




[image: image]







Mosby’s Comprehensive Review of Dental Hygiene


Seventh Edition



Michele Leonardi Darby, BSDH, MS


Eminent Scholar, University Professor, Chair, Gene W. Hirschfeld School of Dental Hygiene, Old Dominion University, Norfolk, Virginia





[image: image]












This title includes additional digital media when purchased in print format. For this digital book edition, media content may not be included.









Copyright


[image: image]


3251 Riverport Lane


St. Louis, Missouri 63043


Mosby’s Comprehensive Review of Dental Hygiene 978-0323079631


Copyright © 2012, 2006, 2002, 1998, 1994, 1991, 1986 by Mosby, Inc., 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.





Library of Congress Cataloging-in-Publication Data or Control Number


Mosby’s comprehensive review of dental hygiene / [edited by] Michele Darby.—7th ed.


  p. ; cm.


 Comprehensive review of dental hygiene


 Includes bibliographical references and index.


 ISBN 978-0-323-07963-1 (pbk. : alk. paper)


 1. Dental hygiene. 2. Dental hygiene—Examinations, questions, etc. I. Darby, Michele Leonardi, 1949– II. Title: Comprehensive review of dental hygiene.


 [DNLM: 1. Dental Prophylaxis—Examination Questions. 2. Dental Prophylaxis—Outlines. WU 18.2]


 RK60.7.M67 2012


 617.6′01076—dc22


  2011014560


Publisher: Linda Duncan


Acquisitions Editor: Kristin Hebberd


Developmental Editor: Joslyn Dumas


Publishing Services Manager: Catherine Jackson


Project Manager: Sara Alsup


Design Direction: Teresa McBryan


Printed in the United States of America


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










Dedication


To my husband, Dennis, and our children, Devan and Blake, for the joy and peace they bring me.


M.L.D.










Contributors




Stephen C. Bayne, MS, PhD, FADM,     Professor and Chair
Cariology, Restorative Sciences, and Endodontics
University of Michigan
School of Dentistry
Ann Arbor, Michigan







Christine French Beatty, PhD,     Professor
Department of Dental Hygiene
Texas Woman’s University
P.O. Box 425796
Denton, Texas







Christine M Blue, RDH, MS,     Director and Assistant Professor
Primary Dental Care
School Of Dentistry
University of Minnesota
Minneapolis, Minnesota







Denise M. Bowen, RDH, BS, MS,     Professor Emeritus
Department of Dental Hygiene
Idaho State University
Pocatello, Idaho







Kristin Hamman Calley, BSDH, MS,     Associate Professor
Department of Dental Hygiene
Division of Graduate Studies
Idaho State University
Pocatello, Idaho







Irene Connolly, BSDH, MS,     Adjunct Assistant Professor
Gene W. Hirschfeld School of Dental Hygiene
Old Dominion University
Norfolk, Virginia







Barbara Leatherman Dixon, RDH, BS, MEd,     Vice President (2004–2010)
WREB, A National Dental and Dental Hygiene Testing Agency
Phoenix, Arizona
Commissioner (2006–2010)
Joint Commission National Dental Examination
Chicago, IL







JoAnn R. Gurenlian, RDH, PhD,     President and CEO
Gurenlian & Associates
Haddonfield, New Jersey







Lisa F. Harper Mallonee, BSDH, MPH, RD, LD,     Associate Professor
Department of Dental Hygiene
Texas A&M Health Science Center
Baylor College of Dentistry
Dallas, Texas







Elena Bablenis Haveles, BS, Pharm.D.,     Adjunct Associate Professor of Pharmacology
Gene W. Hirschfeld School of Dental Hygiene
College of Health Sciences
Old Dominion University
Norfolk, Virginia







Gwen L. Hlava, RDH, MS,     Professor and Chair
Department of Dental Hygiene
University of Nebraska Medical Center
College of Dentistry
Lincoln, Nebraska







Olga A.C. Ibsen, RDH, BS, MS,     Adjunct Professor
Department of Oral and Maxillofacial Pathology, Radiology, and Medicine
New York University
College of Dentistry
New York, New York
Adjunct Professor
Department of Dental Hygiene
University of Bridgeport
Bridgeport, Connecticut







Todd N. Junge, RDH, BS,     Assistant Professor
Department of Dental Hygiene
University of Nebraska Medical Center
College of Dentistry
Lincoln, Nebraska







Jill S. Nield-Gehrig, RDH,MA,     Dean Emeritus
Division of Allied Health & Public Service Education
Asheville-Buncombe Technical Community College
Asheville, North Carolina







Darnyl Palmer, RDH, BA, MS,     Clinical Instructor
Department of Dental Hygiene
Georgia Perimeter College
Dunwoody, Georgia







Jessica C. Peek, BSDH, MS,     Department of Dental Ecology
School of Dentistry
University of North Carolina at Chapel Hill
Chapel Hill, North Carolina







John M. Powers, PhD,     Professor of Oral Biomaterials
Department of Restorative Dentistry and Biomaterials
University of Texas Dental Branch at Houston
Houtson, Texas
Senior Vice President
Dental Consultants
Ann Arbor, Michigan







Maureen Savner, RDH, MS,     Associate Professor, Clinical Coordinator
Department of Dental Health
Luzerne County Community College
Nanticoke, Pennsylvania







Heidi Schlei, BSDH, MS, EMT,     Instructor
Department of Allied Health
Waukesha County Technical College
Pewaukee, Wisconsin







M. Anjum Shah, BSDH, RDH, MS,     Assistant Professor
Division of Dental Hygiene
Virginia Commonwealth University
School of Dentistry
Richmond, Virginia







Rebecca Sroda, CDA, RDH, MA,     Associate Dean of Allied Health
Director of Dental Education
Southern Florida Community College
Avon Park, Florida







Edward J. Swift, Jr., DMD, MS,     Professor and Chair
Department of Operative Dentistry
University of North Carolina
Chapel Hill, North Carolina







Evelyn M. Thomson, BSDH, MS,     Adjunct Assistant Professor
Gene W. Hirschfield School of Dental Hygiene
Old Dominion Univerisity
Norfolk, Virginia







Jeffrey Y. Thompson, PhD,     Professor
Department of Prosthodontics
College of Dental Medicine
Nova Southeastern University
Ft. Lauderdale, Florida







Lynn Tolle, BSDH, MS,     Professor and Director of Clinics
Gene W. Hirschfeld of Dental Hygiene
Old Dominion University
Norfolk, Virginia







Pamela Zarkowski, JD, MPH,     Vice President for Academic Affairs and Professor
University of Detroit Mercy
Detroit, Michigan







Meg Zayan, RDH, MPH, EdD,     Dean and Associate Professor
Fones School of Dental Hygiene
Division of Health Sciences
University of Bridgeport
Bridgeport, Connecticut













Preface


The success of earlier editions of Mosby’s Comprehensive Review of Dental Hygiene, the plethora of new knowledge from rigorous research, and the need for evidence-based education and practice serve as the prime forces guiding the development of the seventh edition. Publishing a book that comprehensively reviews the foundation for dental hygiene competencies is a challenge. Demographic, societal, and educational trends, issues surrounding access to care for all citizens, and new healthcare delivery and finance systems require successful dental hygienists to possess competence in the biological, social, behavioral, and dental hygiene sciences, and in general education. The book and the accompanying Evolve website offer a complete learning package to:




• assist individuals in reviewing the theory, skills, and judgments required on national, regional, and state dental hygiene board examinations;


• prepare dental hygienists for reentry into professional dental hygiene roles—clinician, educator, advocate, researcher, and administrator/manager;


• provide educators with salient information used for course and curriculum development and outcomes assessment.









“Client” vs. “Patient”


Throughout the book, “client” (instead of “patient”) is used predominantly because the term is congruent with the profession’s disease prevention, health promotion, and wellness focus. Most important, the term “client” conveys dental hygiene’s partnership with consumers and communities inclusive of individuals, families, and target groups who are fast becoming the focus of community-based dental hygiene practice. Both the American Dental Hygienists’ Association and the Canadian Dental Hygienists’ Association have embraced the term “client” in their policies and actions. When the client is debilitated by disease or disability, the term “patient” is used.


A special effort was made to design testlets for the community oral health content and case-based questions that include client health; dental, pharmacologic, and cultural history; and dental charts, radiographs, and photographs. Other multiple-choice test items mimic the various types used on the actual National Board Dental Hygiene Examination.









Organization


The seventh edition of Mosby’s Comprehensive Review of Dental Hygiene is divided into 22 independent, interrelated chapters. Chapter 1 provides guidance and confidence-boosting recommendations for anyone preparing for a board examination. Emphasis is on understanding board examinations, test-taking strategies, and trends in standardized board examinations. Given the global economy, basic information on licensure/practice requirements for dental hygienists interested in international employment is also included. Chapters 2 to 22 cover subject areas found on the National Board Dental Hygiene Examination and contain theoretical and applied information in an outline format. End-of-chapter review questions, with rationales on Evolve, explain why the correct answer is appropriate and why each incorrect choice is wrong. The rationales for the correct and incorrect answers provide an additional strategy for efficient board preparation. This information enables the reviewer to assess both decision making and judgment in integrating professional knowledge, and facilitates mastery of each chapter’s content, further increasing the likelihood of success on examination day.


Internet links and a comprehensive index that enables users to locate information quickly and easily are included. Illustrations and the appendices minimize the need to search alternative sources; however, reference lists and website resources are provided for those who desire more in-depth study or enrichment.









Simulated National Board Dental Hygiene Examinations/Electronic Resources






Resources for Students


This edition includes four Simulated National Board Dental Hygiene Examinations with rationales for correct and incorrect answers. One examination is at the end of the book and three more interactive examinations are found on the text’s Evolve website. Answers for all four examinations are provided on the Evolve site. Paralleling the National Board Dental Hygiene Examination in content, length, and question format, these tests permit the student to experience the reality of a board examination in four separate practice opportunities in hard copy and computerized format. We have even included a clock on the Evolve site so students can take the examination with real-time guidelines.


The examinations will improve students’ test-taking abilities, identify areas of weakness, and explain, via the rationales, gaps in each individual’s knowledge base. By first identifying specific areas for study and then systematically reviewing the comprehensive information provided in the logical outline, the student will feel confidently prepared for the board examination.









Resources for Faculty


Providing four Simulated National Board Dental Hygiene Examinations in different formats will thoroughly test your students at all levels. The examination at the back of the book is also on the Evolve site. There, you have the ability to scramble the questions or quiz students using excerpts of the full examination. The Evolve site also allows faculty to publish class syllabi and lecture notes, set up virtual office hours and email communication, and encourage student responsibility through chat rooms and discussion boards. This service is available for WebCT, Blackboard, and Angel systems with qualified adoptions.


Both students and faculty have access to additional resources on Evolve; see the inside front cover for a complete listing.
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Chapter 1


Preparing for National, Regional, and State Dental Hygiene Board Examinations




Barbara Leatherman Dixon





Barbara Leatherman Dixon and the publisher acknowledge the past contributions of Lynn Ray to this chapter.


Preparing for board examinations requires deliberate planning, study and review, time management, organization of information and schedules for applications, and a positive “can-do” attitude. Conscientious dental hygienists will organize a plan for success well in advance and be prepared to satisfy board requirements with confidence in their professional knowledge and skills. This book is a guide through the evidence-based knowledge on which dental hygiene practice is based. Systematic use of this book enables one to reinforce professional education, integrate concepts and ideas from many dental hygiene educators, and identify subject areas where additional study is warranted.


The introductory chapter is a primer in navigating the licensure system—whether a new graduate, a practicing dental hygienist who is moving to another licensing jurisdiction, or a dental hygienist returning to practice after a lapse of activity—to prepare for both didactic and clinical board examinations. A dental hygienist must master all subject matter and skills necessary for practice; therefore, each chapter focuses on different aspects of such knowledge and skills. However, success on board examinations also relies on being psychologically, emotionally, and physically prepared to demonstrate competence. It is essential to become thoroughly familiar with the format, logistics, and requirements of any preparatory examination for licensure.


This chapter discusses licensure structure and explains how it functions with the interaction of numerous agencies and organizations. Information on the National Board Dental Hygiene Examination (NBDHE) as well as a discourse on clinical board examinations is provided. The chapter concludes with an overview of this review book, including its purpose and organization, as well as instructions on how to use the text effectively.






Dental Hygiene Licensure


In the United States, licensure is under the authority of an individual state or jurisdiction. Licensure of dental hygienists is a means of regulation to protect the public from unqualified individuals and unsafe practice of the profession. Each state has a state practice act that defines the practice of dental hygiene, establishes educational and testing requirements for licensure, sets parameters for enforcement of the law within that jurisdiction, and creates a state board of dentistry or dental hygiene to serve in accordance with the statute. A certificate for successful completion of an examination is not authorization to practice. Beginning practice without a license is illegal. Dental hygiene licensure requirements vary from state to state, but nearly every state has three requirements:




• Graduation from a dental hygiene program accredited by the Commission on Dental Accreditation (CODA) or, based on reciprocity, by the Commission on Dental Accreditation of Canada (CDAC)


• Successful completion of the NBDHE


• Successful completion of a regional or state clinical board examination





It should be noted that recognition of an accrediting agency is a governmental function. In health care fields with a domain of specialized education, accreditation is conducted by a dedicated agency within the profession. In dentistry, the U.S. Department of Education (USDE) has recognized the CODA of the American Dental Association (ADA) as the official accrediting body for schools of dentistry, dental hygiene, dental assisting, and dental laboratory technology. The CODA is also listed in the publications of accreditation agencies by the Council for Higher Education Accreditation (CHEA). A diploma, certificate, associate’s degree, or baccalaureate degree in dental hygiene indicating graduation from an accredited program is an essential component for licensure that is based on the accreditation system carried out under the auspices of the CODA. States that provide for licensure of a dentist or dental hygienist from a nonaccredited school generally require evidence of an educational program that is equivalent to an accredited program. The NBDHE is developed and administered by the Joint Commission on National Dental Examinations (JCNDE). Client-based clinical examinations are conducted by five regional testing agencies (Boxes 1-1 and 1-2). The licensure boards of California, Delaware, Florida, and the Virgin Islands of the United States administer independent examinations. Nevada, administers the American Dental Hygiene Licensing Examination (ADHLEX). Clinical examinations accepted for initial licensure are shown in Figure 1-1.





Box 1-1   Membership in the Five Regional Testing Agencies in the United States





 CITA




Alabama


Louisiana


Mississippi


North Carolina


West Virginia


Puerto Rico











 CRDTS




Colorado


Georgia


Hawaii


Illinois


Iowa


Kansas


Minnesota


Missouri


Nebraska


North Dakota


South Carolina


South Dakota


Washington


West Virginia


Wisconsin


Wyoming











 NERB




Connecticut


District of Columbia


Illinois


Indiana


Maine


Maryland


Massachusetts


Michigan


New Hampshire


New Jersey


New York


Ohio


Oregon


Pennsylvania


Rhode Island


Vermont


West Virginia


Wisconsin











 SRTA




Arkansas


Kentucky


South Carolina


Tennessee


Virginia


West Virginia











 WREB




Alaska


Arizona


California


Idaho


Kansas


Missouri


Montana


New Mexico


North Dakota


Oklahoma


Oregon


Texas


Utah


Washington


Wyoming





CITA, Council of Interstate Testing Agencies; CRDTS, Central Regional Dental Testing Service, Inc.; NERB, Northeast Regional Board of Dental Examiners, Inc.; SRTA, Southern Regional Testing Agency, Inc.; WREB, WREB: A National Dental and Dental Hygiene Testing Agency.











Box 1-2   Regional Testing Agencies and Contact Information*





 Central Regional Dental Testing Service, Inc. (CRDTS)


Central Regional Dental Testing Service, Inc.


1725 Gage Boulevard


Topeka, KS 66604-3333


Phone: 785-273-0380


Fax: 785-273-5015


www.crdts.org








 Council of Interstate Testing Agencies


1003 High House Road, Suite 101


Cary, NC 27513


Phone: 919-460-7750


Fax: 919-460-7715


www.citaexam.com








 Northeast Regional Board of Dental Examiners, Inc. (NERB)


Northeast Regional Board of Dental Examiners, Inc.


8484 Georgia Avenue, Suite 900


Silver Spring, MD 20910


Phone: 301-563-3300


Fax: 301-563-3307


www.nerb.org








 Southern Regional Testing Agency, Inc. (SRTA)


Southern Regional Testing Agency, Inc.


4698 Honeygrove Road, Suite 2


Virginia Beach, VA 23455


Phone: 757-318-9082


Fax: 757-318-9085


www.srta.org








 WREB: A National Dental and Dental Hygiene Testing Agency


23460 North 19th Avenue, Suite 210


Phoenix, AZ 85027


Phone: 602-944-3315


Fax: 602-371-8131


www.wreb.org








*Current information about examination policies, procedures, criteria, locations, dates, registration, and frequently asked questions can be accessed at the respective agency’s Web site.







[image: image]


FIGURE 1-1 Clinical examinations accepted for licensure. (From the American Dental Hygienists’ Association.





A license is applicable only within the geographic boundaries of the issuing state. However, most states have some provision for granting dental hygiene licensure by credentials or endorsement. Requirements generally include an active license in good standing, recent practice experience, successful completion of the NBDHE, successful completion of a clinical examination, and graduation from an accredited program. Specifics differ from state to state and are subject to change. For example, some states accept NBDHE scores only if earned within the last 5 to 10 years, or limit recognition of clinical board examination results to those from particular testing agencies.


Applicants for dental hygiene licensure must contact the state licensing board for current requirements and procedures (Box 1-3).





Box 1-3   State Boards, Regional Testing Agency Membership,* and Contact Information†





 Alabama (CITA)*


State Board of Dental Examiners of Alabama


5346 Stadium Trace Parkway, Suite 112


Hoover, AL 35244


Phone: 205-955-7267


Fax: 205-985-0674


www.dentalboard.org








 Alaska (WREB)


Alaska State Board of Dental Examiners


Division of Occupational Licensing


P.O. Box 110806


Juneau, AK 99811-0806


Phone: 907-465-2542


Fax: 907-465-2974


www.dced.state.ak.us/occ/








 Arizona (WREB)


Arizona State Board of Dental Examiners


5060 N. 19th Avenue, #406


Phoenix, AZ 85015


Phone: 602-242-1492


Fax: 602-242-1445


www.azdentalboard.org








 Arkansas (SRTA)


Arkansas State Board of Dental Examiners


101 East Capitol, Suite 111


Little Rock, AR 72201


Phone: 501-682-2085


Fax: 501-682-3543


www.asbde.org








 California (WREB)


Dental Hygiene Committee of California


2005 Evergreen Street, Suite 1050


Sacramento, CA 95815


Phone: 916-263-1978


Fax: 916-263-2688


www.dhcc.ca.gov/index.shtml








 Colorado (CRDTS)


Colorado State Board of Dental Examiners


1560 Broadway, Suite 1350


Denver, CO 80202


Phone: 303-894-7800


Fax: 303-894-7764


www.dora.state.co.us/dental








 Connecticut (NERB)


Connecticut State Dental Commission


Department of Public Health


410 Capitol Avenue


Hartford, CT 06134-0308


Phone: 860-509-7553


Fax: 860-509-8457


www.state.ct.us/dph








 Delaware


Delaware State Board of Dental Examiners


861 Silver Lake Boulevard


Cannon Building, Suite 203


Dover, DE 19903


Phone: 302-744-4533


Fax: 302-739-2711


http://dpr.delaware.gov/boards/dental/index.shtml








 District of Columbia (NERB)


District of Columbia Board of Dentistry


Department of Health


717 14th Street NW, Suite 600


Washington, DC 20002


Phone: 202-724-8745


Fax: 202-727-8471


http://dchealth.dc.gov/prof_license/services/boards_main_action.asp?strappid=5








 Florida


Florida Board of Dentistry


4052 Bald Cypress Way


Bin C08


Tallahassee, FL 32399-3258


Phone: 850-245-4474


Fax: 850-921-5389


www.doh.state.fl.us/mqa








 Georgia (CRDTS)


Georgia Board of Dentistry


237 Coliseum Drive


Macon, GA 31217-3858


Phone: 478-207-2440


Fax: 866-888-1308


www.sos.state.ga.us/plb/dentistry








 Hawaii (CRDTS)


Hawaii State Board of Dental Examiners


Department of Commerce and Consumer Affairs


P.O. Box 3469


Honolulu, HI 96801


Phone: 808-586-2702


Fax: 808-586-2689


http://hawaii.gov/dcca/areas/pvl/








 Idaho (WREB)


Idaho State Board of Dentistry


P.O. Box 83720


Boise, ID 83720-0021


Phone: 208-334-2369


Fax: 208-334-3247


www.idaho.gov/isbd








 Illinois (NERB, CRDTS)


Illinois State Board of Dentistry


Department of Professional Regulation and Education


320 W. Washington, 3rd Floor


Springfield, IL 62786


Phone: 217-785-0800


Fax: 217-782-7645


www.idfpr.com/dpr/WHO/dent.asp








 Indiana (NERB)


Indiana State Board of Dental Examiners


Indiana Professional Licensing Agency


402 W. Washington, Room W 072


Indianapolis, IN 46204


Phone: 317-234-2054


Fax: 317-233-4236


www.in.gov/pla/dental.htm








 Iowa (CRDTS)


Iowa Dental Board


400 S.W. 8th Street, Suite D


Des Moines, IA 50309-4687


Phone: 515-281-5157


Fax: 515-281-7969


www.dentalboard.iowa.gov








 Kansas (CRDTS, WREB)


Kansas Dental Board


900 SW Jackson Street, Suite 564-S


Topeka, KS 66612-1230


Phone: 785-296-6400


Fax: 785-296-3116


www.accesskansas.org/kdb








 Kentucky (SRTA)


Kentucky Board of Dentistry


312 Whittington Parkway, Suite 101


Louisville, KY 40222


Phone: 502-429-7280


Fax: 502-429-7282


http://dentistry.ky.gov








 Louisiana (CITA)


Louisiana State Board of Dentistry


365 Canal Street, Suite 2680


New Orleans, LA 70130


Phone: 504-568-8574


Fax: 504-568-8598


www.lsbd.org








 Maine (NERB)


Maine Board of Dental Examiners


143 State House Station


Augusta, ME 04333


Phone: 207-287-3333


Fax: 207-287-8140


www.mainedental.org








 Maryland (NERB)


Maryland State Board of Dental Examiners


Spring Grove Hospital Center


The Benjamin Rush Building


55 Wade Avenue


Baltimore, MD 21228


Phone: 410-402-8501


Fax: 410-402-8505


www.dhmh.state.md.us/dental/








 Massachusetts (NERB)


Massachusetts Board of Registration in Dentistry


239 Causeway Street, 5th Floor


Boston, MA 02114


Phone: 617-973-0973


Fax: 617-973-0982


www.mass.gov/dph/boards/dn








 Michigan (NERB)


Michigan Board of Dentistry


Department of Commerce/Industry Services


P.O. Box 30670


Lansing, MI 48909-8170


Phone: 517-335-0918


Fax: 517-373-2179


www.michigan.gov/healthlicense








 Minnesota (CRDTS)


Minnesota Board of Dentistry


2829 University Avenue SE, Suite 450


Minneapolis, MN 55414


Phone: 612-617-2250


Fax: 612-617-2260


www.dentalboard.state.mn.us








 Mississippi (CITA)


Mississippi State Board of Dental Examiners


600 E. Amite Street, Suite 100


Jackson, MS 39201-2801


Phone: 601-944-9622


Fax: 601-944-9624


www.dentalboard.ms.gov








 Missouri (CRDTS, WREB)


Missouri Dental Board


P.O. Box 1367


Jefferson City, MO 65102-1367


Phone: 573-751-0042


Fax: 573-751-8216


http://pr.mo.gov/dental.asp








 Montana (WREB)


Montana Board of Dentistry


301 South Park


P.O. Box 200513


Helena, MT 59620-0513


Phone: 406-841-2390


Fax: 406-841-2305


http://www.dentistry.mt.gov








 Nebraska (CRDTS)


Nebraska Board of Dentistry


Credentialing Division


P.O. Box 94986


Lincoln, NE 68509-4986


Phone: 402-471-2115


Fax: 402-471-3577


www.dhhs.ne.gov/crl/medical/dent/Dentist/Dentist.htm#Board








 Nevada‡


Nevada State Board of Dental Examiners


6010 S. Rainbow Boulevard, Suite A-1


Las Vegas, NV 89118


Phone: 702-486-7044


Fax: 702-486-7046


www.nvdentalboard.nv.gov








 New Hampshire (NERB)


New Hampshire Board of Dental Examiners


2 Industrial Park Drive


Concord, NH 03301-8520


Phone: 603-271-4561


Fax: 603-271-6702


www.state.nh.us/dental








 New Jersey (NERB)


New Jersey State Board of Dentistry


124 Halsey Street


P.O. Box 45005


Newark, NJ 07102


Phone: 973-504-6405


Fax: 973-273-8035


www.njconsumeraffairs.gov/dentistry








 New Mexico (WREB)


New Mexico Board of Dental Health Care


2550 Cerrillos


Santa Fe, NM 87505-5101


Phone: 505-476-4680


Fax: 505-476-4545


http://www.rld.state.nm.us/








 New York (NERB)


New York State Board of Dentistry


89 Washington Avenue, 2nd Floor—West Wing


Albany, NY 12234-1000


Phone: 518-474-3817, ext. 550


Fax: 518-473-6995


www.op.nysed.gov/proflist.htm








 North Carolina (CITA)


North Carolina State Board of Dental Examiners


507 Airport Boulevard, Suite 105


Morrisville, NC 27560-8200


Phone: 919-678-8223


Fax: 919-678-8472


www.ncdentalboard.org








 North Dakota (CRDTS, WREB)


North Dakota Board of Dentistry


P.O. Box 7246


Bismarck, ND 58507-7246


Phone: 701-258-8600


Fax: 701-244-9824


www.nddentalboard.org








 Ohio (NERB)


Ohio State Dental Board


77 S. High Street, 17th Floor


Columbus, OH 43215-6135


Phone: 614-466-2580


Fax: 614-752-8995


www.dental.ohio.gov








 Oklahoma (WREB)


Oklahoma Board of Dentistry


201 N.E. 38th Terrace, #2


Oklahoma City, OK 73105


Phone: 405-524-9037


Fax: 405-524-2223


www.dentist.state.ok.us








 Oregon (WREB, NERB)


Oregon Board of Dentistry


1600 SW 4th Avenue, Suite 770


Portland, OR 97201


Phone: 971-673-3200


Fax: 971-673-3202


http://oregon.gov/dentistry








 Pennsylvania (NERB)


Pennsylvania State Board of Dentistry


P.O. Box 2649


Harrisburg, PA 17105


Phone: 717-783-7162


Fax: 717-787-7769


www.dos.state.pa.us/dent








 Puerto Rico (CITA)


Puerto Rico Board of Dental Examiners


Department of Health


P.O. Box 70184


San Juan, PR 00936-8184


Phone: 787-765-2929


Fax: 787-725-7903








 Rhode Island (NERB)


Rhode Island State Board of Examiners in Dentistry


3 Capitol Hill


Providence, RI 02908


Phone: 401-222-5960


Fax: 401-222-6548


www.health.ri.gov/hsr/professions/dental.php








 South Carolina (CRDTS, SRTA)


South Carolina State Board of Dentistry


P.O. Box 11329


Columbia, SC 29211-1329


Phone: 803-896-4665


Fax: 803-896-4719


www.llr.state.sc.us/pol/dentistry








 South Dakota (CRDTS)


South Dakota State Board of Dentistry


P.O. Box 1079


105 S. Euclid Avenue, Suite C


Pierre, SD 57501


Phone: 605-224-1282


Fax: 888-425-3032


www.sdboardofdentistry.com








 Tennessee (SRTA)


Tennessee Board of Dentistry


227 French Landing, Suite 300


Heritage Place Metro Center


Nashville, TN 37243


Phone: 800-278-4123


Fax: 615-770-7444


http://health.state.tn.us/Boards/Dentistry/








 Texas (WREB)


Texas State Board of Dental Examiners


333 Guadalupe Street, Suite 3-800


Austin, TX 78701


Phone: 512-463-6400


Fax: 512-463-7452


www.tsbde.state.tx.us








 Utah (WREB)


Utah Board of Dentists and Dental Hygienists


Division of Occupational and Professional Licensing


P.O. Box 146741


Salt Lake City, UT 84114-6741


Phone: 801-530-6621


Fax: 801-530-6511


http://www.dopl.utah.gov/licensing/dentistry.html








 Vermont (NERB)


Vermont Board of Dental Examiners


Office of the Secretary of State


North FL 2 National Life Building


Montpelier, VT 05620-3402


Phone: 802-828-2390


Fax: 802-828-2465


www.vtprofessionals.org








 Virgin Islands


Virgin Islands Board of Dental Examiners


Department of Health


48 Sugar Estate


St. Thomas, VI 00802


Phone: 340-774-0117


Fax: 340-777-4001








 Virginia (SRTA)


Virginia Board of Dentistry


9960 Maryland Drive, Suite 300


Richmond, VA 23233-1463


Phone: 804-367-4538


Fax: 804-527-4428


http://www.dhp.virginia.gov/dentistry/default.htm








 Washington (CRDTS, WREB,)


Dental Health Care Quality Assurance


Washington State Department of Health


Dental Hygiene Examining Committee


Quality Assurance Commission


310 Israel Road SE


Tumwater, WA 98501


Phone: 360-236-4700


Fax: 360-236-4818


http://www.doh.wa.gov/hsqa/Professions/Dental_Hygiene/default.htm








 West Virginia (CRDTS, NERB, SRTA,)


West Virginia Board of Dental Examiners


P. O. Box 1447


Crab Orchard, WV 25827-1447


Phone: 304-252-8266


Fax: 304-253-9454


E-mail: wvbde@charterinternet.com


www.wvdentalboard.org








 Wisconsin (CRDTS, NERB)


Wisconsin Dentistry Examining Board


P.O. Box 8935


1400 E. Washington Avenue


Madison, WI 53708


Phone: 608-266-2812


Fax: 608-261-7083


http://www.drl.state.wi.us/board_detail.asp?boardid=13&locid=0








 Wyoming (CRDTS, WREB)


Wyoming Board of Dental Examiners


1800 Carey Avenue, 4th Floor


Cheyenne, WY 82002


Phone: 307-777-6529


Fax: 307-777-3508


http://plboards.state.wy.us/dental/index.asp








*The letters in parentheses ( ) after a state indicate membership in that regional clinical testing examination agency. Jurisdictions without a regional board affiliation conduct boards independently. CITA, Council of Interstate Testing Agencies; CRDTS, Central Regional Dental Testing Service, Inc.; NERB, Northeast Regional Board of Dental Examiners, Inc.; SRTA, Southern Regional Testing Agency, Inc.; WREB, WREB: A National Dental and Dental Hygiene Testing Agency.


†State board information can also be found on the Web site of the American Association of Dental Boards (AADB), www.dentalboards.org.


‡Nevada administers examinations developed by ADEX with examiners from any of the ADEX member states.












State Boards of Dentistry/Dental Hygiene and Professional Associations


State boards of dentistry or dental hygiene are governmental agencies that control and manage dental hygiene licensure in accordance with laws adopted by the legislature of the states. In general, boards have the power or influence to grant, deny, and revoke licenses. Board members are charged with the following duties:




• Enforcing the state practice act and its rules and regulations


• Conducting or recognizing examinations for competence


• Reviewing and investigating complaints concerning unlawful or unprofessional conduct by licensees





Significant variations exist from jurisdiction to jurisdiction in the way regulatory boards are organized, in the power or authority they have, and even in their titles. For the purpose of clarity in this text, the term state board or state board of dentistry is used to refer to the regulatory body in a respective legal jurisdiction that is empowered to determine prerequisites for licensure and issue licenses to practice dental hygiene (see Box 1-3).


Frequently, licensure candidates and even licensed practitioners confuse the state board with the state dental association. Although strong ties may exist between a state board and the state dental association, distinct legal differences exist between these two bodies. The state board of dentistry is a governmental agency, established by law, which functions as an arm of the state legislature to regulate the practice of dentistry and dental hygiene. Its sole purpose is to protect the public from incompetent or unethical practitioners. In contrast, a state dental or dental hygiene association is a voluntary organization of practitioners, who join together to promote the oral health of the public and to advance the profession.


Practitioners need to understand both this distinction and the interplay between state boards and professional associations. Professional associations do not determine requirements for licensure or regulate practice; this is founded by law and implemented through state boards. Professional associations do, however, initiate programs and research projects and propose legislative changes that may ultimately be incorporated into the legal requirements for practice. In most states, state board members are appointed by the governor. Alabama, Nebraska, North Carolina, Oklahoma, and the District of Columbia are the exceptions, with designation being done through election by members of the profession or through appointment by another governmental body. Typically, professional associations nominate and influence these appointments.


All states have some form of dental hygiene representation on the board. Recent years have seen a trend toward self-regulation, with the establishment of separate dental hygiene state boards and advisory committees. Currently, about 17 states have varying degrees of self-regulation for dental hygienists (Arizona, California, Connecticut, Delaware, Florida, Iowa, Maine, Maryland, Michigan, Missouri, Montana, Nevada, New Mexico, Oklahoma, Oregon, Texas, and Washington). In Canada, over 90% of dental hygienists are self-regulated (in the provinces of Alberta, British Columbia, Manitoba, New Brunswick, Nova Scotia, Ontario, Quebec, and Saskatchewan).


The legislative and political arenas in dentistry are constantly changing, as are technologic advancements in health. As a result, revision to state practice acts—including the definitions of dental hygiene and the scope of practice—is ongoing. Likewise, as the standards of competence in dental hygiene are redefined in terms of requisite professional skills and knowledge, examinations undergo continual updating. Although this places demands on the individual practitioner, the educational system, and the agencies responsible for evaluating competence, it is the means by which the profession advances its standards of care. State practice acts charge the state board with conducting or sanctioning both didactic and practical examinations to determine competence to practice. Some state laws even define the content of such examinations and specify the passing score. The majority of practice acts authorize the state board to recognize multiple examinations (see Figure 1-1). Although other agencies are part of the licensure process, the fundamental authorization to recognize qualifications for licensure lies with the state regulatory board.









Joint Commission on National Dental Examinations


The JCNDE is the agency responsible for the development and administration of the NBDHE. It comprises a 15-member panel of representatives, as follows:




• American Dental Association, ADA (3)


• American Dental Education Association, ADEA (3)


• American Association of Dental Boards, AADB (6)


• American Dental Hygienists Association, ADHA (1)


• Public Member (1)


• American Student Dental Association, ASDA (1)





A standing committee of the JCNDE, the Committee on Dental Hygiene (CDH), consists of five dental hygienists (including the ADHA Commissioner)—two educators and two practitioners and a dental hygiene student representative appointed by the ADHA—plus one Commissioner from the ADA, the ADEA, and the AADB. The CDH’s responsibilities relate primarily to the NBDHE, including the following:




• Examination content and specifications


• Test construction procedures, including nomination of test constructors


• Information to publicize or explain the testing program


• Examination regulations that affect dental hygiene candidates


• Matters pertaining to finances, the ADA and the Joint Commission Bylaws, and the Joint Commission Standing Rules that affect the NBDHE





The Commission has final authority to act on committee recommendations, but historically, the CDH has been the guiding force of the dental hygiene examination program.









National Board Dental Hygiene Examination






Examination Format


The NBDHE is designed to “assess the ability of a candidate to understand important information from biomedical, dental, and dental hygiene sciences, and to apply such information in a problem-solving context.”1 The examination is computer-based and includes approximately 350 multiple-choice items in independent, case-based, and testlet formats. The NBDHE is a comprehensive examination with two components. Component A presents 200 discipline-based items in three major areas:




• Scientific basis for dental hygiene practice


• Provision of clinical dental hygiene services


• Community health/research principles





Component B presents 150 case-based items, which relate to no more than 15 dental hygiene patient cases. Case material includes dental and health histories, dental charting, radiographs, and clinical photographs. Every examination includes one or more of the following patient types: geriatric, adult with periodontitis, pediatric, special needs, and medically compromised. The case-based items address knowledge, skills, and judgments necessary for the following:




• Assessing client characteristics


• Obtaining and interpreting radiographs


• Planning and managing dental hygiene care


• Performing periodontal procedures


• Using preventive agents


• Providing supportive treatment services


• Professional responsibility





The NBDHE tests the candidate’s ability to apply the essential knowledge and skills as a beginning safe practitioner to solve oral health care problems and answer questions related to dental hygiene care. The examination is based on 56 competencies underlying entry-level dental hygiene practice as promulgated by the ADEA and the Accreditation Standards published by the CODA. As part of its validity analyses to verify that the examination content supports these competencies, the JCNDE conducts a nationwide practice survey every 5 years. For more information, read the NBDHE Technical Report available at http://www.ada.org/prof/ed/testing/nbdhe/index.asp. The NBDHE Test Specifications document, accessible in the National Board Dental Hygiene Examination Guide, is the blueprint for test development. The outline lists the specific categories of subject matter included in the examination, with an itemization of the number of items devoted to each area. It should be referenced as a guide for study and review.


Examination items are written and selected in accordance with the Dental Hygiene Test Specifications by test construction committees. The committees comprise test constructors, who represent locations across the country and are selected on the basis of their expertise in eight areas: (1) basic sciences, (2) oral medicine/oral diagnosis, (3) radiology, (4) periodontics, (5) dental hygiene curriculum, (6) clinical dental hygiene, (7) special needs, and (8) community dental health. Test construction committees author new examination items and develop new cases, revise and clone test items, create multiple versions of the examination, and review examination drafts before publishing. Committees strive toward higher cognitive levels—understanding, application, and reasoning—in test development.









Item Format


The multiple-choice items on the NBDHE consist of a stem, which poses a problem, and a set of four to five possible responses. The stem is usually either a question or an incomplete statement. Key words in the stem such as best, most, first, not, except, or least are usually highlighted or italicized. Only one response is correct or clearly the best choice by universally agreed-on standards of care.


A variety of item formats are used in the NBDHE. Descriptions of formats as well as sample items from the NBDHE Candidate’s Guide are provided below.






Completion


As indicated by the name, completion items necessitate the correct completion of a theory or idea. For example





The sensation of touch, pain, pressure, or temperature is determined by the:




a. Specific nerve fiber stimulated


b. Method of stimulation of a nerve fiber


c. Degree of myelinization of a nerve fiber


d. Strength of the stimulation to a nerve fiber


e. Frequency of the stimulation to a nerve fiber















Question


A question item asks a question. Response choices could include only one best answer. For example:





Which of the following is innervated by the phrenic nerve?




a. Diaphragm


b. Abdominal muscles


c. Sternocleidomastoid muscle


d. Internal intercostal muscles


e. External intercostal muscles















Negative


A negative item is characterized with words such as except, least, or not in the stem. These key words are emphasized by capitalization, italics, or both. For example:





Each of the following is affected by saliva EXCEPT one. Which one is the EXCEPTION?




a. Swallowing


b. Dental caries


c. Oral microflora


d. Protein digestion


e. Carbohydrate breakdown















Paired True-False


In a paired–true-false item, the stem consists of two sentences on the same topic. The candidate is asked to determine whether the statements are true or false. For example:





Protection from excessive exposure to radiation is aided by use of aluminum filters and a lead diaphragm. The filters reduce the amount of soft radiation reaching the patient’s face and the diaphragm controls the area exposed.







a. Both statements are TRUE.


b. Both statements are FALSE.


c. The first statement is TRUE, the second is FALSE.


d. The first statement is FALSE, the second is TRUE.















Cause and Effect


In cause-and-effect items, the stem includes a statement and a reason joined by the word “because.” This item requires the candidate to judge both the accuracy and the relationship of the two statements. First, the candidate should determine whether each statement is correct or incorrect and then how the statements are related. For example:





A traumatic injury can cause the pulp space to calcify BECAUSE the accident can trigger odontoclasts into accelerated activity.




a. Both the statement and reason are correct and related.


b. Both the statement and reason are correct but NOT related.


c. The statement is correct, but the reason is NOT.


d. The statement is NOT correct, but the reason is correct.


e. NEITHER the statement NOR the reason is correct.















Testlet


Testlet items are used for testing knowledge and application of community health and research principles; they are also used in the case-based section of the examination. A short scenario describing a situation, event, or problem is followed by a set of associated multiple-choice items. For example:





A dental hygienist employed at a school for mentally challenged teens received a grant to improve the oral health status of enrolled students. Before receiving the grant, the dental hygienist collected data on all of the students using the Gingival Index (GI), the Plaque Index (PI), the Tooth Surface Index of Fluorosis (TSIF), and the Community Periodontal Index of Treatment Needs (CPITN). The teachers and school nurse also were queried on the health curriculum and the healthy behaviors taught and practiced in the classroom, as well as their perceptions of the students’ oral health needs.




1. The dental hygienist determined the oral health status of the mentally challenged teens. What was used to determine their oral health status?




A The teens’ school records


B The dentist’s records


C The teachers and the school nurse


D Dental indices, including GI, PI, TSIF, and CPITN





2. The mean TSIF for the students was 5.7 on a scale of 0 to 7, with 0 indicating no evidence of fluorosis. The best action for the dental hygienist to take is to:




A Plan additional fluoride therapy for the teens


B Conduct a decayed-missing-filled (DMF) survey


C Talk with the school administrators about defluoridating the school’s water supply


D Investigate why these students have fluorosis so that fluorosis can be prevented from occurring in future cohorts of students





3. The severely mentally challenged teens had CPITN scores (codes) of 2,3,3,4,4,4,4,4. Which of the following represents the mean CPITN score of this subsample of teens?




A 2.5


B 3.5


C 4


D Answer not given





4. In analyzing the dental indices data, the dental hygienist found that the correlation between the diminished I.Q. level and the oral disease status was r = +0.95. Which of the following represents the relationship between the degree of mental incapacity and the oral disease status?




A No correlation


B Weak positive correlation


C Moderate positive correlation


D Strong positive correlation





5. In a correlation coefficient, the number represents the direction of the correlation. The sign (+ or −) represents the strength of the correlation.




A Both statements are TRUE.


B Both statements are FALSE.


C The first statement is TRUE, and the second statement is FALSE.


D The first statement is FALSE, and the second statement is TRUE.





6. From querying the teachers and the school nurse, the dental hygienist discovered that oral hygiene was neither taught nor practiced at this school. Which of the following should be done first to institute oral hygiene as a component of the health and daily living skills curriculum?




A Educate teens about plaque removal


B Provide teachers, the school nurse, and teens with toothbrushes


C Provide an in-service education program on “Oral Health in the Curriculum”


D Send a note home to the teens’ parents or guardians to remind them about the importance of oral health


















Case-Based


The case-based portion of the examination presents the candidate with medical and dental histories along with pharmacologic and social histories, a chief complaint, dental and periodontal charting, a full mouth radiographic survey and panographic survey, and clinical photographs. Ten to 15 items based on observations and judgments about the client’s clinical conditions and needs follow. These items may be presented in any of the test formats previously described.


Examples of cases and other items are provided in the NBDHE samples at the end of this book and on the Evolve Web site. Sample Examination Items can also be accessed from the JCNDE Web site.












Proposed NBDHE Item Formats


The Joint Commission on National Dental Examinations has proposed the addition of new question formats for the NBDHE. Although test takers may see these questions on the 2012 examinations, the new items will only be included for field testing purposes. Candidates’ performance on these new items will not influence their scores until a later date when these proposed formats have been deemed to be valid and reliable measures. Given that these items are still under development at the time of publication, and that the Joint Commission on National Dental Examinations will continue to evaluate their inclusion, examination candidates should be advised to check the Joint Commission’s website for the latest information: www.ada.org/JCNDE.aspx. If the Joint Commission decides to adopt these new item formats on the NBDHE, sample questions will be posted on this book’s EVOLVE site. To ensure that candidates and faculty are familiar with these three proposed item formats, examples follow:






Multiple Correct Responses


A multiple correct item uses a multiple choice format and includes several correct answers that must be identified from a long list of options. To get credit and earn a score of one point, all correct options must be identified and selected by the test taker.


From the following list, select the four client-related factors that MOST influence the dental hygiene diagnosis and care plan.




a. Smoking behavior


b. History of heart transplant with valvulopathy


c. A1c score of 8


d. Occupation


e. Stage 2 hypertension


f. Marital status


g. Height












Extended Match


Extended match items consist of lettered options and a list of numbered terms, problems or questions. The one lettered option that most closely answers the question or relates to the term or condition must be selected. Lettered options can be used once, more than once, or not at all. This format is used to evaluate knowledge of relationships between factors. For example:


Select the corresponding gingival change associated with each of the medications listed below:








	Drug

	Gingival Condition






	1. ___Methotrexate

	a. Masked gingival inflammation






	2. ___Hydrochlorothiazide

	b. Gingival enlargement






	3. ___Warfarin

	c. Gingival sensitivity






	4. ___Nifedipine

	d. Lichenoid reaction






	5. ___Prednisone

	e. Gingival bleeding






	 

	f. Gingival hyperplasia






	 

	g. Gingival pigmentation

















Ordering


Sequence-of-ordering items are designed to test aspects of clinical judgment used to carry out the proper sequence of actions in a protocol or procedure, or to demonstrate knowledge of the steps in a cycle. For example:


Order the initial five steps of emergency response as BEST performed for a collapsed or unconscious person. Arrange five letters in proper succession.








	1. ____

	a.Open the airway






	2. ____

	b.Establish unresponsiveness






	3. ____

	c.Check for pulse






	4. ____

	d.Check breathing






	5. ____

	e.Activate the EMS (emergency medical system)






	 

	f.Start compressions






	 

	g.Initiate defibrillation




















National Board Dental Hygiene Examination Eligibility and Application


Eligibility for the NBDHE requires qualification via one of the following stipulations:




• A student in an accredited dental hygiene program is eligible when certified by the program director to be prepared for the examination.


• A graduate of an accredited dental hygiene program is eligible following the JCNDE’s receipt of evidence of graduation.


• A graduate of a nonaccredited program is eligible only if the program was equivalent to an accredited program (i.e., length of study, curriculum content, hours of clinical instruction, etc.).


• A dental student from an accredited dental school is eligible if the dean of that school certifies that the student has completed the equivalent of a dental hygiene program.


• A dentist is eligible if the National Board Dental Examination (NBDE) eligibility requirements have been met.





Applications may be submitted either electronically or on paper to the Joint Commission. The steps involved in the application process include the following:




• Read the NBDHE Guide before applying. During the application process, candidates will be asked to confirm and agree to the rules and regulations.


• Obtain a Dental Personal Identifier Number (DENTPIN) from the ADA. The DENTPIN is a unique number to identify students and test candidates for the secure reporting, transmission of test scores, and tracking of academic data in the educational system of the United States.


• Apply for the examination. Include requests for score reporting to state boards where licensure is sought, and, if applicable, submit appropriate documentation to support a request for testing accommodation for reasons of a disability.


• After processing the application, the Joint Commission will send the notification of eligibility.


• Schedule an appointment to take the examination at a Pearson VUE Testing Center. The computer-delivered NBDHE is scheduled and administered on an individual basis year round.












Examination Day


Candidates for the NBDHE must present two original, current forms of identification to the testing center.




• One government issued ID with a photograph and signature


• One ID with a signature





No personal items (e.g., cell phones, study materials, backpacks or purses, watches, “good luck charms,” food or water bottles, etc.) are allowed in the secure testing area. The two testing sessions have an optional 1-hour break between the sessions. Three and a half hours are allowed for the first session, Component A (200 discipline-based items). Four hours are allowed for the second session, Component B (150 client case-based items). National board candidates receive a Notice of Completion on finishing the examination, before leaving the testing center.









Examination Results


A candidate’s examination score is dependent on two factors: (1) The first is the number of correct responses that were selected (the raw score). On the NBDHE, no penalty is levied for selecting an incorrect response; however, if two or more responses are marked for a single test item, no credit is awarded. (2) The second factor in score determination is the score scale conversion for the examination. The NBDHE is criterion referenced, that is, candidates are graded against a predetermined standard. The raw score necessary to achieve a particular standard score is based on the judgment of experts and by other methods, including equating, to ensure that scores accurately and fairly reflect the candidate’s ability to solve oral health care problems and to answer items relating to dental hygiene practice on the examination. Detailed specifics on the scoring system are outlined in the Technical Report on the Joint Commission’s Web site. The NBDHE is a comprehensive examination; for that reason, one score is reported. This total score is a standard score, not the percentage of correct answers. The raw score is converted to a scaled score and reported in standard scores ranging from 49 to 99. Each standard score represents a range of raw scores. The minimum passing score on the NBDHE is a standard score of 75. A candidate whose standard score is at 74 likely missed the passing score by more than one item. The performance of those who pass and those who fail tends to be distinctly different. All examination results are audited for decision accuracy of the pass/fail point before being reported.


Effective from January 1, 2012, the Joint Commission will transition from the reporting of numerical scores to just “pass” or “fail” for both the NBDHE and the NBDE; however, the raw scores in each of the subject areas on the examination will be provided to failing candidates. The pass/fail reporting system provides the information needed by state boards to determine the qualifications of dental hygienists or dentists who seek licensure to practice dental hygiene or dentistry.


Official score reports for the computer-based examination are mailed approximately 3 to 4 weeks after the examination. The candidate receives an individual score report, the dental hygiene program director receives an NBDHE school report once a month for the previous month of testing, and scores are sent to those state boards specified on candidates’ applications.


Candidates who have passed the NBDHE may not retake the examination unless required by a state board or licensing jurisdiction. An unsuccessful candidate may reapply after 90 days from the date of the previous examination attempt. After three failures, the candidate must wait 12 months before re-applying.









Ethical and Legal Issues


The Joint Commission maintains a program to identify any irregularities or cheating on the examination. As professionals, applicants for the NBDHE are obliged to uphold ethical standards of behavior. All candidates are expected to pass the examination on individual merit, without assistance or prior knowledge of examination items. The National Board’s Rules of Conduct are regulations that prohibit retaining or sharing test items so that no candidate has an unfair advantage. Maintaining the confidentiality of the examination protects the integrity of the examination process and ensures valid outcomes in determining satisfactory achievement to practice safely and responsibly. Violating the Confidentiality Agreement by distributing or seeking unreleased examination items is an infraction of the law and carries stiff penalties, including voiding of examination results and civil liability or criminal penalties or both. In some cases, misconduct may be reported to school or licensing authorities. Unethical conduct carries the risk of delay, denial, or loss of licensure. When the Joint Commission discovers, or is informed, that a breach of examination regulations has occurred, the candidate’s results are withheld or invalidated. In some cases, the candidate must wait up to 2 years to be considered eligible for re-testing.


In addition to unauthorized access, or the written or oral distribution of confidential exam content, other irregularities include the following:




• Falsifying information on the application


• Attempting to take the exam for someone else


• Bringing prohibited items (e.g., pens, cell phones, candy/gum, medicines, religious items, etc.) to the test center or the testing area


• Creating a disturbance of any kind


• Taking unscheduled breaks during the examination





Study the rules of conduct in the Candidate’s Guide, and follow all examination regulations.


The JCNDE’s systematic security control procedures to identify and investigate irregularities preserve the examination’s legitimacy.









Preparing for the National Board Dental Hygiene Examination







1. Organize a study plan 4 to 6 months in advance to allow an orderly, progressive review without undue pressure.


2. Obtain the NBDHE Candidates Guide and application materials provided by the JCNDE. Study the information thoroughly to gain a clear understanding of the format and design of the examination and the protocol for its administration.


3. Obtain a copy of the most recently released NBDHE from the Joint Commission. Released examinations, protected by copyright and available for a fee, are valuable as examples. Retired examinations may contain out-of-date subject material and should not be relied on as the sole study activity. Simulated board examinations, such as the ones in this text and on the Evolve Web site, may also prove beneficial during review.


4. Outline the areas of weakness. Be guided by school experience as indicated by grades or difficulty in certain subjects and by the items from the released or simulated examinations missed or marked as questionable. Dental hygienists who have been out of school or practice for some period should focus on basic science material and any developments in dental technology or services that may have expanded or changed the evidence base for practice since graduation.


5. Gather a personal resource library for ready reference throughout the review process. Properly used, this book should be the mainstay study guide; directions for its use are included at the end of this chapter. This book is designed to direct a comprehensive review of dental hygiene, provide questions to assess mastery of the subject material, and offer documentation for correct and incorrect responses. This review book may be supplemented with textbooks, class notes, or pertinent journal articles, and Web sites for further study in particular areas. Dental hygienists whose textbooks and reference material are outdated should obtain current resources. The JCNDE does not approve or recommend any particular texts or review courses. Programs or conferences that profess to be “National Board Review Courses” are not affiliated in any way to the JCNDE.


6. If considering a study club, recruit three to five colleagues whose study habits, personal habits, and self-discipline complement the group’s efforts for collaboration. Otherwise, study alone. Never rely exclusively on someone else for your preparation for the examination.


7. If a study group is formed, organize a schedule and procedures for operation. Content areas can be assigned to individuals for specific study and research, and then members of the group can pool information and notes. Discussion of items or content areas can contribute to the review process.


8. Create an orderly system to guide the review, and establish target dates to complete each area. It would be logical to set deadlines for the review of each chapter in this book. Alternatively, organize your review around the NBDHE test specifications. Another option is to assess and prioritize perceived needs. The point is to plan a system of review with goals and deadlines to monitor progress.


9. Get going, and stick with the plan. If progress slows, assess the obstacles and make modifications to continue with a comprehensive review. Aim to complete the study at least 3 to 5 days before the examination date.


10. Take positive steps to manage examination anxiety (Box 1-4).





Box 1-4   Tips for Managing Examination Anxiety







• Be well prepared. Nothing boosts confidence like good advance preparation.


• Schedule studying over several weeks. Do not rely on last minute cramming.


• Maintain a positive attitude when preparing for the examination.


• Become familiar with the contents and requirements listed in the Candidate’s Guide.


• Get physical exercise for a few days prior to the test—it will help reduce stress.


• Eat healthy meals, and get plenty of rest in the days leading up to the examination.


• Avoid negative thoughts and messages. Anxiety is contagious.


• Plan a relaxing activity the evening before the examination.


• On the Day of the Examination:




Allow plenty of time for traffic, parking difficulties, and bad weather.


Dress comfortably, and layer clothing in case the room temperature is too hot or too cold.


Bring your admission card and identification to the examination site.


Leave study materials and cell phones at home or outside the examination center.


Stay relaxed. If nervous, take a few deep breaths, and keep focused.


Read the directions slowly and carefully. Follow all instructions.





















Fundamental Guidelines for Taking Multiple-Choice Tests


Using a system for reading and responding to test items will facilitate performance. Here are some general strategies in dealing with any multiple-choice examination items:




1. Read the stem of the item carefully and completely before looking at the responses.




A Determine what the item is asking; identify key words; and try to formulate the answer before looking at the responses.


B Consider each response carefully, and determine whether the response is appropriate and complete.


C Immediately eliminate responses that are obviously incorrect, and attempt to narrow the choices to just two.


D For combination items, narrow the choices by eliminating any response that is incorrect and consider only those choices confidently known to be correct.


E When the choices have been narrowed as much as possible and the correct answer is still not clear, make an educated guess. No penalty is levied for wrong guessing on the NBDHE.





2. Exercise caution in selecting any response that contains words such as always, never, none, all, or every. Unconditional responses are frequently incorrect.


3. Look for the answer that best applies to the conditions presented in the item.




A Avoid selecting responses that are based on isolated rules, are applicable only to certain locales or regions, or refer to procedures and techniques that are not universally practiced.


B If the item asks for an immediate action, such as the first thing one would do, all of the options may be correct. The best answer would be based on identified priorities and conditions stipulated in the item.





4. The approach to case-based items includes a slightly different strategy.




A Case-based items require time to read and assimilate pertinent information; good time management is of critical importance. Before beginning a case-based section, estimate the reasonable amount of time that you can dedicate to each case and still complete the entire examination (divide the total time allowed by the number of cases in the section). If a case requires extra time, answer as many items as possible with confidence, then flag the remaining items and return to them when the other cases have been finished.


B When beginning a case, review all of the case material—client history; health, dental, and pharmacologic histories; chief complaint; clinical charts; radiographs; and photographs. Make a mental note of significant findings, and begin formulating a concept of specific problems or concerns about the case before attempting to answer the test items. Answering items before reviewing all of the case material will result in overlooking important aspects of the case and incorrect responses.


C A well-constructed case will require referencing the case material to make clinical decisions and respond to the items. Before marking a response, consider what information is needed to answer an item correctly and where that information is documented in the case. For example, an item on an artifact in a radiograph may require looking only at a specific radiograph to determine the nature of the artifact. In contrast, an item on clinical attachment loss may necessitate review of periodontal probing depths, radiographs, and perhaps clinical photographs or client history. Items that ask for disease classification or appropriate care plans are more likely to require consideration of all available information before responding.





5. Watch for grammatical clues. A well-edited item will offer responses that are grammatically consistent with the stem. If the item indicates a plural response, all the options should be in plural form. Any response that is incompatible with the flow of the question may be an indication of an incorrect response.


6. Take heed of the words not, least, or except in the item’s stem. Read the stem carefully.


7. Carefully review questions that include “all of the above” or “none of the above.” These responses impose broadly inclusive and exclusive conditions.


8. The pattern of letters for correct responses is likely to be fairly random. Do not be overly concerned if the same-lettered response is selected repeatedly; it is not advisable to base response selections on a pattern of letters.












Future Trends in the National Board Testing Program


In its mission to develop and conduct reliable, state-of-the-art cognitive examinations that assist regulatory boards in making valid decisions regarding licensure of dental hygienists and dentists, the JCNDE periodically incorporates modifications to its policies for the fair and secure administration of its examinations. Development of a secure Web site through which scores and pass/fail status could be released to candidates, dental hygiene schools, and state boards is progressing. In addition to expanding item pools, increasing the number of test versions, and ongoing forensic analyses to audit quality control and monitor trends in candidate performance, several actions to enhance examination security are under investigation. Alternatives being considered include using computer-adaptive testing or linear-on-the-fly testing (LOFT) as delivery methods to reduce item exposure and moving to a more restricted testing window format to reduce stress on the item pool.












Clinical Testing Structure


The emphasis of the examinations conducted by state and regional boards is on evaluating entry-level clinical competence. The methodology for assessing clinical ability involves hands-on clinical treatment of clients. In addition, some testing agencies include a didactic test or some type of clinical simulation exercise. Testing agencies are obliged to adhere to published psychometric guidelines such as those from the AADB, the American Psychological Association (APA), the National Council on Measurement in Education (NCME), the American Educational Research Association (AERA), and others in the development and administration of their examinations. Committees of examiners and educators collaborate to determine the appropriate criteria, standards, and technical aspects of clinical testing. Examination content and format are similar among state board and regional examinations. A candidate’s performance on the examination is reported to the regulatory board (or in the case of regional boards, any of the boards of the jurisdictions accepting that particular examination, which the candidate has requested). (See Figure 1-1 and Box 1-1.) A particular state’s practice act delineates all provisions for licensure, including the authority for approval of performance on an examination as meeting its requirements for licensure to practice. A license must be obtained before beginning practice.


Regional examining boards are nonprofit agencies that comprise individual state boards of dentistry, dental hygiene, or both. Regional agencies have no authority over state boards and cannot implement policy that supersedes the statutory powers of its member state boards. The state board makes the determination to accept the results of the regional board as satisfaction of its requirements for licensure. A regional agency consists of states that have opted to standardize clinical testing requirements and to pool resources to develop and administer reliable clinical examinations. Regional examinations are developed with the consensus of the member states (see Boxes 1-1 and 1-2).


The membership of regional agencies fluctuates as states join or withdraw. Some states belong to more than one regional board, while other states belong to a regional board but accept the results of one or more other regional examining boards (see Box 1-3 and Figure 1-1). The five existing regional testing agencies are similar in their organization and structure. Each maintains an office and employs staff separate from any of its member state board headquarters (see Box 1-2). A board of directors, steering committee, or general membership is responsible for determining agency policies and managing finances. A second key component of the organization is an examination review committee; typically each member state board is represented. The examination review committee may also include a dental hygiene program director or faculty member representing the region’s educational institutions. The examination review committee is charged with analyzing the examination, and developing the examination through modification and revision. The American Board of Dental Examiners (ADEX) is a test development organization serving its member state boards. Member state boards are identified on the ADEX Web site, www.adex.org. The ADEX dental and dental hygiene examinations are currently administered by NERB and Nevada.


For jurisdictions conducting an independent examination, the state board is the testing agency.









Examiner Selection and Training


Typically, dental hygienists and dentists who are state board members are eligible to serve as examiners. The pool of examiners for regional testing agencies comes primarily from its member state boards. In addition, many state boards have the authority to designate other examiners; these appointed examiners are usually active licensed practitioners from the state. The number of examiners assigned to the examination is based on the examination agency’s administrative protocols. Testing dates and sites are arranged in advance by the examining agency. Training programs for examiners vary but typically emphasize standardization and grading exercises to calibrate examiners in the application of examination criteria. Examiners do not use their personal criteria during evaluations. Most testing agencies have some type of examiner performance review system to monitor scoring and ensure compliance with the agency’s standards. The result is a thorough and uniform assessment of clinical competence.









Clinical Examination Administration


Most clinical board examinations are administered anonymously or in a double-blind manner. Candidates are identified only by a number, and examiners are segregated from the candidates. Clients are brought to the examiners’ clinics; candidates are not present when the examiners conduct their evaluations. The purpose of this practice is to eliminate any potential for examiner bias based on a candidate’s personality, race, gender, religion, or personal background. Evaluations are focused solely on clinical performance. Predictably, candidates may be curious and seek information from their clients for any perceived clues about the grading assessments. Examiners are typically prohibited from sharing any information on scoring, so making assumptions on the basis of reports of clients, who generally understand little about the examination process, will only lead to misinformation and erroneous conclusions.









Clinical Facilities


Most testing agencies use school clinical facilities to administer board examinations. Schools release their facilities for several days for the examination. Accommodating examination requirements necessitates scheduling adjustments, substantial loss of income from the clinic, and increased demands on faculty and staff. Most schools charge a “school use fee” for services and supplies. This cost is added to the examination fee.


If testing will take place in a facility unfamiliar to you, visit the site before the testing date, if possible. Most testing agencies schedule a candidate’s orientation session and clinic tour before the day of examination. The clinical facility is not under the management and control of the board examiners, and the school may have its own institutional requirements or record keeping for which the candidate is responsible. Renting of equipment or instruments is handled through the testing site. After an examination application has been processed, most testing agencies will mail examination-related documents as well as an information package from the school that includes a description of the clinic facilities, a list of supplies provided, emergency and infection control protocols, compatibility of hand pieces, instrument rental policies, and so on. Many schools have maintenance personnel on call to handle school equipment breakdown during the examination.


Any concerns must be directed to the appropriate source. The testing site, or school, deals with questions about the facilities, the testing agency addresses questions about the examination itself, and the state board attends to jurisprudence and licensure applications.









Instrument Requirements


Because examiners are calibrated with select instruments, testing agencies are likely to require certain instruments for the examination. Although such requirements may impose some inconvenience, they help the examination process to be better standardized. Typically, instrument requirements pertain only to the examining instruments (e.g., the mirror, explorer, and periodontal probe). Hand piece and instrument selection for performing treatment is left to the candidate’s discretion. Most clinical examinations allow the use of power scaling devices.


If you are unfamiliar with the required instruments, obtain them and practice with them in advance. Reference the instrument’s task analysis, seek guidance in correct adaptation and usage, or do both.


Instruments should be in excellent condition and sharp. Examiners may stipulate replacements if instruments are incorrect or defective. Have extra sets of sterile instruments in case a client is not accepted or an instrument is dropped.









Examination Forms


Forms are an important consideration in charting, record keeping, or documentation necessary during the examination. Innumerable systems for charting and for taking client histories exist. Obtain examination forms (or facsimiles) in advance, and study them carefully. Practice using them. If these forms are not available before the examination, take the time to read and review them at the examination site to understand how to use the forms before beginning any charting procedures. When charting procedures are part of the examination, their function is to measure a candidate’s ability to recognize and record oral conditions, not to be a copying exercise. Familiarity with examination forms will help avoid confusion and facilitate recording of data on clinical judgments in the appropriate places. Follow exactly instructions on how and when to complete the forms.









Classification of Oral Conditions of Clients


The selection of a board client is the single most important factor in preparing for and successfully completing a clinical examination. Testing agencies detail specific oral conditions as criteria for client acceptability, including the number of teeth and surfaces that must have subgingival calculus and acceptable ranges of sulcular probing depths. Most examinations require a client with “moderate” to “heavy” subgingival calculus deposits. Clients exhibiting only plaque biofilm or light deposits are probably inadequate to present a valid test of the candidate’s skills. A person with grossly heavy, tenacious calculus or severe periodontal disease is most likely too difficult for the purposes of a clinical examination.


Testing agencies develop and maintain highly defined and precise criteria in an effort to equalize difficulty in the examination.









Client Recruitment


Testing agencies do not provide clients for candidates. This responsibility belongs to the candidate. Some schools assist their students in client recruitment and may allow candidates who are not students to screen clients before a board examination. Ultimately, however, it is the responsibility of the candidate to present an appropriate client. Examiners make the final decision regarding acceptability. Dental hygiene educators and other licensed practitioners are not calibrated to testing agency standards. Client selection is integral to the examination; it is part of the test. Success or failure on the examination often hinges on submitting a client who meets the criteria—this crucial decision must not be delegated to an instructor or other licensed dental professionals. It is risky to present a marginally qualifying client or to design the treatment selection by prescaling in hopes of an “easier” examination. Having a client rejected results in enormous stress on the candidate, grading penalties or failure of the examination, the loss of operating time, or all of these consequences.


Historically, candidates have exhibited incredible resourcefulness in recruiting clients. Family and friends are primary sources. The college campus or one’s personal dentist or dental hygienist also serves as a potential client source. Students and staff at hospitals are frequently recruited. Many candidates have contacted local police and fire stations. Sometimes, graduating classes organize a collective effort to recruit clients as well as backup clients for the entire class. Candidates have been known to advertise in local newspapers or post notices on community center bulletin boards to obtain clients. Some candidates have resorted to literally “beating the streets.” Stories of bizarre and unprofessional methods of client recruitment are directly proportional to the desperation of the candidates. Stress can be avoided by beginFning a search for clients well in advance of the examination. Maintain professionalism in all contacts with potential clients. The pressures of a high-stakes board examination do not supersede ethical considerations. A client’s personal, oral, and systemic health needs extend beyond the day of the examination and therefore must be given due consideration. Most testing agencies require some type of “continuing care” form to advise the client of additional treatment that may be necessary but not provided during the examination.


Client selection is dictated by the testing agency’s defined criteria. Criteria may stipulate requirements for age; systemic health status; minimum number of teeth; combination of molars, premolars, and incisors; calculus deposits; periodontal conditions; radiographs; and more. The requirements also include informed consent from the client for treatment, confidentiality, and adherence to universal precautions for infection control. Carefully review all prerequisites before recruiting clients.


In addition to published criteria, take into consideration the attitude and cooperativeness of the client. Ascertain the client’s pain threshold or tolerance to treatment procedures. Advise the client of the time commitment. Clinical examinations usually require long treatment sessions, possible waiting periods, and evaluation and instrumentation by multiple examiners. If clients are not adequately prepared for the demands of the examination, difficult situations can develop. Refusing to cooperate, threatening to leave, and actually leaving the examination are potential scenarios that must be circumvented. Advise the client of the purposes of the examination, its importance to your future career, the treatment that will be provided, the examiners’ role, the examination schedule, and delays that may arise. When the clients understand the purpose and format of the board examination, most are supportive of the profession’s efforts to ensure the competence of practitioners and appreciative of the dental hygiene care to be received.


Finding the “perfect” client who satisfies all criteria is challenging. It is prudent to recruit more than one client to ensure that you have a backup. Inform these clients that they may not be needed for the examination but if they are willing, they may be able to sit for another candidate. Stay in contact with any clients who have been recruited. Confirm the time and date, transportation or parking arrangements, and exact meeting locations.









Content and Design of Clinical Examinations


Clinical examinations provide a reliable third-party assessment of candidates’ client-focused skills and judgments. Each testing program has unique examination protocols, procedures, requirements, and forms. Candidates preparing to take a clinical examination must contact the testing agency responsible for administering the examination to obtain its test specifications (see Box 1-2). This chapter provides only a general overview.


Four basic categories of clinical competencies are typically included in regional and state clinical examinations: (1) appropriate client and treatment selection, (2) calculus detection and removal, (3) periodontal assessment, and (4) tissue management. Components within these areas may include dental and periodontal charting, extraoral and intraoral evaluation, charting the location of subgingival deposits, and removal of extrinsic stain, plaque, and supragingival calculus. Root debridement and removal of subgingival calculus are universal requirements. As previously noted, specific requirements for case difficulty vary among examinations. Some agencies mandate a treatment submission of 6 to 10 teeth; others require one quadrant, with a limited number of additional teeth. Client acceptability criteria also include a specific number of “qualifying” subgingival deposits. Typically, the number of anterior teeth that may be included in the treatment submission is limited, and a certain number of posterior teeth in proximal contact must be included. Examiners evaluate the treatment selection. If the client does not meet the criteria, at a minimum, points are deducted; at a maximum, client rejection results in failure of the examination.


Some examination requirements, while they potentially affect the examination outcome, are not actually scored. Acceptable client age and health criteria are prime examples of “nongraded” requirements. Acceptable probing depths are another such requirement. Diagnostic quality radiographs must be submitted with the client, although the radiographs may not be a graded feature. Some agencies require a full-mouth series (exposed within 2 to 3 years), including bitewings (exposed within 6 to 12 months). Others require only periapicals and bitewings (within 1 year) of the teeth in the treatment submission. Radiographs of “nondiagnostic quality” will result in point deductions, negative impact on client acceptance and the ability to continue the examination, or both.


Allotted clinic time is another variable factor. Most board examinations place specific time limits for the completion of assignments. If a candidate has one or more treatment selections rejected, it is likely that a point deduction, loss of treatment time, failure of the exam, or all of these consequences will be incurred.


Pain management for the client is addressed by various means. Some examinations allow the use of topical anesthetic only. Others permit administration of local anesthetic agents by the candidate in compliance with the host school’s state practice act. Testing agency protocols range from confirmation of formal education in administration of local anesthesia to successful completion of an examination on local anesthesia delivery. Some agencies also have provisions for “qualified” licensed practitioners to administer the local anesthesia. Verify the authorization for the delivery of local anesthetics with the testing agency, the regulatory board, or both before the examination.


In addition to client-based testing in the clinic, some regional testing agencies require assessment on computer-simulated clients at testing centers or at school testing sites. The knowledge, skills, and judgments necessary to provide competent entry-level dental hygiene care are evaluated in a standardized examination. Both the physical client-based section and the simulation section must be passed for successful completion of the examination.









Examination Scoring


No uniform scoring system for regional or state board clinical examinations exists. Scoring is linked to the composition and structure of each examination. In general, clinical board examinations use a system of “weighting” to emphasize the importance or recognize the complexity of certain skills sets and treatment procedures. For example, dental hygiene practice surveys show that competency in root debridement is more critical than that in stain removal. Consequently, in examination development, when both components are measured, root debridement is weighted with more point value than is stain removal. A candidate should strive to demonstrate competence in all skills that are evaluated in an examination but may choose to concentrate time and effort on each area in proportion to the weighted significance built into the examination.


Because professional conduct and ethical behavior are central to the practice of dental hygiene, all testing agencies have stipulations for penalties such as point deduction or immediate failure of the examination for infractions. Examples of improper conduct include, but are not limited to, the following:




• Violating standards as defined in the Candidate’s Guide


• Evidence of dishonesty or misrepresentation during the application or course of the examination


• Treatment of teeth other than those approved or assigned by examiners


• Receiving assistance from another practitioner or using unauthorized aids


• Improper record keeping or failure to properly document anesthetic use


• Breach of infection control standards


• Causing excessive tissue trauma


• Rude or abusive behavior


• Continuing to work after the established cut-off time


• Disregard for patient welfare or comfort


• Use of cellular telephones, cameras, or electronic devices





The testing agency must be contacted for all performance criteria and the definition of the cut-off point separating acceptable performance from unacceptable performance (see Box 1-2).






Preparing for State or Regional Clinical Board Examinations


Contact the state board office of the state in which licensure is desired. Obtain a licensure application, noting all requirements, including which board examinations are accepted and any related conditions or restrictions. Consult the current state dental practice act as well as the rules and regulations for these specifics. Some jurisdictions require successful completion of local anesthesia administration, nitrous oxide-oxygen administration, and restorative therapy examinations in addition to the dental hygiene examination. Prepare a scheduled time line of all pertinent dates for completing examinations (and receiving results) for licensure requirements.




1. Obtain the testing agency’s examination schedule, application forms, Candidate’s Guide and any information pertaining to the examination that is published or available online. Read the information carefully at least twice. Do this several months before the examination.


2. Review all of the application material, and highlight or list all the requirements for the examination, including forms or documentation that must be provided, client requirements, instruments, supplies, and so on. The application procedures of many testing agencies are available online. Make a note of the desired examination’s application deadline.


3. Gather the credentials necessary to sit for the examination. These credentials may include items such as school transcripts, the NBDHE score, a copy of the diploma, current cardiopulmonary resuscitation (CPR) certification, evidence of malpractice or liability insurance, and a passport-quality photograph. Retain photocopies of everything.


4. Check the testing agency’s Web site for Frequently Asked Questions or Advice to Candidates. These sections provide insights and coping strategies to enhance confident preparation. Advice from candidates who have taken the examination offers a candid link to others’ experiences and perceptions and may help combat examination anxiety.


5. Begin searching for suitable clients. Present a prospective client, with a clear and professional explanation of the client’s role as well as yours in the examination.


6. For candidates still in school, many programs conduct “mock boards” as a trial practice run. But make an effort to gain additional experience with clients whose difficulty level is commensurate with board requirements.


7. Practicing dental hygienists should set up clinical simulations of board requirements, for example, client difficulty level, time constraints, and so on. Evaluate your clinical skills through critical self-assessment.


8. For dental hygienists who have been out of practice for some period, a number of dental and dental hygiene schools offer continuing education programs. Review courses should be investigated and pursued well before the examination date.


9. Obtain the specific instruments required for the examination, and practice using them.


10. Obtain examination forms before the test, and become familiar with them. If unavailable, study the Forms section of the Candidate’s Guide.


11. Be cognizant of the numbering system used in the examination—it must be applied accurately. Not complying with the prescribed system can cause charting errors or result in not correctly identifying which teeth are assigned by examiners.


12. A few days before the examination, get clinic attire ready, and organize the instruments and supplies. Confirm the arrangements with the client(s) regarding time, date, location, and relevant directions. Check in with the client again the night before the examination.


13. If taking the examination at an unfamiliar testing site, tour the clinical facilities before the examination.


14. Plan to arrive at the testing site on time taking into consideration mishaps, traffic, and parking problems that may be encountered and the time required for locating the operatory, setting up, and orienting to the clinic. Avoid starting the day feeling rushed and distracted.


15. At the examination, listen closely to instructions, and read thoroughly all of the material provided. Failure to read and follow instructions is a common denominator in problems experienced by candidates.


16. Relax, and concentrate on the high-quality dental hygiene care that you are able to provide because of your professional education and experience. Test-taking strategies are provided in Box 1-4 and on the Web sites presented in the Web Site Information and Resources table at the end of this chapter.












Future Trends in Clinical Examinations and Licensure


Given the highly mobile nature of today’s society, the commitment to increased access to professional oral care, and the frustration and expense for candidates of repeated clinical examinations, demand for greater portability of credentials in dental hygiene and dentistry has grown. This has increased broader implementation of licensure by credentials for active practitioners and has spawned debates on the need for a uniform national clinical examination that would be recognized by most, if not all, states. Another disputed topic is the appropriateness of using humans in clinical examinations. Several organizations advocate discontinuation of the use of clients in testing, for both ethical and practical reasons. Others believe that a patient-based examination is essential for the evaluation of clinical skills. While consensus on these issues is difficult to achieve, it is generally agreed that any clinical examination developed would have to be equal to or better in terms of fidelity and reliability than what is currently available in the examination system. A dental hygiene examination that is constructed, directed, and administered by dental hygienists, with input and consideration from other constituencies of dentistry, would best serve the dental hygiene community and the public.


Many testing agencies are implementing electronic scoring systems to augment efficiency in compiling examination data. The resulting shorter time to release examination results facilitates obtaining licensure in a timely manner.









International Requirements


In our global culture, interest in working outside the United States is becoming increasingly appealing. International licensure requirements vary significantly. A dental hygienist contemplating employment in another country should contact the ADHA, the International Federation of Dental Hygienists (IFDH), and the ADA for pertinent information and potential links. (Contact ADHA at www.adha.org, the IFDH at www.ifdh.org, and the ADA at www.ada.org). Individual resources or personal contacts within the country of destination should also be pursued.


As a starting point, documentation for all credentials—passports or visas, school transcripts, licenses, diplomas, employment history, and so on—must be gathered. Some countries require language proficiency before certification is granted; others require employment before issuing a work permit. Most countries require proof of graduation from an accredited school and successful completion of cognitive and clinical board or case-based examinations; other counties request merely “reporting to employer” (Table 1-1).2




TABLE 1-1


International Dental Hygiene: Educational and Legal Requirements to Practice in Various Countries


[image: image]


Note: Countries also known to have formal dental hygiene education programs and dental hygiene practice include New South Wales, Queensland, Kuwait, Jordan, Bahrain, Saudi Arabia, Iceland, Spain, Portugal, Czech Republic, Lithuania, Poland, Russia, Slovakia, Hong Kong, Jamaica, Puerto Rico, and Nigeria. A program is planned for Nicaragua.


*Austria, Germany, and Ireland also require a work permit.


∧Canadian regulation varies by province and territory.


**Italy and the United Kingdom require successful completion of an additional prescribed course of study.


∧∧Netherlands requires unsuccessful applicants to complete further dental hygiene schooling.


(From Johnson P: International profiles of dental hygiene, 2007: A 21-nation comparison, Int Dent J 59(2):63–77, 2009.)





Special citation is warranted of the National Dental Hygiene Certification Board of Canada (NDHCB), which was established in 1994 in response to a priority concern of Canadian dental hygienists for portability of licensure. The NDHCB examination is a multiple-choice examination (225–250 items) to assess a candidate’s readiness for entry into practice and is accepted for licensure by all provinces, except Quebec and the Northwest Territories. Clinical practice evaluations are conducted by most Canadian dental hygiene regulatory authorities only for graduates of nonaccredited dental hygiene programs.


The NDHCB operates and delivers its examinations in both English and French, the official languages of Canada. Examination information can be obtained directly from the NDHCB using the following contact information:


National Dental Hygiene Certification Board


1929 Russell Road, Suite 322


Ottawa, Ontario K1G 4G3


Canada


Phone: 613-260-8156


Fax: 613-260-8511


General inquiries: exam@ndhcb.ca http://www.ndhcb.ca/en/about.php


The rigors of a country’s requirements appear to be strongly correlated with the number of dental hygienists in the country, how long dental hygiene has been established, and the size and strength of its educational system. The information displayed in Table 1-1 summarizes data on licensure requirements available through the IFDH and the International Dental Journal.












Content and Organization of This Review Book


This book presents a review, in outline form, of basic, dental, dental hygiene, and clinical sciences. Each review outline is followed by related questions that test the reader’s knowledge of concepts, principles, and theories underlying the practice of dental hygiene.


Each chapter contains a section on Evolve entitled “Answers and Rationales,” which provides justification for the correct answer and every response in the review questions covering the subject matter. The rationale supporting the correct answer is specified, as well as explanations for incorrect responses. By reviewing these rationales, the reader will be able to confirm facts and reinforce knowledge. An example is provided below.










Chapter 1 Review Question


Answers and Rationales to Chapter Review Questions are available on this text’s accompanying Evolve site. See inside front cover for details. [image: image]




1. An isolated radiopaque area in the periodontal ligament space is observed on a client’s radiographs. This radiopaque structure might be a/an:




a. Denticle


b. Cementicle


c. Epithelial rest


d. Cementum spur


e. Exostosis of alveolar bone













Chapter 1 Answer and Rationale







b. Calcified bodies, or cementicles, are sometimes found and seen radiographically in the periodontal space and appear as radiopaque structures.


a. A denticle is a calcified body but is related to dentin formation and is found in the pulp of the tooth, not in the periodontal space.


c. An epithelial rest would not appear on a radiograph as a radiopaque structure but as a radiolucent structure because it is a soft tissue.


d. A cementum spur does not float free but is attached to the cementum.


e. An exostosis of bone would be attached to the wall of the alveolar bone proper.


















How to Use This Book in Studying







1. Review one section of the content at a time. Study the material outlined in the section. Refer to other textbooks, Web sites, and references to research additional details if any area is unclear.


2. After reviewing the content, answer the review questions that immediately follow. As each question is answered, write a few words about why that response is correct; justify the response selected. If your response is a guess, make a special mark to identify it as such. This will enable ready identification of areas that need further review and clarification. Remember that analyzing a question, narrowing the choices, and then making an educated guess, if necessary, can improve performance. On board examinations, guessing is preferable to not answering at all.


3. Score yourself using the answers provided on the Evolve Web site. If the item was answered correctly, compare the reason noted for selecting that answer with the listed rationales. For each item answered incorrectly, review the correct answer and its rationale. Go back to the chapter pertaining to that subject, and research information in your reference material. Carefully review all the questions and rationales for the items identified as guesses to ensure mastery of the material.


4. After an interval of several days or weeks, review the chapters and answer the questions again. If the same items are missed, further study of that content material is necessary.












Completion of the Review Process


Board examinations can be completed with confidence and success after completing the comprehensive review presented in this book; assessing areas of strength and weaknesses with the aid of the chapter review questions; reinforcing concentrated study of particular material pinpointed by the review; becoming familiar with the board examination process, protocol, and purpose; and following instructions for preparation. Preparation for board examinations actually begins with the first class in the accredited entry-level dental hygiene program and continues throughout the educational process. This book is designed to present a cohesive, comprehensive review of that professional educational base, to reinforce existing knowledge, and to provide guidance for areas requiring more concentrated study.
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	SOURCE

	WEB SITE ADDRESS

	DESCRIPTION






	State University of New York at Buffalo

	http://ub-counseling.buffalo.edu/stresstestanxiety.shtml

	Causes of examination anxiety, physical signs of examination anxiety, effects of examination anxiety, and how to reduce examination anxiety. Includes an anxiety checklist and goal setting strategies






	University of Illinois at Chicago, Academic Center for Excellence

	http://www.uic.edu/depts/ace/strategies.shtml

	“College Study Strategies & Study Tips” section. Includes extensive information on time management, studying, lectures and reading, taking examinations, and controlling stress






	University of Texas at Austin, Learning Center

	http://www.utexas.edu/student/utlc/learning_resources/

	Advice on time management, anxiety and stress management, concentration, note-taking, and test taking






	Pennsylvania State University

	http://www.uic.edu/depts/ace/strategies.shtml

	Tips for examination preparation, examination taking do’s and don’ts, and how to beat examination anxiety






	Massachusetts Institute of Technology

	http://web.mit.edu/uaap/learning/teach/tests/index.html

	“Learning to Learn” section. Includes assessing personal skills and needs, studying efficiently, time management, tackling tests, and maintaining academic integrity
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Chapter 2


Histology and Embryology




Maureen Dotzel Savner





During the process of care, the dental hygienist must distinguish normal structures, variants of normal structures, and developmental abnormalities from pathology. A clear sense of developmental processes and tissue histology provides the background for competent assessment and evaluation.


Knowledge of tissue components and embryologic tissue origin supports an understanding of the physiologic changes that take place during the course of disease progression. This knowledge also provides insight into how tissue is capable of responding to a pathologic condition. This chapter contains basic general histologic information, with a focus on oral tissue components and oral and facial development. A clinician uses this knowledge to formulate a feasible dental hygiene care plan, evaluate the success of care, and make appropriate referrals to dentists and physicians when necessary.






General Histology






Cells







A Smallest structures and functionally self-contained units in the body; they vary in size, shape, and surface, depending on functional specialization (Figure 2-1)
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FIGURE 2-1 Typical cell. (From Avery JK, Chiego DJ: Essentials of oral histology and embryology: A clinical approach, ed 3, St Louis, 2006, Mosby.)





B Cells possess similar common physiologic properties that permit:




1. Excitability




a. Change in the environment stimulates the cell to bring about a response to adapt to the change


b. Example—nerve cells conduct impulses





2. Synthesis




a. Cells must have the ability to form substances that produce products to aid in the body’s function


b. Example—glands synthesize and secrete products to aid bodily functions





3. Membrane transport




a. Fluids, chemical elements, and compounds must have the ability to move both in and out of cells


b. Example—nutrients are transported across the epithelial lining of the gastrointestinal tract





4. Reproduction




a. Cells must have the ability to preserve the species by giving rise to offspring


b. Example—union of a sperm and ovum can lead to the formation of an offspring








C The building blocks of tissues in the body are attached to each other and to noncellular surfaces by cell junctions; the structures of various types of cell junctions depend on location and function; the types of junctions are:




1. Desmosomes—cell-to-cell attachments; this type of attachment is found between ameloblasts (enamel-forming cells) and cells of the stratified squamous epithelium that lines the oral cavity


2. Tight junctions—cells attach to each other by fusion of their cell membranes; adjacent odontoblasts (dentin-forming cells) form tight junctions that prevent substances in the pulp from passing into the dentin


3. Gap junctions—contain a channel that runs between cells for communication of cell electrical impulses and passage of molecules; this type of junction is present among some odontoblasts, allowing them to coordinate their activity


4. Hemidesmosome—the attachment of a cell to a noncellular surface; the basal layer cells of stratified squamous epithelium attach to the basement membrane by hemidesmosomes; this attachment mechanism is present in the epithelial attachment to the tooth; the epithelial attachment refers to the basal lamina and hemidesmosomes that connect the junctional epithelium of the soft tissue to the tooth surface





D Cells are surrounded by a cell membrane that separates them from the extracellular environment; cell membrane encloses all components of the cell:




1. Cytoplasm


2. Organelles


3. Inclusions


4. Nucleus












Specialization







A Differentiation




1. Cells that recognize one another will group together.


2. Cancer cells do not recognize each other.





B Organization of chemicals




1. Chemicals appear early in the development of the embryo


2. Endocrine substances are produced by one type of cell and can affect other types of cells





C Cells → tissues → organs → organ systems












Cell Membrane







A Referred to as plasma membrane or plasmalemma; usually too thin to be seen with a light microscope; average width is approximately 7 nanometers (nm); considered selectively permeable because it controls passage of materials in and out of the cell




1. It surrounds the cell and is semi-permeable, allowing some substances to pass through it and others to be excluded


2. Its permeability may vary selectively by porous openings


3. Selective permeability characteristics:




a. Protecting cell from external environment


b. Permitting entrance and exit of selected substrates


c. Using active transport, passive transport, or facilitated diffusion





4. Its composition is a 3 : 2 ratio of proteins to lipids; lipids and proteins are the major components


5. Its structure is trilaminar, with a bipolar membrane and a central core of lipids between two layers of protein


6. The 0.8 nm pores in the surface allow diffusion of small lipid-insoluble substances





B Trilaminar structure composed of two facing layers of lipid molecules, into which large globular proteins are inserted (Figure 2-2)
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FIGURE 2-2 Fluid mosaic model. Schematic, three-dimensional view of the fluid mosaic model of membrane structure. The lipid bilayer provides the basic structure and serves as a relatively impermeable barrier to most water-soluble molecules. (Modified from Thibodeau GA, Patton KT: Structure and function of the human body, ed 13, St Louis, 2008, Mosby.)







1. Lipid bilayers consist mainly of phospholipid molecules; they are oriented such that the hydrophilic ends face the outer and inner surfaces of the cell; the hydrophobic ends attract and face each other


2. Globular proteins are of two types:




a. Integral proteins that extend through the full width of the cell membrane and protrude; these may have carbohydrate units attached to them


b. Peripheral proteins that are linked or attached to the cell-membrane surface


















Cytoplasm







A Translucent, aqueous, homogeneous gel enclosed in the cell by the cell membrane; organelles and inclusions are suspended in the cytoplasmic gel


B All metabolic activities of the cell occur in the cytoplasm, including:




1. Assimilation (digestion)


2. Synthesis of substances such as proteins, proteoglycans, and glycoproteins


3. A transport medium in which all nutrients and metabolites are carried from one organelle to another


4. Presence of enzymes and electrolytes, in which specific metabolic reactions take place (e.g., glycolysis)















Nucleus







A Controls the two major functions of the cell




1. Chemical reactions—synthesizing activities; determines nutrient needs


2. Stores genetic information of the cell





B Genetic information stored in chromosomes for cell duplication; chromosomal deoxyribonucleic acid (DNA); the human nucleus contains 46 chromosomes


C Chromosomes are visible only during cell division, when they become long, coiled strands; at other times, chromosomal material is dispersed in granular clumps of material called chromatin


D Each nucleus contains one or more round, dense structures referred to as the nucleolus (plural, nucleoli); these produce ribosomal ribonucleic acid (RNA)—protein plus RNA; the nucleus also is surrounded by a nuclear membrane and contains nuclear matrix with chromosomes












Synthesis Activities







A Three types of RNA are necessary for protein synthesis




1. Messenger RNA (mRNA)—copies of short segments of deoxyribonucleic acid (DNA), the genetic code




a. mRNA can be compared with a tape that contains all the genetic information of proteins, but it must pass through the ribosomes attached to the endoplasmic reticulum (ER)


b. As the tape passes through the ribosomes, transfer RNA (tRNA) adds the exact amino acid to the newly forming proteins (Figure 2-3)
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FIGURE 2-3 Ribosomes showing protein synthesis on rough endoplasmic reticulum. Messenger RNA is being passed through ribosomes on endoplasmic reticulum where transfer RNA becomes incorporated in protein (being formed) that is assembled in the ribosome. (From Gartner LP, Hiatt JL: Color textbook of histology, ed 3, St. Louis, 2007, Saunders.)








2. tRNA—carrier of specific amino acids (building blocks of proteins)


3. Ribosomal RNA—found floating freely in the cytoplasm (polyribosomes) or attached to the ER





B Protein synthesis also can occur on polyribosomes floating freely in the cytoplasm; proteins synthesized on the free polyribosomes are used in cellular metabolic processes; proteins synthesized on the ribosomes attached to the ER are transported out of the cell















Inclusions







A Transitory, nonliving metabolic byproducts found in the cytoplasm of the cell


B May appear as lipid droplets, carbohydrate accumulations (such as mucopolysaccharides), or engulfed foreign substances









Lysosomes







A Membrane-bound organelles responsible for the breakdown of foreign substances that are engulfed by the cell by the process of phagocytosis or pinocytosis


B Produced by a budding process from the Golgi complex, lysosomes form spherical vesicles containing powerful degradative or hydrolytic enzymes; enzymes are first produced by the ER and then transported to the Golgi complex


C During phagocytosis, lysosomes fuse with engulfed substances to form a secondary vesicle; the vesicle with digestive materials may remain in the cell as a residual body or be discharged outside of the cell


D Vitamins A and E and zinc are important stabilizers for the lysosome’s membrane












Golgi Complex







A The structure consists of stacks of closely spaced membranous sacs, in which newly formed proteins are concentrated and prepared for export out of the cell (Figure 2-4)
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FIGURE 2-4 Golgi complex. A, Schematic representation of the Golgi complex showing a stack of flattened sacs, or cisternae, and numerous small membranous bubbles, or secretory vesicles. B, Transmission electron micrograph showing the Golgi complex high-lighted with color. (From Patton KT, Thibodeau GA: Anatomy and physiology, ed 7, St Louis, 2010, Mosby.)







1. Small membrane-bound vesicles pinch off from the Golgi complex and form secretory granules (newly formed proteins)


2. Secretory granules attach to the inside of the cell membrane and are then discharged outside of the cell





B Responsible for secreting to the external environment a variety of proteins synthesized on the ER


C Major site of membrane formation and recycling


D Storage site for newly synthesized proteins


E Site for packaging and transporting many cell products (e.g., polysaccharides, proteins, and lipids)


F Synthesis site for lysosomes


G Also involved in the production of large carbohydrate molecules and lysosomes












Mitochondria







A Membranous structure bounded by inner and outer cell membranes; the membranes contain enzyme complexes in a particular array (e.g., tricarboxylic acid cycle enzymes); the inner part is formed into folds (cristae) that extend, like shelves, inside the mitochondria to provide an additional work surface area for the organelle; usually more than one mitochondria are present in a cell; the number depends on the amount of energy required by the cell


B Provides the chief source of energy for the cell (“powerhouse of the cell” by oxidation of nutrients) by enzymatic breakdown of fats, amino acids, and carbohydrates; transforms the chemical energy bond of nutrients into the high-energy phosphate bonds of adenosine triphosphate (ATP)


C A single cell may contain 50 to 2500 mitochondria, depending on the cell’s energy needs (Figure 2-5)




[image: image]


FIGURE 2-5 Mitochondrion. A, Cutaway sketch showing outer and inner membranes. Note the many folds (cristae) of the inner membrane. B, Transmission electron micrograph of a mitochondrion. Although some mitochondria have the capsule shape shown here, many are round or oval. (From Patton KT, Thibodeau GA: Anatomy and physiology, ed 7, St Louis, 2010, Mosby.)















Endoplasmic Reticulum







A Extensive membranous system found throughout the cytoplasm of the cell; composed of lipoprotein membranes existing in the form of connecting tubules and broad, flattened sacs (cisternae); the outer membrane may or may not be covered with ribosomes. The two types are:




1. Granular or rough-surfaced endoplasmic reticulum (RER)




a. Contains ribosomes that are attached to the cytoplasmic side of the membrane


b. Site of protein synthesis





2. Agranular or smooth-surfaced endoplasmic reticulum (SER)




a. No ribosomes are present


b. Site of steroid synthesis





3. The membrane system functions to synthesize, circulate, and package intracellular and extracellular materials





B Proteins are synthesized on ribosomes attached to the ER and are transported to the Golgi complex for packaging


C The system contains enzymes involved in a variety of metabolic activities (e.g., lipogenesis and glycogenesis)


D SER has a number of diverse roles and is found in a variety of cell types












Filaments and Tubules







A Thread-like structures approximately 7 to 10 nm thick; thicker filaments are the same as those seen in muscle (protein myosin strands) and have been associated with contractility in cells


B Microfilaments act as a support system for the cell cytoskeleton


C Bundles of microfilaments form tonofibrils and become part of the attachment apparatus (desmosomes) between cells (see Figure 2-21, B).












Microtubules







A Delicate tubes, 20 to 27 nm wide, found in cells that are undergoing mitosis and alterations in cell shape (cell morphology)


B They have an internal support function, particularly in long cellular processes such as neurites or odontoblastic processes


C They have the capacity to direct intracellular transport through the cytoplasm












Centrioles







A Cylindrical structures composed of microtubule-like components


B Centrioles function in cell replication and the formation of cellular extensions












Internal Environment and Homeostasis







A Extracellular fluid




1. Fluid mass that circulates outside and between cells


2. Fluid composition must be regulated exactly
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B Intracellular fluid




1. Fluid located inside the cells of the body


2. Intracellular composition must be regulated exactly
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C Homeostasis—the delicate balance maintained between the two fluid compositions












Transport Through the Cell Membrane







A Diffusion




1. Definition—continuous movement of molecules among one another in liquids or gases


2. Molecules may move across a membrane


3. Direction of diffusion of a substance is from a region of high concentration to a region of low concentration, which is the diffusion gradient


4. If equal amounts of a substance are placed at either end of a chamber such as a cell, they diffuse toward each other, and the net rate of diffusion equals zero


5. Factors that affect the diffusion rate are as follows:




a. The greater the concentration difference, the greater is the diffusion rate


b. The greater the cross-sectional area of the chamber, the greater is the diffusion rate


c. The higher the temperature, the greater is the reaction rate


d. The lesser the square root of the molecular weight, the greater is the reaction rate


e. The shorter the distance traveled through the cell membrane, the greater is the reaction rate





6. How rapidly a substance can diffuse through the lipid matrix of the cell membrane is determined by the substance’s solubility in lipids




a. Oxygen, carbon dioxide, and alcohol can diffuse rapidly through the cell membrane because they are lipid soluble


b. Water is not lipid soluble and therefore must depend on another mechanism to diffuse through the cell membrane





7. Facilitated diffusion involves the use of a carrier substance to transport a non–lipid-soluble substance across the cell membrane




a. Once the substance reaches the opposite side of the membrane, it breaks away from the carrier


b. This system does not involve the use of energy





8. Diffusion through pores




a. Substances must be less than 0.8 nm in diameter to move through the pore


b. Calcium ions line the pores; therefore, positive elements such as potassium are repelled


c. Antidiuretic hormone (ADH) from the hypothalamus can cause the pores in kidney tubule cells to decrease in diameter








B Osmosis




1. Definition—process of net diffusion of water through a semi-permeable membrane caused by a concentration difference


2. Osmotic pressure—pressure that develops in a solution as a result of the net osmosis into that solution; pressure is affected by the number of dissolved particles per unit volume of fluid


3. Isotonic solution—when placed on the outside of a cell, will not cause osmosis (e.g., 0.9% sodium chloride)


4. Hypertonic solution—when placed on the outside of a cell, will cause osmosis out of the cell (e.g., greater than 0.9% sodium chloride) and lead to crenation (shrinking) of the cell


5. Hypotonic solution—when placed on the outside of a cell, will cause osmosis into the cell (e.g., less than 0.9% sodium chloride) and lead to cell lysis





C Active transport




1. Process used by a cell when large quantities of a substance are needed inside of the cell and only a small amount of the substance is present in the extracellular fluid


2. Involves pumping the substance against its concentration gradient


3. Uses a carrier system and energy (ATP)


4. Keeps sodium extracellularly (sodium pump) and potassium intracellularly; important for the transmission of nerve impulses


5. Almost all monosaccharides are actively transported into the body





D Phagocytosis—movement of a solid particle into the cell




1. Cell wall invaginates around the particle


2. Pinches off from the rest of the membrane and floats inward





E Pinocytosis—movement of fluid into a cell; similar to phagocytosis, except that the cell invaginates around fluid















Cell Replication







A Mitosis—process of cell replication (Figure 2-6)
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FIGURE 2-6 Phases of mitosis. (From Avery JK, Chiego DJ: Essentials of oral histology and embryology: A clinical approach, ed 3, St Louis, 2006, Mosby.)







1. Interphase




a. The genetic material of each chromosome replicates


b. Chromosomes are dispersed as chromatin material in the nucleus





2. Prophase




a. Chromosomes coil and contract; each chromosome consists of a pair of strands called chromatids, which are held together by a centromere


b. The nuclear envelope disappears


c. The centriole divides, and the two centrioles move to opposite poles of the cell


d. Spindle fibers develop





3. Metaphase




a. Chromatids line up at the center


b. Spindle fibers attach at the centromere


c. The centromere replicates, allowing the separation of chromatids





4. Anaphase




a. Spindle fibers pull the new chromosomes to opposite poles of the cell





5. Telophase




a. A nuclear membrane forms around each set of chromosomes


b. Centrioles replicate in each cell


















Concepts Relating to Dental Tissues







A All calcified dental tissues are produced by secretory cells that require a great amount of energy in producing their organic matrices, which become calcified; organelles such as mitochondria play an important role in providing energy


B Mitochondria have been associated with the calcification (mineralization) process that occurs in dental tissues


C Cell organelles help maintain tissues after the initial formation by the cell; fibroblasts (i.e., connective tissue cells that are present in all tooth tissues except enamel) contain increased numbers of cell organelles; these additional organelles aid fibroblasts in their synthesizing and secretory functions












Basic Tissues







A At the beginning of human development, individual cells multiply and differentiate to perform specialized functions; groups of cells with similar morphologic characteristics and functions come together and form tissues


B Tissue components




1. Cells


2. Intercellular substance—a product of living cells; a medium for the passage of nutrients and waste within the tissue; the amount of substance varies with different tissues


3. Tissue fluid—blood plasma that diffuses through capillary walls; the fluid carries nutrients to the intercellular substance and waste materials to capillaries





C Tissues in the human body can be classified into four types:




1. Epithelial tissue


2. Connective tissue


3. Nerve tissue


4. Muscle tissue





D Each of the four basic tissues may be further subdivided into several variations









Epithelial Tissue







A Main categories




1. Surface epithelia


2. Glandular tissue





B The epithelium consists exclusively of cells held together by specialized cell junctions (little intercellular material is present between cells); cells rest on an underlying connective tissue, the basement membrane


C Epithelial cells (keratinocytes) form continuous sheets (tissues) and perform the following functions:




1. Protection—covering all outer surfaces of the body (e.g., skin)


2. Absorption—forming the lining of all inner surfaces of the body (e.g., digestive tract)


3. Secretion—forming glands (glandular tissue)





D Epithelial tissue varies, depending on function—it may have surface specializations on its free surfaces




1. Microvilli—for absorption


2. Cilia—for surface transportation





E Replicates through mitosis









Surface Epithelia







A The epithelium is classified according to:




1. The shape of the most superficial cells:




a. Squamous (flat)


b. Cuboidal (cubical)


c. Columnar (tall, narrow—cylindrical or prismatic)





2. Number of cell layers present:




a. One cell layer—simple; found in areas of little or no friction (e.g., lining of blood vessels)


b. Several cell layers—stratified; capable of withstanding more functional use (e.g., mucous membranes)








B Combined characteristics allow for six different types of epithelia (Figure 2-7) and locations:
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FIGURE 2-7 Classification of epithelia according to morphologic shape and number of cell layers. (From Patton KT, Thibodeau GA: Anatomy and physiology, ed 7, St Louis, 2010, Mosby.)







1. Simple squamous—found in the walls of vessels


2. Simple cuboidal—lines the ovaries


3. Simple columnar—lines the intestines and the cervix of the uterus


4. Stratified squamous—lines the oral cavity


5. Stratified cuboidal and stratified columnar—line the large ducts of the major salivary glands





C Other intermediate forms of epithelium:




1. Pseudo-stratified columnar (e.g., trachea)—appears stratified but is, in fact, only one layer


2. Transitional (e.g., urinary tract)—resembles both stratified squamous and stratified cuboidal epithelia





D Other cell types found in the epithelium:




1. Melanocytes—produce melanin (pigmentation); intensity of brown skin color is not caused by the difference in the number of melanocytes present but by the difference in the rate of melanin production, the size of pigment granules, and the length of time of their preservation


2. Inflammatory cells—transient cells usually associated with inflammation


3. Langerhans’ cells—antigen-presenting cells


4. Merkel cells—mechano-receptors





E The epithelium lining the oral cavity (oral mucosa) and the skin (dermis) is an example of stratified squamous epithelium












Glandular Tissue







A Most glands develop from the epithelium; the epithelial basal cell grows downward into the underlying connective tissue


B Types:




1. Exocrine:




a. Serous; mucous or seromucous secretions


b. Ducts carry secretions




(1) Simple—nonbranching duct


(2) Compound—branching duct








2. Endocrine:




a. Hormone secretions directly into the bloodstream


b. The bloodstream carries secretions; no ducts





















Connective Tissue






Connective Tissue Proper







A All connective tissue proper develops from the embryonic mesenchyme; contains large amounts and various types of intercellular material and few cells; highly vascular; has two main functions:




1. Provides mechanical and biologic support (supports organs and other structures)


2. Provides pathways for metabolic substances and thus aids in the distribution of nutrients





B Types of connective tissue:




1. Bone—hard and calcified; serves supportive and protective functions


2. Cartilage—firm but flexible; serves a supportive function


3. Reticular—network of branching fibers; acts as a filter; loose and elastic; provides a connection between structures


4. Bone marrow—site where blood cells are manufactured


5. Lymphoid tissue (tonsils and lymph nodes)


6. Fat or adipose (special type of connective tissue composed of fat cells)—located under the skin; provides insulation


7. Dental tissues:




a. Pulp


b. Dentin


c. Cementum








C Types of connective tissues—differ in composition of cell products and proportions of products present:




1. Dense connective tissue—consists predominantly of heavy, tightly packed collagen fibers; main function is to resist tension; this dense collagenous connective tissue is present in the gingiva


2. Loose connective tissue—collagen and reticulin fibers extending in all directions; the main function is to provide biologic support and fill the spaces between organs and tissues















Connective Tissue Components







A Cells




1. Types of cells normally present:




a. Fibroblasts—produce the fibrous matrix and ground substance of connective tissue


b. Macrophages—capable of digestive activity


c. Mast cells—contain vesicles filled with heparin and histamine


d. Mesenchymal cells—primitive cells with the capability of differentiating into various connective tissue cells; they play a key role in the replacement of connective tissue lost as a result of injury or disease





2. Cells that are normally in the bloodstream but move in and out of the blood vessels into surrounding connective tissue when needed (wandering cells):




a. Monocytes


b. Polymorphonuclear leukocytes


c. Lymphocytes


d. Plasma cells








B Fibrous matrix




1. Matrix of connective tissue composed of some or all of the following fibers:




a. Collagen fibers—consist of three long polypeptide chains coiled in a left-handed helix to form a tropocollagen unit, which is assembled in a “quarter-stagger” model outside of the cell; fibers are highly resistant to tension and are part of the anchoring mechanism by which the connective tissue attaches the basement membrane (see Figure 2-20, B); the most abundant fibers found in connective tissue


b. Reticulin fibers—comparable with collagen fibers in their protein composition; usually found in the border areas between connective tissue and other tissues


c. Elastic fibers—consist of long fibrous proteins that differ in composition from collagen; are the branching fibers responsible for recoiling tissues when they are stretched


d. Oxytalan fibers—resemble elastic fibers in morphology and chemical composition; are believed to be immature elastic fibers








C Ground substance




1. Amorphous substance that consists of many large, highly organized carbohydrate chains attached to long protein cores (e.g., proteoglycans)


2. Molecular structure and composition are responsible for the ground substance’s resistance to compression, or compressive loading, from any direction















Types (Cartilage and Bone)






Cartilage







A Cartilage and bone are sister tissues, both highly specialized forms of connective tissue, whose intercellular substances have assumed particular properties that allow them to perform support functions




1. Very “bouncy,” resilient tissue that is specialized to resist compression; has a gel-like matrix in which the ground substance predominates over the intercellular matrix


2. Relatively avascular tissue


3. In humans, most of the embryonic skeleton is preformed as hyaline cartilage that is eventually replaced by bone (during endochondral ossification); depending on the location and loading pattern imposed on the cartilage, it may specialize to form fibrous or elastic cartilage


4. All mature cartilage is surrounded by the perichondrium, a fibrous connective tissue, which serves a biomechanical function; it acts as an attachment site for muscles and tendons





B Cartilage, like all types of connective tissue, has three components:




1. Cells—chondroblasts and chondrocytes


2. Fibrous matrix—type II collagen fibers and, in some cases, elastic fibers


3. Ground substance—proteoglycans, which have a protein core with side chains of chondroitin sulfate and keratan sulfate (glycosaminoglycans); because of the chemical nature and organization of proteoglycans, the ground substance can readily bind and hold water, which allows the tissue to assume a gelatinous nature that can resist compression and also permit some degree of diffusion through the matrix





C Types




1. Hyaline cartilage




a. Found in the adult human




(1) Covering articular surfaces of movable long bones


(2) Forms the skeletal support parts of:




(a) Trachea


(b) Larynx


(c) External ear


(d) Nasal septum


(e) Ends of ribs








b. Most abundant type of cartilage; forms the embryonic skeleton in humans; is best suited to resist compression; appears as a homogeneous, translucent tissue because its intercellular matrix dominates its collagenous fibers; the major type of fiber in collagen





2. Fibrous cartilage (fibrocartilage)




a. Has a very sparse amount of intercellular substance dominated by collagen fibers, which are in such proportion that they are visible through a light microscope and are seen running between the chondrocytic cells in the cartilage


b. Resembles tendons except for the presence of the chondrocytes enclosed in lacunae


c. Usually found in areas that are subjected to both compression and tension, as in:




(1) Intervertebral disc


(2) Temporomandibular joint of older adults


(3) Pubic symphysis








3. Elastic cartilage




a. In areas that are in need of elastic recoil, hyaline cartilage becomes highly specialized, and elastic fibers are added to its intercellular matrix, as in:




(1) External ear


(2) Epiglottis





b. Elastic fibers are highly branched and form a delicate fibrous matrix, often obscuring the intercellular substance; fibers can be seen only through a light microscope when stained with a specific elastic stain


















Bone







A A specialized vascular connective tissue composed of a mineralized organic matrix; the inorganic component of bone is hydroxyapatite: 
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B Two main functions:




1. Provides skeletal support and protection of soft tissues


2. Acts as a reservoir for calcium and phosphorus ions; when these two ions drop below a critical level in the blood (100 mg of calcium per 100 mL of blood, and 600 mg of phosphorus per/100 mL of blood), they can be withdrawn from the bone





C Characteristic of all bones




1. Compact bone—dense bone that appears as a continuous solid mass


2. Trabecular (cancellous or spongy) bone—composed of a central medullary cavity filled with either red or yellow marrow and with intervening spicules of bone (trabeculae); these trabeculae act to reinforce bone by increasing in number with increased function





D Bone morphology




1. Bone-forming cells (osteoblasts) are produced from undifferentiated mesenchymal cells of the periosteum, the endosteum, and the periodontal ligament




a. The periosteum is the connective tissue that covers the outer aspects of bone


b. The endosteum is a more delicate connective tissue lining the inner aspects of bone, the trabeculae, and Volkmann’s canals (canals of the bone containing blood vessels)


c. The periodontal ligament is specialized periosteum because it covers the outer aspects of the alveolar bone; it is also capable of forming bone and of forming cells that produce cementum (cementoblasts)





2. Osteoblasts become incorporated into bone during their formation; they occupy a space called lacuna (plural, lacunae)


3. Lacunae are connected to each other by means of a system of canals named canaliculi; these canals house the cytoplasmic extension of the osteocytes and provide a means for the transport of vascular components


4. Both compact and trabecular mature bones are formed in layers, or lamellae. Lamellae are found in three distinct types of arrangements present in all mature human bones (Figure 2-8):
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FIGURE 2-8 Microscopic morphology of bone tissue. Haversian system bone is composed of lamellae arranged in concentric circles around a canal. Interstitial bone fills the space between the concentric circles. Circumferential lamellar bone is found on the outer aspects of compact bone; endosteal lamellar bone covers the inner aspect of compact bone. Spongy bone is composed of trabeculae and marrow cavity. (From Avery JK, Chiego DJ: Essentials of oral histology and embryology: A clinical approach, ed 3, St Louis, 2006, Mosby.)







a. Concentric, or haversian system, bone makes up the bulk of compact bone; it consists of lamellae arranged in concentric circles around a blood vessel (haversian canal) to form an osteon. An osteon, which consists of this concentrically arranged bone and haversian canal, is the basic metabolic unit of bone


b. Interstitial lamellae fill the space between the concentric circles of the haversian system bone


c. Lamellar bone is not arranged in concentric circles and is found on the surfaces of most bones. This bone is further defined by its location. When found on the outer aspects or the circumference of the bone underneath the periosteum, it is referred to as circumferential, or (sub)periosteal, bone; when found on the surfaces of trabeculae or the inner aspect of compact bone, it is referred to as (sub)endosteal bone








E Bone tissue




1. Bone, like all connective tissues, has three main components:




a. Cells




(1) Osteoblasts—bone-forming cells


(2) Osteoclasts—bone-resorbing cells


(3) Osteocytes—osteoblasts that are embedded in the lacunae of bone matrix and that maintain bone tissue





b. Fibrous matrix—collagen fibers (type I), which are the dominant component of bone matrix


c. Ground substance—proteoglycans containing chondroitin sulfates and seeded with the mineral salt hydroxyapatite





2. Bone is formed by osteoblasts developed in one of two ways:




a. Intramembranous ossification—mesenchymal cells move closer together (condensation), differentiate into osteoblasts, and begin to deposit bone matrix; this is how the maxilla and the mandible are formed


b. Endochondral ossification—future bone is preformed in a cartilage model that is eventually resorbed and replaced by new bone formed by osteoblasts (Figure 2-9)
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FIGURE 2-9 Stages of endochondral bone formation in long bone growth. A, Original hyaline cartilage is calcified in the center of the diaphysis. B, A blood vessel invades the center of the shaft. C, The marrow space appears in the center of the shaft, and bone forms around the diaphysis. D, Bone formation continues in the shaft, and secondary ossification sites appear in the heads (epiphyses) of the bones. A disc of cartilage remains between bone forming in the head and the shaft (epiphyseal line). (From Avery JK, Chiego DJ: Essentials of oral histology and embryology: A clinical approach, ed 3, St Louis, 2006, Mosby.)







(1) Cartilage must undergo two important changes before being resorbed and replaced by new bone:




(a) Chondrocytic hypertrophy


(b) Calcification of the cartilage model





(2) Endochondral ossification is the process by which all long bones in the human body are formed




(a) Bone growth in length—occurs in the cartilaginous epiphyseal growth plate


(b) Bone growth in diameter—occurs in the cellular layer of the fibrous covering of connective tissue periosteum, which produces a periosteal bone collar on the outer bone surface














F Structure of long bones (macroscopic)




1. The typical long bone is composed of:




a. Diaphysis (shaft)—thick compact bone forming a hollow cylinder with a central marrow cavity; this is the primary center of ossification in a long bone


b. Epiphyses (ends)—spongy bone covered by a thin layer of compact bone; these are the secondary growth centers


c. Metaphysis—transitional region between the epiphyses and the diaphysis, where the cartilage growth plate is located


d. All articular surfaces of long bones are covered by articular cartilage





2. While active, the epiphyseal growth plate usually has four zones, proceeding from first to last:




a. Primary spongiosa with resorption


b. Hypertrophy and provisional calcification


c. Proliferation


d. Resting zone (see Figure 2-9)
























Blood and Lymph







A Vascular system




1. Develops embryonically from mesenchymal cells that come together and form delicate tubular structures composed of endothelial cells


2. Consists of the heart, blood vessels, and lymphatics




a. Is a closed system that runs from the heart to the organs of the body and back to the heart


b. Between the heart and the organs, the blood vessels branch progressively into finer and finer vessels and finally enter the organs




(1) Here a delicate network of capillaries forms, called the capillary bed—the most essential part of the vascular system


(2) Exchanges of gases and substances occur in this capillary bed





c. Blood is then carried back to the heart via larger vessels, the veins





3. Functions




a. Carries nutrients, oxygen, and hormones to all parts of the body


b. Carries metabolic waste products to the kidneys


c. Transports inflammatory cells and antibodies


d. Maintains a constant body temperature








B Lymph vessels empty into filtering organs (nodes) and generally flow toward larger lymph vessels, the thoracic duct, and the right lymphatic duct; lymph enters the venous branches of the circulatory system









Blood Vessels







A Arteries—the largest of the blood vessels; walls are composed of:




1. A thick layer of smooth muscle cells


2. Elastic tissue—the largest amount is found in the large arteries close to the heart





B Veins—usually accompany arteries but carry blood in the opposite direction




1. Walls are composed of:




a. A layer of endothelial cells


b. A connective tissue layer


c. Occasionally a few smooth muscle cells





2. Veins contain about 70% of total blood volume of the body at any given time





C Capillaries—the simplest of the blood vessels in the structure




1. Walls consist of a simple layer of endothelial cells and a basal lamina


2. Usually, the diameter of a capillary lumen is so small that only one blood cell at a time can pass through it


3. Capillaries form a barrier between blood and tissues


4. Transport of substances occurs at the capillary level through:




a. Pores in the endothelial wall of the capillary


b. Openings between adjacent endothelial cells


c. Pinocytotic vesicles formed by the wall of the capillary


















Microvasculature







A Composed of the smallest arteries and veins located in the capillary bed




1. At the end of the arterioles is a preferential channel that has several side branches entering the capillary bed


2. Blood passes through the capillary bed from the arterial side to the venous side





B Selective openings and closings of the capillary bed occur in the microvasculature to ensure regulation of the amount of blood throughout the body at any given time












Blood Components







A Cells




1. Red blood cells—erythrocytes; most numerous


2. White blood cells—leukocytes (granular and nongranular)


3. Platelets—cell fragments of a specific cell type found in red bone marrow; have no nuclei





B Plasma—liquid portion of blood









Functions of Blood Cells







A Red blood cells (erythrocytes) contain hemoglobin, which carries oxygen from lungs to tissues


B White blood cells (leukocytes) function chiefly to fight infection, to scavenge foreign invaders, and to repair injured tissue




1. Granular leukocytes




a. Polymorphonuclear neutrophils (PMNs)—first line of defense against bacterial invasion


b. Eosinophils—involvement in allergic reactions


c. Basophils—antigen involvement





2. Nongranular leukocytes




a. Monocytes—can become macrophages in connective tissue


b. Lymphocytes—produce antibodies








C Platelets—promote blood clotting












Lymphatic System







A Made up of a series of vessels that carry excess tissue fluid from the capillaries to filtering organs such as lymph nodes on the return to the bloodstream


B Lymph nodes are found along the lymphatic pathway




1. Consist of masses of lymph tissue that serve as a filtering system for the body


2. The tonsils and the spleen are both filtering organs for the body


3. Swollen and palpable lymph nodes may indicate that an infection is present somewhere in the body





C The function of lymph is to protect and maintain the internal fluid environment of the body


















Nerve Tissue







A Main functions of the nervous system




1. Directs and maintains the complex internal environment of the body


2. Integrates and interprets incoming stimuli and directs appropriate responses at a conscious or unconscious level





B The nervous system can be classified as follows:




1. Central nervous system (CNS)


2. Peripheral nervous system (PNS)


3. Autonomic nervous system (ANS)





C Afferent nerves transmit impulses (sensations) from the periphery to the CNS (sensory input); efferent nerves transmit impulses (commands) from the CNS to muscles and other organs (motor output) (Figure 2-10)
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FIGURE 2-10 Cross-section of a spinal cord showing pathways used to transmit nerve impulses from the periphery to the central nervous system. (From Patton KT, Thibodeau GA: Anatomy and physiology, ed 7, St Louis, 2010, Mosby.)





D Divisions of the nervous system




1. Central nervous system




a. Includes the brain and the spinal cord


b. Main functions:




(1) Receives incoming information at a conscious or unconscious level (sensory)


(2) Integrates outgoing responses (motor) that are transmitted to various parts of the brain and the spinal cord








2. Peripheral nervous system




a. Composed of 31 pairs of spinal nerves and 12 pairs of cranial nerves


b. All nerves transmit information to and from the CNS


c. Contains both sensory and motor nerves (neurons)





3. Autonomic nervous system (Figure 2-11)
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FIGURE 2-11 Distribution of sympathetic nerves. (From Copstead-Kirkhorn LC, Banasik JL: Pathophysiology, ed 4, St Louis, 2010, Saunders.)







a. Controls, regulates, and coordinates visceral activities (digestion, body temperature, blood pressure, and glandular secretions) at an unconscious level


b. Is further subdivided into:




(1) Sympathetic division—acts to regulate and mobilize activities during emergency or stress (flight activities); activities that require high outputs of energy produce an accelerated heart rate and increase in blood pressure


(2) Parasympathetic division—works in the opposite manner of the sympathetic division; stimulates activities that restore or conserve energy (e.g., decreased heart rate, constricted pupils, contraction of ciliary muscle)


(3) These two divisions are seen as acting reciprocally rather than antagonistically


















Structural Components







A Neurons (Figure 2-12)
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FIGURE 2-12 Neuron with its cell body, axon, dendrites, and synaptic relationships with the muscle tissue and another neuron. (From Avery JK, Chiego DJ: Essentials of oral histology and embryology: A clinical approach, ed 3, St Louis, 2006, Mosby.)







1. Structural components of nerve tissue


2. Receive and transmit information


3. Highly specialized cells consisting of:




a. Cell body—contains the nucleus and organelles; located in the ganglia in the CNS and the PNS


b. One or more cytoplasmic extensions:




(1) Dendrites—conduct impulses toward the cell body


(2) Axons—conduct impulses away from the cell body








4. Classified according to the number of cell processes (Figure 2-13):
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FIGURE 2-13 Classification of neurons based on the location of the cell body and the relative length and number of dendrites and axons. (From Copstead-Kirkhorn LC, Banasik JL: Pathophysiology, ed 4, St Louis, 2010, Saunders.)







a. Multi-polar neurons—located in the CNS and autonomic ganglia; usually, one process is the axon and the other processes are the dendrites


b. Unipolar neurons—have a short cell process that leaves the cell body and divides into two long branches; one branch goes to the CNS, and the other goes to the PNS (sensory neurons)





5. Interneurons—lie within the CNS; receive and link sensory and motor impulses to bring about appropriate responses in the body





B Glial cells—provide structural support and nourishment for the neurons; Schwann cells in the PNS and satellite cells in the ganglia












Definitions







A Synapse—an area that occurs between two neurons or between a neuron and its effector (muscle or gland); found between the cell surfaces are:




1. Synaptic cleft—intercellular space separating a presynaptic and postsynaptic membrane


2. Presynaptic membrane—situated before the synapse


3. Postsynaptic membrane—situated after the synapse





B Neurotransmitters—chemicals released from the neuron as electrical impulses travel along the axon and reach the terminal end




1. Neurotransmitters increase the permeability of the cell membranes; impulses are relayed to the effector; impulses can be excitatory or inhibitory


2. Two-membrane junctions


3. Types of neurotransmitters:




a. Acetylcholine—secreted by cholinergic fibers


b. Norepinephrine—secreted by adrenergic fibers








C Myelin sheath—fatty layer surrounding the axon of the nerve




1. Myelinated—contains a fatty sheath


2. Unmyelinated—contains no fatty sheath





D Neurilemma—continuous sheath that encloses the segmented myelin sheath of some nerves


E Neuroglia—extremely soft tissue that supports the nervous tissue of the brain and the spinal cord


F Free nerve endings—end portions of afferent (sensory) axons no longer covered by a supportive Schwann cell; found in:




1. Dental pulp


2. Oral epithelium





G Encapsulated nerve endings—composed of several portions of afferent axons surrounded by a capsule of several Schwann cells without a myelin sheath and some connective tissue; they are associated with:




1. Touch perception (Meissner’s corpuscles) found in the lamina propria of the oral mucosa


2. Periodontal ligament















Cranial Nerves


See the sections titled “Nervous System” in Chapters 3 and 4.




A Twelve pairs of cranial nerves originate from the brain




1. Cranial nerves transmit information to the brain from the special sensory receptors and regulate the functions of:




a. Smell


b. Sight


c. Hearing


d. Taste





2. Cranial nerves bring impulses from the CNS to the voluntary muscles of:




a. Eyes


b. Mouth (masticatory muscles)


c. Face (facial expression)


d. Tongue (swallowing and speech)


e. Larynx








B In oral health care, a local anesthetic agent is injected into a sensory peripheral nerve; it diffuses through the nerve fibers and blocks the transmission of impulses to the brain in an area of several teeth or in a localized area of soft tissue (see the section titled “Characteristics and Physiology of Pain” in Chapter 18).















Muscle Tissue







A Composed mainly of cells called muscle fibers, which have differentiated from the embryonic mesenchyme and have become highly specialized in contracting (shortening)


B Contracting ability of muscle fibers is a result of large amounts of actin and myosin, which are intracellular, contractile protein filaments


C The three muscle tissue types are:




1. Skeletal (striated) muscle




a. Under conscious control; referred to as voluntary muscle


b. Has rapid, short, strong contractions; requires a great deal of energy


c. Innervated by motor nerves


d. Skeletal muscles of the head region:




(1) Muscles of mastication


(2) Muscles of facial expression





e. Muscle attachments are possible because of the connective tissues surrounding the muscle, bone, or cartilage; connecting tissues of the muscle run directly into the periosteum, cover the bone or perichondrium, cover the cartilage or perimysium, or cover the muscle. The exact nature of the attachment depends on the site and function of the muscle. The intermediate structures may be:




(1) Tendons


(2) Ligaments


(3) Aponeuroses





f. Muscles that change the shape of the tongue by their contractions are attached on both sides to the lamina propria of the oral mucosa of the tongue





2. Smooth muscle




a. Under the control of the ANS and not under conscious control


b. Contractions are slow and can be maintained over a long period without the use of much energy





3. Cardiac muscle




a. Has some of both skeletal (striated) and smooth muscle characteristics


b. Is involuntary; has fast, powerful contractions


c. Purkinje fibers—specialized cells present in heart muscle that act like nerves to conduct messages through the heart


d. Bundle of His—a band of specialized cardiac muscle fibers















Muscle Contraction







A Muscle can be stimulated to contract by one nerve or by many nerves


B Each striated muscle contains bundles of highly organized contractile proteins called myofibrils; each myofibril consists of regularly arranged protein filaments: actin and myosin (Figure 2-14)
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FIGURE 2-14 Muscle fiber. A, The epimysium runs continuously with the endomysium and the perimysium. B, The arrangement of fasciculi varies among muscles. C, The banding pattern apparent on microscopic inspection of a muscle cell results from the organized structure of the proteins (myofibrils) of the contractile apparatus. D, Thick and thin filaments are organized into contractile units called sarcomeres. (From Copstead-Kirkhorn LC, Banasik JL: Pathophysiology, ed 4, St Louis, 2010, Saunders.)





C Protein filaments are attached to a Z band; the section of a myofibril between two Z bands is called a sarcomere, which is the contractile unit


D As a muscle unit contracts, actin and myosin filaments slide past each other, shorten the length of the individual sarcomere (sliding mechanism), and cause total shortening of the muscle fiber





















General Embryology







A All human development begins by fertilization, the union of a female germ cell (ovum) and a male germ cell (sperm)


B Each germ cell contains 23 chromosomes (haploid number); during the process of fertilization, the number of chromosomes is restored to 46 (diploid number)


C The developing organism, called the zygote, goes through a series of mitotic divisions:




1. Morula—16 to 32 cells, appearance resembles that of a mulberry


2. Blastocele—a central cavity with an embryonic pole


3. Blastocyst—thin-walled hollow ball of cells that attaches to and embeds in the uterine wall




a. Two distinct layers become visible:




(1) Epiblast (ectoderm) layer


(2) Hypoblast (endoderm) layer





b. These two layers constitute the embryonic disc, which will give rise to the future embryo








D Three distinct periods in human development:




1. Period of the ovum (first week)—fertilized ovum develops an embryonic disc


2. Embryonic period (second week to eighth week)—most of the organs and organ systems develop




a. A period of differentiation


b. At the end of this period, a recognizable individual has developed


c. Most congenital malformations occur during this time





3. Fetal period (third month to ninth month)—growth of existing structures takes place





E Development of some facial and oral structures is dependent on a group of cells (neural crest cells) derived from the ectoderm as the neural tube is forming; these cells migrate cephalad and interact with the cephalic ectoderm and mesoderm to result in the development of:




1. Facial skeleton—Meckel’s cartilage


2. Neck skeleton—hyoid bone


3. Connective tissue components


4. Tooth development





F Neural crest cells migrate into each of the branchial arches and surround the existing mesoderm; in each arch, the following components develop:




1. Cartilage rod (skeleton of each arch)—first branchial arch, Meckel’s cartilage


2. Muscular component—second branchial arch, facial musculature


3. Vasculature component


4. Nerve component—first branchial arch, trigeminal nerve





G On the internal aspect of the branchial arches are corresponding pharyngeal pouches that give rise to:




1. External auditory meatus


2. Pharyngotympanic tube


3. Palatine tonsils


4. Parathyroid glands












Facial Development







A Initiation of the development of the oral cavity occurs in the third prenatal week (embryonic period) and is complete in the twelfth week


B The future facial region is located among the bulging forebrain, the frontal nasal process, and the developing heart


C At the beginning of the fourth week, five facial swellings, called branchial arches, appear on the embryo




1. Located between the first branchial arch and the frontal process (forebrain) is the oral stomodeum (primitive oral cavity) (Figure 2-15); the stomodeum is the first sign of facial development




[image: image]


FIGURE 2-15 Facial development. A and B, Facial development begins with the outgrowth of branchial arches. Note the relationship of the oral stomodeum to the heart and the developing face. Nasal pits develop from the frontal nasal process and grow to become nostrils. The nasal pits separate the frontal nasal process into the medial nasal process and the right and left lateral nasal processes. C, Note the developmental processes and the lines of fusion on the adult face illustration. (B, From Avery JK, Chiego DJ: Essentials of oral histology and embryology: A clinical approach, ed 3, St Louis, 2006, Mosby.)





2. The stomodeal ectoderm invaginates until it comes in contact with the primitive foregut; the stomodeum and the foregut are initially separated by the buccopharyngeal membrane, which is composed of the ectoderm and the endoderm. It is located in the region that will eventually house the palatine tonsils


3. Rathke’s pouch—a small invagination in the roof of the stomodeum; deepens into the brain and forms the anterior lobe of the pituitary gland


4. The maxilla and the mandible develop from the first branchial arch


5. The second to fifth branchial arches are involved in development of the neck





D On the lower aspect of the frontal process, nasal pits (nostrils) arise from nasal placodes (see Figure 2-15, B) and separate the lower frontal process into:




1. Medial nasal process (area between the nasal pits); this gives rise to:




a. The center of the nose and the nasal septum


b. The globular process that develops into:




(1) the center of the upper lip (philtrum)


(2) the primary palate (premaxilla): the anterior portion of the palate








2. Lateral nasal processes (area to the right and left of the nasal pits) that form the sides of the nose





E Maxillary processes arise from the superolateral border of the first branchial arch; they grow:




1. Downward to merge with the mandibular processes and form the closure at the corner of the mouth


2. Medially to form the sides of the upper lip, which unite with the globular process (forms the center of the lip)


3. Inward to form the lateral palatine processes that fuse together with the primary palate (premaxilla) to form the palate





F The lower face is formed by the bilateral swellings (mandibular processes) of the mandibular arch


G Several facial or oral processes merge or fuse together during development; incomplete merging or fusing can result in cleft formation—cleft lip or cleft palate












Palatal Development







A The globular process develops as medial nasal processes grow downward and gives rise to:




1. The philtrum of the upper lip


2. The primary palate (premaxillary process), which carries the incisor tooth buds





B During the sixth week of embryonic life, two lateral palatine processes (palatal “shelves”) develop from each side of the maxilla and lie vertically on each side of the tongue (these palatal shelves form the secondary palate)


C During the seventh week of embryonic life, the developing tongue drops down, and the vertical lateral palatine processes flip up, assume a horizontal position, and fuse with the primary palate


D Where the two palatal processes (shelves) fuse in the midline, trapped epithelium between the two processes may result in epithelial remnants, which may produce cysts












Tongue Development


During the fourth week of embryonic life, the tongue develops from several swellings arising on the internal aspect of branchial arches 1 to 4 (pouches); these swellings eventually merge and form the body and root of the tongue.




A Branchial arch 1—two lateral swellings and one medial swelling (tuberculum impar) merge to form the body of the tongue


B Branchial arches 2, 3, and part of 4—copula merge to form the base of the tongue


C Branchial arch 4—site where the epiglottis is formed


D Thyroid gland—develops from an invagination of ectoderm in the area of the foramen cecum of the tongue; the thyroid gland eventually migrates down to its position in the neck; thyroid tissue that remains entrapped in the tissue of the tongue may result in a developmental abnormality known as lingual thyroid nodule















Oral Histology






Tooth Development







A Begins in the seventh week of embryonic life with the 20 primary teeth; continues until the late teens with sequential exfoliation of the primary dentition and development and eruption of the secondary dentition—the 32 permanent teeth


B Tissues of the tooth




1. Each tooth consists of four tissues (Figure 2-16):
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FIGURE 2-16 Four tissues of the tooth: enamel, cementum, dentin, and pulp. The periodontal ligament and alveolar bone are supporting tissues; junctional epithelium is the area where the enamel or cementum of the tooth and the epithelium of the gingival tissue form an attachment.







a. Enamel—calcified


b. Cementum—calcified


c. Dentin—calcified


d. Pulp—uncalcified





2. All tissues of the tooth are specialized forms of connective tissue, except enamel


3. Each tooth is the product of two tissues that interact during tooth development:




a. Mesenchyme (ectomesenchyme)—derived from neural crest cells


b. Epithelium—oral epithelium derived from the ectoderm








C Involves two major events:




1. Morphodifferentiation—shaping of the tooth


2. Cytodifferentiation—cells differentiating into specific tissue-forming cells:




a. Ameloblasts—enamel-forming cells


b. Cementoblasts—cementum-forming cells


c. Odontoblasts—dentin-forming cells


d. Fibroblasts—pulp-forming cells (also capable of differentiating into a chondroblast, collagenoblast, or osteoblast)















Morphodifferentiation







A Oral epithelium and underlying ectomesenchyme are responsible for shaping the tooth




1. Both primary and permanent tooth germs go through the same stages of development


2. The oral epithelium grows down into the underlying ectomesenchyme; small areas of condensed mesenchyme form future tooth germs





B Stages (Figure 2-17)
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FIGURE 2-17 Sequential stages of tooth development. A, Bud stage. B, Cap stage. C, Bell stage. D, Dentinogenesis. E, Amelogenesis. F, Appositional dentin and enamel. G, Eruption and root development. H, Functional stage. (From Avery JK, Chiego DJ: Essentials of oral histology and embryology: A clinical approach, ed 3, St Louis, 2006, Mosby.)







1. Bud stage—condensed areas of ectomesenchymal cells that are continuous with the oral epithelium; connection between the two is referred to as the dental lamina


2. Cap stage—future shape of the tooth becomes evident; cells specialize to form the enamel organ


3. Bell stage—final stage of morphodifferentiation; in the latter part of this stage, cytodifferentiation begins in the enamel organ


4. Dentinogenesis—origin or initial stages of dentin formation


5. Amelogenesis—differentiated cells begin initial enamel formation


6. Apposition stage—formation of dental tissue matrix; this matrix will then undergo maturation or calcification


7. Eruption and root development


8. Functional stage—the tooth is fully erupted in the mouth















Cytodifferentiation







A Stages of cytodifferentiation and morphodifferentiation overlap; both the epithelial and mesenchymal components of the tooth germ become organized




1. Epithelial components become the enamel organ, which is organized into four distinct cell layers (Figure 2-18):
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FIGURE 2-18 The four distinct layers of the enamel organ. A, Outer enamel epithelium. B, Stellate reticulum. C, Stratum intermedium. D, Inner enamel epithelium. (Modified from Avery JK, Chiego DJ: Essentials of oral histology and embryology: A clinical approach, ed 3, St Louis, 2006, Mosby.)







a. Outer enamel epithelium (OEE)—outlines the shape of the future developing enamel organ on the outer surface; composed of small cuboidal cells, one cell layer thick


b. Inner enamel epithelium (IEE)—innermost layer of the enamel organ on the concave side of the developing tooth germ; this will become the future enamel-producing cells, the ameloblasts; composed of cuboidal-type cells, one cell layer thick


c. Stratum intermedium (STI)—flat, supporting squamous-type cells; two to three cell layers thick, lying on top of the inner enamel epithelial cells


d. Stellate reticulum (STR)—mechanically and nutritionally supporting cells that fill the bulk of the developing enamel organ; are star-shaped with large amounts of intercellular space between them





2. Mesenchymal components—become subdivided into:




a. Dental sac (follicle)—surrounds the developing tooth germ and provides cells that will form the periodontal ligament, which, in turn, will produce the cementum and the alveolar bone proper


b. Dental papilla—condensed ectomesenchyme located on the concave side of the enamel organ; peripheral cells facing the IEE will differentiate into odontoblasts, dentin-forming cells


c. The center of the dental papilla will become the dental pulp








B Tooth development is dependent on a series of sequential cellular interactions between the epithelial and mesenchymal components of the tooth germ




1. First interaction—between the oral epithelium and the mesenchyme; the ectomesenchyme instructs the epithelium to grow down into the ectomesenchyme and shape the tooth


2. Second interaction—signal given by cells of the inner enamel epithelium (preameloblasts) to the mesenchymal cells on the periphery of the dental papilla to differentiate into odontoblasts and begin the deposition of dentin


3. Third interaction—as soon as odontoblasts begin to deposit dentin, preameloblasts become true secreting ameloblasts and begin the deposition of enamel


4. Fourth interaction—occurs with the development of root dentin and cementum















Dentin and Enamel Formation







A Both enamel-forming and dentin-forming cells are polarized, tall, columnar, secreting cells; just before ameloblasts and odontoblasts begin to deposit enamel and dentin, organelles, especially the mitochondria, increase in number; organelles move to the basal nonsecretory end of the cell; both cells require tremendous amounts of energy for the production of their calcified tissues


B All dentin and enamel formation begins at the dento-enamel junction (DEJ) of the cup or the incisal edge of the tooth and continues in an apical direction


C The permanent tooth germ grows off the primary (deciduous) tooth germ by an epithelial attachment similar to dental lamina, called successional lamina; this applies to all the developing permanent teeth except the first, second, and third molars; these develop from the dental lamina, which continues to grow back in oral arches


D Dentin formation




1. Odontoblasts produce collagen fibers that unravel to produce a fibrous connective tissue matrix (fibrillar matrix) of predominantly collagen fibers with a rich proteoglycan ground substance; dentinal tissue is calcified by the deposition of the crystals of the calcium salt hydroxyapatite into the matrix


2. Each odontoblast has a long cell extension, the odontoblastic process, left behind in the calcified dentin and enclosed in a dentinal tubule (Figure 2-19)
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FIGURE 2-19 Odontoblasts and ameloblasts with their cell extensions. Tall, secretory odontoblast with its cell extension (odontoblastic extension). Tall, secretory ameloblast with its cell extension ( Tomes’ process). (From Bath-Balogh M, Fehrenbach MJ: Illustrated dental embryology, histology, and anatomy, ed 3, St Louis, 2011, Saunders.)





3. Dentin remains a vital tissue throughout the life of the tooth; cells continue to produce dentin when needed





E Enamel formation




1. Ameloblasts produce an enamel matrix with protein components called amelogenins and enamelins; the matrix is calcified immediately by the deposition of the crystals of the calcium salt hydroxyapatite


2. Ameloblasts deposit enamel; each ameloblast has a secretory process called Tomes’ process; Tomes’ process has a six-sided pyramidal shape and is responsible for prism-shaped microscopic patterns of enamel rods; unlike the odontoblastic process, Tomes’ process is not left behind embedded in the calcified tissue (see Figure 2-19)


3. When the tooth emerges into the oral cavity, the enamel has no vital cells associated with the tissue; enamel is not a true tissue like other dental tissues and is incapable of tissue growth or repair; once formed, the mineral substance cannot be physiologically withdrawn from the tooth


4. A final product of the ameloblasts is the primary enamel cuticle, a calcified coating on the enamel surface


5. Secondary cuticle—a noncalcified coating; product of the reduced enamel organ





F Dento-gingival junction formation




1. After the enamel formation is complete, remains of the enamel organ (OEE, IEE, STI, and STR) come together to form the reduced enamel epithelium


2. Reduced enamel epithelium—plays an important role in the formation of the dento-gingival junction as the tooth emerges into the oral cavity





G Cementum formation




1. Formation of root dentin and cementum follows after the formation of the crown of the tooth is complete


2. Hertwig’s root sheath is formed by the joining of the outer enamel epithelium and the inner enamel epithelium; the sheath continues to grow down, shapes the root of the tooth and the formation of root dentin, and is followed by differentiation of cells from the dental sac; these cells produce:




a. Cementum


b. Periodontal ligament


c. Alveolar bone proper





















Soft Tissue of the Oral Cavity






Oral Mucosa







A Oral epithelium (Figure 2-20)
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FIGURE 2-20 Basic structure of the oral epithelium. A, Two basic tissues comprise the oral mucosa: the oral epithelium and connective tissue. Connective tissue is composed of a papillary layer and a reticular layer. A submucosal layer may or may not be present, depending on the location of the oral mucosa. Note the arrangement of rete ridges (or pegs) and connective tissue papillae. B, Basal lamina interface between oral epithelium and connective tissue. Note the hemidesmosomes with attachment plaque between epithelial cells and the basal lamina. (From Bath-Balogh M, Fehrenbach MJ: Illustrated dental embryology, histology, and anatomy, ed 3, St Louis, 2011, Saunders.)







1. Covered by a layer of the stratified squamous epithelium that:




a. Acts as a mechanical barrier


b. Protects the underlying tissues





2. Three types of stratified squamous epithelia are found in the oral cavity:




a. Orthokeratinized




(1) Effective as a mechanical protector and barrier against fluids


(2) Least common of the three types


(3) Layers:




(a) Basal cell layer—deepest layer


(b) Prickle cell layer


(c) Granular layer—contains the keratohyaline granules, the precursor to keratin


(d) Keratinized layer—contains degenerative cells with no nuclei or organelles; cells are filled with keratin, become hard (cornified), and are eventually lost from the surface epithelium








b. Nonkeratinized




(1) Functions as a selective barrier; acts as a cushion and as protection against mechanical stress and wear


(2) Layers:




(a) Basal cell layer


(b) Prickle cell layer


(c) Outer surface of nonkeratinized cells (squamae); no distinctly recognizable layer above the prickle cell layer; superficial cells in the outermost layer undergo a gradual increase in size; look empty but are filled with fluid sacs; cells act as a cushion and are firmly attached to each other








c. Parakeratinized




(1) Intermediate form of the epithelium located between the orthokeratinized and nonkeratinized oral mucosa


(2) Layers:




(a) Basal cell layer


(b) Prickle cell layer


(c) Keratinized layer—no distinct granular layer present; gradually becomes filled with keratin; nuclei and other cell organelles remain until the cell becomes cornified, and then they are eventually lost











3. The stratified squamous epithelium is constantly renewed by mitosis at the basal cell layer; turnover time ranges from 5 to 16 days


4. Other cell types in the oral epithelium—nonepithelial cells; these cells are normally found in the oral epithelium and perpetuate themselves:




a. Melanocytes—usually found in the basal cell layer; responsible for the production of pigment (melanin)


b. Langerhans’ cells—located in the more superficial cell layers; they are antigen-presenting cells—part of the body’s immune system


c. Merkel cells—usually found in the basal cell layer; are associated with nerve terminals (endings)


d. Inflammatory cells—transient cells associated with inflammation: lymphocytes, monocytes, neutrophils








B Connective tissue—referred to as lamina propria




1. Subdivided into two layers:




a. Papillary layer—directly under the epithelial layer


b. Reticular layer—dense fibrous layer located under the papillary layer





2. Forms a mechanical support system and carries:




a. Blood vessels


b. Nerves








C Submucosa




1. Layer of loosely organized connective tissue


2. Present only in areas that require a high degree of compressibility and flexibility (e.g., cheeks, soft palate)


3. When present, it is located between the lamina propria and areas of muscle tissue





D Interface




1. Area of interdigitation between the oral epithelium and connective tissue


2. Epithelial extensions into connective tissue (lamina propria) are called ridges or rete pegs (see Figure 2-20, A)


3. Connective tissue extensions into overlying epithelium are called connective tissue papillae


4. Corrugated arrangement




a. Increases the surface area between the two tissues


b. Increases the strength of the junction between the two tissues


c. Decreases the distance between the blood supply and the epithelium, which does not have its own blood supply; blood vessels are carried to the epithelium in connective tissue through connective tissue papillae


d. This rete peg arrangement is found in healthy attached gingiva. The stippling of healthy attached gingiva is caused by this arrangement. The healthy sulcular epithelium does not have rete pegs








E Basement membrane (see Figure 2-20, B)




1. Located between oral epithelium and connective tissue


2. Noncellular


3. Produced partly by epithelial cells and connective tissue cells


4. Composed of two layers (laminae):




a. Basal lamina (densa)—20 to 70 nm thick, seen as a thin, dark line; produced by epithelial cells


b. Reticular lamina (lucida)—much thicker than the basal lamina; produced by connective tissue cells





5. Epithelial cells form hemidesmosome attachments to the basal lamina (see Figure 2-20)





F Clinical changes in the oral mucosa




1. Inflammation, friction, heat, and chronic irritation produce changes in the degree of keratinization




a. Inflammation causes a reduction in keratinization


b. Friction, heat, and chronic irritation cause an increase in keratinization


c. Increased keratinization causes tissue appearance to be lighter or whitish; in areas of the mouth that have minor salivary glands, such as the soft palate, increased keratin may obstruct the gland openings, producing the appearance of red dots on hyperkeratinized tissue (nicotine stomatitis)





2. The appearance of the oral mucosa changes in response to pathologic, dermatologic, systemic, allergic, and localized factors















Classifications of Mucosa







A Masticatory—gingiva, hard palate (orthokeratinized epithelial covering)




1. Histologic structure




a. Keratinized stratified squamous epithelium; rete pegs—projections into the underlying connective tissue


b. No submucosa; no salivary glands


c. Fibrous connective tissue; gingival fibers





2. Clinical appearance




a. Coral pink; influenced by vascularity, the thickness and degree of keratinization of the epithelium, and the presence of pigment cells


b. Texture—stippled; the result of the rete peg arrangement


c. Consistency—firm; owing to the fibrous content (mostly collagen) of the underlying connective tissue








B Lining—lips, cheeks, floor of mouth, ventral surface (underside) of tongue, soft palate, alveolar mucosa (nonkeratinized epithelial covering)




1. The floor of the mouth is the thinnest of the nonkeratinized squamous epithelial lining mucosa (100 µm)


2. Connective tissue of the lining mucosa has more elastic fiber than that of the masticatory mucosa; fluid disperses readily in this area, making it an ideal site for local anesthetic injections












Specialized Mucosa of the Tongue







A Specialized covering found only on the top of the tongue; covered with lingual papillae


B Epithelial layer—stratified squamous epithelium that varies in thickness and degree of keratinization


C Taste buds are epithelial organs of special sense (taste); most taste buds are found on lingual papillae; isolated ones may be found on the soft palate and on the walls of the pharynx


D Connective tissue papillae form specialized lingual papillae




1. Fungiform papillae—located on the dorsal aspect of the tongue; mushroom-shaped; a single taste bud may be present on the top surface


2. Filiform papillae—most abundant of papillae; found covering the entire top surface of the tongue; have no taste buds; elongated in cases of “hairy” tongue


3. Circumvallate papillae—large papillae located in a V-shaped groove at the base of the tongue; encircled by a deep groove; mushroom shaped; taste buds are located on their sides; small salivary glands (Ebner’s glands) empty into surrounding grooves of taste buds


4. Foliate papillae—located along the sides of the tongue, near the base; taste buds may be located on only one of the sides





E No submucosa is present


















Tissues of the Tooth






Dentin







A Mature dentin composition




1. Chemical composition




a. Organic matter, 18%


b. Inorganic matter, 70%


c. Water, 12%





2. Tissue composition




a. Cells—odontoblasts


b. Fibrous material—collagen fibers (type I)


c. Ground substance—proteoglycans and glycoproteins





3. Calcification—deposition of crystals of the calcium salt hydroxyapatite in the dentin, fibrous matrix, and ground substance





B Process of dentogenesis




1. Dentin begins to form in the late bell stage of the developing tooth germ (see Figure 2-17)


2. Newly differentiated odontoblasts deposit the dentin matrix; odontoblastic processes become surrounded by predentin (a newly deposited, uncalcified dentin matrix); predentin becomes calcified as cells deposit more dentin; predentin is adjacent to the pulp in young teeth


3. Each cell process in mature calcified dentin is enclosed in a dentinal tubule (Figure 2-21)
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FIGURE 2-21 Odontoblastic process with its cell process enclosed in dentinal tubule. (From Avery JK, Chiego DJ: Essentials of oral histology and embryology: A clinical approach, ed 3, St Louis, 2006, Mosby.)







a. Dentinal tubules can run from the DEJ to the periphery of the dental pulp, where cell bodies of odontoblasts are located


b. Tubules follow a primary S-shaped curve (pathway) and secondary S-shaped curves along the length of the tubules




(1) Primary S-shaped curves are caused by the movement of odontoblasts from a wider area to a narrower area, which produces crowding of the odontoblasts; because of the S-shaped curved movement, odontoblasts adjust to the new crowding while moving back toward the dental pulp


(2) Secondary S-shaped curves are seen along the length of the dentinal tubule as small waves in the tubules, about 4 µm apart; may possibly be reflecting changes in the movement of the odontoblasts during night and day





c. Tubules tend to have more branching at their terminal ends in the crown of the tooth than in root dentin; root dentin has more lateral branching, with fewer primary S-shaped curves


d. Higher tubular density in peripheral dentin makes teeth particularly sensitive when exposed, almost as sensitive as the dentin near the pulp


e. The diameter of tubules changes during the process of dentin formation; the widest dentinal tubules are found in children and are about 4 µm wide





4. The first layer of dentin immediately adjacent to the DEJ is called mantle dentin; the remainder of the deposited dentin is called circumpulpal dentin (around the pulp)




a. Mantle dentin




(1) The layer of dentin that is about 10 to 30 µm thick


(2) Differs from circumpulpal dentin because in addition to collagen fibers normally found in dentin, it contains a second group of thicker and heavier collagen fibers




(a) These fibers are deposited perpendicular to the DEJ


(b) These heavier collagen fibers are referred to as Korff’s fibers





(3) Mantle dentin is less calcified than is circumpulpal dentin





b. Circumpulpal dentin




(1) Contains finer collagen fibers than does mantle dentin


(2) Fibers are deposited parallel to the DEJ








5. Dentin that forms immediately around the odontoblastic process is called peritubular dentin




a. Forms a sheath around each odontoblastic process about 1 µm thick


b. Consists of a matrix of delicate collagen fibers


c. Is highly calcified


d. Is the first dentin to be decalcified by bacterial enzymes when exposed to caries





6. The remainder of dentin is called intertubular dentin




a. Consists of large, coarse collagen fibers


b. The matrix is less calcified than that of peritubular dentin


c. Produced first by the odontoblast; then the odontoblast produces its peritubular dentin





7. Once dentin is deposited, it does not undergo any remodeling





C Types




1. Primary dentin—refers to dentin deposited before completion of the apical foramen


2. Secondary dentin—refers to dentin formed after completion of the apical foramen; tends to be more calcified than primary dentin; forms at a slower rate


3. Reactive (reparative) dentin—forms rapidly in localized areas where dental tubules have been exposed to external traumas such as:




a. Dental caries


b. Attrition or bruxism (enamel has been mechanically worn away)


c. Thermal extremes





4. Sclerotic dentin—forms when the dentinal fibers have degenerated and the tubules become filled with calcium salts


5. Dead tracts—dentinal tubules that remain unfilled after dentinal fiber degeneration


6. Interglobular dentin—small areas of unmineralized dentin near the DEJ


7. Tomes’ granular layer—small unmineralized areas of dentin beneath the cementum (may play a role in root sensitivity)





D Sensory conduction




1. Nerves associated with dentin are located in the dental pulp, but it is believed that they monitor the changes in the environment of odontoblasts, which allows for the perception of pain


2. When dentinal tubules become exposed to the outside environment, a direct contact is made with the dental pulp; fluid in open, exposed tubules begins to evaporate, and the movement of fluid caused by evaporation may stimulate the nerves closest to odontoblasts to produce pain (dentinal hypersensitivity) (see the section titled “Control of Dentinal Hypersensitivity” in Chapter 16)















Pulp Tissue







A Structure




1. Most centrally located tissue in the tooth


2. Loose connective tissue


3. Cells




a. Fibroblasts—undifferentiated mesenchymal cells


b. Histiocytes—found along blood vessels; sometimes referred to as macrophages when filled with ingested materials


c. Lymphocytes—when present, tend to be near the odontoblastic layer


d. Cells present in diseased pulp include monocytes, polymorphonuclear leukocytes, eosinophils, and plasma cells


e. No fat cells are present





4. Structural arrangement




a. The outer periphery of the pulp gives rise to the odontoblastic cell layer


b. The layer subjacent to the odontoblastic layer is called the cell-free zone, or the zone of Weil


c. Next to the cell-free zone is a relatively cell-rich zone


d. The core of the pulp is centrally located








B Functions




1. Nutritive functions—very rich blood supply that forms a capillary plexus surrounding odontoblasts


2. Formative function—peripheral layer of pulp cells gives rise to odontoblasts


3. Sensory function—naked nerve fibers travel as free nerve endings and make contact with odontoblasts


4. Protective function—the pulp can respond to stimuli that occur outside the tooth; response may trigger the formation of reactive dentin





C Blood supply and nerves




1. Blood vessels enter the pulp through the apical foramen; one or more small arterioles form a rich capillary plexus under the odontoblastic layer; exchange of nutrients occurs across the capillary wall


2. Two types of nerve fibers enter the pulp:




a. Autonomic nerve fibers—only the sympathetic autonomic nerve fibers are present; they regulate blood flow in the vessels


b. Afferent nerve fibers—come from the second and third branches of the trigeminal nerve; they lose their myelin sheath and terminate as free nerve endings in close association with odontoblasts. It is thought that the presence of free nerve endings is responsible for the perception of pain by the dental pulp








D Pulp changes




1. Changes resulting from aging




a. As the tooth ages, the amount of collagen fibers increases and the number of reticulin fibers decreases; in addition, the ground substance loses considerable water


b. The pulp becomes less cellular and more fibrous


c. The size of the pulp decreases because of the continued deposition of dentin





2. Small calcified bodies, called denticles, may be present




a. The three types of denticles are:




(1) True denticles—form during tooth development in the root; have dentinal tubules in their structure; odontoblasts are present on the periphery


(2) False denticles—form when the components of the pulp start to degenerate; calcify and grow into irregular calcified bodies; dentinal tubules are not usually present


(3) Diffuse calcifications—occur in diseased pulp in many locations; are likely to grow and cause problems





b. Both true and false denticles may be loose in the dental pulp, attached to the dentin wall, or embedded in the dentin tissue


c. Calcified structures in the pulp appear radiopaque on radiographs


















Comparison of Pulp and Dentin







A Dentin and the dental pulp are closely related functionally and developmentally; both are products of the dental papilla (derived from neural crest cells)


B Two major differences exist between these tissues:




1. The pulp is a loose, noncalcified connective tissue; dentin is a highly specialized calcified connective tissue


2. The pulp is a very vascular tissue; dentin is avascular





C Dentin and the pulp form the bulk of the fully developed tooth


D During tooth development, the peripheral cells of the dental papilla differentiate into odontoblasts and form dentin, while the core of the dental papilla becomes the pulp












Enamel







A Composition




1. Most highly calcified of all the dental tissues


2. Composed mainly of inorganic calcium salt and hydroxyapatite, with a small amount of protein material and water in the matrix




a. Inorganic component, 95%


b. Organic component, 1%


c. Water, 4%








B Process of amelogenesis




1. Enamel formation, like dentin formation, begins in the late bell stage of tooth development


2. Shortly after the deposition of dentin, the inner enamel epithelial cells of the enamel organ become secretory ameloblasts




a. Ameloblasts begin to deposit the enamel matrix, which is mineralized almost immediately


b. Ameloblasts have tall columnar cell bodies that appear hexagonal in cross-section


c. The secretory process of the ameloblast is shovel shaped and is called Tomes’ process; the shape of the process is closely related to the form of the structural units that make up the fully developed enamel tissue





3. Ameloblasts pass through two main stages while depositing enamel:




a. Secretory stage—ameloblasts deposit the enamel matrix, which contains both organic and inorganic components


b. Resorbing stage—ameloblasts remove most of the water and organic components from the matrix





4. Enamel maturation begins before the completion of enamel formation




a. First, very thin and needle-like hydroxyapatite crystals are deposited in the matrix


b. During the process of enamel maturation, the crystals increase in all dimensions, which is made possible by the continual removal of water and organic components from the matrix


c. The hydroxyapatite crystals in enamel are four times larger than those in bone, dentin, and cementum








C Enamel rods—structural units of enamel




1. Enamel is composed of tightly packed masses of hydroxyapatite crystals called enamel rods, or prisms


2. Rod formation is related to the shape of the Tomes’ process and the orientation of crystals as they are deposited by ameloblasts


3. The prisms are rod-shaped structures that run from the DEJ to the outer edge of the enamel surface


4. They are stacked in interlocking rows, one on top of the other; the stacking arrangement causes the rods to appear as keyhole-shaped prisms when viewed in cross-section, with the top of the keyhole facing the occlusal or incisal edge of the tooth and the tail facing the cervical portion; four ameloblasts contribute to form one keyhole (Figure 2-22)
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FIGURE 2-22 Enamel rod, the basic unit of enamel. A, Relationship of the rod to enamel. B, Scanning electron micrograph of enamel showing head (H ) and tail (T ). (B, From Bath-Balogh MB, Fehrenbach MJ: Illustrated dental embryology, histology, and anatomy, ed 3, St Louis, 2011, Saunders.)





5. The average width of an enamel rod is approximately 4 µm; the rods are narrower near the DEJ and wider near the outer surface of the enamel


6. The crystals in the head region of the rod are oriented with their long axis parallel to the long axis of the rod; in the tail region, crystals are perpendicular to the long axis of the rod


7. Adjacent rods are separated from each other by rod sheaths approximately 0.1 to 2.0 µm wide; they can be observed in the head region of the rods but are not as clearly defined in the tail region; and they are produced by an abrupt change in the angulation (orientation) of the crystals as they are deposited by the moving ameloblast (Figure 2-23)
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FIGURE 2-23 Ameloblast depositing hydroxyapatite crystals from the Tomes’ process; note the angular change in the orientation of crystals being deposited, which accounts for the rod sheath around the head of the rod. (Modified from Dr. Marlene Klyvert, Columbia University, School of Dental and Oral Surgery, New York.)





8. Rodless enamel may be found near the DEJ and the outer surface of the enamel


9. The rods are perpendicular to the outer surface of the enamel; near the cervix of the tooth, they tend to be oriented apically; toward the inner third of the enamel, groups of rods curve but then straighten out to form right angles with the enamel surface





D Microscopic structures




1. Bands of Hunter–Schreger—alternating light and dark bands; perpendicular to the DEJ; manifest as a result of enamel rod curvature


2. Stripes of Retzius—narrow brown lines that extend diagonally from enamel rods; on the tooth surface, they end in shallow furrows known as perikymata


3. Enamel lamellae—cracks that occur during enamel crystallization


4. Enamel tufts—hypomineralized inner ends of some enamel rods; located in the DEJ area


5. Enamel spindles—terminal portions of dentinal fibers that extend across the DEJ into the enamel





E Clinical importance




1. Dental procedures performed on enamel




a. Application of fluoride—because enamel is semi-permeable, fluoride ions are attracted to the hydroxyapatite crystals; fluoride also changes hydroxyapatite into fluorapatite; the tooth becomes more resistant to acids produced by bacteria


b. Acid etching of enamel—the structure of enamel (rods and rod sheaths) allows acid to penetrate it for a limited distance (30 µm), and the acid attacks the mineral at the periphery of the sheaths; the acid thus creates a rough enamel surface, which helps bonding materials adhere more readily; the acid may attack the rod core and produce the same effect


c. Cavity preparations—all rods are supported by dentin; margins will fail if enamel is left unsupported





2. Tetracycline stains




a. Appear clinically as dark bands through enamel, especially near the cervix of the tooth where enamel is thin


b. Caused by the administration of tetracycline (antibiotic) during the formation of teeth


c. Tetracycline binds chemically to organic and inorganic components of bone and dentin


d. The resulting darkened area shows through enamel, making the fully developed tooth appear unattractive


e. Stains are difficult to bleach out; affected teeth may need crowns or veneers, but only for aesthetic purposes





3. Pits and fissures in enamel




a. Are often present in less calcified areas


b. Form where ameloblasts become crowded between adjacent areas (cusps), resulting in incomplete maturation of enamel


c. Place teeth at increased risk for dental caries


d. Require the application of dental sealants to prevent caries and arrest incipient caries















Cementum







A General properties and functions




1. Calcified connective tissue that covers the roots of teeth; in conjunction with the alveolar bone proper and the periodontal ligament, forms the attachment apparatus of the teeth, allowing the teeth to become suspended in the jaw


2. Derived from the dental sac (dental follicle)


3. Resembles bone in structure and composition; major differences are:




a. Bone is a vascularized tissue


b. Cementum is avascular





4. Least mineralized of the calcified tissues of the tooth





B Mature cementum composition




1. Chemical composition




a. Organic components, 23%


b. Inorganic components, 65%


c. Water, 12%





2. Tissue composition




a. Cells—cementoblasts, cementocytes


b. Fibrous matrix—collagen fibers (type I); dominant component of the tissue, 90%


c. Ground substance—proteoglycans








C Process of cementogenesis (Figure 2-24)
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FIGURE 2-24 Relationship of the epithelial root sheath to the forming root and the formation of cementum.







1. After crown formation is complete, the epithelial root sheath (Hertwig’s root sheath) begins to grow down




a. Shapes the root of the tooth


b. Induces the formation of root dentin





2. After the first root dentin is deposited, the root sheath breaks down; cells from the dental sac migrate onto the newly deposited dentin and differentiate into cementoblasts





D Mature cementum (fibrous matrix)




1. Very little cementum is deposited on the developing root until the tooth reaches functional occlusion (only approximately two thirds of the root has been formed when the tooth erupts)


2. Two groups of fibers are found in cementum:




a. Group I




(1) Collagen fibers produced by cementoblasts


(2) Fibers that form in the fibrous component of cementum


(3) Run parallel to the long axis of the root (internal fibers)





b. Group II




(1) Fibers produced by cells from the dental sac


(2) Fibers of the periodontal ligament (external fibers)


(3) Insert into cementum at right angles to the DEJ or at right angles to the internal fibers of cementum


(4) Coarser than internal fibers; cores of fibers remain uncalcified in the calcified cementum; referred to as Sharpey’s fibers











E Cellular and acellular cementum (Figure 2-25)




[image: image]


FIGURE 2-25 Relationship of the primary acellular cementum to the secondary (cellular) cementum, or root of tooth; note the thickness of the cellular cementum near the tooth apex.







1. Acellular cementum (primary cementum)




a. Cervical half of the tooth is covered with a thin layer of cementum, approximately 10 µm thick


b. Does not contain any embedded cementocytes (cementoblasts) in lacunae


c. Forms at a slower rate than does cellular cementum


d. Does not increase during the life of the tooth


e. Appears to be involved more in maintenance than in the production of the tissue


f. Contains less inorganic matrix than does cellular cementum


g. Better calcified than cellular cementum





2. Cellular cementum (secondary cementum)




a. Apical portion of the tooth is covered with cellular cementum, reaching a thickness of 100 to 150 µm


b. Contains cementocytes trapped in the lacunae of the tissue


c. Deposited throughout the life of the tooth


d. Deposited at intervals (pauses), producing arrest lines—highly calcified lines similar to those seen in bone tissue








F Abnormalities




1. Reversal lines




a. May be present in cementum as in bone tissue


b. Reflect resorption of tissue (remodeling)


c. Resorption of cementum does not occur as frequently as in bone tissue; when it does occur, it is usually associated with:




(1) Extreme orthodontic movement of the teeth


(2) Trauma to teeth








2. Cementicles




a. Small, abnormal calcified bodies occasionally found in the periodontal ligament


b. Result of cellular debris (i.e., degenerating remnants of the epithelial root sheath)


c. May be found:




(1) Attached to the cementum surface


(2) Free in the periodontal ligament


(3) Embedded in the cementum of the root








3. Hypercementosis




a. Local abnormal thickening of parts of the cementum


b. Usually found in the apical region, occurring on one or all of the teeth


c. May be seen in cases of:




(1) Chronic inflammation of the tooth


(2) Loss of an antagonist tooth (no opposing tooth in the jaw)


(3) Additional eruption; compensatory cementosis takes place


(4) Tooth becoming fused with the surrounding alveolar bone proper





















Cemento-Enamel Junction







A Three types of cemento-enamel relationships can occur during the development of the tooth




1. Cementum meets enamel edge-to-edge—occurs in approximately 76% of all teeth


2. Cementum overlaps a small part of enamel—occurs in approximately 14% of all teeth


3. Cementum is ditched with no exposed dentin—occurs in approximately 10% of all teeth





B Cemento-enamel relationships occur when root–cementum development begins; this is related to the timing of the disruption (breakdown) of the epithelial root sheath and allows the cells from the dental sac to differentiate and begin depositing cementum


C Differentiation of root dental papillae into odontoblasts is mediated by a cell-to-matrix type of inductive interaction (between the basal lamina of Hertwig’s root sheath and the undifferentiated root dental papilla)


D Differentiation of dental sac cells into cementoblasts is mediated by a cell-substrate type of inductive interaction between sac cells and newly deposited dentin


E Practicing dental hygienists should use caution during instrumentation in areas where cementum is thin or absent; conservation of tooth structure is recommended


F Recession of gingiva and loss of clinical attachment may also leave exposed cementum or dentin, creating root sensitivity and increased risk of root caries


















Supporting Tissues






Alveolar Bone







A The part of the bony maxilla and mandible, the alveolar process, in which teeth are suspended in alveoli (bony sockets)


B Existence or presence of alveolar bone is totally dependent on the presence of dental roots; when teeth do not develop and erupt, alveolar bone does not develop; when teeth are extracted, alveolar bone is resorbed


C Formed during the development and eruption of teeth; developing teeth, primary or permanent, are located in bony crypts in the bone of the maxilla or of the mandible


D Has the same biophysical and chemical properties as other bone tissue in the body; has the same basic components as other connective tissue




1. Cells—osteoblasts, osteocytes, osteoclasts


2. Fibrous matrix—collagen fibers are the dominant component; calcified by deposition of the calcium salt hydroxyapatite into the matrix


3. Ground substance—proteoglycans





E Gross anatomy of a mature bone socket (Figure 2-26)




[image: image]


FIGURE 2-26 Components of alveolar bone. A, Mandibular arch of the skull with teeth removed. B, Portion of the maxilla of a skull with teeth removed. C, Cross-section of mandible with teeth removed. (From Bath-Balogh MB, Fehrenbach MJ: Illustrated dental embryology, histology, and anatomy, ed 3, St Louis, 2011, Saunders.)







1. Each tooth is suspended in its own alveolus (socket), with each alveolus having the same structure and anatomy




a. Outer cortical (compact lamellar) plate of bone—faces the cheek and lips (buccal)


b. Inner cortical (compact lamellar) plate of bone—faces the tongue and palate (lingual)


c. Spongiosa—cancellous bone sandwiched between the cortical plates of bone





2. Alveolar bone proper—the part of the alveolus directly facing the root of the tooth; follows the general outline of the root; sometimes referred to as the cribriform plate, or lamina dura




a. Cribriform plate




(1) Contains numerous small openings; allows blood vessels and nerves in the periodontal ligament and bone to communicate


(2) Consists of two layers of bone:




(a) Compact lamellar bone


(b) Layer of bundle bone into which the periodontal fibers insert themselves; the cores of the fibers remain uncalcified in the calcified tissues of bone or cementum—called Sharpey’s fibers








b. Lamina dura is purely a radiographic term based on the fact that this area appears more radiopaque on radiographs; it is not more calcified than the rest of the bone socket; rather, the opacity is caused by the two-dimensional view of the compact bone in the area


c. Alveolar bone proper that forms sockets around multiple-rooted teeth consists of the cribriform plates of both roots and some spongy bone, called inter-radicular alveolar bone


d. The alveolar bone proper between teeth consists of the cribriform plates of both teeth and some spongy bone, called interdental alveolar bone


e. Spongiosa is composed of small trabeculae of bone with large narrow spaces between the trabeculae





3. The alveolar bone proper (cribriform plate) is the only essential part of the bone socket; spongiosa and outer and inner cortical plates of bone are not always present; spongiosa may be absent, and outer and inner cortical plates may be fused together


4. Trabeculae of the spongiosa reflect functional forces or loading patterns imposed on teeth; the pattern changes when the forces are altered; two principal directions of the trabeculae are parallel and perpendicular to the direction of the imposed forces; trabecular bone orientation can be observed on radiographs; the number of trabeculae increases with increased function


5. Orthodontic movement of teeth always causes remodeling of the alveolar bone proper to accommodate movement of teeth; it affects the insertion of periodontal ligament fibers in the bundle bone but is a localized type of resorption; when the bundle bone is redeposited, fibers become firmly attached again; with pressure, bone is resorbed; when tension is applied, bone formation occurs


6. Radiographs of teeth may be used to show the height, slope, or both, of the interdental bone septum, which may reflect periodontal disease or other disease; the crest of the alveolar bone is usually between 0.75 mm and 1.49 mm from the cemento-enamel junction


7. The periosteum is a dense connective tissue layer on the outer portion of bone and is active in bone formation. The endosteum lines the inner aspects (medullary cavity) of bone





F Alveolar bone is constantly remodeled by means of resorption and formation; this makes it the least stable of periodontal tissues




1. Alveolar bone is affected by function, age-related and disease-related changes, hormones, and other systemic and host factors


2. Remodeling affects the height, contour, and density of alveolar bone















Periodontal Ligament







A A specialized form of connective tissue derived from the dental sac, which contributes to the attachment of teeth


B Made up of groups of fiber bundles called gingival fibers and principal fiber bundles; areas of loose connective tissue, blood vessels, and nerves are present between principal fiber bundles; areas of loose connective tissue are called interstitial spaces


C Tissue components




1. Fibroblasts of the periodontal ligament (PDL) are responsible for the production of the fibrous matrix and the ground substance; they are continually engaged in synthetic activities, rebuilding and producing new fibers to be incorporated into existing fibers, which are constantly being remodeled; PDL has a very fast turnover rate


2. Ground substance—proteoglycans


3. The fibrous matrix is the dominant component of the PDL




a. The fibers are collagen and oxytalan, with a few elastic fibers associated with blood vessels


b. The fibers are arranged in dense bundles inserted into the alveolar bone proper and cementum


c. The fibers are arranged into two groups:




(1) Gingival fiber groups (Figure 2-27, B; see also Chapter 14, Figure 14-2):
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FIGURE 2-27 Connective tissue fibers. A, Principal fiber groups of the periodontal ligament. B, Gingival fiber groups. C, Gingival ligament fibers in the col area. (Modified from Ten Cate AR: Oral histology: development, structure, and function, ed 6, St Louis, 2003, Mosby.)







(a) Dento-gingival fibers—extend from the cervical cementum to the free gingiva and from the cervical cementum to the lamina propria of the gingiva, over the alveolar crest


(b) Dento-periosteal fibers—extend from cervical cementum over the alveolar crest to the periosteum of the cortical plates of bone


(c) Trans-septal fibers—extend from the cementum of the tooth to the adjacent tooth, over the alveolar crest


(d) Circular fibers—extend horizontally around the most cervical part of the root and insert themselves into the cementum and lamina propria of the gingiva and the alveolar crest





(2) Principal fiber groups (see Figure 2-27, A; see also Chapter 14, Figure 14-4):




(a) Alveolar crest fibers—extend from cervical cementum and insert themselves into the alveolar crest


(b) Horizontal fibers—extend at right angles to the long axis of the root of the tooth in a horizontal plane from alveolar bone to cementum; found in the cervical third of the root


(c) Oblique fibers—slant occlusally from cementum to alveolar bone; most abundant of the fiber bundles; start at the apical two thirds of the root


(d) Apical fibers—radiate from apical cementum into alveolar bone


(e) Inter-radicular fibers (seen only in multiple-rooted teeth)—extend from the cementum in the furcation area of the tooth to the inter-radicular alveolar bone








d. Sharpey’s fibers—the terminal portion of a PDL fiber that is embedded in bone and cementum


e. Fiber groups are oriented to give the tooth optimal resistance to all kinds of functional loading patterns




(1) Circular fibers resist rotational movements of the tooth (see Figure 2-27, C)


(2) Alveolar crest and apical fibers resist pull of the tooth from its socket


(3) Trans-septal fibers connect all teeth and maintain the integrity of the dental arches





f. Elastic fibers in the PDL do not contribute to the support of the tooth; the role of the oxytalan fibers is not clear








D Blood vessels




1. The blood supply of the PDL is very rich and highly developed, more than in any other connective tissue; blood vessels are found in the interstitial spaces of the ligament


2. Each tooth, with its PDL and alveolar bone, has a common blood supply; a small artery branches off the main artery that supplies the jaw and enters the following:




a. Apical foramen of the tooth—which supplies the pulp of the tooth


b. Periodontal ligament—which supplies the areas all around the tooth


c. Alveolar bone of the tooth





3. Once blood vessels enter the pulp chambers, they are isolated from surrounding tissues, but vessels supplying the PDL and alveolar bone are richly interconnected via openings in the cribriform plate





E Nerves




1. The PDL contains two types of nerves:




a. Autonomic—sympathetic fibers that travel with blood vessels; these regulate blood flow to the tissues


b. Afferent sensory fibers—mostly myelinated nerves from the branches of the second and third divisions of the trigeminal nerve (fifth cranial nerve)





2. Two types of nerve endings are found in the PDL:




a. Free, unmyelinated nerve endings—responsible for pain sensation


b. Encapsulated nerve endings—responsible for registering pressure changes








F The width of the PDL varies with the functional forces placed on the tooth and at different levels of the root (apex and cervix)




1. The width is greater in young adults (0.21 mm) than in older adults (0.15 mm)


2. The width is greater near the cervical and apical areas than in the middle of the root


3. Minimal movement (rotations) of any tooth occurs around the axis in the middle of the root; greatest movement occurs near the apex and the cervix, accounting for the difference in the width of the PDL along the root


4. The width is related to the amount of function and cellularity; an actively functioning tooth has a slightly wider PDL and more cellularity than does a nonfunctioning tooth





G Abnormalities




1. Cementicles


2. Epithelial rests (cell rests of Malassez)




a. Remnants of the epithelium from the root sheath that did not disintegrate; formed from a cluster of epithelial cells surrounded by a basement membrane


b. In most cases, these rests are harmless, but they have the potential to become cystic





3. Untreated periodontal disease can result in damage to the supporting apparatus of the tooth and eventual loss of the tooth















Dento-Gingival Junction







A The area on the tooth where enamel and the epithelium form a junction; with aging, the junction is displaced more apically between cementum and the epithelium


B First established as the tooth emerges into the oral cavity (Figure 2-28)
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FIGURE 2-28 Tooth emerging into the oral cavity. Note that the reduced enamel epithelium covering the tooth joins the oral epithelium. The reduced enamel epithelium will form the initial junctional epithelium. A, Crown penetrating bone and connective tissue. B, Contact of crown with oral epithelium. C, Fusion of epithelia. D, Thinning of the epithelium. E, Rupture of the epithelium. F, Crown emergence. G, Occlusal contact. (From Avery JK, Chiego DJ: Essentials of oral histology and embryology: A clinical approach, ed 3, St Louis, 2006, Mosby.)







1. Developing tooth is covered with reduced enamel epithelium (REE), consisting of:




a. A layer of outer enamel epithelial cells


b. Remnants of the stratum intermedium cell layers


c. Stellate reticulum


d. Postsecretory ameloblasts





2. Basal cells of oral epithelium covering the emerging tooth and outer layer of cells of the REE begin to proliferate. They soon grow together to form one continuous unit. As the tooth emerges through the combined epithelia, it forms the initial dento-gingival junction on the enamel of the tooth





C Dento-junctional epithelium




1. Gingival epithelium that faces the tooth


2. Composed of nonkeratinized stratified squamous epithelium without rete pegs and divided into:




a. Sulcular epithelium




(1) Found occlusally at the same height as the free gingiva


(2) The sulcus forms a shallow pocket around the tooth, about 0.5 mm deep


(3) In the disease state, the sulcus deepens and exhibits rete pegs and ulcerations





b. Junctional epithelium (see Figures 2-28 and 2-29)
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FIGURE 2-29 The epithelial attachment is the part of the junctional epithelium that attaches the junctional epithelium to the tooth surface. Note that the outer external basal lamina is continuous with the inner basal lamina, and between them are the cells of the junctional epithelium. (From Bath-Balogh M, Fehrenbach MJ: Illustrated dental embryology, histology, and anatomy, ed 3, St Louis, 2011, Saunders.)







(1) Begins at the base of the sulcus


(2) Firmly attached to the tooth, enamel, cementum, or all by hemidesmosomes


(3) Located between two basal laminae:




(a) One basal lamina faces the enamel surface


(b) The second basal lamina faces the connective tissue of the gingiva


(c) Basal laminae are continuous at the base of the junctional epithelium (see Figure 2-29)











3. A membrane called the primary cuticle intervenes between the basal lamina of the junctional epithelium and the tooth surface




a. The primary cuticle is formed during the late stages of eruption of the tooth


b. The composition of the cuticle is not known, but the cuticle thickens with aging





4. The newly erupted tooth is covered with a thin, delicate membrane called Nasmyth’s membrane




a. Will float off of the tooth surface if placed in a 10% solution of hydrochloric acid


b. Contains some cells of the REE and the dental cuticle





5. In the area of the dento-gingival junction, the junctional epithelium has the capacity to repair itself


6. The site of the dento-gingival junction is easily invaded by microorganisms and is the area where periodontal disease often begins


7. For a review of the histology, see the table below.
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	SOURCE

	WEB SITE ADDRESS

	DESCRIPTION






	University of Pennsylvania and Temple University 1999

	http://www.dental.pitt.edu/informatics/periohistology/en/guin01m.htm

	Histology slides of periodontal tissues and quiz questions






	Leeds University

	http://www.dentistry.leeds.ac.uk/oroface/virtlab/histolab/histintr.html

	Pictures of ground sections and slides






	University of North Carolina at Chapel Hill

	http://www.med.unc.edu/embryo_images/

	Images and text on normal and abnormal human embryology
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Chapter 2 Review Questions


Answers and rationales to chapter review questions are available on this text’s accompanying Evolve site. See inside front cover for details. [image: image]


Use Case A to answer questions 1 to 8.


Use Case B to answer questions 9 to 23.


Use Case C to answer questions 24 to 36.






Case A


A 28-year-old client has a mandibular labial oral piercing. On oral assessment, she exhibits a palpable nodule in the area of the piercing. She states that she noticed the “little lump” about a year after she received the piercing. She received the mandibular labial and tongue piercings approximately 2 years ago. She does not remember biting her lip. She has come to the dental office because she chipped the enamel of her mandibular central incisor and she is experiencing dentinal hypersensitivity.







1. The nodule in the area of the labial piercing is diagnosed as a cyst. A cyst is all of the following EXCEPT:




a. An abnormal pathologic sac


b. A cavity lined by epithelial tissue


c. Enclosed by connective tissue


d. Diagnosed on the basis of histologic appearance and location


e. Composed entirely of connective tissue





2. The client habitually removed the labial piercing during the first year after she received the piercing. The layer of stratified squamous epithelium that constantly undergoes mitosis was pushed down into the underlying connective tissue. These epithelial cells served as the source of cyst formation. In which layer of the epidermis are cells undergoing mitosis most likely to be seen?




a. Stratum basal


b. Stratum luciderm


c. Stratum corneum


d. Stratum spinosum


e. Stratum granulosum





3. The sensitivity of the client’s mandibular incisors is MOST likely related to:




a. Fluid entering the sulcular epithelium


b. Fluid entering the rodless enamel


c. Fluid entering the dentinal tubules


d. Fluid entering the lacuna of the cementum





4. Of the following tissues, which one or more have nerve innervations?




a. Dentin and enamel


b. Enamel and cementum


c. Pulp and periodontal ligament


d. Dentin, pulp and periodontal ligament


e. Enamel, dentin, pulp and periodontal ligament





5. Because of the proximity of odontoblastic cell bodies to nerve terminal endings in the tooth, clinical exposure of dentin may result in sensitivity. What is the location of the odontoblastic bodies?




a. Dentin


b. Pulp


c. Enamel


d. Cementum


e. Periodontal ligament





6. Some loss of enamel is evident on the lingual aspects of the client’s maxillary central incisors because of their contact with the lingual piercing. The tooth structure loss that occurs from pathologic wear of teeth by foreign substance is called:




a. Attrition


b. Erosion


c. Abfraction


d. Abrasion


e. Dental caries





7. Bone loss is noted on the periapical radiograph of the mandibular incisors. The crest of the alveolar bone is usually apical to the cemento-enamel junction (CEJ) by:




a. The CEJ


b. 0.75 to 1.49 mm


c. 3 mm to 4 mm


d. 4 mm to 5 mm


e. 0.5 mm





8. When a cyst shows up radiographically, it has a well-defined border; this cyst of the mandibular labial tissue will show up radiographically.




a. Both statements are true


b. Both statements are false


c. The first statement is true; the second is false


d. The first statement is false; the second is true















Case B


A 48-year-old woman is being treated by the dental hygienist for the first time. She states that she is in very good health. Clinical examination reveals generalized bleeding of the gingiva with generalized rolled margins, bulbous interdental papillae, and no signs of inflammation of the attached gingiva. A 1-mm zone of attached gingiva on the facials of the mandibular central incisors and a class I furcation on the facial of tooth #30 are noted. She has a 7-mm clinical attachment loss reading on the facial of #30. Radiographs do not reveal the furcation, but a radiopacity that is continuous with the coronal enamel and extends into the furcation is noted. No other attachment loss or bone loss is noted throughout the mouth. Occlusal evaluation reveals no premature contacts or signs of tooth wear.







9. The tissue lining of an unhealthy gingival sulcus consists of:




a. Keratinized epithelium with rete pegs


b. Keratinized epithelium without rete pegs


c. Nonkeratinized epithelium with rete pegs


d. Nonkeratinized epithelium without rete pegs


e. Parakeratinized epithelium with rete pegs





10. The bottom of the gingival sulcus is marked by the:




a. Marginal gingiva


b. Junctional epithelium


c. Alveolar crest


d. Sulcular epithelium


e. Periodontal ligament





11. Which of the following tissues have little or no keratinization?




a. Attached gingiva


b. Interdental papilla


c. Lingual papilla


d. Hard palate


e. Sulcular epithelium





12. What does bleeding caused by probing indicate?




a. Loss of crestal bone


b. An increase in gingival vasculature


c. Fibrosis in the connective tissue


d. Ulceration of crevicular epithelium


e. Apical migration of junctional epithelium





13. Which of the following tissue changes result in erythematous gingiva?




a. Increased keratinization


b. Presence of inflammatory cells


c. Increased vascularization


d. Increased production of collagen


e. Necrosis of epithelium





14. What type of connective tissue underlies the epithelium of the gingival?




a. Reticular


b. Elastic


c. Fibrous


d. Submucosa


e. Oxytalan





15. In gingivitis, poor tissue tone is caused by:




a. Bleeding


b. Dilation of blood vessels


c. Destruction of collagen fibers


d. Large numbers of inflammatory cells





16. The MOST likely periodontal diagnosis for this client would be:




a. Generalized severe chronic periodontitis


b. Generalized severe chronic gingivitis


c. Generalized moderate chronic gingivitis with localized area of severe chronic periodontitis


d. Generalized moderate chronic periodontitis with localized severe chronic periodontitis


e. Generalized mild chronic periodontitis





17. The possible cause of the furcation involvement on the facial area of #30 is:




a. Enamel projection onto the root surface


b. Palato-gingival groove


c. Occlusal trauma


d. Frena pull


e. None of the above; no furcation involvement is noted radiographically





18. Definitive diagnosis of furcation involvement is made by:




a. Clinical probing


b. Reviewing the client’s history


c. Checking the mobility of the tooth


d. Inspecting the radiographs of the area





19. Enamel projections on the root surface are attributed to the differentiation of:




a. Cementoblasts


b. Enamel spindles


c. Primary enamel cuticle


d. Enamel tufts


e. Hertwig’s epithelial root sheath





20. Hertwig’s epithelial root sheath is derived from the:




a. Inner enamel epithelium


b. Reduced enamel epithelium


c. Primary enamel cuticle


d. Rests of Malassez


e. Periodontal ligament





21. Hertwig’s epithelial root sheath is entirely composed of:




a. All layers of the enamel organ


b. Enamel organ and dental papilla


c. Inner and outer cells of the dental papilla


d. Inner and outer enamel epithelium


e. Dental papilla and dental sac





22. When is root formation completed?




a. On tooth eruption


b. 2 to 3 months after eruption


c. 6 to 8 months after eruption


d. 1 to 4 years after eruption


e. Never





23. Remnants of Hertwig’s epithelial root sheath found in the periodontal ligament of a functioning tooth are called:




a. Enamel pearls


b. Denticles


c. Rests of Malassez


d. Cementicles


e. Intermediate plexus















Case C


A 12-year-old client with orthodontics has generalized healthy gingiva that is coral pink and stippled. The orthodontist has stated that the tooth movement is on schedule. Some recession is noted on the maxillary left canine and the first premolar. The first premolar demonstrates some mobility. Orthodontic tooth movement involves the function of the periodontal ligament, cementum, and alveolar bone.







24. The stippled texture of the gingiva may be attributed to:




a. Keratinization


b. Connective tissue projections


c. Presence of submucosa


d. Optimal blood supply


e. Pigmentation





25. The color of the gingiva may be attributed to all of the following EXCEPT one. Which one is the EXCEPTION?




a. Keratinization


b. Connective tissue projections


c. Thickness of the epithelium


d. Blood supply


e. Pigmentation





26. During orthodontic treatment, pressure applied to the periodontal ligament is intended to produce bone formation. Pressure on the periodontal ligament stimulates bone formation.




a. Both statements are TRUE


b. Both statements are FALSE


c. The first statement is TRUE; the second statement is FALSE


d. The first statement is FALSE; the second statement is TRUE





27. A specialized periosteum which forms and resorbs bone and cementum is called:




a. Circumferential bone


b. Endosteum


c. Cortical bone


d. Lamina dura


e. Periodontal ligament





28. Cementum resorbs less readily than does bone. Cementoid, the outer, less calcified layer of cemental tissue, results in cementum resorbing less readily than bone.




a. Both statements are TRUE


b. Both statements are FALSE


c. The first statement is TRUE; the second statement is FALSE


d. The first statement is FALSE; the second statement is TRUE





29. Cementum is a product of:




a. Periodontal ligament


b. Dentin


c. Pulp


d. Hertwig’s root sheath


e. Alveolar bone





30. The outer, less calcified layer of cementum is called:




a. Cellular cementum


b. Acellular cementum


c. Cementoid


d. Cementicles


e. Sharpey’s fibers





31. Which of the following cells does the periodontal ligament contain?




a. Fibroblasts and osteocytes


b. Osteoclasts and cementoblasts


c. Cementocytes and fibroblasts


d. Osteocytes and cementocytes


e. Osteoblasts and osteocytes





32. The maxillary right canine and the first premolar were orthodontically moved labially outside of the outer cortical plate. A cleft-like absence of the alveolar cortical plate resulting in a denuded root surface is called:




a. Lability


b. Physiologic migration


c. Dehiscence


d. Fenestration





33. Which of the following are characteristics of bundle bone (the alveolar bone proper)?




a. Covered by endosteum and adjacent to periodontal ligament


b. Adjacent to periodontal ligament and adjacent to fatty marrow


c. Adjacent to fatty marrow and containing Sharpey’s fibers


d. Adjacent to the periodontal ligament and containing Sharpey’s fibers





34. Which of the following tissues of the normal periodontium is the alveolar bone directly adjacent to?




a. Periodontal ligament and gingival epithelium


b. Cementum, epithelial attachment, and gingival epithelium


c. Periodontal ligament and gingival connective tissue


d. Periodontal ligament and epithelial attachment


e. Periodontal ligament and cementum





35. Alveolar bone is the most stable of all periodontal tissues. Pressures used in orthodontic therapy encourage the bone to be stable.




a. Both statements are TRUE


b. Both statements are FALSE


c. The first statement is TRUE; the second statement is FALSE


d. The first statement is FALSE; the second statement is TRUE





36. Through tooth movement, the periodontal ligament fibers must be reoriented. The cells that are important in the formation of the principal fibers of the periodontal ligament are:




a. Cementoblasts


b. Cementoclasts


c. Osteoblasts


d. Osteoclasts


e. Fibroblasts





37. The types of epithelia found lining the oral cavity include:




a. Simple and stratified squamous


b. Stratified, cuboidal, and squamous


c. Keratinized, simple, and stratified squamous


d. Keratinized and nonkeratinized stratified squamous





38. Epithelial tissues are characterized by:




a. Much intercellular substance and few cells


b. No intercellular substance


c. Little intercellular substance and many cells


d. Intercellular substance in surface layer only





39. Embryonically, the mandible is derived from the:




a. Stomodeum


b. First branchial arch


c. Frontal process


d. Second branchial arch


e. Third branchial arch





40. The anterior portion, or body, of the tongue develops from the:




a. Second branchial arch


b. Maxillary process


c. Mandibular process


d. Globular process


e. Rathke’s pouch





41. A cleft lip occurs when the maxillary process fails to fuse with the:




a. Palatine process


b. Globular process


c. Lateral nasal process


d. Mandibular process


e. Opposing maxillary process





42. One of the first structures of the face to develop in the primitive embryo is the:




a. Mandible


b. Nose


c. Stomodeum


d. Maxilla


e. First branchial arch





43. The lateral palatine processes initially grow downward toward the future floor of the mouth. This is caused by the presence of the:




a. Tongue


b. Nasal septum


c. Maxillary process


d. Premaxilla


e. Mandibular process





44. When a cleft of the alveolar process is present, it occurs between the:




a. First and second premolars


b. Central incisors


c. Lateral incisor and canine


d. Canine and first premolar


e. Central and lateral incisor





45. The cementum is derived from the:




a. Reduced enamel epithelium


b. Dental papilla


c. Outer enamel epithelium


d. Dental sac


e. Alveolar bone





46. During embryonic development, neural crest cells migrate to the branchial arches and surround the:




a. Ectoderm


b. Mesoderm


c. Endoderm


d. Ectoderm, mesoderm, and endoderm





47. All of the following tooth tissues are derived from the mesoderm EXCEPT one. Which one is the EXCEPTION?




a. Enamel


b. Dentin


c. Cementum


d. Periodontal ligament


e. Alveolar bone





48. Which of the following is NOT part of the enamel organ?




a. Outer enamel epithelium


b. Dental papilla


c. Stratum intermedium


d. Inner enamel epithelium


e. Stellate reticulum





49. The periodontal ligament is derived from the:




a. Dental sac


b. Dental papilla


c. Dental lamina


d. Cementum


e. Alveolar bone





50. Dentin is a product of the:




a. Dental lamina


b. Dental organ


c. Dental papilla


d. Dental cuticle


e. Dental sac




















Chapter 3


Anatomy and Physiology




Christine Blue





Anatomy and physiology are subjects that focus on the organization, structure, and function of the human body. Dental hygienists use knowledge of anatomy and physiology most often during client assessment, treatment, and evaluation; during oral radiographic and pathologic examinations; and for the administration of local anesthetic agents. This knowledge also allows the dental hygienist to determine whether clients are functioning within normal limits, deviating from the normal, or presenting with structures that are ectopic. Moreover, this knowledge enables dental hygienists to link systemic and oral health and disease. This chapter covers basic concepts; definitions of terms, cell structure, and function; and body systems, including the skeletal, muscular, nervous, circulatory, lymphatic, digestive, endocrine, urinary, and reproductive systems.






Basic Concepts






Anatomy







A Study of the structure of an organism and the relationships of its parts; derived from the Greek word meaning “the act of cutting up.” Dissection is the principal technique used to isolate and study the structural components of the body


B Branches of anatomy




1. Gross anatomy—study of structures that can be identified with the naked eye (see Chapter 4)


2. Microscopic anatomy—study of cells (cytology) and tissues (histology) (see Chapter 2)


3. Developmental anatomy (embryology)—study of human growth and development (see Chapter 2)















Physiology







A Study of body functions—how the body parts work












Levels of Organization


See Figure 3-1.
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FIGURE 3-1 Levels of organization, from simple to complex; from atom to human organism. (From Herlihy B: The human body in health and illness, ed 4, St Louis, 2011, Saunders.)







A Chemical level—organization of chemical structure separates living and nonliving material; atoms, molecules, and macromolecules result in living matter


B Organelle level—organelles are structures made of molecules and organized to perform specific functions; allow the cell to perform vital functions; types include:




1. Mitochondria


2. Golgi apparatus


3. Endoplasmic reticulum





C Cellular level—cells comprise the basic structural and functional units of an organism; the smallest living units in the human body




1. Nucleus surrounded by cytoplasm within a limiting membrane


2. Differentiate to perform unique functions





D Tissue level—groups of cells and materials surrounding them that work together to perform a particular function




1. Four major tissue types:




a. Epithelial tissue


b. Connective tissue


c. Muscle tissue


d. Nervous tissue








E Organ level—different types of tissues joined together to form body structures




1. Each organ has a unique size, shape, appearance, and placement in the body (e.g., stomach, heart, liver, lungs, brain)





F System level—related organs that have a common function (e.g., digestive system breaks down and absorbs molecules in food; organs include the mouth, salivary glands, pharynx, esophagus, stomach, liver, gallbladder, pancreas, small intestine, and large intestine)


G Organism level—all the systems of the body combine to make up an organism












Anatomic Nomenclature


(See the section on “Anatomic Nomenclature” in Chapter 4.)




A Anatomic position—erect body position with arms at the sides and palms upward (Figure 3-2)
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FIGURE 3-2 Anatomic position and bilateral symmetry. (Modified from Herlihy B: The human body in health and illness, ed 4, St Louis, 2011, Saunders.)





B Plane or section—imaginary flat surfaces that pass through the body (Figure 3-3)
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FIGURE 3-3 Directions and planes of the body. (Modified from Solomon EP: Introduction to human anatomy and physiology, ed 2, St Louis, 2008, Saunders.)







1. Sagittal plane—vertical plane dividing the body into right and left sides; midsagittal plane bisects the body at the exact midline


2. Coronal or frontal plane—divides the body or organ into anterior and posterior portions


3. Transverse plane—divides the body or organ into superior and inferior portions (may also be called cross-sectional or horizontal plane)















Body Cavities


See Figure 3-4.
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FIGURE 3-4 Major body cavities. (From Herlihy B: The human body in health and illness, ed 4, St Louis, 2011, Saunders.)







A Dorsal cavity




1. Cranial cavity—formed by the cranial bones of the skull; contains the brain


2. Vertebral cavity—formed by the vertebrae; contains the spinal cord





B Ventral cavity




1. Thoracic (chest) cavity comprises the upper portion




a. Pericardial cavity—contains the heart


b. Pleural cavities—contain the lungs


c. Mediastinum—mass of tissue between pleural cavities; contains all thoracic viscera except the lungs; includes the heart, esophagus, trachea, and several large blood vessels





2. Abdomino-pelvic cavity




a. Upper (abdominal) cavity contains the stomach, spleen, liver, gallbladder, small intestine, and most of the large intestine


b. Lower (pelvic) cavity contains the bladder, rectum, sigmoid, and reproductive organs





















Cells


(See the section on “General Histology” in Chapter 2.)






Cellular Structure


See Figure 3-5.
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FIGURE 3-5 Typical, or composite, cell. A, Artist’s interpretation of cell structure. B, Color-enhanced electron micrograph of a cell. Both show the many mitochondria, known as the “power plants of the cell.” Note, too, the innumerable dots bordering the endoplasmic reticulum. These are ribosomes, the cell’s “protein factories.” (From Patton KT, Thibodeau GA: Anthony’s textbook of anatomy and physiology, ed 19, St Louis, 2010, Mosby.)







A Plasma or cell membrane




1. Surrounds and contains the cytoplasm of a cell; composed of proteins and lipids


2. Selective permeability characteristics




a. Protects cell from external environment


b. Permits the entrance and exit of selected substrates


c. Membrane proteins have several functions—channels and transporters are integral proteins that help specific solutes across the membrane; receptors serve as cellular recognition sites; some membrane proteins are enzymes





3. Basic framework—lipid bilayer; two layers of phospholipids, cholesterol, and glycolipids





B Cytoplasm—all cellular contents between the plasma membrane and the nucleus; includes:




1. Cytosol—fluid portion of cytoplasm; site of many chemical reactions for the cell’s existence


2. Cytoskeleton—network of several kinds of protein filaments that extend throughout the cytoplasm; structural framework for the cell; generates movement


3. Organelles—specialized cellular structures with characteristic shapes and specific functions





C Ribosomes




1. Free ribosomes—not attached to other organelles; synthesize proteins used inside the cell


2. Bound ribosomes—attached to the endoplasmic reticulum (ER); form rough ER; synthesize proteins destined for use in the plasma membrane or for export from cell





D Endoplasmic reticulum—network of membranes that form flattened sacs called cisterns; arranged in parallel rows within the cytoplasm of a cell; contains enzymes involved in a variety of metabolic activities




1. Rough (granular)




a. Contains ribosomes


b. Site of protein synthesis





2. Smooth (agranular)




a. No ribosomes present


b. Synthesizes certain lipids and carbohydrates


c. Contains enzymes that release glucose into the bloodstream and inactivate or detoxify a variety of drugs and potentially harmful substances, including alcohol, pesticides, and carcinogens








E Golgi complex




1. Stack of 3 to 20 flattened membranous sacs (cisterns)


2. Within the cisterns, proteins are modified, sorted, and packaged into vesicles for transport to different destinations





F Lysosomes




1. Membrane-enclosed vesicles that form in the Golgi complex


2. Contain digestive enzymes


3. Function in the digestion of worn-out organelles (autophagy) and self (autolysis)





G Mitochondria




1. Ellipsoid bodies that consist of two membranes that contain enzyme complexes in a particular array (e.g., tricarboxylic acid cycle enzymes)


2. Function as the powerhouse of the cell by transforming the chemical energy bond of nutrients into the high-energy phosphate bonds of adenosine triphosphate (ATP)


3. A single cell may contain 50 to 2500 of these organelles, depending on the cell’s energy needs





H Nucleus




1. Consists of a double nuclear membrane, nuclear pores (control the movement of substances into and out of nucleus), nucleoli (produce ribosomes), and deoxyribonucleic acid (DNA)















Movement of Substances Through Cell Membranes


See Table 3-1.




TABLE 3-1


Some Important Transport Processes
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(Art from Patton KT, Thibodeau GA: Anthony’s textbook of anatomy and physiology, ed 19, St Louis, 2010, Mosby.)







A Passive transport processes—do not require energy expenditure of the cell membrane




1. Diffusion—a passive process




a. Molecules spread through the membranes


b. Molecules move from an area of high concentration to an area of low concentration (down a concentration gradient)


c. Eventually a state of equilibrium is reached


d. Membrane channels—pores in cell membranes through which specific ions or small water-soluble molecules can pass





2. Simple diffusion—substances diffuse across a membrane in one of two ways: lipid-soluble substances diffuse through the lipid bilayer, and ions diffuse through pores


3. Osmosis




a. Diffusion of water through a selectively permeable membrane (limits diffusion of at least some solute particles); results in gain of volume on one side of the membrane and loss of volume on the other side of the membrane


b. A solution containing solute particles that cannot pass through a membrane exerts osmotic pressure on the membrane


c. Potential osmotic pressure—maximum pressure that could develop in a solution when it is separated from pure water by a selectively permeable membrane; knowledge of potential osmotic pressure allows the prediction of the direction of osmosis and resulting change of pressure




(1) Isotonic—when two fluids have the same potential osmotic pressure


(2) Hypertonic (higher pressure)—cells placed in solutions that are hypertonic to intracellular fluid shrivel as water flows out of cells by osmosis faster than it enters


(3) Hypotonic (lower pressure)—a solution that has a lower concentration of solutes than the cytosol inside the cell; water molecules enter the cells by osmosis faster than they leave








4. Facilitated diffusion (carrier-mediated passive transport)




a. Movement of molecules made more efficient by the action of specific transport mechanisms in the plasma membrane; facilitated by channel proteins or carrier proteins


b. Transports substances down a concentration gradient


c. Substances moved by facilitated diffusion include glucose, fructose, galactose, urea, and some vitamins





5. Filtration




a. Passage of water and permeable solutes through a membrane by the force of hydrostatic pressure; occurs most often in capillaries


b. Small molecules travel down a hydrostatic pressure gradient and through a sheet of cells; results in the separation of large and small particles








B Active transport processes—require the expenditure of metabolic energy by the cell




1. Active transport




a. Process that moves substances against a concentration gradient (from an area of low concentration to an area of high concentration)


b. Opposite of diffusion


c. Substances moved by “pumps,” for example, calcium pumps and sodium–potassium pumps





2. Endocytosis and exocytosis—allow substances to enter or leave the interior of a cell without actually moving through its plasma membrane




a. Endocytosis—process by which the plasma membrane “traps” some extracellular material and brings it into the cell in a vesicle; the two basic types are:




(1) Phagocytosis (cell eating)—large particles are engulfed by the plasma membrane and enter the cell in vesicles; vesicles fuse with lysosomes, where particles are digested


(2) Pinocytosis (cell drinking)—the plasma membrane folds inward, forming a pinocytic vesicle containing a droplet of extracellular fluid; the vesicle detaches from the plasma membrane and enters the cytosol





b. Exocytosis—process by which large molecules, notably proteins, can leave the cell, even though they are too large to move through the plasma membrane; large molecules are enclosed in membranous vesicles and then pulled to the plasma membrane by the cytoskeleton, where the contents are released




(1) Provides a way for new material to be added to the plasma membrane





















Cell Metabolism







A Metabolism—chemical reactions in a cell




1. Catabolism—breaking of large molecules into smaller ones; usually releases energy


2. Anabolism—building of large molecules from smaller ones; usually consumes energy





B Role of enzymes




1. Enzymes—chemical catalysts, reducing activation energy needed for a reaction


2. Regulate cell metabolism


3. Chemical structure of enzymes




a. Proteins of a complex shape


b. Active site—where the enzyme molecule fits the substrate molecule; lock-and-key model





4. Enzyme nomenclature




a. Enzymes usually have an “-ase” suffix; the first part of the word often signifies the substrate or the type of reaction catalyzed


b. Oxidation-reduction enzymes—known as oxidases, hydrogenases, and dehydrogenases; energy release depends on these enzymes


c. Hydrolyzing enzymes—hydrolases, for example, digestive enzymes


d. Phosphorylating enzymes—phosphorylases or phosphatases; add or remove phosphate groups


e. Carboxylases and decarboxylases—add or remove carbon dioxide


f. Mutases or isomerases—rearrange atoms within a molecule


g. Hydrases—add water to a molecule without splitting it





5. Functions of enzymes




a. Regulate cell functions by regulating metabolic pathways; specific in their actions


b. Chemical and physical agents called allosteric effectors alter enzyme action by changing the shape of the enzyme molecule, for example:




(1) Temperature


(2) Hydrogen ion (H+) concentration (pH)


(3) Ionizing radiation


(4) Cofactors


(5) End products of certain metabolic pathways





c. Most catalyze chemical reactions in both directions


d. Continually being destroyed and replaced


e. Many are first synthesized as inactive proenzymes








C Catabolism




1. Cellular respiration—pathway in which glucose is broken down to yield its stored energy; an important example of cell catabolism; has three chemically linked pathways:




a. Glycolysis




(1) Pathway in which glucose is broken apart into two pyruvic acid molecules to yield a small amount of energy (which is transferred to ATP and nicotinamide adenine dinucleotide [NADH])


(2) Includes many chemical steps (reactions that follow one another), each regulated by specific enzymes


(3) Is anaerobic (requires no oxygen)


(4) Occurs within the cytosol (outside the mitochondria)





b. Citric acid cycle (Krebs cycle)




(1) Pyruvic acid (from glycolysis) is converted into acetyl coenzyme A (CoA) and enters the citric acid cycle after losing carbon dioxide (CO2) and transferring some energy to NADH


(2) A cyclic sequence of reactions that occurs inside the inner chamber of a mitochondrion. The acetyl splits from the CoA and is broken down, yielding CO2 and energy (in the form of energized electrons), which is transferred to ATP, NADH, and flavin adenine dinucleotide (FADH2)





c. The electron transport system (ETS)




(1) Energized electrons are carried by NADH and FADH2 from glycolysis and the citric acid cycle to electron acceptors embedded in the cristae of the mitochondrion


(2) As electrons are shuttled along a chain of electron-accepting molecules in the cristae, their energy is used to pump accompanying protons (H+) into the space between mitochondrial membranes


(3) Protons flow back into the inner chamber through carrier molecules in the cristae; their energy of movement is transferred to ATP


(4) Low-energy electrons coming off the ETS bind to oxygen and rejoin their protons, forming water (H2O)











D Anabolism




1. Protein synthesis is a central anabolic pathway in cells


2. DNA (see the section on “Genetics” in Chapter 7)




a. A double-helix polymer (composed of nucleotides); functions to transfer the information encoded in genes, which directs protein synthesis


b. Gene—a segment of a DNA molecule that consists of approximately 1000 pairs of nucleotides; contains the code for synthesizing one polypeptide





3. Transcription




a. Messenger ribonucleic acid (mRNA) forms along a segment of one strand of DNA


b. Noncoding introns are removed, and the remaining exons are spliced together to form the final edited version of the mRNA copy of the DNA segment





4. Translation




a. After leaving the nucleus and being processed, mRNA associates with a ribosome in the cytoplasm


b. Transfer ribonucleic acid (tRNA) molecules bring specific amino acids to the mRNA at the ribosome; the type of amino acid is determined by the fit of a specific tRNA’s anticodon with an mRNA’s codon


c. As amino acids are brought into place, peptide bonds join them, eventually producing an entire polypeptide chain





5. Processing—enzymes in the ER and Golgi apparatus link polypeptides into whole protein molecules or process them in other ways















Cell Growth and Reproduction







A Cell growth and reproduction of cells are the most fundamental of all functions in a living being; together they constitute the life cycle of the cell




1. Cell growth—depends on the use of the genetic information in DNA to make structural and functional proteins for cell survival


2. Cell reproduction—ensures that genetic information is passed from one generation to the next





B Cell growth




1. Production of cytoplasm—more cell material is made, including growth and replication of organelles and plasma membrane; a largely anabolic process


2. DNA replication




a. Replication of the genome prepares the cell for reproduction; mechanics similar to RNA synthesis


b. DNA replication




(1) DNA strand uncoils, and strands come apart


(2) Along each separate strand, a complementary strand forms


(3) The two new strands are called chromatids (attached pairs); their point of attachment is called a centromere








3. Growth phase of the cell’s life cycle—subdivided into the first phase (G1), the DNA synthesis phase (S), and the second growth phase (G2)





C Cell reproduction




1. Mitosis—process of organizing and distributing nuclear DNA during cell division; cells reproduce by splitting themselves into two smaller daughter cells (see the section on “Cell Replication” and Figure 2-6 in Chapter 2)


2. Meiosis—germ cell division; produces gametes (sperm and oocytes), the cells needed to form the next generation of sexually reproducing organisms





D Regulating the cell’s life cycle




1. Cyclin-dependent kinases (CDKs)—activating enzymes that drive the cell through the phases of its life cycle


2. Cyclins—regulatory proteins that control the CDKs and “shift” them to start the next phase; important in cancer pathways


















Tissues


(See the sections on “Concepts Relating to Dental Tissues,” “Basic Tissues,” “Epithelial Tissue,” “Connective Tissue,” “Blood and Lymph,” “Nerve Tissue,” and “Muscle Tissue” in Chapter 2.)






Body Membranes







A Thin tissue layers that cover surfaces, line cavities, and divide spaces or organs


B Epithelial membranes are the most common




1. Cutaneous membranes (skin)




a. Primary organ of the integumentary system


b. One of the most important organs


c. Comprises approximately 16% of body weight





2. Serous membranes




a. Parietal membranes—line closed body cavities


b. Visceral membranes—cover visceral organs


c. Pleura—surround the lung and line the thoracic cavity


d. Peritoneum—covers the abdominal viscera and lines the abdominal cavity





3. Mucous membranes (see the section on “Soft Tissue of the Oral Cavity” and Figure 2-21 in Chapter 2)




a. Line and protect orifices that open to the exterior of the body, for example, anus, vagina, and oral cavity


b. Line ducts and passageways of respiratory and digestive tracts








C Connective tissue membranes




1. Have smooth and slick synovial membranes to reduce friction between opposing surfaces in a movable joint; contain no epithelial components


2. Synovial membranes—line bursae and the spaces between the bones in joints; secrete synovial fluid


















Systems of the Body and Their Components






The Integumentary System







A Functions—regulation of body temperature, protection, sensation, excretion, immunity, synthesis of vitamin D


B Parts




1. Epidermis—thin outer portion composed of keratinized stratified squamous epithelium




a. Components include keratin, melanin, Langerhans’ cells, Merkel cells


b. Four layers:




(1) Stratum basale


(2) Stratum spinosum


(3) Stratum lucidum


(4) Stratum corneum








2. Dermis—deeper, thicker, connective tissue




a. Components include collagen and elastic fibers that give skin its extensivity and elasticity; dermal papillae that produce fingerprints and facilitate gripping objects; corpuscles of touch (Meissner’s corpuscles); and nerve endings that are sensitive to touch


b. One layer








C Skin color—from melanin, carotene, and hemoglobin pigments


D Accessory structures—hair, skin glands, and nails




1. Hair—threads of fused, dead keratinized cells that function in protection




a. Consist of a shaft above the surface, a root that penetrates the dermis and subcutaneous layer, and a hair follicle





2. Sebaceous glands—usually connected to hair follicles; absent in palms and soles of feet; produce sebum, which moistens hair and waterproofs skin


3. Sudoriferous glands—produce perspiration; carry waste to the skin’s surface; assist in maintaining body temperature


4. Nails—hard keratinized epidermal cells covering terminal portions of fingers and toes; the principal parts are body, free edge, root, lunula, cuticle, and matrix















Tissues and Membranes of the Body







A Epithelial tissues




1. Form membranes that contain and protect the internal fluid environment


2. Absorb nutrients


3. Secrete products that regulate functions involved in homeostasis





B Connective tissues




1. Hold organs and systems together


2. Form structures that support the body and permit movement





C Muscle tissues—work with connective tissues to permit movement


D Nervous tissues—work with glandular epithelial tissue to regulate body function












The Skeletal System


(See Figure 3-6 and the section on “Connective Tissue” in Chapter 2.)
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FIGURE 3-6 Skeleton. A, Anterior view. B, Posterior view. (From Solomon EP: Introduction to human anatomy and physiology, ed 2, St Louis, 2008, Saunders.)







A Functions




1. Provides rigid support system


2. Provides protection, for example, cranial bones protect the brain


3. Serves as a source and a sink for calcium; involved in the formation of blood cells (hemopoiesis)


4. Basis of attachment of muscles; allows movement





B Types of bones




1. Classified by shape




a. Long bones


b. Short bones


c. Flat bones


d. Irregular bones





2. Sutural bones—found between the sutures of certain cranial bones





C Parts of a long bone




1. Diaphysis—shaft


2. Epiphyses—ends


3. Articular cartilage—layer of hyaline cartilage that covers the articular surfaces of epiphyses; cushions jolts and blows to bone


4. Periosteum—white fibrous membrane that covers bone; contains cells that form and destroy bone, blood vessels; point of attachment for ligaments and tendons


5. Medullary (marrow) cavity




a. Tube-like hollow space in the diaphysis


b. Filled with narrow marrow in adult





6. Endosteum—epithelial membrane that lines the medullary cavity





D Bone tissue




1. Most distinctive form of connective tissue


2. Extracellular components are hard and calcified


3. Rigidity allows its supportive and protective functions


4. Tensile strength nearly equal to cast iron at less than one third the weight


5. Bone matrix composition




a. Inorganic salts




(1) Hydroxyapatite—highly specialized chemical crystals of calcium and phosphate contribute to the hardness of bone


(2) Slender needle-like crystals oriented to resist stress and mechanical deformation


(3) Magnesium and sodium are also present





b. Organic matrix




(1) Ground substance—composite of collagenous fibers and an amorphous mixture of protein and polysaccharides; secreted by connective tissue cells


(2) Adds to the overall strength and resilience of bone


















Microscopic Structure of Bone


(See the section on “Bone” and Figure 2-9 in Chapter 2.)




A Compact bones’ microstructures




1. Osteons, or haversian systems—cylinder-shaped structural units (living bone cells are located in these units); constitute the structural framework of compact bone; surround canals that run lengthwise through bone and are connected by transverse Volkmann’s canals; permit the delivery of nutrients and removal of waste products


2. Four types of structures make up each osteon:




a. Lamella—concentric, cylinder-shaped layers of calcified matrix


b. Lacunae—small spaces containing tissue fluid; bone cells are located between the hard layers of the lamella


c. Canaliculi—ultra-small canals radiating in all directions from the lacunae and connecting them to each other and to the haversian canal


d. Haversian canal—extends lengthwise through the center of each osteon; contains blood vessels and lymphatic vessels








B Cancellous (spongy) bone




1. No osteons in cancellous bone; instead, it has trabeculae


2. Nutrients are delivered and waste products are removed by diffusion through tiny canaliculi


3. Bony spicules are arranged along the lines of stress, enhancing the bone’s strength





C Blood supply




1. Bone cells are metabolically active and need a blood supply, which comes from the bone marrow in the internal medullary cavity of cancellous bone


2. Blood vessels, lymphatic vessels, and nerves from the periosteum penetrate bone by way of Volkmann’s canals; connect with vessels in the haversian canals





D Types of bone cells




1. Osteoblasts—bone-forming cells found in all bone surfaces; synthesize and secrete osteoid, an important component of ground substance; collagen fibrils line up in the osteoid and serve as a framework for the deposition of calcium and phosphate


2. Osteoclasts—giant multi-nucleate cells that contain powerful lysosomal enzymes that destroy bone matrix (resorption); contain large numbers of mitochondria and lysosomes


3. Osteocytes—mature bone cells; maintain metabolism such as exchange of nutrients and wastes with the blood















Bone Marrow







A Myeloid tissue—specialized type of soft, diffuse connective tissue found in the medullary cavities of long bones and in the spaces of spongy bone; site for the production of blood cells


B Two types of marrow occur during a person’s lifetime:




1. Red marrow




a. Found in virtually all bones in an infant or child’s body; in an adult, red marrow found in ribs, bodies of the vertebrae, humerus, pelvis, and femur


b. Produces red blood cells





2. Yellow marrow




a. As an individual ages, red marrow is replaced by yellow marrow


b. Marrow cells become saturated with fat and are no longer active in blood cell production


c. Yellow marrow can revert to red marrow during times of decreased blood supply, for example, anemia, exposure to radiation, and certain diseases


















Regulation of Blood Calcium Levels







A The skeletal system serves as a reservoir for approximately 98% of body calcium reserves




1. Helps maintain the constancy of blood calcium




a. Calcium is mobilized in and out of blood during bone remodeling


b. During bone formation, osteoblasts remove calcium from blood and lower circulating levels


c. During breakdown of bone, osteoclasts release calcium into blood and increase circulating levels





2. Homeostasis of calcium ion concentration essential for:




a. Bone formation, remodeling, and repair


b. Blood clotting


c. Transmission of nerve impulses


d. Maintenance of skeletal and cardiac muscle contraction


















Divisions of the Skeleton







A Axial skeleton—made up of 80 bones of the head, neck, and torso


B Appendicular skeleton—made up of 126 bones that form the appendages to the axial skeleton; the upper and lower extremities









Axial Skeleton







A Skull (see Chapter 4)


B Vertebral column (Figure 3-7)
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FIGURE 3-7 The vertebral column. (From Patton KT, Thibodeau GA: Anthony’s textbook of anatomy and physiology, ed 19, St Louis, 2010, Mosby.)







1. Consists of 24 vertebrae plus the sacrum and the coccyx


2. Segments of the vertebral column




a. Cervical vertebrae (7)


b. Thoracic vertebrae (12), T1 to T12 are stronger than cervical vertebrae; have facets for articulating with the ribs


c. Lumbar vertebrae (5), L1 to L5 are the largest and strongest; well adapted for the attachment of large back muscles


d. Sacrum (5 fused vertebrae)—provides strong foundation for pelvic girdle


e. Coccyx (4 or 5 fused vertebrae)—articulates with the sacrum





3. Characteristics of vertebrae




a. All vertebrae, except the first, have a flat, rounded body anteriorly and centrally, a spinous process posteriorly, and two transverse processes laterally


b. All but the sacrum and the coccyx have a vertebral foramen


c. The first cervical vertebra, the atlas, supports the head


d. The second cervical vertebra, the axis, has an upward projection (dens) to allow the rotation of the head





4. The vertebral column as a whole articulates with the head, ribs, and iliac bones


5. Individual vertebrae articulate with each other in joints between their bodies and between their articular processes





C Sternum




1. Dagger-shaped bone in the middle of the anterior chest wall made up of three parts:




a. Manubrium—upper handle part


b. Body—middle blade part


c. Xiphoid process—blunt cartilaginous lower tip; ossifies during adult life





2. The manubrium articulates with the clavicle and the first and second ribs


3. Ribs join the body of the sternum, either directly or indirectly, by means of costal cartilages





D Ribs




1. Twelve pairs of ribs form the sides of the thoracic cavity


2. Each rib articulates with the body and the transverse process of its corresponding thoracic vertebra


3. From its vertebral attachment, each rib curves outward and then forward and downward


4. Rib attachment to the sternum:




a. Ribs 1 to 8 join a costal cartilage that attaches it to the sternum


b. The costal cartilage of ribs 8 to 10 indirectly joins the cartilage of the rib above to the sternum (false ribs)


c. Ribs 11 and 12 are floating ribs, since they are not attached to the sternum


















Appendicular Skeleton







A Upper extremity (Figure 3-8)
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FIGURE 3-8 Right scapula and clavicle. (From Applegate E: The anatomy and physiology learning system, ed 2, St Louis, 2011, Saunders.)







1. Consists of the bones of the shoulder girdle, upper arm, lower arm, wrist, and hand


2. Shoulder girdle




a. Made up of the scapula and the clavicle


b. The clavicle forms the only bony joint with the trunk (sternoclavicular joint)


c. At its distal end, the clavicle articulates with the acromion process of the scapula





3. Humerus (Figure 3-9)
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FIGURE 3-9 Humerus (upper arm). (Modified from Applegate E: The anatomy and physiology learning system, ed 4, St Louis, 2011, Saunders.)







a. Longest bone of the upper arm


b. Articulates proximally with the glenoid fossa of the scapula and distally with the radius and the ulna





4. Ulna (Figure 3-10)
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FIGURE 3-10 Radius and ulna (lower arm). (Modified from Applegate E: The anatomy and physiology learning system, ed 4, St Louis, 2011, Saunders.)







a. Long bone found on the little finger side of the forearm


b. Articulates proximally with the humerus and the radius and distally with the fibrocartilaginous disc





5. Radius (see Figure 3-10)




a. Long bone found on the thumb side of the forearm


b. Articulates proximally with the capitulum of the humerus and the radial notch of the ulna; articulates distally with the scaphoid and lunate carpals of the wrist





6. Carpal bones (Figure 3-11)
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FIGURE 3-11 Bones of the hand and wrist. (Modified from Applegate E: The anatomy and physiology learning system, ed 4, St Louis, 2011, Saunders.)







a. Eight small bones that form the wrist; bound closely and firmly by ligaments; arranged in two transverse rows:




(1) Top row made up of the pisiform, the triquetrum, the lunate, and the scaphoid


(2) Bottom row made up of the hamate, the capitate, the trapezoid, and the trapezium





b. Joints between the radius and carpals allow wrist and hand movements


c. Carpal tunnel—concavity formed by the pisiform and the hamate (on the ulnar side) and the scaphoid and the trapezium (on the radial side), through which the median nerve passes; narrowing of the carpal tunnel gives rise to carpal tunnel syndrome





7. Metacarpal bones




a. Form the framework of the hand


b. The thumb metacarpal forms the most freely movable joint with the carpals


c. The heads of the metacarpals (knuckles) articulate with the phalanges





8. Phalanges—bones of the fingers





B Lower extremity




1. Consists of the bones of the hip, thigh, lower leg, ankle, and foot


2. The pelvic girdle is made up of the sacrum and the two coxal (hip) bones bound tightly by strong ligaments




a. A stable circular base that supports the trunk and attaches the lower extremities to the axial skeleton


b. Each coxal bone is made up of three fused bones:




(1) Ilium—largest and uppermost part


(2) Ischium—strongest and lowermost part


(3) Pubis—anterior and inferior part








3. Femur—longest and heaviest bone in the body (Figure 3-12)
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FIGURE 3-12 Bones of the thigh and leg. (Modified from Herlihy B: The human body in health and illness, ed 3, St Louis, 2011, Saunders.)





4. Patella—kneecap; small triangular bone in front of the joint between the femur and the tibia


5. Tibia




a. Larger bone of the leg; bears the weight of the body


b. Articulates proximally with the femur to form the knee joint


c. Articulates distally with the fibula and the talus of the ankle





6. Fibula




a. Smaller, more laterally and deeply placed of the two shin bones


b. Articulates with the tibia





7. Foot (Figures 3-13 and 3-14)
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FIGURE 3-13 The foot. A, Bones on the right foot viewed from above. Tarsal bones consist of cuneiforms, navicular, talus, cuboid, and calcaneus. B, Posterior aspect of the right ankle skeleton and inferior aspect of the right foot skeleton. C, X-ray film of the left foot showing prominent sesamoid bones near the distal end (head) of the first metatarsal bone of the great toe. (From Patton KT, Thibodeau GA: Anthony’s textbook of anatomy and physiology, ed 19, St Louis, 2010, Mosby.)
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FIGURE 3-14 Arches of the foot. (From Solomon EP: Introduction to human anatomy and physiology, ed 2, St Louis, 2008, Saunders.)







a. The structure is similar to that of the hand, with adaptations for supporting weight


b. Foot bones are held together to form spring arches




(1) Tarsus (ankle)—contains seven bones: calcaneus (heel bone), talus (ankle bone), cuneiforms, cuboid, and navicular
























Joints







A Classification of joints




1. Structural—based on the presence or absence of synovial cavity and type of connecting tissue; classified as fibrous, cartilaginous, or synovial


2. Functional—based on the degree of movement permitted; joints may be synarthroses (immovable), amphiarthroses (slightly movable), or diarthroses (freely movable)





B Fibrous joints (Figure 3-15)
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FIGURE 3-15 Fibrous joints. (From Patton KT, Thibodeau GA: Anthony’s textbook of anatomy and physiology, ed 19, St Louis, 2010, Mosby.)







1. Bones held together closely by fibrous connective tissue




a. Syndesmoses—joints in which ligaments connect two bones


b. Sutures—found only in the skull; tooth-like projections from adjacent bones interlock with each other


c. Gomphoses—found between the root of the tooth and the alveolar process of the mandible or the maxilla








C Cartilaginous joints (Figure 3-16)
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FIGURE 3-16 Cartilaginous joints. (From Patton KT and Thibodeau GA: Anthony’s textbook of anatomy and physiology, ed 19, St Louis, 2010, Mosby.)







1. Bones held together by hyaline cartilage or fibrocartilage; allow little motion




a. Synchondroses—hyaline cartilage present between articulating bones


b. Symphysis—joints in which a pad or disc of fibrocartilage connects two bones








D Synovial joints




1. Structures of synovial joints (Figure 3-17)
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FIGURE 3-17 Structure of synovial joints. (From Herlihy B: The human body in health and illness, ed 3, St Louis, 2011, Saunders.)







a. Joint capsule—sleeve-like casing around the ends of bones, which binds them together


b. Synovial membrane—membrane lining the joint capsule; secretes synovial fluid


c. Articular cartilage—hyaline cartilage covering the articular surfaces of the joint cavity


d. Menisci (articular discs)—pads of fibrocartilage located between articulating bones


e. Bursae—sac-like body cavities; reduce friction in joints


f. Ligaments—strong cords of dense white fibrous tissue; hold the bones of a synovial joint more firmly together (the temperomandibular joint [TMJ] has three ligaments)





2. Types of synovial joints




a. Uniaxial joints—permit movement around only one axis and in only one plane




(1) Hinge joints—the articulating ends of bones form a hinge-shaped unity that allows only flexion and extension


(2) Pivot joints—a projection of one bone articulates with a ring or notch of another bone





b. Biaxial joints—permit movements around two perpendicular axes in two perpendicular planes


c. Saddle joints—the articulating ends of bones that resemble reciprocally shaped miniature saddles, for example, thumbs


d. Condyloid (ellipsoidal) joints—a bony projection that fits into an elliptical socket


e. Multi-axial joints—permit movements around three or more axes in three or more planes




(1) Ball-and-socket (spheroid) joints—most movable joints; the ball-shaped head of one bone fits into a concave depression, for example, shoulder


(2) Gliding joints—relatively flat articulating surfaces that allow limited gliding movements along various axes, for example, neck





















Anatomy of the Muscular System


See Figure 3-18.
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FIGURE 3-18 General overview of the body musculature. A, Anterior view. B, Posterior view. (Modified from Applegate E: The anatomy and physiology learning system, ed 4, St Louis, 2011, Saunders.)







A Muscle tissue has five key functions:




1. Producing body movements


2. Stabilizing body positions


3. Regulating organ volume


4. Moving substances within the body


5. Producing heat





B Characteristics




1. Excitability—property of receiving and responding to stimuli by producing electrical signals; ability of muscle fibers (and neurons) to respond to a stimulus and convert it into an action potential


2. Contractibility—ability to contract (shorten and thicken)


3. Extensibility—ability to be stretched


4. Elasticity—ability to return to original shape after contraction or extension





C Types




1. Skeletal muscle—mostly attached to bones; striated and voluntary


2. Cardiac muscle—forms most of the walls of the heart; striated and involuntary


3. Smooth muscle—located in viscera; participates in internal processes















Skeletal Muscle Structure


See Figure 3-19.
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FIGURE 3-19 Structure of a muscle organ. (From Patton KT, Thibodeau GA: Anthony’s textbook of anatomy and physiology, ed 19, St Louis, 2010, Mosby.)







A Connective tissue components (may become a tendon or an aponeurosis)




1. Endomysium—delicate connective tissue membrane that covers specialized skeletal muscle fibers


2. Perimysium—tough connective tissue binding fascicles together


3. Epimysium—coarse sheath covering the muscle as a whole





B Size, shape, and fiber arrangement




1. Size—ranging from extremely small to large masses


2. Shape—variety of shapes such as broad, narrow, long, tapering, short, blunt, triangular, quadrilateral, or irregular and as flat sheets, or bulky masses


3. Arrangement—variety of arrangements; the direction of fibers is significant because of its relationship to function





C Attachment of muscle




1. Origin—point of attachment that does not move when the muscle contracts


2. Insertion—point of attachment that moves when the muscle contracts





D Muscle actions




1. Most movements produced by the coordinated actions of several muscles; some muscles in the group contract while others relax




a. Prime mover (agonist)—muscles that directly perform a specific movement


b. Antagonist—when contracting, directly oppose prime movers; relax while the agonist is contracting to produce movement; provide precision and control during contraction of prime movers


c. Synergists—contract at the same time as prime movers do; facilitate prime mover actions to produce a more efficient movement


d. Fixator muscles—stabilize joints








E Lever systems—bones serve as levers, and joints serve as fulcrums; the muscle applies a pulling force on a bone lever at the point of the muscle’s attachment to the bone, causing the insertion bone to move about its joint fulcrum









Head and Neck Muscles


(See the section on “The Muscular System of the Head and Neck” and Figure 4-4 in Chapter 4.)




A Muscles of facial expression—unique in that at least one point of attachment is to the deep layers of the skin over the face or neck


B Muscles of mastication—responsible for chewing movements


C Muscles that move the head—paired muscles on either side of the neck that are responsible for head movements












Trunk Muscles







A Muscles of the thorax—critical in respiration


B Muscles of the abdominal wall—arranged in three layers, with fibers in each layer running in different directions to increase strength


C Muscles of the pelvic floor—support structures in the pelvic cavity












Upper Limb Muscles







A Muscles acting on the shoulder girdle—muscles that attach the upper extremity to the torso; located anteriorly (chest) or posteriorly (back and neck); allow extensive movement


B Muscles that move the upper arm—the shoulder is a synovial joint allowing extensive movement in every plane of motion


C Muscles that move the forearm—found proximal to the elbow and attached to the ulna and radius


D Muscles that move the wrist, hand, and fingers—located on the anterior or posterior surfaces of the forearm












Lower Limb Muscles







A The pelvic girdle and the lower extremity function in locomotion and maintenance of stability


B Muscles that move the thigh and the lower leg


C Muscles that move the ankle and the foot




1. Extrinsic foot muscles—located in the leg; exert their actions by pulling on tendons that insert on bones in the ankle and foot; responsible for dorsiflexion, plantar flexion, inversion, and eversion


2. Intrinsic foot muscles—located within the foot; responsible for flexion, extension, abduction, and adduction of the toes















Posture







A Maintaining body posture is an important function of muscles


B Good posture—body alignment that favors function and requires the least muscular work to maintain, keeping the body’s center of gravity over its base


C How posture is maintained:




1. Muscles exert a continual pull on bones in the opposite direction from gravity


2. Structures other than muscle and bone have a role in maintaining posture




a. The nervous system—responsible for the existence of muscle tone and for the regulation and coordination of the amount of pull exerted by individual muscles


b. Respiratory, digestive, excretory, and endocrine systems all contribute to maintain posture


















Function of Skeletal Muscle







A Overview of muscle cells




1. Muscle cells are called fibers because of their thread-like shape


2. Sarcolemma—plasma membrane of muscle fibers


3. Sarcoplasmic reticulum




a. A network of tubules and sacs found within muscle fibers


b. The membrane of the sarcoplasmic reticulum continually pumps calcium ions from the sarcoplasm and stores the ions within sacs





4. Muscle fibers contain many mitochondria and several nuclei


5. Myofibrils—numerous fine fibers packed close together in the sarcoplasm


6. Sarcomere




a. The segment of myofibril between two successive Z lines


b. Each myofibril consists of many sarcomeres


c. The contractile unit of muscle fibers





7. Striated muscle




a. Dark stripes are called A bands; the light H zone runs across the midsection of each dark A band


b. Light stripes are called I bands; the dark Z line extends across the center of each light I band





8. T tubules




a. Transverse tubules that extend across the sarcoplasm at right angles to the long axis of the muscle fiber


b. Formed by the inward extension of the sarcolemma


c. The membrane has ion pumps that continually transport calcium ions inward from the sarcoplasm


d. Allow electrical impulses traveling along the sarcolemma to move deeper into the cell





9. Triad




a. Triplet of tubules; a T tubule is sandwiched between two sacs of the sarcoplasmic reticulum; allows an electrical impulse traveling along a T tubule to stimulate the membranes of adjacent sacs of the sarcoplasmic reticulum








B Myofilaments




1. Each myofibril contains thousands of thick and thin myofilaments


2. Four different kinds of protein molecules make up myofilaments




a. Myosin




(1) Makes up almost all of the thick filament


(2) Myosin “heads” are chemically attracted to actin molecules; known as cross-bridges when attached to actin





b. Actin—globular protein that forms two fibrous strands twisted around each other to form the bulk of the thin filament


c. Tropomyosin—protein that blocks the active sites on actin molecules


d. Troponin—protein that holds tropomyosin molecules in place





3. Thin filaments attached to both Z lines of a sarcomere and extend partway toward the center


4. Thick myosin filaments are not attached to Z lines





C Mechanism of contraction




1. Excitation and contraction




a. A skeletal muscle fiber remains at rest until stimulated by a motor neuron


b. Neuromuscular junction—motor neurons connect to the sarcolemma at the motor endplate


c. Neuromuscular junction—synapse where neurotransmitter molecules transmit signals


d. Acetylcholine—neurotransmitter released into the synaptic cleft, which diffuses across the gap, stimulates receptors, and initiates an impulse in the sarcolemma


e. A nerve impulse travels over the sarcolemma and inward along T tubules to trigger the release of calcium ions


f. Calcium binds to troponin, causing the tropomyosin to shift and expose the active sites on actin


g. Sliding filament theory




(1) When active sites on actin are exposed, myosin heads bind to them


(2) Myosin heads bend, pulling the thin filaments past them


(3) Each head releases itself, binds to the next active site, and pulls again


(4) The entire myofibril becomes shortened








2. Relaxation




a. Immediately after calcium ions are released, the sarcoplasmic reticulum begins actively pumping them back into sacs


b. Calcium ions are removed from troponin molecules, ending the contraction





3. Energy sources for muscle contraction




a. Hydrolysis of ATP yields the energy required for muscular contraction


b. ATP binds to the myosin head to perform the work of pulling the thin filament during contraction


c. Muscle fibers continually synthesize ATP from the breakdown of creatine phosphate


d. Catabolism by muscle fibers requires glucose and oxygen


e. At rest, excess oxygen (O2) in the sarcoplasm is stored by myoglobin




(1) Red fibers—muscle fibers with high levels of myoglobin


(2) White fibers—muscle fibers with little myoglobin





f. Aerobic respiration occurs when adequate O2 is available


g. Anaerobic respiration occurs when low levels of O2 are available and results in the formation of lactic acid


h. Skeletal muscle contraction produces excess heat that can be used to maintain body temperature


















Function of Skeletal Muscle Organs







A Motor unit




1. Motor unit—comprises the motor neuron and the muscle fibers to which it is attached


2. Some motor units can consist of only a few or numerous muscle fibers


3. Generally, with a smaller number of fibers in a motor unit, more precise movements are possible; the larger the number of fibers in a motor unit, the more powerful is the contraction





B Twitch contraction




1. A quick jerk of a muscle that is produced as a result of a single, brief threshold stimulus (generally occurs only in experimental situations)


2. Three phases:




a. Latent phase—the nerve impulse travels to the sarcoplasmic reticulum to trigger the release of calcium


b. Contraction phase—calcium binds to troponin, and the sliding of filaments occurs


c. Relaxation phase—the sliding of filaments ceases








C Treppe—the “staircase phenomenon”




1. Gradual, step-like increase in the strength of a contraction; observed in a series of twitch contractions that occur 1 second apart


2. Eventually, the muscle responds with less forceful contractions, and the relaxation phase becomes shorter


3. If the relaxation phase disappears completely, a contracture (abnormal shortening of muscle tissue that can cause disability) occurs





D Tetanus—smooth, sustained contractions




1. Multiple wave summation—multiple twitch waves are added together to sustain muscle tension for a longer time


2. Incomplete tetanus—very short periods of relaxation occur between peaks of tension


3. Complete tetanus—twitch waves fuse into a single sustained peak





E Muscle tone




1. Tonic contraction—continual, partial contraction of a muscle


2. At any one time, a small number of muscle fibers within a muscle contract, producing tightness of muscle tone


3. Muscles with less tone than normal are flaccid


4. Muscles with more tone than normal are spastic


5. Muscle tone is maintained by negative feedback mechanisms





F Principle of graded strength




1. Skeletal muscles contract with varying degrees of strength at different times


2. Factors that contribute to the phenomenon of graded strength:




a. The metabolic condition of individual fibers


b. The number of muscle fibers contracting simultaneously; the greater the number of fibers contracting, the stronger is the contraction


c. The number of motor units recruited


d. The intensity and frequency of stimulation





3. Length–tension relationship




a. The maximal strength that a muscle can develop bears a direct relationship to the initial length of its fibers


b. A shortened muscle’s sarcomeres are compressed; therefore, the muscle cannot develop much tension


c. An overstretched muscle cannot develop much tension because the thick myofilaments are too far from the thin myofilaments


d. The strongest maximal contraction is possible only when the skeletal muscle has been stretched to its optimal length





4. Stretch reflex




a. The load imposed on a muscle influences the strength of a skeletal contraction


b. The body tries to maintain a consistency of muscle length in response to increased load


c. Maintains a relatively constant length as the load is increased up to a maximum sustainable level








G Isotonic and isometric contractions




1. Isotonic contraction




a. Contraction in which the tone or tension within a muscle remains the same as the length of the muscle changes




(1) Concentric—the muscle shortens as it contracts


(2) Eccentric—the muscle lengthens as it contracts





b. Isotonic means “same tension”


c. All of the energy of contraction is used to pull on the thin myofilaments and thereby change the length of a fiber’s sarcomeres





2. Isometric contraction




a. Contraction in which muscle length remains the same while muscle tension increases


b. Isometric means “same length”





3. Body movements occur as a result of both types of contractions















Function of Cardiac and Smooth Muscle Tissue







A Cardiac muscle (also known as striated involuntary muscle)




1. Found only in the heart; forms bulk of the walls of each chamber


2. Contracts rhythmically and continuously to maintain a constant blood flow


3. Resembles skeletal muscle but has specialized features related to its role in continuous pumping of blood




a. Each cardiac muscle contains parallel myofibrils


b. Cardiac muscle fibers form strong, electrically coupled junctions (intercalated discs) with other fibers; individual cells also exhibit branching


c. Syncytium—continuous, electrically coupled mass; important for coordinating muscle contractions


d. Cardiac muscle fibers form around the heart chambers a continuous, contractile band that conducts a single impulse across a virtually continuous sarcolemma


e. T tubules are larger, and form diads with a rather sparse sarcoplasmic reticulum


f. Cardiac muscle sustains each impulse longer than does skeletal muscle; therefore, impulses cannot come rapidly enough to produce tetanus


g. Cardiac muscle does not run low on ATP and does not experience fatigue


h. Cardiac muscle is self-stimulating








B Smooth muscle




1. Smooth muscle is composed of small, tapered cells with single nuclei


2. T tubules are absent; only a loosely organized sarcoplasmic reticulum is present


3. Calcium comes from outside the cell and binds to calmodulin instead of troponin to trigger a contraction


4. No striations are present because both the thick and thin myofilaments have an arrangement different from that in skeletal or cardiac muscle fibers; myofilaments are not organized into sarcomeres


5. Two types of smooth muscle tissue:




a. Visceral muscle (single unit)




(1) Gap junctions join smooth muscle fibers into large, continuous sheets


(2) Most common type; forms a muscular layer in the walls of hollow structures such as the digestive, urinary, and reproductive tracts


(3) Exhibits autorhythmicity, which produces peristalsis





b. Multi-unit




(1) Does not act as a single unit; is composed of many independent cell units


(2) Each fiber responds only to input from nerves



























The Nervous System


(See the section on “Nerve Tissue” in Chapter 2.)




A Two main subsystems (Figure 3-20):
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FIGURE 3-20 The nervous system. (From Herlihy B: The human body in health and illness, ed 3, St Louis, 2011, Saunders.)







1. The central nervous system (CNS)—consists of the brain and the spinal cord


2. The peripheral nervous system (PNS)—includes all nervous tissue outside the CNS; contains the nerves to and from the body wall





B Functions




1. Sensory—detection of different types of stimuli both inside and outside the body




a. Afferent or sensory neurons—carry information from the PNS to the CNS





2. Integrative—processing of sensory information by analyzing and storing some of it and by making decisions regarding appropriate responses; interneurons carry out this function


3. Motor—responses to integrative decisions




a. Efferent or motor neurons carry information from the CNS to the PNS








C The central nervous system




1. Brain—housed within the skull; contains about 100 billion neurons


2. Spinal cord—contains about 100 million neurons; is connected directly to the brain and is protected by the vertebral column


3. Source of thoughts, emotions, memories; source of most nerve impulses that stimulate muscles to contract and glands to secrete


4. Communication to and from CNS accomplished by:




a. Cranial nerves


b. Spinal nerves


c. Ganglia—small clusters of neuronal cell bodies that relay signals traveling along cranial and spinal nerves


d. Enteric plexuses—in the walls of the organs of the gastrointestinal (GI) tract; help regulate the digestive system








D The peripheral nervous system




1. Subdivisions




a. The somatic nervous system




(1) Sensory neurons—convey information to the CNS from the somatic receptors in the head, body wall, and limbs and also from the receptors for the special senses of vision, hearing, taste, and smell


(2) Motor neurons—conduct impulses from the CNS to skeletal muscles only; motor responses are voluntary





b. The autonomic nervous system (ANS)




(1) Divisions





c. Sympathetic division (thoracolumbar) involves motor (afferent) nerves from the ANS


d. Parasympathetic division (craniosacral)


e. The enteric nervous system




(1) “Brain of the GI system”; enteric motor neurons govern the contraction of GI tract smooth muscle, secretions of the GI tract organs such as acid secretions by the stomach, and activity of GI tract endocrine cells


















Cellular Organization


Nervous system structure (Figure 3-21; see also the section on “Nerve Tissue” and Figures 2-13 and 2-14 in Chapter 2.)
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FIGURE 3-21 Structure of a typical neuron. (From Applegate E: The anatomy and physiology learning system, ed 4, St Louis, 2011, Saunders.)







A Each neuron (nerve cell) consists of a cell body containing a nucleus


B Dendrite—sends impulses toward the cell body or to a muscle or gland


C Axon—conducts nerve impulses away from the cell body


D Neuroglia—specialized tissue cells that support neurons, attach neurons to blood vessels, produce the myelin sheath around the axons of the CNS, and carry out phagocytosis


E Myelin—fatty substance around axons; provides insulation and increases the speed of nerve conduction; deposited by Schwann cells in layers in the PNS




1. Neurilemma—outermost layer of the Schwann cell


2. Nodes of Ranvier—located between myelin segments; unmyelinated


3. Oligodendrocytes myelinate CNS axons





F White matter consists of aggregations of myelinated processes from many neurons


G Gray matter contains the neurons, dendrites, and axon terminals of unmyelinated axons and neuroglia; forms an H-shaped inner core in the spinal cord that is surrounded by white matter; a superficial shell of gray matter covers the cerebrum and the cerebellum


H The nervous system exhibits plasticity—the capability to change on the basis of experiences; limited ability to regenerate


I Axons and dendrites that are associated with a neurilemma in the PNS may undergo repair if the cell body is intact, Schwann cells are functional, and scar tissue does not form too rapidly









Action Potentials


(See the section on “Characteristics and Physiology of Pain” in Chapter 18.)




A Neurons communicate by means of nerve action potentials (impulses)


B Generation of action is dependent on:




1. The presence of special types of ion channels and the existence of a resting membrane potential


2. Membrane potential—a difference in electrical charge across the plasma membrane; a cell that has a membrane potential is said to be polarized


3. A nerve impulse results from the concentration of two ions on the inside and outside of the nerve


4. Resting membrane potential—the outside surface of plasma membrane has a positive charge; the inside surface has a negative charge; the resting membrane in neurons is ≈70 millivolts (mV)


5. During an action potential, voltage-gated sodium (Na+) and potassium (K+) channels open in sequence. Opening of voltage-gated Na+ channels results in depolarization, followed by the loss and then reversal of membrane polarization (from −70 mV to +30 mV). Then, the opening of voltage-gated K+ channels allows repolarization, the recovery of the resting membrane potential


6. According to the “all-or-none” principle, if a stimulus is strong enough to generate an action potential, the impulse generated is of a constant size. A stronger stimulus does not generate a larger impulse


7. During the absolute refractory period, another impulse cannot be generated; during the relative refractory period, an impulse can be triggered only by a supra-threshold stimulus


8. Nerve impulse conduction that occurs as a step-by-step process along an unmyelinated axon is called continuous conduction. In salutatory conduction, a nerve impulse “leaps” from one node of Ranvier to the next along a myelinated axon


9. Axons with larger diameters conduct impulses faster than those with smaller diameters; myelinated axons conduct impulses faster than unmyelinated axons















Synaptic Transmission







A Neurons communicate with each other and with effectors at synapses in a series of events known as synaptic transmission.


B Two types of synapses:




1. Electrical synapses—gap junctions allow ions to flow from one cell to another


2. Chemical synapses—neurotransmitter is released from a presynaptic neuron into the synaptic cleft and then binds to receptors on the postsynaptic plasma membrane





C Types of neurotransmitters




1. Excitatory neurotransmitter—depolarizes the membrane of the postsynaptic neuron to bring the membrane potential closer to threshold


2. Inhibitory neurotransmitter—hyperpolarizes the membrane of the postsynaptic neuron





D The postsynaptic neuron integrates excitatory and inhibitory signals in a process called summation and then responds accordingly


E The neurotransmitter is removed from the synaptic cleft in three ways: diffusion, enzymatic degradation, and reuptake by neurons or neuroglial cells


F Important neurotransmitters include acetylcholine, glutamatic aminobutyric acid (GABA), glycine, norepinephrine, epinephrine, dopamine, serotonin, neuropeptides, and nitric oxide















Spinal Cord


See Figure 3-22; see also Figure 2-11.
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FIGURE 3-22 Coverings of the spinal cord. (From Patton KT, Thibodeau GA: Anthony’s textbook of anatomy and physiology, ed 19, St Louis, 2010, Mosby.)







A Location—in the vertebral canal; extends from the foramen magnum of the occipital bone of the skull to the superior border of the second lumbar vertebrae in the vertebral column; approximately 42 to 45 cm (16 to 18 inches)


B Meninges—three layers of connective tissue coverings that extend around the spinal cord and the brain




1. Dura mater—outermost of three layers


2. Arachnoid—middle layer composed of collagen and elastic fibers


3. Pia mater—inner layer composed of collagen and elastic fibers that adhere to the surface of the spinal cord and brain; contains numerous blood vessels





C Spinal cord does not run the entire length of the vertebral column; nerves called cauda equina arise from the lowest portion of a cord and angle down the vertebral canal


D Functions




1. White matter tracts in the spinal cord are pathways for nerve impulse conduction; sensory impulses flow from the periphery to the brain, and motor impulses flow from the brain to the periphery


2. Gray matter receives and integrates incoming and outgoing information


3. Spinal reflexes—fast automatic responses to sensory impulses that enter the spinal cord via spinal nerves


4. Reflex arc—pathway followed by nerve impulses that produce a reflex




a. Somatic reflex—reflex involving involuntary contraction of skeletal muscles (e.g., knee-jerk reflex)


b. Withdrawal reflex—causes immediate withdrawal of a limb from a source of injury before awareness of pain


c. Autonomic reflex—reflexes involving smooth muscle, cardiac muscle, and glands (e.g., swallowing, urinating)








E Spinal nerves




1. Thirty-one pairs of spinal nerves; each has a dorsal (afferent) root and a ventral (efferent) root


2. Named and numbered according to the region and level of the vertebral column from which they emerge


3. Emerge from the spinal cord to form plexuses along the spinal cord except in the thoracic region




a. The cervical plexus (C1 to C4) innervates muscles, skin, posterior head, neck, upper shoulders, and diaphragm


b. Brachial plexus (C5 to T1) nerves supply upper limbs, neck, and muscles




(1) Radial—lateral side of the arm


(2) Medial—middle portion of the arm


(3) Ulnar—medial side of the arm





c. T2 to T12 comprise the intercostal nerves; do not form a plexus


d. Lumbosacral plexus—includes L1 to S4




(1) Lumbar portion—first four lumbar nerves contribute to the femoral nerve; supplies abdominal wall, external genitals, and part of lower limbs


(2) Sacral portion—sacral nerves, the last lumbar nerve, and the coccygeal nerve supply the pelvis and legs; contribute to the sciatic nerve (longest nerve in the body)


















Brain


See Figure 3-23.
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FIGURE 3-23 Divisions of the brain. (From Solomon EP: Introduction to human anatomy and physiology, ed 2, St Louis, 2008, Saunders.)







A Principal parts—brain stem (consists of the medulla oblongata, pons, and midbrain), diencephalon (consists of the thalamus and hypothalamus), cerebrum, and cerebellum


B Supplied with oxygen and nutrients by the cerebral arterial circle, or circle of Willis; any interruption of the oxygen supply may permanently damage or kill brain cells; glucose deficiency may produce dizziness, convulsions, and unconsciousness.


C The blood–brain barrier (BBB) limits the passage of certain materials from the blood into the brain.


D The brain is protected by cranial bones, meninges, and the cerebrospinal fluid




1. Cranial meninges are continuous with the spinal meninges (dura mater, arachnoid, and pia mater)


2. Cerebrospinal fluid—formed in the choroid plexuses; circulates continually through the subarachnoid space, ventricles, and central canal; protects the brain and spinal cord by serving as a shock absorber; delivers nutritive substances from the blood and removes wastes





E Medulla oblongata (also called medulla)—is continuous with the upper part of the spinal cord; contains regions for regulating heart rate, diameter of blood vessels, respiratory rate, swallowing, coughing, vomiting, sneezing, and hiccupping; the vestibulocochlear, accessory, vagus, and hypoglossal nerves originate at the medulla


F Pons—connects the spinal cord to the brain; links parts of the brain to one another; relays impulses related to voluntary skeletal movements from the cerebral cortex to the cerebellum; contains two regions that control respiration. The trigeminal, abducens, facial, and vestibular branches of the vestibulocochlear nerves originate at the pons.


G Midbrain—conveys motor impulses from the cerebrum to the cerebellum and the spinal cord, and sensory impulses from the spinal cord to the thalamus


H Reticular formation—net-like arrangement of gray and white matter extending throughout the brain stem; alerts the cerebral cortex to incoming sensory signals; helps regulate muscle tone


I Diencephalon—consists of the thalamus and the hypothalamus




1. Thalamus—contains nuclei that serve as relay stations for sensory impulses to the cerebral cortex; provides crude recognition of pain, temperature, touch, pressure, and vibration


2. Hypothalamus—located below the thalamus; controls and integrates the ANS and pituitary gland; functions in rage and aggression; controls body temperature; regulates food and fluid intake; maintains consciousness and sleep patterns





J The reticular activating system—functions in arousal (awakening from deep sleep) and consciousness (wakefulness)


K Cerebrum—largest part of the brain; the cortex contains convolutions, fissures, and sulci




1. Cerebral lobes—frontal, parietal, temporal, and occipital


2. White matter under the cerebral cortex consists of myelinated axons extending in three principal directions


3. Sensory areas receive and interpret sensory impulses; motor areas govern muscular movement


4. Contains tissues associated with emotional and intellectual processes


5. Generates brain waves measurable by electroencephalogram (EEG), which may be used to diagnose epilepsy, infections, and tumors





L Basal ganglia—paired masses of gray matter in the cerebral hemispheres that control muscular movements


M The limbic system—found in cerebral hemispheres and the diencephalon; functions in the emotional aspects of behavior and memory


N Hemispheres of the brain




1. Left hemisphere—receives sensory signals from and controls the right side of the body; more important for language, numerical and scientific skills, and reasoning


2. Right hemisphere—receives sensory signals from and controls the left side of the body; more important for musical and other artistic awareness, spatial and pattern perception, recognition of faces, emotional content of language, and generating mental images of sight, sound, touch, taste, and smell





O Cerebellum—occupies the inferior and posterior aspects of the cranial cavity. It consists of two hemispheres with a cerebellar cortex of gray matter and an interior of white matter tracts; attaches to the brain stem by three pairs of cerebellar peduncles; coordinates skeletal muscles and maintains normal muscle tone and body equilibrium









Cranial Nerves


(See the section on “The Nervous System” in Chapter 4.)




A Twelve pairs of cranial nerves originate from the brain


B Like spinal nerves, cranial nerves are part of the PNS












The Autonomic Nervous System







A Regulates smooth muscle, cardiac muscle, and certain glands; usually operates without conscious control by the centers in the brain, in particular by the hypothalamus


B Two principal divisions—sympathetic and parasympathetic; most organs have dual innervation; in general, nerve impulses from one division stimulate excitation, and impulses from the other division cause inhibition




1. Sympathetic (thoracolumbar division)—sympathetic ganglia are classified as sympathetic trunk ganglia (lateral to the vertebral column) and prevertebral ganglia (anterior to the vertebral column)


2. Parasympathetic—parasympathetic ganglia are called terminal ganglia; located near or within visceral effectors


3. Neurons of preganglionic autonomic neurons are myelinated; those of postganglionic autonomic neurons are unmyelinated





C Functions




1. Cholinergic neurons release acetylcholine (Ach); adrenergic neurons release norepinephrine (NE)


2. Activation of the sympathetic division causes widespread responses; the “fight-or-flight” response


3. Activation of the parasympathetic division produces more restricted responses that typically are concerned with “rest-and-digest” activities















Special Senses







A Sensation—conscious or subconscious awareness of external and internal conditions of the body; for a sensation to occur, three conditions must be satisfied:




1. A stimulus, or change in environment, capable of activating certain sensory neurons must occur


2. A sensory receptor must convert the stimulus to nerve impulses


3. The nerve impulses must be conducted along a neural pathway from the sensory receptor to the brain





B Components of the eye (Figure 3-24)
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FIGURE 3-24 Horizontal cross section of the eye. (From Applegate E: The anatomy and physiology learning system, ed 4, St Louis, 2011, Saunders.)







1. Conjunctiva—thin mucous membrane that covers the front of the eye and lines the eyelid


2. Lacrimal glands—located bilaterally on the outer borders of the orbital cavity; secrete about 1 milliliter (mL) of fluid per day; contain lysozyme to destroy bacteria


3. Nasolacrimal duct—carries fluid away from the gland


4. Iris—the colored part of the eye that is a circular diaphragm; regulates the amount of light that enters the eye


5. Pupil—where light enters the eye; black in color


6. Lens—biconvex disc without blood


7. Sclera—white covering on the anterior aspect of the eye


8. Vitreous body—colloid inside of the eyeball; maintains the shape


9. Optic disc—located on the posterior surface of the eyeball; contains no rods or cones, only optic nerves


10. Retina—contains cones in its center (fovea) and rods on the outer periphery; process of forming an image on the retina is much like that of a camera to produce a picture




a. Light rays are bent as they enter the eye


b. The lens adjusts to the amount of light


c. Light rays are converged on the fovea


d. Rays cause changes in the chemistry of rods and cones


e. Optic nerve sends impulses to the occipital lobes of the brain








C Hearing and equilibrium (Figure 3-25)
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FIGURE 3-25 The ear. (From Jarvis C: Physical examination and health assessment, ed 5, St Louis, 2007, Saunders.)







1. The external ear consists of an ear flap


2. The middle ear is separated by the tympanic membrane (eardrum); contains the ossicles (malleus, incus, and stapes) and the eustachian tube (to equalize pressure)


3. The inner ear contains the vestibule, the cochlea, and semicircular canals




a. Cranial nerve VIII innervates this structure


b. Small hairs detect various frequencies and pitches; impulses are sent to the temporal lobes of the brain


c. Semi-circular canals maintain equilibrium








D Tongue




1. Cranial nerve VII provides sensory fibers to the anterior two thirds of the tongue, including fungiform and foliate papillae; sensations of sweet, sour, and salty tastes are detected


2. Cranial nerve IX provides sensations of taste to the posterior one third of the tongue’s circumvallate papillae; the bitter taste is detected there


3. Food must be in solution in the mouth before taste buds can transfer the information to the brain


4. Most taste sensations are made up of various combinations of the four basic tastes





E Olfactory sense




1. Stimulates hairs (cilia) that are sensitive to slight odors


2. On each side of the nose, bundles of slender, unmyelinated axons of olfactory receptors extend through holes in the cribriform plate of the ethmoid bone


3. These bundles of axons form cranial nerve I, the olfactory nerve; they terminate in the brain in olfactory bulbs, which are located inferior to the frontal lobes of the cerebrum


4. Within the olfactory bulbs, the axon terminals of olfactory receptors synapse with the dendrites and cell bodies of the next neurons in the olfactory pathway


5. The axons of the neurons extending from the olfactory bulb form the olfactory tract


6. The olfactory tract projects into the primary olfactory area in the temporal lobe, where the conscious awareness of smell begins





F Tactile sensation (Table 3-2)




TABLE 3-2


Classification of Somatic Sensory Receptors
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(Modified from Patton KT, Thibodeau GA: Anthony’s textbook of anatomy and physiology, ed 19, St Louis, 2010, Mosby.).







1. Meissner’s corpuscles—receptors that control the sensation of touch


2. Pacinian corpuscles—receptors that control the sensation of pressure


3. Ruffini’s corpuscles—receptors that control the sensation of heat


4. Krause’s end bulbs—receptors that control the sensation of cold


5. Nociceptors—sensory receptors for pain; during tissue irritation or injury, release of chemicals such as prostaglandins (PGs) stimulates nociceptors





G Proprioceptive sensations—inform consciously and subconsciously; sense the degree of muscle contraction, amount of tension present in tendons, position of joints, and orientation of head and equilibrium
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Process Type  Description Examples
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phospholipid bilayer or through dioxide out of all cells;
channels from an area of high movement of sodium
concentration to an area of low ions into nerve cells
concentration—that is, down the as they conduct an
concentration gradient impulse

Ghannel- Passive  Diffusion of partiles through a Diffusion of sodium

mediated passive membrane by means of channel jons into nerve cells

transport structures in the membrane (particles during a nerve impulse

(faclitated move down their concentration

ffusior) gradient)

Osmosis Passive  Diffusion of water through a Diffusion of water
selectively permeable membrane in molecules into and out
the presence of at least one of cells to correct
impermanent solute imbalances in water

concentration

Faciltated Passive  Diffusion of partiles through a Movement of glucose

diffusion membrane by means of cartier molecules into most
molecules; also called carrier- cells
mediated passive transport

Pumping Active  Movement of solute particles from In muscle cells,

an area of low concentration to an
area of high concentration (up the
concentration gradient) by means of
an energy-consuming pump
structure in the membrane

pumping of nearly all
calcium ions to special
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of acell
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