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Preface

The objective of this text is to provide a dental materials
background that emphasizes the clinical aspects of dental
materials as well as to introduce concepts of materials
science. It is our hope that the student will become more
familiar with the practice of dentistry through the use of
this text.

In too many instances, the practice of dentistry and
dental hygiene in an office setting becomes separated and
disjointed. As a member of the dental team, the hygienist
must be an advocate for dentistry. Although knowledge
of caries, periodontology, and oral pathology are basic to
the hygienist’s daily responsibilities, knowledge of
restorative dentistry will help the hygienist be a more ef-
fective member of the general dentistry team. This in-
volves the promotion of preventive and restorative dental
care for the patient. To do this, the hygienist must be
aware of the composition and use of dental materials.
The benefits of dentistry may be best understood and ac-
cepted by the patient when the hygienist can easily ex-
plain the recommended procedures, as well as discuss al-
ternative procedures and materials.

The text is divided into two sections: theory and
clinical applications. The rapid introduction of new
products in dentistry is intimidating. Learning some of
the theoretical concepts of materials science will allow
you to understand the use of categories of materials so
you won’t have to memorize mountains of facts. Proper
handling of materials is stressed throughout the text;
handling is usually more important than the particular
product selected. Chapter 20, “General Rules for Han-
dling Materials,” summarizes this essential information.
At the end of the theory chapters, learning activities are
listed to provide a greater understanding of the topic
presented. In addition, procedures important to the prac-
tice of dental hygiene are presented in “Part II: Labora-
tory and Clinical Applications.”

Some sections of the text are labeled as “optional.”
The instructor should feel free to designate other sections
as optional as well. It is hoped the outline format will fa-

—

cilitate a clear organization of the topic for the student,
as well as facilitate reading and laboratory assignments.

The authors recommend that the course instructor
make available, as a reference, a dental materials text-
book that is aimed toward dental students. Texts edited
by Anusavice and Craig are excellent. Such texts are cited
as “Supplemental Readings™ at the end of many chapters.
The authors have avoided lists of mechanical properties.
An excellent resource for this information can be found
at the web site maintained by Dr. William O’Brien and
the University of Michigan-NIDR Materials Science Re-
search Center at the University of Michigan School of
Dentistry. The website address is http://www.lib.umich.
edu/libhome/Dentistry.lib/Dental_tables/intro.html.

Several chapters contain unique subject matter for
dental hygiene students. Chapter 1 introduces the student
to materials as well as descriptions of common dental
restorations. Many figures in the text are clinical pho-
tographs and radiographs of the same case, illustrating
the use of dental materials.

Chapters 4 and 5, “Adhesive Materials” and “Direct
Polymeric Restorative Materials,” address the increas-
ingly important adhesive restorative materials. Basic con-
cepts are emphasized, as it seems new products are intro-
duced almost daily.

Chapter 12, “Radiographic Appearance of Dental
Tissues and Materials,” assists the student in identifying
dental tissues and materials on a radiograph and provides
the rationale for differences in radiolucency and ra-
diopacity in tooth tissues and dental materials. The chap-
ter also includes a reference chart of typical dental mate-
rials and the radiographic characteristics they should
exhibit.

Chapter 14, “Clinical Detection and Management of
Dental Restorative Materials During Scaling and Polish-
ing,” provides criteria and a reference chart to identify
tooth-colored restorative materials and a strategy for cor-
rectly managing all restorative procedures during scaling
and polishing procedures.
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Chapter 19, “Care and Maintenance of Instru-
ments,” addresses dental hygiene instruments as an im-
portant dental material. The composition of instruments
is discussed, as well as the appropriate manner in which
to care for them. The Hu-Friedy Manufacturing Com-
pany was most generous in providing text and artwork
for this chapter.

Chapter 21, “Infection Control and Safety in the
Dental Office,” goes beyond dental materials to cover this

important topic. It is hoped the information presented in
this chapter will be used to prevent the transmission of
disease and injuries to both clinicians and patients.

The authors have attempted to relate dental materi-
als science to the clinical practice of dental hygiene. Brief
descriptions of the above chapters emphasize this rela-
tionship. The authors will consider their efforts to be suc-
cessful if this text improves the student’s ability to pro-
vide quality dental care.
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Introduction
—

. OBJECTIVES
After studying this chapter, the student will be able to do the following:

1 Summarize the reasons a dental hygienist should be knowledgeable in the sci-
ence of dental materials.

2 Discuss some of the conditions that make the oral cavity a hostile environment.

3 Identify four characteristics or properties a dental material must possess to sur-
vive in the oral environment.

4 Explain how the following organizations evaluate and/or classify dental drugs,
materials, instruments, and equipment:
*» American Dental Association (ADA)
* Food and Drug Administration (FDA)
e International Standards Organization (ISO)

5 Name three categories into which dental materials may be classified, and discuss
each of these.

KEY WORDS/PHRASES

abutment denture prosthesis

base esthetic materials removable partial
biocompatibility fixed partial denture denture
biomaterial impression restoration
bridge liner retainer

cast luting agent specification
cavity preparation maxillofacial prosthesis study model
dental implant polishing

dental materials pontic



CHAPTER 1: INTRODUCTION

ationale for Studying Dental Materials
Basic science and dental hygiene science courses
must be studied and integrated with each other to
provide students with the knowledge and skills nec-
essary to ensure that quality dental hygiene care is
provided to their patients. This care includes assess-
ing and diagnosing the patient’s oral needs. To fulfill
these needs the dental hygienist must establish, im-
plement, and evaluate goals specified for the patient.
“Dental materials” is one of many required
courses in the dental hygiene curriculum that focuses
on materials used in the prevention and treatment of
oral disease and the promotion of health. The scope
of practice of a dental hygienist includes the delivery
of therapeutic, educational, and preventive patient
services. Materials used in the practice of dental hy-
giene include instruments made from common in-
dustrial materials, therapeutic agents, and dental
biomaterials to prevent disease. At times, therapeu-
tic dental products and preventive materials overlap.
The preventive aspects of dental hygiene include
primary prevention, which attempts to impede the
development of disease, and secondary prevention,
which attempts to limit the destruction caused by
disease. Both aspects of preventive dentistry involve
the use of instruments (made from materials) and
dental materials.
There are four reasons why a dental hygienist
should be knowledgeable in the science of dental
materials:

A. To Understand the Behavior of Materials
This will aid in the delivery of quality patient
care. For example, the proper placement of
sealants will prevent dental caries. The proper
restoration of teeth and maintenance of restora-
tions will limit the destructive effects of caries
and periodontal disease. The proper care and
maintenance of instruments (prevention of cor-
rosion) are important when sterilizing and disin-
fecting. The proper use of all of dental materials
is fundamental to the art and science of dentistry.

B. To Handle Materials Properly
Like preventive dentistry, restorative dentistry
relies heavily on the proper use of biomaterials.
Biomaterials are man-made materials used to re-
place tissues or function in intimate contact with
living tissues. Dental materials are biomaterials
used in or around the oral cavity. While the hy-
gienist may or may not be involved in the place-
ment of restorations, he or she plays a significant
role in the placement of preventive materials and
the maintenance of restorations. Understanding
the physical, chemical, and mechanical proper-
ties of materials is very important, as it influ-
ences the handling of materials.

Handling a dental material properly is a pri-
mary factor in its success or failure. The goal of
this text is to present dental materials and their
manipulation from a clinical perspective. If ma-
terials are properly mixed and placed, improved
patient care will result.

C. To Assess and Treat the Patient
The dental hygienist must be able to recognize
all dental materials placed in the mouth. These
may be visible clinically or radiographically.
Proper identification is important so that they
are not mistaken for caries (radiographically) or
another similar-looking restoration that should
be maintained in a different manner. An example
would be to recognize an all-ceramic crown.
Acidulated phosphate-fluoride (APF) gels can
etch the surface of some ceramic materials. Us-
ing an APF gel is contraindicated for patients
with ceramic restorations; a neutral fluoride gel

should be utilized.

D. To Educate the Patient

In many instances patients may ask the dental
hygienist to discuss the characteristics and prop-
erties of one dental material compared to an-
other, both of which may be a reasonable option
for the patient. Patients may also ask the hy-
gienist to describe the steps involved in the fab-
rication of a certain type of restoration. Or they
may also inquire about home care regimens,
“Will I need to do anything more than brushing
or flossing?” Knowledge of dental materials is
critical so that the patient is given professional,
complete, and correct answers.

'iomaterials and the Oral Environment

A. Oral Tissues as Biologic Materials

Whether a material is used for preventive or

restorative purposes, the oral environment

places great restrictions on which materials can

be used and the manner in which they are used.

When one realizes oral tissues are biologic mate-

rials, a variety of properties and functions are

evident. All oral tissues must function in the hos-

tile environment of the oral cavity.

1. Enamel

Enamel is a hard and wear-resistant surface
material. While enamel is able to resist the
compressive forces of biting, it is weak in its
resistance to bending and other forces that
occur when food is ground by molars.
Enamel is well supported by dentin. Enamel
will dissolve in oral fluids if the pH is too
acidic. Dental caries is the result of such an
acidic attack.
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1.

Dentin

Dentin makes up the bulk of the tooth. It acts
as a cushion for the brittle enamel and pro-
vides strength to resist the complex forces
that occur when biting. Dentin is more sus-
ceptible to acidic attack than enamel.

Pulp

The pulp provides nutrients to the dentin
and responds to stimuli with pain.

. Periodontium

The periodontium supports the tooth in a
stable but dynamic position and provides
feedback on the force placed on the tooth.
The periodontium includes the periodontal
ligament, cementum, and alveolar bone.
Gingival Tissue

A very important function of the gingival tis-
sues is to seal out the many noxious agents of
the oral cavity, which include chemicals and
microbes, from gaining access to the peri-
odontium and deeper tissues in the body.
Gingival tissues surround and attach to teeth,
forming a barrier. Although the oral cavity is
considered to be inside the body, in many
ways it is more like the outside. Biomaterials
placed in the oral cavity have very different
requirements than devices implanted inside
the body.

B. Replacement Materials for Oral Tissues

Restriction on Materials Use

When oral tissue is lost, dental professionals

attempt to replace it with a dental material.

The replacement material mimics the func-

tion of oral tissues and must withstand the

same harsh environment. The biologic na-

ture of the oral environment and the size of

the oral cavity restrict the use of materials.

These restrictions include:

a) Biting forces that may fracture teeth and
replacement material

b) Degradation of
(1) Materials, such as corrosion of metals
(2) Teeth, such as dental caries

c) Temperature changes that cause restora-
tions to contract and expand differently
than teeth, causing leakage around the
restoration and tooth sensitivity

d) Biocompatibility, the lack of harmful ef-
fects to the patient

e) Esthetic demands of the patient

. Effects of Dental Materials and the Oral

Environment on Each Other
The dental hygienist must have an under-
standing of the characteristics and properties
of dental materials. This knowledge will pro-

CHAPTER 1: INTRODUCTION 5

vide insight as to how a dental material may
affect the oral environment and the effects of
the oral environment on the dental material.
These characteristics and properties may
also limit the dentist in the selection and use
of a dental material.

istory and Selection of Dental
Materials

A. History

1.

W

Ancient Times to the 1700s
Why are certain materials chosen instead of
others to serve as dental restorative materi-
als? Actually, much has been learned
throughout history by trial and error. In an-
cient times, gold was used not only for its
corrosion resistance but also for its “worka-
bility” or ease of processing. Long ago,
artists learned to form gold into many
shapes. The relationship between the art and
science of dentistry dates back to the infancy
of the profession. It must be remembered
that for centuries humans have attempted to
improve their appearance with adornments
such as jewelry and makeup. The replace-
ment of lost teeth is also an ancient practice.
In ancient times, it was more likely for es-
thetics than function. As dentistry developed
throughout the ages, more and more materi-
als were utilized. Some of these included:
a) Ivory, which was carved
b) Porcelain, which was fired into tooth
shapes
¢) Wax and gypsum, which were used for
impressions and models
d) Zinc oxide—eugenol and zinc phosphate,
which evolved as fillings and cements to
“glue” the restoration to the tooth

. During the 1800s

By this time, dentistry was becoming a scien-
tifically based discipline. The pace of devel-
opment of new materials quickened. Amal-
gam, a silver filling material, was widely
accepted and frequently used. Porcelain was
also used for inlays and crowns.

The 20th Century

a) Dental materials science has devel-
oped into its own discipline. New materi-
als and techniques are constantly being
developed.

b) A variety of cast metals are utilized. Al-
loys are made of gold, chromium and
nickel, chromium and cobalt, and tita-
nium. Cast metals are used for crowns,
bridges, and partial dentures.
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¢) Polymers and composites are alternatives
for nearly every dental materials need.

d) The pace of dental materials development
is so fast, some of this text will be out-
dated before it is published.

e) Luckily, the basic concepts of materials
science and their use do not change. Both
the student and the practitioner need to
understand the behavior of the materials
they use. After all, they are the ones who
must select a product from a rather long
list of possibilities.

B. Selection of Dental Materials and Products
The knowledge gained in a dental materials
course will aid in the selection of products. Manu-
facturers readily provide data on strength and a
variety of other properties. At times they provide
the results of short-term clinical trials. But how
reliable is that information? More importantly,
how useful is that information? It has been a goal
of dental materials scientists to predict the perfor-
mance of a material from its strength and other
mechanical properties. Unfortunately, success has
been elusive. Clinical trials are the most reliable
source of information for many products. The
clinician must evaluate the product information
but also consider the source of the information.

lVYandards for Dental Materials

tandards for dental materials have been developed
in dentistry in the same manner as standards have
been developed in other industries. Standards de-
scribe the properties of a product so a user may se-
lect the proper material for a particular use. Stan-
dards are common in everyday life. Examples
include the octane rating of gas, film speed, the size
of nuts and bolts, computer communications, and
low-fat foods. In the United States, standards are
published and administered by the American Na-
tional Standards Institute (ANSI). Many industries
have organizations that work under the guidance of
ANSI to develop and administer the standards for
products of that industry.

A. Council on Scientific Affairs of the

American Dental Association

In the United States, standards and guidelines for
evaluating dental products are developed and ad-
ministered by the Council on Scientific Affairs of
the American Dental Association (ADA). The
Council evaluates dental drugs, materials, instru-
ments, and equipment. A successful evaluation
culminates in the awarding of the ADA’s Seal of
Acceptance. The applicant (such as a toothpaste
company or any manufacturer of a dentally re-
lated product) submits data on their product fol-
lowing the ADA guidelines. Upon approval of the

product, the applicant is permitted to use the
ADA’s Seal of Acceptance. This Seal is illustrated
in Figure 1.1. It is commonly seen on accepted
brands of toothpaste and toothbrushes. The
ADA Seal is awarded for a period of 3 years, and
then the applicant must resubmit the product.

Some of the guidelines have very specific re-
quirements for physical and mechanical prop-
erties that are measured in the laboratory and
are called specifications. Specifications have
been developed for many but not all dental
materials. Unfortunately, researchers have not
been able to develop a series of tests that ad-
equately predict the clinical performance of
many dental materials. As a result, the Accep-
tance Program relies on clinical data for the
evaluation of certain dental products. If a
product is shown to be safe and effective, it
can be given the Seal of Acceptance.

The Acceptance Program of the ADA is vol-
untary. Manufacturers are not required to have
the Seal to market dental products in the United
States. Although products might be approved for
sale by the Food and Drug Administration
(FDA), some products fail ADA specifications,
when tested. In addition, advertising for prod-
ucts that have been awarded the seal is reviewed
by the ADA.

. Medical Device Amendment of 1976

The federal government, under the auspices of
the FDA, has the authority under the Medical
Device Amendments of 1976 to ensure the safety
of all medical devices. The FDA considers dental
materials to be devices. Medical devices are
grouped into three categories:
1. Class I
These are the least regulated. Only good
manufacturing practices are required.

ADA

ACCEPTED

American
Dental
| Association e

J

ALY IMEE Seal of Acceptance of the American Dental Associ-
ation. (Courtesy of the American Dental Association, Chicago, IL.)



2. Class 11
These must meet certain performance stan-
dards, such as the ADA’s Seal Program.
Many dental products have been “grandfa-
thered in,” as they were marketed before
1976. Other Class II devices gain approval
after being shown to be equivalent to prod-
ucts currently in use.

3. Class III
These are the most regulated; they require
premarket approval. Clinical data must be
submitted to the FDA for evaluation before
Class III devices are sold. If supported by the
data, the FDA then gives approval to market
the product.

C. International Standards Organization

Many other countries have dental specifications
or standards and governmental regulations. To
simplify the mass of regulations, the Interna-
tional Standards Organization (ISO) attempts to
unify standards throughout its member coun-
tries. ISO standards for many dental materials
have been developed and continue to be devel-
oped under the guidance of the Fédération Den-
taire Internationale.

D. Selecting Products

Dentists are fortunate that there are usually sev-
eral products that will meet the needs of a partic-
ular clinical situation. It is important to select and
use materials that result in quality service to the
patient. The same product may not do so for all
practitioners. It is acceptable to select products
based on handling characteristics, a company’s
reputation and service, or packaging. If a product
has been shown to be excellent, the ill-defined
characteristics of “feel” or “looks” may be the fi-
nal criteria that result in its selection. It is impor-
tant to realize most products require some time to
learn to use them properly. If one is always chang-
ing products to have the latest and greatest “wid-
get bonder,” one may be spending so much time
learning to use new products that patient care
may be affected. Of less consequence, that person
will have drawers, closets, and refrigerators filled
with expensive, partially used dental products.

assifications of Dental Materials
Like oral tissues, dental materials serve a variety of
functions. Some materials replace lost tooth struc-
ture and restore the function of the teeth. These ma-
terials must withstand biting forces and therefore be
strong and wear resistant. Other materials are used
to make impressions of oral tissues from which
replicas are made. Many impression materials are
soft and can be distorted and stretched when re-
moved from the mouth. In dentistry as with other
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disciplines, the use of a material must be matched to
the properties of that material. Dental materials can
be classified in a variety of ways. They are typically
classified by their use or function. Restorative ma-
terials are also classified by the location of fabrica-
tion or the longevity of use.

A. Classification by Use
1. Restorative Materials
Materials used to replace lost oral tissues are
called restorative materials. As mentioned
earlier, those that replace lost tooth structure
and restore the function of the teeth must be
strong and hard. Some restorative materials
simulate the appearance of the tissues that
are being replaced. Tissues simulated by
restorative materials include the enamel of
teeth (fillings and crowns), the mucosa of the
periodontium (dentures), and even the skin
of the face (maxillofacial prostheses). Mate-
rials that are tooth-colored are often called
esthetic materials.
Restorations and Crowns
Depending on the degree of destruction of a
tooth, different restorations or fillings are
used to replace lost tooth structure. Some
restorations replace a small to moderate
amount of tooth structure and are supported
by the remaining tooth structure. Such
restorations are held in the tooth by under-
cuts (mechanical locks), adhesion, or both.
An inlay is a restoration made outside the
mouth, usually in a dental laboratory. Inlays
do not have undercuts and are cemented or
“luted” into the tooth (Fig. 1.2). Crowns are
used to restore teeth when a substantial
amount of tooth structure is missing. Crowns
encircle as well as support the remaining
tooth structure (Fig. 1.3). Crowns are ce-
mented into place similar to that of an inlay.
3. Bridges
A dental bridge replaces a lost tooth or teeth,
as shown in Figure 1.4. A typical dental
bridge is much like a bridge over a river. At
each end, the dental bridge is supported by a
tooth called an abutment. Each abutment is
prepared and then restored with a crown
called a retainer. The missing tooth is re-
placed with a false tooth called a pontic. A
pontic is a replacement tooth, but only the
crown portion of the tooth is replaced. The
pontic and abutments are strongly joined
together so that the chewing forces will not
break the bridge. The dental bridge is
cemented on the prepared teeth in the same
manner as a crown or inlay. Like all restora-
tions, the physical size of a bridge is limited

N
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el 2 WA Photograph (A) and radiograph (B) of inlay (#20) convergence and divergence of preparations for the two materi-
and amalgam (#19) restorations and drawings (C-F) showing the als. Arrows indicate bevels for the inlay.




