BIOLOCIC
- BASIS OF
- DENTAL
~ CARIES




The
Biologic
Basis of
Dental Carles

AN ORAL BIOLOGY TEXTBOOK

NI

rancisco Sydney
1817




135642

Biologic Basis of Dental Caries
An Oral Biology Textbook

Copyright © 1980 by Harper & Row, Publishers, Inc. All rights reserved. No part of this
book may be used or reproduced in any manner whatsoever without written permission ex-
cept in the case of brief quotations embodied in critical articles and reviews. Printed in the
United States of America. For information address Medical Department, Harper & Row,
Publishers, Inc., 2350 Virginia Avenue, Hagerstown, Maryland 21740.

Library of Congress Cataloging in Publication Data
Main entry under title:
Biologic basis of dental caries.

Includes index.

1. Dental caries. 1. Menaker, Lewis
[DNLM: 1. Dental caries. WU270.3 B615]
RK331.B56 617.6'7'07 79-26561
ISBN 0-06-141726-2

The author and publisher have exerted every effort to ensure that drug selection and dosage
set forth in this text are in accord with current recommendations and practice at the time of
publication. However, in view of ongoing research, changes in government regulations, and
the constant flow of information relating to drug therapy and drug reactions, the reader is
urged to check the package insert for each drug for any change in indications and dosage
and for added warnings and precautions. This is particularly important when the recom-
mended agent is a new and/or infrequently employed drug.



The Biologic Basis of Dental Caries

AN ORAL BIOLOGY TEXTBOOK



Edited by

LEWIS MENAKER, bmp. sco

Professor, Department of Oral Biology; Senior Scientist, Institute of Dental Research
University of Alabama School of Dentistry
Birmingham, Alabama

Associate Editors

ROBERT E. MORHART, D.D.S.

Clinical Investigator, Dental Research Unit,

Veterans Administration Hospital;

Research Assistant Professor, Microbiology and Family Medicine
University of Miami School of Medicine, Miami, Florida

JUAN M. NAVIA, Ph.D.

Professor, Department of Oral Biology;

Senior Scientist, Institute of Dental Research

University of Alabama School of Dentistry, Birmingham, Alabama

With 27 Contributors



To our parents



Contributors

MICHAEL €. ALFANO, D.M.D., Ph.D.

Director, Oral Health Research Center; Associate
Professor of Periodontics and Oral Medicine
Fairleigh Dickinson University School of Dentistry
Hackensack, New Jersey

JOSEPH ALEXANDER
Cooper Laboratories
Dental Division
305 Fairfield Avenue
Fairfield, New Jersey

ROBERT J. BOACKLE, Ph.D.

Assistant Professor

Department of Basic and Chemical Immunology
and Microbiology

Medical University of South Carolina College of
Medicine

Charleston, South Carolina

CHARLES E. BUGG, Ph.D.

Senior Scientist

Institute of Dental Research

University of Alabama School of Dentistry; Pro-
fessor, Department of Biochemistry

Schools of Medicine and Dentistry

University of Alabama

Birmingham, Alabama

WILLIAM T. BUTLER, Ph.D.

Senior Scientist

Institute of Dental Research

University of Alabama School of Dentistry; Pro-
fessor, Department of Biochemistry

Schools of Medicine and Dentistry

University of Alabama

Birmingham, Alabama

PAGE CAUFIELD
Assistant Professor of Dentistry
University of Alabama School of Dentistry
Birmingham, Alabama

RICHARD A. COWMAN, Ph.D.
Research Associate Professor of Microbiology
University of Miami School of Medicine; Research
Microbiologist
Dental Research Unit
Veterans Administration Hospital
Miami, Florida

DOMINICK P. DEPAOLA, D.D.S., . Ph.D.
Professor, Department of Pharmacology
Fairleigh Dickenson University School of Dentistry
Hackensack, New Jersey

FRANK DOWD, D.D.S., Ph.D.
Assistant Professor, Department of Oral Biology
Creighton University
Boyne School of Dental Science
Omaha, Nebraska

HOWARD M. EINSPAHR, Ph.D,

Investigator

Institute of Dental Research

University of Alabama School of Dentistry; In-
structor

Department of Biochemistry

Schools of Medicine and Dentistry

University of Alabama

Birmingham, Alabama

RALPH E, FELLER, D.M.D.
Chief, Dental Service
Veterans Administration Hospital
Loma Linda, California

ROBERT J. FITZGERALD, Ph.D.

Research Microbiologist

Chief, Dental Research Unit

Veterans Administration Hospital; Professor of
Oral Microbiology

Microbiology Department

University of Miami School of Medicine

Miami, Florida

ROBERT J. GENCO, D.D.S., Ph.D.
Professor and Chairman
Department of Oral Biology
School of Dentistry
State University of New York at Buffalo
Buffalo, New York

SEYMOUR HOFFMAN, D.D.S.
Professor of Pathology and Dentistry
Department of Pathology
Division of Oral Pathology
Schools of Medicine and Dentistry
University of Alabama
Birmingham, Alabama

ROBERT J. HYDE
Research Physiologist
Dental Service
Veterans Administration Hospital
Loma Linda, California

ix



X CONTRIBUTORS

RUSSELL N. KEMPER, Ph.D.
Manager, Chemical Research
Johnson & Johnson Dental Products Company
East Windsor, New Jersey

THEODORE KOULOURIDES, D.M.D., M.S.D.
Professor, Department of Oral Biology; Senior Sci-
entist
Institute of Dental Rescarch
University of Alabama School of Dentistry
Birmingham, Alabama

DONALD W. LEGLER, D.D.S., Ph.D.
Professor and Chairman
Department of Oral Biology
University of Alabama School of Dentistry
Birmingham, Alabama

CLYDE W. MAYHALL, D.M.D., Ph.D.
Associate Professor, Department of Periodontics
University of Alabama School of Dentistry
Birmingham, Alabama

LEWIS MENAKER, D.M.D., Sc.D., F.R.S.H.
Professor, Department of Oral Biology; Senior Sci-
entist
Institute of Dental Research
University of Alabama School of Dentistry
Birmingham, Alabama

ROBERT E. MORHART, D.D.S.

Clinical Investigator

Dental Research Unit

Veterans Administration Hospital; Research Assis-
tant Professor

Microbiology and Family Medicine

University of Miami School of Medicine

Miami, Florida

JUAN M. NAviA, Ph.D,
Professor, Department of Oral Biology; Senior Sci-
entist
Institute of Dental Research
University of Alabama School of Dentistry
Birmingham, Alabama

CARL A. OsTROM, D.D.S., M.S.D.
Associate Professor, Department of Oral Biology
University of Alabama School of Dentistry
Birmingham, Alabama

WILLIAM S, RICHARDSON, III, Ph.D.
Assistant Professor, Department of Physical
Sciences
Auburn University at Montgomery
Montgomery, Alabama

JOHN M. SHACKLEFORD, Ph.D.
Professor and Chairman
Department of Anatomy
College of Medicine
University of South Alabama
Mobile, Alabama

RICHARD sUDDICK, D.D.S., Ph.D.
Professor and Chairman
Department of Oral Biology
School of Dentistry
Health Science Center
Louisville, Kentucky

WALTER H. WILBORN, Ph.D.
Professor of Anatomy
Department of Anatomy
College of Medicine
University of South Alabama
Mobile, Alabama



Preface

The maturation of dentistry from a craft to a
healing art and science has been made pos-
sible by the changes in, and growth of, our sci-
entific knowledge base. A progression from
emphasis on removing a focus of infection by
extracting a diseased tooth, to the therapeutic
repair by restoration with a filling material, to
the prevention of disease has been a reflection
of the information available and subsequently
transferred to the clinician. What is important
to understand is that the driving force for the
advancement of patient care has been our
expanding understanding of the disease it-
self and the translation of this information
through the educational process.

The central role of dental caries in the clin-
ical practice of dentistry establishes without

question the importance of this subject to
both the student and practitioner. The pres-
ent explosion in our knowledge of this sub-
ject has underscored the increased complex-
ity of this condition as a disease process, the
essentiality of a multidisciplinary approach
to the understanding of this problem, and
the importance of a rationale of patient care
centered on the concept of preventive inter-
ception. Accepting these premises, we see
the threefold goal of this text: (1) to bring the
reader to a new level of appreciation of the
unity of knowledge too often segregated by
dental educators into clinical and basic sci-
ences; (2) to provide the reader with current
scientific evidence upon which clinical judg-
ment must be based; and (3) to introduce the
reader to the field of caries research in a
manner that will provide a basis for future
understanding of the burgeoning scientific lit-
erature in this field.

To accomplish these objectives this book
has been designed around a framework of
host, vector, and environmental factors that
not only bear on the disease itself but also on
those aspects that determine caries preven-
tion. The complexity of etiology, interactions,
mechanisms, and principles presented here is
testimony to the advances that dentistry has
made as a scientifically based profession. The
need for our profession to expand knowledge
continually is not optional; the responsibility
to expand, understand, and apply such knowl-
edge is mandatory. It is hoped that this book
will be an aid in meeting these obligations.

Lewis Menaker
Robert E. Morhart
Juan M. Navia
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A. Saliva and Salivary Glands
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INTRODUCTION

Salivary glands are important glands of the di-
gestive system that produce digestive en-
zymes, withdraw constituents from the
plasma, and serve many other functions that
directly or indirectly influence oral health in
general and dental caries specifically. A
knowledge of the microscopic anatomy of
these glands is the keystone for understanding
their function. This information also provides
a basis for appreciating the multifaceted inves-
tigative work on salivary glands which in-
cludes a broad spectrum of inquiry and is re-
ported in many scientific journals.

Because the salivary glands are convenient
for extirpation, produce secretions that are
casily collected, and are composed of funda-

“ Supported in part by USPH Grant DE-02110 and
Grant DE-02670

WALTER H. WILBORN
JOHN M. SHACKLEFORD

Major Salivary Glands
Parotid Gland
Submandibular Gland
Sublingual Gland

Minor Salivary Glands

Summary

Glossary

Suggested Readings

mental tissues which respond to a variety of
the same stimuli as other tissues of the body,
they serve as ideal models to study many areas
of modern biology. Theyv have provided much
new information related to protein synthesis
(See Chap. 2 and 3), ion and water transfer
(See Chap. 4), epithelial-mesenchymal inter-
actions, tissue regeneration, uptake of radio-
active substances, and the pathogenesis of
tumors. Ablation of salivary glands or altera-
tions of their secretions have given insight
into the initial formative stages of caries, cal-
culus, and peridontal disease. Many biologi-
cally active substances, including nerve
growth factor, parotin, serotonin, kinin, and
lysozyme, have been isolated from salivary
glands and are of special interest to biologists.

Salivary glands also serve as models to study
the effects of hormones, diet, and the auto-
noniic nervous system on glandular structure
and function. For example, thyroxine and sex

3
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hormones alter the metabolism, histology,
and histochemistry of salivary glands; liquid
diets result in major ultrastructural alterations
of acinar cells of the parotid gland; and the au-
tonomic nervous system maintains the func-
tional and structural integrity of salivary
glands and plays a role in regulating the de-
velopment of immature glands.

Since most previous works on salivary
glands have dealt with laboratory animals, the
material presented here summarizes the most
significant microscopic features of normal
human salivary glands. A brief account of sali-
vary glands in other forms is also included for
comparative purposes. Inclusion of the major
and minor salivary glands within a single
chapter benefits the student, since a report of
this type has not previously been published
and the information available is spread
throughout many books, symposia, and jour-
nals, where it is difficult to survey.

PHYLOGENETIC
CONSIDERATIONS

Salivary glands can be defimed as glands that
secrete into the anterior part of the digestive
tract. On the basis of this broad definition, sal-
vary glands are found in many groups of ani-
mals, invertebrates as well as vertebrates.
Among the invertebrates, salivary glands
have been studied in worms, molluscs, and
arthropods. The anticoagulant substances of
leeches, tsetse flies, and mosquitos, the silk of
certain insects, and the toxin of octopuses are
examples of salivary gland secretions. In some
forms, as in flatworms, the cells comprising
the salivary glands are morphologically so sim-
ple that they can be distinguished from the
surrounding epithelial cells only by their
larger size. In contrast, salivary glands of cer-
tain insects attain marked structural and func-
tional development and may secrete amylase,
as in the case of the cockroach. The salivary
glands of invertebrates and vertebrates are
certainly not homologous, but in some cases,
their functions of lubrication and initiation of
the digestion of food are interestingly similar.
Fish, the earliest vertebrates, usually do not
have salivary glands. Mucous secretions in
their oral cavity are from unicellular glands
constituting part of the epithelial lining of the
oral cavity. One excepton is the lamprey eel, a
parasite, which has large salivary glands that

open by ducts into the sucker where the juice
is added to the blood and flesh ripped from the
prey. Other exceptions are found in at least
two species of the salt water male cathsh.
These fish contain deep oral crypts, also called
brood pouches, where fertilized eggs are car-
ried and kept moist by goblet cell secretions.

Beginning with amphibians, terrestrial tet-
rapods have characteristically large numbers
of oral glands, but the number is markedly re-
duced in practically all aquatic tetrapods. This
is no handicap because salivary glands are un-
necessary for lubrication in the aqueous en-
vironment. The salivary glands of amphibians
are mucous glands with ducts lined by ciliated
epithelium. Although lingual glands occur in
all amphibians, only anurians have internasal
glands whose ducts open into the anterior part
of the oral cavity. These glands in frogs se-
crete a sticky substance that is deposited on
the tongue and assists in the capture of in-
sects.

The oral glands of reptiles (other than the
aquatic forms such as turtles and crocodiles)
are more highly developed than those of am-
phibians. They may contain serous cells, in
addition to mucous cells, and are divided into
groups: 1) palatal, 2) lingual, 3) sublingual,
and 4) labial. Venom glands of poisonous
snakes are serous salivary glands homologous
to the parotid glands of mammals. The Gila
monster, the only poisonous lizard, has lin-
gual salivary glands that produce a poison.
When biting a prey, the venom travels along
fanglike grooved teeth into the wound.

Salivary glands of birds are poorly devel-
oped. There are, however, aggregations of
mucous cells in the lingual, sublingual, and
parotid regions; smaller collections of similar
cells occur in the wall of the oral cavity. The
glands, as in the chicken, produce a mucous
secretion that lacks digestive enzymes.

Mammals, the only animals that chew their
food, possess three pairs of major salivary
glands in addition to the minor salivary glands
of the lips, tongue, cheeks, and palate present
in other terrestrial forms. Of the major sali-
vary glands (parotid, submandibular, and sub-
lingual glands), only the parotid and subman-
dibular are characteristic of all mammals.
Both glands secrete ptyalin or amylase, the
enzyme that hydrolyzes starches to maltose.

The position of the major salivary glands is
variable with the exception of the parotid
which is closely related to the external ear. In
general, submandibular glands lie near the



angle of the mandible in animals with flat-
tened faces, such as man; they are in the ven-
tral cervical region in animals with elongated
faces such as rodents. Sublingual glands of
man occupy a position beneath the tongue in
the floor of the oral cavity. They vary in ana-
tomic position in other forms and may be ab-
sent.

Salivary glands have not been studied in all
mammals, but enough information is avail-
able to illustrate the influence of environment
and feeding habits on these glands. For ex-
ample, the rudimentary salivary glands of
aquatic mammals, such as seals and whales,
are probably related to life in water and to a
lack of starch in the diet. Parotid glands are
usually larger than submandibular glands in
herbivorous mammals (e.g., the cow and bea-
ver). This fact is well illustrated among bats,
in whom parotid glands are larger than sub-
mandibular glands in frugivorous forms and
smaller in insectivorous forms. The variation
in size of salivary glands is no doubt related
functionally to the needs of the organism for a
particular type of secretion.

The major salivary glands of most mammals
are not essential for life, but sheep die when
deprived of the secretion from their parotid
glands; newborn rats also die after removal of
submandibular and major sublingual glands.
The submandibular, parotid, and sublingual
glands of man function respectively in tasting,
masticating, and swallowing food. In addition
to these functions, secretions of the major sal-
ivary glands keep the mouth wet and help
clean the teeth. They also produce amylase
which begins the digestion of starches within
the oral cavity.

ANATOMIC CLASSIFICATION
OF GLANDS

Salivary glands comprise an important group
of glands of the digestive system. Like other
glands, they are composed of specialized epi-
thelial cells, referred to as parenchyma, and of
connective tissue, called stroma. The stroma
surrounds and supports the epithelial cells
and serves as a passageway for nerves, blood
vessels, and lymphatics. It contains collag-
enous fbers, fibroblasts, macrophages,
plasma cells, and mast cells.

Differences in glandular morphology have
given rise to various anatomic classifications

MICROANATOMY OF HUMAN SALIVARY GLANDS

of glands that must be understood to concep-
tualize glandular architecture. 'I'he simplest
classification is based on the number of cells
comprising the gland. Accordingly, glands are
classified as unicellular or multicellular. The
only unicellular gland in man is the goblet
cell.

The terms exocrine and endocrine are
used to classify glands according to the pres-
ence or absence of ducts. Salivary glands are
exocrine glands because they have ducts in
which the secretion is conveyed toward the
oral cavity. Endocrine glands (e.g., the hy-
pophysis cerebri and the thyroid gland) lack
ducts and secrete hormones directly into the
blood or lymph. They are also called ductless
glands or glands of internal secretion. Some
glands, such as the pancreas, are both exo-
crine and endocrine. There is some evidence
that the major salivary glands also produce
hormones (e.g., parotin), but this concept re-
mains to be firmly established before salivary
glands can be classified as endocrine. Parotin
1s believed to stimulate growth of tissues
derived from mesenchyme.

The terms merocrine or eccrine, apocrine,
and holocrine are often used to classify glands
according to the mode by which they liberate
their secretory product. Most gland cells (e.g.,
parotid and pancreatic acinar cells) secrete by
the merocrine method; (i.e., they discharge
their secretion without any loss of cytoplasm).
The process of discharging the secretion is re-
ferred to as exocytosis. It is the reverse of en-
doceytosis or pinocytosis, in which a cell takes
up raw materials for use within the cell, as for
the synthesis of secretory products. Some
gland cells, such as those of apocrine sweat
glands, lose part of their apical cytoplasm dur-
ing the process of discharging their secretion,
and are said to secrete by the apocrine
method. Flectron microscopy shows that cells
lining large excretory ducts also secrete by the
apocrine method, and their apices have been
identified in the saliva. Cells that secrete by
the holocrine method are found, e.g., in seba-
ceous glands. Holocrine secretion requires
that the cell fill itself with its own secretory
product, which is liberated by the cell’s break-
ing open and dying. Surviving cells must mul-
tiply to replace those lost if the gland is to
continue its secretory activity.

Glands are also classified according to the
nature of their secretion as serous, mucous,
mixed, or seromucous. Serous glands contain
only serous secretory cells, arranged in
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“grapelike” or “saclike” clusters called acini,
which produce a thin, watery secretion rich in
enzymes. The parotid gland and pancreas are
examples of purely serous glands. Mucous
glands contain only mucous secretory cells,
which are usually arranged in elongated tu-
bules, rather than as acini. The cells produce
a viscid, slimy secretion. Minor salivary glands
of the soft palate are examples of purely mu-
cous glands. Mixed glands contain both se-
rous and mucous secretory cells, Human sub-
mandibular and sublingual glands are
examples of mixed glands. The consistency of
the secretory product varies from thick to thin
and depends on the proportion of mucous to
serous cells within the gland. Seromucous
glands, composed of seromucous secretory
cells arranged as acini, produce a secretion in-
termediate between watery and viscous. Sero-
mucous salivary glands are absent in man but

A B C

are found in certain rodents. Although other
glands of the seromucous type do occur in
man, as in the nasal cavity, they show con-
siderable histophysiologic variation among in-
dividuals.

Exocrine glands can be classified according
to their duct system as simple or compound.
Simple glands have an unbranched duct sys-
tem that connects with one or more secretory
end pieces (Fig. 1-1A-D). There may be slight
branching of the duct at the point of origin of
the secretory end pieces (tubules or acini).
Compound glands have a highly branched
duct system (Fig. 1-1E-F). Secretions pass
from secretory end pieces into small ducts and
then into larger ducts. The site of termination
of the main duct represents the point where
the gland arose embryologically.

Secretory end pieces of simple or com-
pound glands resemble tubules, alveoli, or

D

Fig. 1-1. Diagrams of various types of exocrine glands. A=D. Simple glands with un-
branched ducts. E-G. Compound glands with branched ducts. A. Simple coiled tubular.
B. Simple branched tubular. C. Simple alveolar. D. Simple tubuloalveolar. E. Compound
tubular. F. Compound alveolar. G. Compound tubuloalveolar



