as a result of a sudden spurt of growth experienced by the pair of hyoid arches, which grow in an inferior direction and eventually form the neck. This obliteration of grooves gives the mature neck a smooth surface contour.

At the same time, four well-defined pairs of pharyngeal (fah-rin-je-il) pouches develop as endodermal evaginations from the lateral walls lining the pharynx (see Figure 4-11). The pouches develop as balloon-like structures in a craniocaudal sequence between the branchial arches. The fifth pharyngeal pouches are absent or rudimentary. Many structures of the face and neck are developed from the pharyngeal pouches (Table 4-3).

The first pharyngeal pouches form between the first and second branchial arches and become the auditory tubes. The palatine tonsils are derived from the lining of the second pharyngeal pouches and also from the pharyngeal walls. The parathyroid glands and thymus gland are derived from the lining of the third and fourth pharyngeal pouches. Additionally, a part of the thymus gland is of ectodermal origin.

The growth and development of the thymus is not complete at birth. The thymus is a relatively large lymphatic organ during the perinatal period and then later starts to diminish in relative size during puberty. By adulthood, the thymus located at the superior part of the breastbone is often scarcely recognizable; however, it still is functioning by secreting thymic hormones and by maturing T-cell lymphocytes (see Figure 8-16).

Clinical Considerations for Branchial Apparatus Development

Most congenital malformations in the neck originate during transformation of the branchial apparatus into its mature derivatives. Some of these are a result of the persistence of parts of the branchial apparatus that usually disappear during development of the neck and its associated tissue.


[image: image]

FIGURE 4-12 A branchial cleft cyst from the second arch, which is associated with a slowly enlarging, painless swelling on the lateral surface of the neck. These large cysts often lie free in the neck just inferior to the angle of the mandible, but they may develop anywhere along the anterior border of the sternocleidomastoid muscle as in this case. (From Moore KL, et al: The developing human: clinically oriented embryology, ed 10, St Louis, 2015, Saunders.)





The second branchial grooves occasionally do not become obliterated, and thus parts remain to form a branchial cleft cyst (Figure 4-12). These cysts may drain through sinuses along the neck but may also remain free in the lateral neck tissue just inferior to the angle of the mandible and anywhere along the anterior border of the sternocleidomastoid muscle. These cysts do not become apparent until they produce a slowly enlarging painless swelling that may be associated with small pits and skin tags that may involve fluid drainage from a sinus tract. The cyst is treated by surgical excision or, more recently, sclerotherapy.
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