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Preface

Lifelong Learning

The subject of dental materials is rapidly changing as researchers and manufacturers develop new materials and improve those currently in use. Consequently, dental hygienists and dental assistants are challenged to keep up with the new materials, their physical properties, their handling characteristics, and their clinical applications. As important members of the dental team, they must be adept at placing or assisting in the placement of dental materials, and they play a valuable role in the maintenance of dental materials once they are in the mouth. Dental hygienists and dental assistants also are instrumental in educating patients in the home maintenance of restorations and prostheses and what to expect with a new prosthesis. As allied oral health providers, dental hygienists and dental assistants play major roles in preventive education and therapy in most practices. To stay current, they must be lifelong learners who know how to use available resources to update their knowledge. Dental Materials: Clinical Applications for Dental Assistants and Dental Hygienists provides the foundation for that lifelong learning for the new student and serves as an important update on new materials and on improvements in materials for the practicing assistant or hygienist. In addition, it provides them with sound criteria for evaluating steps in the restorative process in which they will play a role, such as making accurate alginate and elastomeric impressions, cord retraction and selection and application of a matrix for composite and amalgam.

Goals

The goal of Dental Materials: Clinical Applications for Dental Assistants and Dental Hygienists is to provide students with the following:

• The principles of dental materials so they can understand the rationale for the use of these materials


• The opportunity to apply their knowledge through clinical and laboratory procedures


• The ability to evaluate their work using accepted criteria


• The opportunity to test their knowledge and prepare for board examinations


• The resources that they will need to obtain updates on dental materials and contact dental manufacturers


Features

The chapters have the following components:

• Learning and performance objectives to guide students in learning.


• Key terms listed and defined in the order of their presentation in the chapters and highlighted in the chapters in bold print.


• Basic principles and applications, physical properties, and handling characteristics of the dental materials presented in each chapter.


• Helpful clinical tips or precautions regarding the use of the materials, highlighted in boxes set apart from the main text for emphasis.


• Illustrated clinical and laboratory procedures presented in step-by-step instructions so that students can practice common applications of the materials. Icons placed at the top of the procedure sheets guide the clinician as to precautions for patients or clinicians and alert the clinician when procedures may not be allowed by all state dental boards.


• Competency assessment forms to test skills attainment.


• Review questions to enable students to test their comprehension of the subject matter and prepare for examinations; answers are provided at the end of the book.


• Case-based discussion topics that encourage students to relate what they have learned to the actual application in the dental office. Instructors may want to use them as topics for group discussions.


• Reference lists at the end of each chapter to help students find additional information about the principles and properties of the dental materials discussed.


• Links to instructional videos.


Explanation of Icons

Easily recognizable icons appear at the top of each procedure sheet to give you important information at a glance. The icons represent cautions on patient and clinician safety and alert you to functions that may or may not be allowed by your state dental board. The icons alert the clinician to the following:


[image: icon]Icon for patient safety: It is recommended that the patient wear safety glasses for this procedure.


[image: icon]Icon for operator safety: The clinician must wear personal protective equipment such as mask, safety glasses, and gloves when performing this procedure.


[image: icon]Icon for hazard sign: This procedure may present a hazardous working environment to the clinician if appropriate safety protocol is not followed.




[image: icon]Icon for legal functions: This procedure may or may not be allowable for allied oral health professionals in your state. Please check your state dental practice act before performing this procedure.

New to this Edition

• Lists of instructional videos with links found on the Evolve web site to supplement learning from the text


• Matrix systems for composite and amalgam


• Expanded information on light curing units and curing techniques


• Expanded information on self-etching bonding agents


• Implant surgery risks; operatory preparation for surgery


• Impression techniques for implant restoration


• Bone grafting for implants


• Incorporating CAD/CAM technology into private practice


• Digital impressions


• Methods for gingival retraction; evaluation criteria for successful cord packing and impression making. Critical errors and minor errors in the impression with illustrations.


• Patient education regarding adapting to new dentures and home care instructions


• Obstructive sleep apnea and its treatment


• Clear orthodontic aligners


• Detection of restorations


• Explanation of adhesion failure


• Dental laboratory infection control


• New hazard communication program using Safety Data Sheets


• Eco-friendly practices


• Air-polishing and air abrasion


• Adhesive and self-adhesive resin cements


• New provisional materials and techniques


Evolve

An expanded Evolve website is key to this edition. The Evolve website provides a variety of resources for both instructors and students.

For instructors

- NEW! TEACH Instructor’s Resource Manual


- Test Bank


- Image Collection


For students

- Practice Quizzes


- Competency forms


- Flashcards


- Instructional video links


A Note to Educators


Dental Materials: Clinical Applications for Dental Assistants and Dental Hygienists is written to be easily comprehended by students with varying amounts of science in their educational backgrounds. Learning and performance objectives draw the students’ attention to the important concepts and features of the materials. Key terms are not only listed but also defined at the start of each chapter. Helpful clinical tips are used throughout the chapters to call attention to clinical points to which the student may not have been exposed, and cautions are noted where appropriate for the safety of both the patient and the clinician. The book is generously illustrated to help with comprehension of clinical and laboratory procedures, especially for our visual learners. The procedures help the students to see how the materials are actually used, and when students apply their newly gained knowledge, the procedures reinforce learning. Review questions help reinforce what the students have learned and help prepare them for board examinations. Case-based discussion topics can be used for group discussions and bring the flavor of real-life dentistry to the application of dental materials.

Additional material is included on the Evolve website. Chapter quizzes (270 total questions) help students prepare for classroom and board exams. Flashcards reinforce new vocabulary. Competencies are included for each procedure so that students can evaluate their own efforts and also receive feedback from their instructors.

Your Comments, Please

The authors would appreciate suggestions or comments regarding this book because it is written with your needs in mind. We hope instructors and students will enjoy this book and gain as much from it as we have intended.

Carol Dixon Hatrick


carolhatrick@santarosa.edu

W. Stephan Eakle


Stephan.Eakle@ucsf.edu
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Chapter 1

Introduction to Dental Materials


Chapter Objectives


On completion of this chapter, the student will be able to:

1. Discuss the importance of the study of dental materials for the allied oral health practitioner.


2. Discuss why it is necessary that the allied oral health practitioner have an understanding of dental materials for the delivery of dental care.


3. Discuss evidence-based decision-making (EBDM) as it relates to dental materials; what questions might you ask yourself or your practice to make sure you are increasing the potential for successful patient care outcomes?


4. Review the historical development of dental materials.


5. List and compare the agencies responsible for setting standards and specifications of dental materials.


6. Discuss the requirements necessary for a consumer product to qualify for the ADA Seal of Acceptance.







[image: icon] http://evolve.elsevier.com/Hatrick/materials.


The study of dental materials (biomaterials) is the science covering the evolution, development, properties, manipulation, care, and evaluation of materials used in the treatment and prevention of dental diseases and the interactions of these materials with the tissues of the face and mouth. Specifically, it includes principles of engineering, chemistry, physics, and biology. Dental biomaterials science is changing rapidly as dentistry keeps up with the requirements for delivering optimal health care and delivering minimally invasive dentistry.

The tooth and the tooth’s supporting structure, esthetics, and function are important considerations for the patient’s overall well-being. The dentist, dental assistant, and dental hygienist should have an understanding of why materials behave as they do and how we can help to maximize their performance. Through the understanding of how the basic principles of biomaterials affect the choice, manipulation, patient education, and care of all materials used to assist in rendering dental services, the dental assistant, dental hygienist, and dentist can help to ensure the ultimate success of a patient’s dental work and contribute to their quality of life.

The Role of the Dental Auxiliary in the use of Dental Materials

Since 1970 efforts have been made to employ allied oral health practitioners (also referred to in text as dental auxiliaries), dental assistants and dental hygienists, in the performance of intraoral tasks to efficiently deliver health care and to enhance the productivity of the dentist. Until 1970 only the dental hygienist was allowed to perform intraoral functions in all states. Although laws vary from state to state virtually every state has modified, updated, and made changes to its state restrictions to allow for the performance of intraoral procedures by all allied oral health practitioners. At present, several states allow for the placement as well as care of restorative and other therapeutic agents in the patient’s mouth by auxiliaries, including the new category of dental therapist.

In the traditional role, the dental assistant is most directly responsible for the delivery of dental materials within specific guidelines outlined by the dental manufacturer. In the traditional role, the dental hygienist’s responsibilities more frequently include the care of the restorative material once it has been placed and the application of some therapeutic and preventive agents. Expanded function auxiliaries provide restorative services after the dentist has prepared the tooth for restoration. These services may include placement and carving or finishing of the restorative material, placement of retraction cord, and taking the final impression for crown and bridge restorations and/or endodontic procedures. The advance practice dental therapy auxiliary may provide basic preventive and restorative treatment to children and adults under the general supervision of, or in affiliation with, a dentist. Typically these dental therapists work primarily in settings that serve low-income, uninsured, and underserved populations or in a dental health professional shortage area. State regulations determine the training and scope of practice for the expanded function auxiliary and the advance practice dental therapist.

All allied oral health practitioners must have a complete understanding of the potential hazards in the manipulation and disposal of materials and be trained to handle them safely. Background knowledge of the basic principles of dental materials is also essential to appreciate the selection of a particular restoration or treatment procedure for individual patient application. It becomes, in many circumstances, the auxiliary’s role to educate the patient in the reasons that the dentist has recommended a particular restorative or therapeutic material or the choices the patient may have for a particular circumstance.

Dental materials are classified as preventive, restorative, or therapeutic materials. The search for the perfect material, designed to prevent disease, treat disease, or restore tooth structures, continues to elude the profession. There have been many important improvements in dental materials in recent years; however, despite these improvements, the ideal material does not yet exist. The perfect material would be biocompatible, bond permanently to the tooth structures, and be esthetic and useful in repairing or regenerating missing tissues.

This may seem an overwhelming task given the ever-growing variety and changes of materials available; recommendations for their use or disuse; and rapidly developing techniques in manipulation, placement, and care. Professional journals, dental materials manufacturers and manufacturer’s representatives, web links, and other resources can provide invaluable information. The knowledgeable allied oral health practitioner reviews products used and recommended by their office to provide a reliable resource for their patients and the dentist.


Why Study Dental Materials?


To enhance safety: Appropriate handling and disposal of dental materials



To promote awareness: Awareness of the overall success of a particular material’s properties in dental applications



To maintain materials properly: Recognition of dental materials present in oral cavity; effective cleaning, polishing, and instrumentation



To deliver correctly: Accurate knowledge of the behavior of a dental material on application, correct manipulation of material, effective delivery or assistance in delivery of material



To educate patients: Ability to present options concerning dental material choices, maintenance of materials present




Evidence-Based Dentistry

The American Dental Association (ADA) defines evidence-based dentistry as an approach to oral health care that requires the judicious integration of systematic assessments of clinically relevant scientific evidence, relating to the patient’s oral medical history, with the dentist’s clinical expertise and the patient’s treatment needs and preferences. Searches through the scientific literature identify thousands of citations for materials and techniques in restoring and treating oral structures. With this wealth of scientific information, evidence-based decision-making (EBDM) helps the clinician make decisions about what is relevant to incorporate into practice. In incorporating EBDM into your practice you should ask the following: How does your practice make decisions regarding the techniques, technology, and products used? How do you analyze the published scientific literature to make sure a product provides a clinical benefit to the patient? Do you try product samples before giving them to your patients? How does your office stay informed about the newest advances in dentistry? How do you incorporate the patient’s needs and choices into your decision-making process?

Evidence alone does not replace clinical expertise or input from the patient. EBDM requires an understanding of new concepts and the development of new skills. The clinician must be able to incorporate the best research evidence along with clinical expertise and patient preferences. Developing an evidence-based approach to addressing patient problems will greatly increase the potential for successful patient care outcomes by understanding the cause-and-effect relationship between biomaterials selected and the success of the treatment rendered. The ADA offers a website (http://ebd.ada.org/) for dentists and their patients to access the most current, clinically relevant information. This approach is based on scientific research and clinician expertise and is tailored to the patient’s needs (Figure 1-1).


[image: image]

FIGURE 1-1 The elements of evidence-based dentistry. (From Sakaguchi RL, Powers JM: Craig’s Restorative Dental Materials, ed 13, St. Louis, 2012, Mosby.)






The Historical Development of Dental Materials

The concept of using materials for restoration, replacement, or beautification to change the appearance and/or function of the natural dentition predates Christianity. Just as today, the diet of our caveman ancestors was a chief contributor to dental disease. Although they were rarely afflicted with dental caries, because of the lack of refined sugars, excessive wear from a diet containing sand, dirt, and grit from grain ground on rough stones produced occlusal surfaces of teeth often worn to the pulp with resultant abscess formation. Examination has revealed mummies that show loss of teeth due to abscess and periodontal disease as early as 2500 B.C.E. Research published in the Proceedings of the National Academy of Sciences has revealed the presence of toothpicks among the oldest known human fossils, dating 1.77 million years ago. Much is found in the literature about treatment options, including remedies based on potions and prayer, but no evidence of restorative dentistry exists until around 600-300 B.C.E. The Etruscans, who once lived in the area of present-day Tuscany, created bridges of gold rings and natural, as well as, cadaver teeth. By the Christian Era the Romans, who put quite a value on teeth, had become skilled at restoring teeth with gold shells, fixed bridges, and partial and full dentures although through the Middle Ages and into the mid-1800s most dental treatment consisted of extraction and artificial replacements.

Casts constructed of plaster from wax impressions were developed in Prussia in the mid-eighteenth century. Hippopotamus ivory bases with human and animal teeth replacements were popular. However, because it was so difficult to carve ivory, retention of dentures was accomplished by joining the maxillary and mandibular dentures with springs forcing the two parts against the arches. Pierre Fauchard, considered the father of modern dentistry, devotes a portion of his book, The Surgeon-Dentist, published in 1728, to this technique. George Washington had several sets of such dentures, losing one tooth after another until, at the time of his inauguration in 1789, he had only one tooth left (Figure 1-2). In France in the late 1700s, work was being done to improve denture teeth by firing them from porcelain. In 1788 King Louis XVI bestowed on a Parisian dentist an inventor’s patent for porcelain teeth. For denture bases the Goodyear brothers gained a patent for rubber called vulcanite in 1844, and this remained the primary denture base material until World War II. Dentures were made from many materials; depicted in (Figure 1-3) is a denture base elaborately carved in wood with carved black and ivory teeth.


[image: image]

FIGURE 1-2 A denture with spring closure, much like those worn by George Washington.






[image: image]

FIGURE 1-3 A denture of carved black and white ivory teeth.





Silver paste is first mentioned by the Chinese in 659 C.E.; more than 1000 years later, in 1800, it was produced in France from “shavings from silver cut from coins mixed with enough mercury to form a sloppy paste.” Health problems arising from the high mercury content of this early amalgam prompted the American Society of Dental Surgeons in 1846 to pass a resolution not to use amalgam under any circumstances. The disagreement over the value and safety of amalgam came to be called the “Amalgam War,” and it did not end until 1895 when G.V. Black developed an acceptable amalgam formula.

Gold remained popular for the restoration and decoration of teeth and gained in popularity in 1855 when cohesive gold foil, which could be condensed directly into the cavity preparation, was introduced (Figure 1-4). At the same time dental cements were introduced. Patterned after a technique for cementing tiles to floors, the first mixtures of cements, using zinc oxide with a weak phosphoric acid, were developed. In 1907, William Taggart demonstrated a casting method to produce gold inlays. In 1932 synthetic resins were introduced; these resins soon replaced rubber as the denture base of choice. At this time synthetic resins also became a popular tooth-colored alternative and, together with the introduction of the acid-etch technique in 1955, evolved into one of the most popular of the restorative materials, composite resins.


[image: image]

FIGURE 1-4 Class IV gold foil restoration on the facial surface of the mandibular first premolar.
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FIGURE 1-5 Severe dental fluorosis.





Preventive dentistry had an early beginning as well, with fluoride first mentioned in 1874 and dispensed in England at this time for the prevention of caries. Frederick McKay is credited with noting dental fluorosis in Colorado Springs in 1901, and together with G.V. Black determined that drinking water was the factor. These caries-free but mottled teeth prompted McKay to suggest changes in the water supply, leading to the first community water fluoridation program in 1945 (Figure 1-5).



TABLE 1-1

Historical Development of Dental Materials



	Era
	Developments




	Ancient times
	600-300 B.C.E.—Etruscans practice dentistry with artificial teeth and gold work



	Middle Ages
	700—Chinese medical text mentions “silver paste” for replacement of tooth structure



	Sixteenth century
	1530—The Little Medicinal Book for All Kinds of Diseases and Infirmities of the Teeth, the first book devoted entirely to dentistry, is published in Germany. Written for barbers and surgeons who treated the mouth, it covers practical topics such as oral hygiene, tooth extraction, drilling teeth, and placement of gold fillings



	Eighteenth century
	Casts constructed of plaster and wax for the construction of dentures with finely carved ivory teeth, animal and cadaver teeth
Pierre Fauchard introduces the technique of joining maxillary and mandibular dentures with springs and hinges. The was done to compensate for the weight of the dentures, which made retention of the maxillary denture virtually impossible
Denture teeth fired from porcelain in France
First dental assistant employed by C. Edmund Kells of New Orleans



	Nineteenth century
	Denture bases made of rubber by the Goodyear brothers
Silver coins mixed with mercury as the first dental amalgam
“Amalgam War”—American Society of Dental Surgeons passes a resolution not to use amalgam
G.V. Black develops an acceptable amalgam formula
Silicate cements developed for esthetic restorations
Cohesive gold foil introduced



	Twentieth century
	Dr. William Taggart develops the method to cast gold inlays
Dr. Alfred Fones opens the first school for dental hygienists
Development of acrylic resin for fillings and dentures
Fluoride placed in community drinking water
Development of the acid-etch technique for bonding
Composites replace silicate cements for esthetic restorations
Light-activated composites
First commercial home tooth whitening product marketed
Modern ceramics are developed for esthetic restorative alternatives
First commercial home tooth-whitening product marketed







Whether through the desire for a natural look or more ornamentation, history shows that the appearance of the teeth was important to our early ancestors. King Solomon is said to have complimented Sheba on her teeth: “thy teeth are like a flock of sheep that are even shorn, which come up from the washing.” Empress Josephine used a handkerchief to conceal her bad teeth, turning the hankie into a fashion accessory. In 1295 Marco Polo wrote of the people of southern China covering their teeth with thin plates of gold. This use of gold may have suggested the socioeconomic status of the individual as well as serving a protective purpose. In the mid-1800s, California railroad king Charles Crocker had a gold crown, embedded with diamonds to form the cusps, placed on one of his molars.

The history of dental materials and techniques in the restoration, replacement, and beautification of our teeth is full of ingenuity (Table 1-1). Even early man knew the importance of maintaining these important structures and more often than not suffered the pain associated with their neglect. Through centuries of dental practice dental professionals have been challenged with the restoration of tooth and oral structures lost to disease and trauma.

The Agencies Responsible for Standards

Most of the triumphs and atrocities of dentistry were discovered by trial and error, mainly at the expense of the patient. It is only in more recent times that the study of dental materials includes standards set forth to evaluate a material or technique before it is tried in the patient’s mouth. In 1839 the first such attempt was made when the American Society of Dental Surgeons was formed to fight against the use of amalgam by forbidding its members to use silver amalgam for restoring lost tooth structure. In 1930 the first of the American Dental Association Specifications was for amalgam alloy.

American Dental Association

Dentistry continued to try to elevate and regulate the practice of the profession with the establishment of the American Dental Association (ADA) in 1859. In 1866 an ADA committee prepared a statement on a toothpaste, claiming “it cut teeth like so much acid.” By 1930, the ADA had established guidelines for testing of products and awarded the first Seal of Acceptance in 1931 (Figure 1-6). Members of the ADA’s Council on Scientific Affairs and ADA staff scientists reviewed dental drugs, materials, instruments, and equipment for safety and effectiveness before awarding the ADA seal. The ADA seal has evolved since its inception; in 2005 the ADA decided to phase out the seal for professional products and to award it only to consumer products. Although a strictly voluntary program, more than 300 consumer dental products carry the ADA Seal of Acceptance. Most common among these are toothpaste, toothbrushes, mouth rinses, floss and other interdental cleaners, sugar-free chewing gum, and denture adherents and cleansers.



[image: image]

FIGURE 1-6 The American Dental Association (ADA) Seal of Acceptance.





The consumer and dentist alike recognize this important symbol of a dental product’s safety and effectiveness. The ADA Seal of Acceptance is designed to help consumers make informed decisions about the safety and efficacy of products. Consumers can be confident in products bearing the ADA seal; these products have undergone voluntary and strict testing. The ADA seal outlines a broad spectrum of requirements that must be met to qualify for the ADA seal. A list of products and guidelines for qualifying for the ADA Seal of Acceptance are available online at http://www.ada.org.

In July 2006, the ADA began a new program to evaluate professional dental products: the “ADA Professional Product Review.” This newsletter is mailed to ADA members four times a year with the Journal of the American Dental Association. This resource includes extensive laboratory performance data and clinician feedback and is a publication of the ADA’s Council on Scientific Affairs.

The American National Standards Institute (ANIS) was founded in 1918. The mission of this not-for-profit organization is to enhance the global competitiveness of U.S. businesses while helping to ensure the safety and health of consumers and protection of the environment. The development of ANSI/ADA Specification Number 41, Recommended Standard Practices for Biological Evaluation of Dental Materials, represents the establishment of biological tests for dental materials.

U.S. Food and Drug Administration

The U.S. Food and Drug Administration (FDA) is one of the oldest consumer protection agencies and is charged with protecting the public by ensuring that products meet certain standards of safety and efficacy. The original Pure Food and Drug Act of 1906 did not include provisions to ensure medical and dental device safety or claims. In 1976 the Medical Device Amendments were signed to give the FDA regulatory authority over medical and dental devices that are now classified and regulated according to their degree of risk to the public. Dental materials, considered devices by the FDA, as well as over-the-counter products sold to the public, are subject to control and regulation by the FDA Center for Devices and Radiological Health. There are three classifications of medical (including dental) devices, grouped according to the amount of control needed to ensure their safety and efficacy:


Class I: Lowest risk, good manufacturing standards and record-keeping practices, materials such as examination gloves and prophylaxis (prophy) paste and some over-the-counter products.



Class II: Products required to meet performance standards set by the FDA or ADA, products such as amalgam and composite materials.



Class III: The most regulated devices, which support or sustain human life; include such products as endosseous implants and bone-grafting materials. These require premarket approval of the FDA, involving scientific review to ensure their safety and effectiveness.


International Agencies

Two international agencies, the FDI World Dental Federation and the International Organization for Standardization (ISO), represent the standards used to develop specifications and testing at the international level. These standards are developed through the ISO’s technical committee for dentistry (ISO/TC 106). In Canada’s Medical Devices Regulations, dentistry manufacturers that apply for a license to distribute materials used in dentistry within Canada must provide a valid certificate showing that their quality management system complies with the ISO standard for quality systems (ISO 13485:2003). To receive such a certificate, manufacturing companies are audited to ensure their procedures are in line with requirements set out in the standard.

These international standards are invaluable in supplying today’s high demand for dental materials and devices.

There have been many advances in the quality and efficacy of dental materials; the challenge to dental professionals is to use evidence-based practice to critically review the claims, performance, and long-term end-product results of the materials and devices chosen. The input of the allied oral health practitioner is imperative in the successful choice of these materials to deliver quality service to the patient.


Future Developments in Dental Biomaterials

The dental materials used today are much better than those used in the past, but they are still far from being ideal. Materials continue to be developed and techniques in their manipulation improved. Despite much more effort in health promotion and disease prevention, dental caries is a major public health problem globally. Dental restorations are still needed. The World Health Organization (WHO) and the United Nations Environment Programme (UNEP) meeting in 2010 has strengthened the work to reduce risks to human health and the environment from the use and release of mercury by recommending alternatives to amalgam containing restorations (Chapter 10). Periodontal disease continues to be a leading cause of tooth loss despite technologies to improve homecare and patient education. Advances in periodontal surgery, restorative dentistry, and implant therapies have enabled people to retain their teeth (Chapter 12). The demand for esthetics has driven the increase in whitening systems (Chapter 8), esthetic restorations (Chapters 6 and 9), and orthodontic procedures (Chapters 5 and 19).

Today there are many advances in tissue regeneration, implant therapies (Chapter 12), esthetic adhesion (Chapter 5), and biomechanics to look forward to in the near future. Nanotechnology will change the properties of materials by creating functional structures by controlling atoms and molecules on a one-on-one basis, allowing us the ability to arrange atoms as we desire. Nanoscale fibers will be used to support bone augmentation, periodontal ligament regeneration, and implant osseointegration (Chapter 12). Nanocomposites (Chapter 6) will increase the amount of filler particles contained within composite restorations, resulting in a higher degree of strength and resistance to abrasion. These filler particles are smaller than the wavelength of light, resulting in higher translucence and a vast range of color options.

The ADA, FDA, and ISO are committed to continuing to evaluate, test, monitor, and assess risks and review claims and labels of all materials used in dentistry (Chapter 4). Current research is concentrating on bringing technology to the dental office, making dental appointments faster, minimally invasive, and more comfortable for the patient and resulting in optimum patient-centered care. The allied oral health practitioner will continue to play an important role in the successful delivery, manipulation, and maintenance of these and other materials and technologies. Embrace the study of dental materials, for it is the advancement of this science that will ultimately change the way we look at the replacement of oral structures. We look forward to the future.


Case-Based Discussion Questions


1. Compile a list of 5 to 10 dental products that display the ADA Seal of Acceptance and are found in your local drug store or supermarket.


How is the seal displayed on these items? Ask family and friends if the seal is important in their selection of a dental product. How does the presence of the seal affect your recommendation of a particular product?


2. Research a dental product by using the Internet or by contacting a manufacturer’s representative.


What information is available? What type of research has been done? How is the product marketed? What assistance is available to the consumer or dental office?
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Chapter 2

Oral Environment and Patient Considerations


Chapter Objectives


On completion of this chapter, the student will be able to:

1. Discuss the qualities of the oral environment that make it challenging for long-term clinical performance of dental materials.


2. Describe the long-term clinical requirements of therapeutic and restorative materials.


3. List and give examples of the four types of biting forces and the tooth structures most ideally suited to them.


4. Define stress, strain, and ultimate strength and compare the ultimate strength of restorative materials during each type of stress to tooth structures.


5. Describe the effects of moisture and acidity on dental materials.


6. Describe the clinical significance of galvanism and how it can be prevented.


7. Define thermal conductivity and thermal expansion and contraction and compare the values of thermal expansion and conductivity of restorative materials with those of tooth structures.


8. Describe the process used to achieve mechanical, chemical adhesion, or bonding retention.


9. Describe the factors that determine successful adhesion, including wettability, viscosity, film thickness, and surface characteristics.


10. Describe microleakage and how the results of this process can lead to recurrent decay and postoperative sensitivity.


11. Define biocompatibility and discuss why requirements for biocompatibility may fluctuate.


12. Compare the three visible light wavelengths that are sensed when recognizing color.


13. Describe tooth color in terms of hue, value, and chroma.


14. Explain the importance of detection of restorations and methods for detection.






Key Terms defined within the chapter


Therapeutic Materials

   materials used to treat disease

Auxiliary Materials

   materials used to fabricate and maintain restorations, directly or indirectly

Biocompatible

   the property of a material that allows it not to impede or adversely affect living tissue

Adverse Response

   an unintended, unexpected, and harmful or unwelcomed response of an individual to dental treatment or biomaterial

Restorative Materials

   materials used to reconstruct tooth structure

Compressive Force

   force applied to compress an object

Tensile Force

   force applied in opposite directions to stretch an object

Shearing Force

   force applied when two surfaces slide against each other


Torsion or Torque


   a twisting force that combines tensile and compressive forces

Stress

   the internal force, which resists the applied force

Strain

   distortion or deformation that occurs when an object cannot resist a force

Flexural Stress

   bending caused by a combination of tension and compression

Fatigue Failure

   a fracture resulting from repeated stresses that produce microscopic flaws that grow

Solubility

   susceptible to being dissolved

Water Sorption

   the ability to absorb moisture



Corrosion

   deterioration of a metal caused by a chemical attack or electrochemical reaction with dissimilar metals in the presence of a solution containing electrolytes (such as saliva)

Tarnish

   discoloration resulting from oxidation of a thin layer of a metal at its surface. It is not as destructive as corrosion

Galvanism

   an electrical current transmitted between two dissimilar metals in a solution of electrolytes

Dimensional Change

   a change in the size of matter. For dental materials, this usually manifests as expansion caused by heating and contraction caused by cooling

Coefficient of Thermal Expansion

   the measurement of change in volume or length in relationship to change in temperature

Percolation

   movement of fluid in the microscopic gap of a restoration margin as a result of differences in the expansion and contraction rates of the tooth and the restoration with temperature changes associated with ingestion of cold or hot fluids or foods

Thermal Conductivity

   the rate at which heat flows through a material

Insulators

   materials having low thermal conductivity

Exothermic Reaction

   the production of heat resulting from the reaction of the components of some materials when they are mixed

Retention

   a material’s ability to maintain its position without displacement under stress

Adhesion

   the act of sticking two things together. In dentistry, it is used to describe the bonding or cementation process. Chemical adhesion occurs when atoms or molecules of dissimilar substances bond together and differs from cohesion in which attraction among atoms and molecules of like (similar) materials holds them together

Bonding

   to connect or fasten; to bind

Wetting

   the ability of a liquid to wet or intimately contact a solid surface. Water beading on a waxed car is an example of poor wetting

Viscosity

   the ability of a liquid material to flow

Film Thickness

   the minimal obtainable thickness of a layer of a material. It is particularly important in the context of dental cements

Surface Energy

   the electrical charge that attracts atoms to a surface

Interface

   the surface between the walls of the preparation and the restoration or between two dental materials

Microleakage

   leakage of fluid and bacteria caused by microscopic gaps that occur at the interface of the tooth and the restoration margins

Hue

   the color of a tooth or restoration. It may include a mixture of colors, such as yellow-brown

Chroma

   the intensity or strength of a color (e.g., a bold yellow has more chroma than a pastel yellow)

Value

   how light or dark a color is. A low value indicates a darker color and a high value indicates a brighter color

Transparent

   optical property in which light passes directly through an object

Opaque

   optical property in which light is completely absorbed by an object

Translucency

   optical property in which varying degrees of light pass through or are absorbed by an object

Vitality

   a life-like quality




[image: icon] http://evolve.elsevier.com/Hatrick/materials.


To become effective in the selection, manipulation, and handling of dental materials it is important that the student have an appreciation for the complexity and challenges of the oral environment. Dental biomaterials placed and used within the oral cavity must be biocompatible, durable, nonreactive under acid or alkaline conditions, compatible with other materials, and esthetically acceptable. All of these factors must be considered within the unique environment of the oral cavity. The oral environment produces many limitations to both the physical and mechanical properties of dental materials: limitations in what can and cannot be used safely, limitations in the type and long-term clinical needs of the treatment, and limitations in the conditions of the oral cavity. These limitations may vary somewhat from patient to patient and in specific circumstances. Dental materials must be compatible in an environment of moisture and differing stresses, temperatures, and acid levels. The degree of compatibility may depend on how and/or how long the material is expected to remain in the oral environment. Therapeutic materials, those used to treat disease, are generally used for short periods of time whereas restorative materials, those used to reconstruct tooth structure, are expected to remain in contact with tissues for indefinite lengths of time. Consider the following cases. If a therapeutic agent were to be used to treat a specific condition, such as a denture sore, it would need to be biocompatible with the tissues but would not require an extreme amount of longevity. If the material were being used as a permanent restoration, such as a gold crown, biocompatibility and longevity would both be of great concern.


Patient concerns, questions, and demands must also play a part in the decision process. The patient should be brought into the decision process very early. Tooth-colored materials are frequently requested by the patient, but may present limitations in their use under certain circumstances. Patients are frequently looking for the best esthetic choice and may not be aware of the limitation of that choice. The patient may desire porcelain or composite veneers to cover discolored anterior teeth or to close spacing (Figure 2-1). If the patient has parafunctional habits such as clenching or grinding, the choice of porcelain material may also result in the chipping or wearing of the opposing teeth. The patient needs to be educated in the limitations of their particular situation and the appropriate restorative choices to produce long-lasting choices. The allied oral health practitioner is frequently involved in this education and must have a good understanding of how materials function in the oral environment.


Classification of Dental Materials

Dental materials may be classified by their use: preventive/therapeutic materials, restorative materials, and auxiliary materials.


Preventive/therapeutic materials are used to prevent disease or trauma or for their therapeutic action on the teeth or oral tissues. Included in this category are materials such as pit and fissure sealants to help prevent caries, mouth guards to mitigate the effects of parafunctional habits and injury due to athletic activities, and materials used for their antibacterial effects such as those found in some restorative and base materials. Also included in this category are fluoride and fluoride-containing materials to prevent or reduce the progression of caries.



[image: image]

FIGURE 2-1 Closing a diastema (i.e., a space) between teeth #8 and #9 with composite restorative material. (Courtesy of Dr. Stephan Eakle.)







Restorative materials include those materials used to repair or replace tooth structure lost to oral disease or trauma or to change the appearance of the teeth. Restorations are classified as direct and indirect. Direct restorations are placed immediately and directly into a prepared tooth in a malleable state that then sets to harden. This procedure can be done in a single office visit. Indirect restorations involve customized tooth replacements that require fabrication outside the mouth usually in a lab. These restorations will require a second appointment to fit and cement the restoration.



Auxiliary materials include those materials used to fabricate and maintain restorations, directly or indirectly. Materials such as impression materials, gypsum, dental waxes, and finishing and polishing materials are also included in this category.


Biocompatibility

Materials must be biocompatible; that is, they must not impede or adversely affect living tissue and should interact to the benefit of the patient. The study of dental biomaterials must include a thorough understanding of each material’s biological properties; all materials contain potentially irritating ingredients. Responses may include postoperative sensitivity, toxicity, and hypersensitivity. A material may be acceptable for use or fabrication on hard tissues (tooth structure), whereas it may not be acceptable for use on soft tissues. Some materials may be therapeutic in small quantities or if in contact with tissues for short periods of time, but also may be irritating or toxic with longer contact or in larger doses. Topical fluoride is of great benefit when used according to the manufacturer’s directions, but can be irritating to soft tissues and even excessively etch enamel if used improperly. Dentistry is not alone in its attention to the development of biocompatible materials; orthopedics must consider biocompatibility in the placement of joint prostheses, as does cardiology in the placement of catheters and prosthetic heart valves. All must consider the short-term and long-term functional and biocompatible responses of any material.
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FIGURE 2-2 Allergic reaction to nickel. A porcelain-fused-to-metal crown has been placed on tooth #9. The tissue is red and inflamed and bleeds easily because of chronic inflammation from contact with the metal in the crown.





Postoperative sensitivity is often associated with dental operative procedures. This may be due to the toxicity of the restorative, preventive, or therapeutic material or bacterial invasion into or near the pulpal tissues.

A patient’s adverse response may be due to the material itself or may be due to the breakdown of its components in the oral environment. Composite restorations may discolor in the mouth as a result of the oral environment and/or patient habits. Frequently, materials are used in combination to produce a restoration, such as a porcelain-fused-to-metal crown cemented with glass ionomer cement. The use of multiple materials makes adverse responses more difficult to evaluate. It is now reported that significant percentages of people have skin allergies or hypersensitivity to some metals, in particular nickel, and should avoid these materials. The use of nickel-based alloys is common in dentistry and there is evidence of nickel allergies in 10% to 20% of the population, particularly in women. Evidence of allergic reactions to nickel may be seen in crown margins of metal-based crowns (Figure 2-2), on a patient’s lips when wearing some orthodontic appliances, and on a patient’s attached gingiva in contact with the metal framework of a removable prosthesis. A complete health history and questioning of the patient can help to identify hypersensitive individuals. Individuals reporting reactions to metals in jewelry may be allergic to the nickel contained in the metal. In general, materials intended for permanent replacement of tooth structures should exhibit no adverse biologic responses as well as be of benefit to the patient.

In subsequent chapters the limitations as well as precautions for the use of each material will be clearly outlined.

Biomechanics

The function of a material depends on the properties of that material as well as on how the material is being asked to perform. Such design considerations require an understanding of the biomechanical properties of the material. Much like an engineer, the dentist must design a dental bridge by taking into consideration load, span, and supporting structures. For example, a material may be used successfully on anterior teeth, where biting forces are not as profound, whereas this same material may be undesirable as a replacement for the occlusal surfaces of posterior teeth, where biting forces are more prominent. Excessive wear of a material may be due to the forces of a stronger material against a weaker material such as porcelain against enamel and may be intensified by the addition of parafunctional habits such as clenching or grinding. Dentists must consider the performance of a material based on a thorough knowledge of the material’s properties, the intended application of the material, and the particulars of each patient’s oral environment.

Force and Stress

Materials must withstand varying degrees of force, or load, through muscular action resulting in the pushing or pulling of an object during mastication, and for some patients from parafunctional habits such as clenching or grinding (called bruxism) as well. Normal biting force varies among individuals and from one area of the mouth to another. Biting force is largely a measurement of the strength of the muscles of mastication during the normal chewing of foods. When clenching or grinding, this force is increased due to the lack of a food cushion and the resultant direct contact of tooth surfaces. Normal masticatory forces on the occlusal surface of molar teeth average 90 to 200 pounds per square inch and can increase to as much as 28,000 pounds per square inch on a cusp tip. Masticatory forces decrease in incisor areas and can increase during bruxism. Denture wearers apply 40% less force than patients with intact dentitions. A study of the anatomy of teeth reveals that each tooth is more ideally suited for specific types of force. The three basic types of force are as follows:


Compressive Force, force applied to compress or squeeze an object; crushing biting forces. Posterior teeth are ideally suited for this type of force. Their large occlusal surface and multirooted base are well suited to resist a crushing force.



Tensile Force, force applied in opposite directions to stretch an object or pull it apart. When biting forces are used to stretch a material the teeth are exerting tensile force. The forces used in chewing a caramel are different from those used in chewing a peanut.



Shearing Force, force applied when two surfaces slide against to each other in opposite directions. When the maxillary and mandibular incisors are used for cutting, shearing forces are applied. When we use the anterior teeth to bite into a food, we slide the mandibular teeth forward or to the side and the maxillary teeth in the opposite direction to shear it off.



Torsion or Torque, twisting force that has tensile and compressive forces. This force is more descriptive of normal masticatory events. When we chew we combine both compressive and tensile forces. When a patient wears full dentures, he or she may complain that the dentures become dislodged when they chew certain foods. This is because of torque on the dentures, which are not well suited to withstand the combination of compressive and tensile forces while eating (Figure 2-3).


NOTE: Dislodging of dentures is often due to tipping forces and possibly torque that breaks the peripheral seal causing the loss of suction and results in the movement of the denture away from the ridge.
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FIGURE 2-3 Types of stress and strain. Left: Tensile stress pulls and stretches a material. Middle: Compressive stress pushes it together. Right: Shearing stress tries to slice it apart. (From Bird DL, Robinson DS: Torres and Ehrlich Modern Dental Assisting, ed 11, Philadelphia, 2015, Saunders.)






When a force is exerted on a tooth or restorative material, the tooth or material creates resistance to counteract the force. The internal force, which resists the applied force, is called stress. If the stress within the object cannot resist the force, distortion or deformation occurs and the object is considered strained. Stress is the amount of force exerted from within an object and strain is the amount of change that the force has produced. The normal process of chewing rarely involves only one type of stress; complex stress combinations are more usual. For example, flexural stress also called bending stress, is a combination of tension and compression. Dental bridges are subject to flexural stress when compressive forces placed on the occlusal surface of the bridge bend the bridge downward and tensile forces on the tissue side of the bridge stretch upward in response.

Materials may be suited to one type of stress but fail during another. If the force is exerted over a large area, the tooth structures can more adequately handle the stress. When the force is exerted over a small area the increase in pressure may result in fracture. Consider a woman wearing flat shoes and then high spike heels. The weight supported by both types of shoes is the same, so there is no difference in force. However, because there is a difference in area, the pressure on the surface contacted is drastically different. This is the reason that teeth or restorations may fracture when subjected to stresses by small, very hard objects, such as a piece of nutshell or cherry pit.

Values of compressive and tensile forces are expressed in Table 2-1. Use the table to compare tooth structures types, the type of force most predominantly associated with that structure, and the various restorative materials to understand why a material may be better suited in a specific area or situation. As you can see, amalgam and composite resins more closely replicate enamel in compressive strength, whereas porcelain falls short. Porcelain is more likely to fracture under compressive stresses, especially those that are directed onto a small area.

During mastication, stresses occur repetitively over time. Failures rarely occur in a single-force application; rather, they occur when stress is frequently repeated. These repeated stresses may produce microscopic flaws that grow over time, resulting in fracture: this is known as fatigue failure. A metal wire bent repeatedly will eventually break; this is another example of fatigue failure. Teeth and restorative materials under function or bruxism are subjected to repeated stresses by a variety of forces applied in a variety of directions and intensities. As a result they may crack or fracture. Additionally, conditions of the oral cavity such as moisture, temperature and pH fluctuations may also contribute to fatigue failure.


TABLE 2-1

Ultimate Compressive and Tensile Strengths of Tooth and Restorative Structures



	Structure
	Ultimate Compressive Strength (lb/in2)
	Ultimate Tensile Strength (lb/in2)




	Enamel
	56,000
	1,500



	Dentin
	43,000
	4,500



	Amalgam
	45,000-64,000
	7,000-9,000



	Porcelain
	21,000
	5,400



	Composite resin
	30,000-60,000
	6,000-9,000



	Acrylic
	11,000
	8,000








Moisture and Acid Levels

The oral cavity is always in contact with moisture in the form of foods, saliva, and blood. This moisture can vary from acid to alkaline depending on foods, beverages, medications, and the amount of acid-producing bacteria present (biofilm). The normal resting pH of saliva ranges from 6.2 to 7.0 (neutral), but can fluctuate higher or lower by several points during the course of a day. Many materials that would be compatible in a neutral environment will not be compatible in an acidic one. Most materials are adversely affected by moisture either during placement or in the long-term clinical behavior of the material. The breakdown of many restorative materials is directly related to the effects of moisture, acid, and stress. Materials designed for long-term retention in the mouth must not rapidly deteriorate under these conditions.

Desirable materials should have low solubility that is, not susceptible to being dissolved in a solvent, and in the case of the oral environment saliva is the main solvent. Gold and porcelain are retained in the oral environment for many years because of their insoluble nature. Glass ionomer cement materials, frequently used as tooth-colored restorations, are much more soluble. They tend to “wash out” or change in mass rather rapidly, requiring replacement (Figure 2-4). Some materials also have the undesirable characteristic of water sorption or the ability to absorb moisture; this may result in staining or a slight enlargement of the material. Staining of resins and acrylics from repeated exposure to coffee, tea, and other dyed beverages is due to water sorption. Dentures placed in a glass of water will take up the liquid and become slightly larger. Some acrylics will absorb both odors and tastes from foods. Although restorations are not large enough to perceivably take up the odor or taste of a fluid, the larger surface area of a denture or orthodontic retainer can absorb enough to take on the odor or taste of foods and fluids. Directions on routine home care can help alleviate this problem for the patient. (See Chapter 17 Polymers for Prosthetic Dentistry)

Metals suffer from the effects of moisture and acidity, with the exception of noble metals such as gold and platinum. The deterioration or dissolution of the metal in response to a chemical attack (acid), or in an electrochemical reaction with other metals because of the moisture and acid present in the oral environment, is called corrosion. Metals such as steel cannot be used in the oral cavity because the metal breaks down in the wet environment, becoming iron oxide (commonly known as rust). When steel is coated first with a barrier to corrosive components, the barrier gives steel its stainless quality. Dental amalgams are particularly susceptible to corrosion, causing marginal breakdown and discoloration of tooth structures. (See Chapter 10 Dental Amalgam)The result of corrosion is also seen on dental instruments that are processed in autoclaves. Corrosion begins with surface tarnish discoloration due to oxidation of the metal’s surface, and can accelerate in crevices between tooth and restoration and on rough surfaces. Polishing of amalgams to produce a smooth surface has been recommended to help delay this process. In newer high-copper amalgams this may not be as critical to their longevity (Figure 2-5).
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FIGURE 2-4 “Washed out” composite restorations on teeth #8 and #9 are stained owing to the porosities and sorption of this restorative material.
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FIGURE 2-5 Two amalgam restorations. Left: A low-copper amalgam with severe marginal breakdown. Right: A high-copper amalgam restoration with minimal marginal discrepancy. Both restorations were placed at the same time. (From Anusavice KJ: Quality Evaluation of Dental Restorations: Criteria for Placement and Replacement, Chicago, 1989, Quintessence Publishing.)






Corrosion is not limited just to metals; composite restorations discolor because of the corrosive environment of the mouth and are often replaced when their appearance becomes unacceptable.

Galvanism

An environment containing moisture, acidity, and dissimilar metals makes the generation of an electric current possible. The salts of the saliva facilitate the movement of electrical current from one type of metal to another. The phenomenon of electric current being transmitted between two dissimilar metals is called galvanism. The current may result in stimulation to the pulp, called galvanic shock. The classic example of a metal fork touching a metal restoration or the biting on aluminum foil will be familiar to anyone with metal restorations, and unfamiliar to those who have no metal restorations. Some patients may even feel a galvanic shock or report a metal taste when instruments are used against the surface of a restoration. When it becomes necessary to place differing types of metal restorations such as a gold crown in contact with an amalgam restoration, insulation of the restorations can help to lessen the stimulation. In time the galvanic stimulation will decrease as oxides form on the surface of the metal, acting as an insulator against the galvanic current.

Temperature

The ingestion of foods and beverages and smoking may alter the temperature of the oral environment. With few exceptions, all forms of matter expand when they are heated and contract when cooled, resulting in dimensional change. Acceptable materials used as restorations and replacement of tooth structure should have characteristics of expansion and contraction similar enough to tooth structures to maintain them within the preparation. Excessive expansion may result in the fracture of cusps; excessive contraction may result in leakage of fluids and bacteria into the open gaps, resulting in sensitivity. Expansion and contraction are measured as the coefficient of thermal expansion (CTE), the measurement of change in volume or length in relationship to change in temperature. (Refer to Table 2-2 to review the values of thermal expansion.) Materials such as composites and amalgam have rates of expansion and contraction that differ significantly enough from tooth structures that the marginal integrity of the restoration may be compromised. The difference in CTE value of unfilled acrylic and sealants is the highest, and the value of gold the closest, to human teeth. Repeated shrinkage and expansion of a restoration during ingestion of cold and hot fluids and foods produces the opening and closing of a gap between the restoration and the tooth surface; this is called percolation. Percolation allows the ingress of bacteria and oral fluids and may lead to recurrent caries, staining, and pulpal irritation.


Thermal conductivity is the rate at which heat flows through a material over time. Enamel and dentin are poor thermal conductors, whereas metals are excellent conductors. Gold is one of the best thermal conductors, even better than amalgam, and nonmetals such as ceramics, composites, and cements are very poor conductors. Poor conductors can be used as restorations or as insulators; dentin is a natural insulator. When metal restorations conduct temperature changes from the foods and beverages taken into the oral cavity, the pulp of the tooth may feel the resultant stimulation as sensitivity. A piece of ice placed on an amalgam restoration may conduct stimulation to the pulp in as little as 2 to 3 seconds. When metal restorations are placed close to the pulp of the tooth, an insulating cement or material is often placed between the tooth structure and the restoration to delay and absorb the transfer of temperature. Metals placed against tissue such as a partial denture framework and some orthodontic appliances can have the same effect. For instance, a patient wearing a denture may not sense the temperature of a liquid because of the insulation of the acrylic denture base.


Table 2-2 gives values of thermal expansion and thermal conductivity. Compare values for restorative structures with those for tooth structures to determine the potential marginal leakage through percolation and/or the need for insulation. When there is a large difference between the CTE for the restorative material, such as amalgam, and that for the tooth structure the percolation will be greater. Note that whereas composite has a higher CTE compared with tooth structure, bonding it to the tooth structure helps to prevent percolation. Amalgam and gold have much higher values of thermal conductivity than dentin and enamel; a hot cup of coffee may transmit heat readily through these metals, resulting in pulpal stimulation. The use of insulating materials such as an insulating base is recommended when these materials are placed near the pulp.


TABLE 2-2

Thermal Properties of Tooth and Restorative Structures



	Structure
	Coefficient of Thermal Expansion (× 10−6/°C)
	Thermal Conductivity (k [mcal cm]/cm2sec°C)




	Enamel
	11
	2.0



	Dentin
	8
	1.30



	Amalgam
	20-28
	54



	Gold
	15
	350



	Porcelain
	15
	2.50



	Composite resin
	26-40
	2.60







In addition to temperature considerations for materials already present in the mouth, it is important to consider the temperature of materials as they are placed into the mouth. The reaction of some components when they are mixed may result in the production of heat.



[image: icon] Clinical Tip

An exothermic reaction must be minimized by proper mixing to prevent excess heat from coming into contact with a susceptible tooth surface.



Retention

An important factor in the selection of a material is how it will be retained within or on the tooth. The retention of a material is its ability to maintain its position without displacement under stress. Retention may be secured through mechanical, chemical adhesion or bonding mechanisms between materials. Mechanical retention involves the use of undercuts or other projections into which the material is locked in place. The undercuts used in a typical amalgam preparation are an illustration of mechanical retention (Figure 2-6). Note that the opening is smaller than the internal floor of the preparation. Once the material is hardened in place, it is retained through this design. When a significant amount of tooth structure has been removed, undercuts can no longer be successfully used. At this time the clinician may wish to place a restoration over the remaining tooth structure (a crown) and hold it in place with a chemical adhesive. The adhesives used in dentistry are commonly called dental cements. Dental cement retains the restoration by chemically and/or mechanically connecting the two surfaces.


Bonding is a term also commonly used when describing the retention of materials. Bonding of materials occurs when the tooth surface is prepared with an acid-etch technique to create microscopic pores in enamel and dentin. A fluid bonding material is then allowed to flow into these pores and mechanically lock into the tooth structure. Restorative materials that adhere chemically to the bonding material are then placed. This technique offers several advantages in producing retention. It requires less removal of tooth structure because no undercuts are necessary, it produces a stronger retentive force between tooth and restoration, and it can seal the margin of the restoration to prevent the seepage of bacteria and fluids through percolation.
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FIGURE 2-6 The retentive undercuts of a conservative preparation (top) and an excessively undercut reparation that compromises the remaining tooth structure (bottom).





Most of today’s restorative materials use a combination of mechanical and chemical or bonding adhesion for optimal retention. Retention by mechanical undercuts alone will not adequately seal the margins of a restoration and will frequently place tooth structure in jeopardy of fracture when undercuts leave vulnerable areas of tooth structure unsupported. Adhesion and bonding require the intimate contact of surfaces to produce the best bond strength. The strength of the bond is measured by applying shearing and tensile stresses.

Several factors can affect this bond strength and the success of a material as an adhesive. These include wetting, viscosity, film thickness, and surface characteristics of the tooth, restoration, and adhesive.


Wetting is the degree to which a liquid adhesive is able to spread over the surface of a tooth and restorative material. This is based on the liquid’s contact angle with the tooth material. The lower the contact angle the better the liquid adhesive spreads onto the surface of the tooth. The Teflon surface of cooking equipment exhibits poor wettability, that is, the liquids bead up on the surface rather than spreading out (Figure 2-7). The better the adhesive is able to spread on the surface of the tooth and restoration, the more retentive it is. Surface roughness will increase the wetting of the surface by the liquid. This ability may be hindered or enhanced by the viscosity of the material, that is, the ability of a liquid material to flow. Materials with high viscosity are thicker and do not flow well, and therefore may not be effective in wetting an area. Viscosity also can affect the film thickness of an adhesive. Film thickness is the minimal thickness obtainable by a layer of a material and is particularly important in working with dental cements. When cementing a crown, if the film thickness of the cement is too great, it may keep the crown from seating completely. A thin film of cement is desirable to allow the cement to completely wet the surfaces and for excess material to flow from under the crown when it is seated under pressure during cementation.
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FIGURE 2-7 Wetting characteristics of a liquid on a solid surface. (From Van Noort R: Introduction to Dental Materials, ed 4, London, 2013, Mosby, p. 53.)






Surface characteristics are the final factors that affect the adhesive retention of a material. They include the cleanliness of a surface, moisture contamination, surface texture, and surface energy of the restoration and tooth. As mentioned previously, adhesion depends on intimate contact of surfaces. Even slight contamination can prevent contact. Debris from the tooth preparation, microorganisms in biofilm, and products of saliva are often impossible to completely eliminate.

Surface irregularities may prevent complete wetting of the surfaces. Microscopic surface irregularities trap air as the adhesive flows over them, resulting in incomplete wetting of the surface. The surface energy of the surfaces involved determines the attraction of their constituent atoms. When liquids bead up on a surface, such as on wax or many plastics, the surface has low surface energy. Liquids generally wet or spread over high surface energy surfaces better; metals, ceramics, and enamel have high surface energies.

Many situations present conditions that are not favorable for retention of materials. The dentist is responsible for the mechanical design of the preparation, but is not solely responsible for other factors. In many states, allied oral health practitioners routinely place therapeutic and restorative materials. In addition, the dental assistant plays an essential role in delivering materials and controlling the conditions of the oral environment during their delivery. An understanding of the factors that influence retention is essential to achieving a successful restoration.

Microleakage

The need for replacement of restorative materials can be significantly influenced by microleakage. The surface between the walls of the tooth structure (preparation) and the restoration is called the interface. If this tooth/restoration interface is not sealed there may be a space, fluids and microorganisms can penetrate between tooth structure and restorative material. This seepage of harmful materials is called microleakage and is responsible for much of recurrent decay, marginal staining, and postoperative sensitivity. Microleakage may be due to the deterioration of the dental material, percolation due to differences in CTE, or lack of adhesion of the material. It is easy to understand why the seepage of bacteria and other fluids between preparation and restoration sets up an environment for recurrent decay and staining. Postoperative sensitivity maybe due to microleakage as well (Figure 2-8 please also refer to chapter 5 figure 5.8 and chapter 6 figure 6.3 for pictures of microleakage). Tubules found within the hard material of the dentin are filled with fluids under pressure from the pulp. When the enamel of the tooth is removed fluids can flow out of the much larger dentinal tubules and outside chemicals can flow in. Both the movement of fluids out of the tubules and the movement of chemicals into the tubules, as well as air trapped in the tubules, can cause postoperative sensitivity. Procedures for ensuring the proper seal of the dentinal tubules are described in Chapter 5 (Principles of Bonding).


[image: image]

FIGURE 2-8 Microleakage allows the seepage of fluids and microorganisms into the restoration–tooth structure interface.





Esthetics

Materials used in dentistry must be esthetically acceptable. Esthetic dentistry is a growing priority and may be of equal if not greater concern to the patient than function. Our eyes sense light through the cone cells in the retina in three different ranges of wavelength: red, green, and blue. Having three types of color-sensing cells doesn’t limit us to just three colors. The stimulation of two or more types of cone cells, the amount of light they detect, and the interpretation of that light by our brain determine the overall response to a particular color. Mixtures of red, green, and blue light allow you to see many colors. The television mixes these primary colors of light to produce full color pictures. Three components—hue, chroma, and value—describe the resultant color:


Hue is the dominant color of the wavelength detected. Tooth colors are predominantly seen in the yellow and brown range.



Chroma refers to the intensity or strength of the color; teeth are rather pale in color.



Value describes how light or dark the color is. Teeth have value ranges at the light end of the value scale.


The color of teeth is also determined by the way they reflect light. If light passes directly through an object it is transparent and if light is completely absorbed by the object it is opaque. Usually both of these processes occur, reflecting light to various degrees and giving the tooth translucency. This life-like quality is called vitality.

Individuals see these many colors, components, and reflections of color somewhat differently in different situations. This phenomenon, known as metamerism means that colors look different under different light sources (Figure 2-9). It is important that we have a standardized measure of color such as a shade guide to give us an objective measure (Figure 2-10). It is also important that we produce an environment that reduces the possibility of extraneous color reflection producing an inaccurate color. A detailed discussion on shade selection is presented in Chapter 9 (Dental Ceramics).
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FIGURE 2-9 Example of metamerism: the apple changes color depending on the light source used to illuminate it. (From Sakaguchi RL, Powers JM: Craig’s Restorative Dental Materials, ed 13, Philadelphia, 2012, Saunders, p. 58.)
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FIGURE 2-10 Tab arrangements of the Vitapan classical shade guide. Manufacturer’s arrangement according to A, hue, B, value scale, and C, lightest to darkest. This is the description from the reference text. (From Paravina RD, Powers JM: Esthetic Color Training in Dentistry, St. Louis, Mosby, 2004.)






Oral Biofilm and Dental Materials

Biofilm (dental plaque) on oral structures is well documented as having a primary role in the formation of dental caries and periodontal diseases. The role of biofilm adhesion on dental material is less well known. Surface roughness has a direct correlation with biofilm accumulation. Roughness from abrasion, polishing, hand and ultrasonic scaling, and lack of polishing after fabrication of a restoration are all associated with increased biofilm accumulation. It would follow that biofilm accumulation at the margins of rough or faulty restorations may be responsible for recurrent caries. Biofilms seem to be less present on cast alloys and ceramic restorations, possibly because of their smooth surfaces. Control of biofilm accumulation on dental implants has been shown to play a significant role in the ultimate success of the implant. Fluoride-releasing materials found in some restorations can neutralize the acids produced by biofilms.
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FIGURE 2-11 The scratched surface of these gold crowns may be due to inappropriate use of polishing agents.







[image: icon] Caution

It is important that the oral health practitioner carefully identify the types of restorations present in the patient’s mouth and take precautions to avoid altering their surface.



Detection of Restorative Materials

Oral health care professionals must be able to identify restorative materials within the oral environment to treat them appropriately. Heavy pressure during scaling, the use of sonic and ultrasonic scaling or air polishing, and inappropriate use of polishing agents may gouge or scratch the surface of a restoration (Figure 2-11). The placement of therapeutic agents such as acidulated fluoride may erode the surface of the restoration.

Identification of restorative materials, which is often obvious such as with amalgam materials, may also be difficult when identifying tooth-colored materials. In addition, restorations may be composed of different materials, such as a porcelain inlay cemented with resin-based cement. Tooth-colored restorative materials may be identified by appearance, location, tactile sensitivity, and radiography. A well-matched tooth-colored restoration may be difficult to distinguish from natural tooth structures. Well-developed tactile sensitivity skills, adequate illumination, liberal use of air, and even magnification may be needed to see some esthetic restoration. The location of margins, especially those placed subgingivally, make visual inspection of many materials impossible. Drying the teeth well often makes detection of composites easier. Saliva tends to hide the distinction between the tooth surface and the margins of the restoration as well as the differences in the texture and luster (shininess) of the restoration surfaces.

Tactile evaluation of the tooth surface may be the most reliable means of clinical assessment. The surface of some composite and glass ionomer restorations may feel rougher than enamel. Tracing the enamel surface onto the restoration with the sharp tip of an explorer is the best way to distinguish this difference. The clinician will detect a smooth surface on the enamel and a “scratchy” surface on the restoration. This difference will be noticed at the cavosurface margin, the margin where the restorative material meets the tooth surface. Once the presence of a restoration is identified, the entire cavosurface margin should be evaluated. The cavosurface margin should be almost undetectable as the tip of the explorer passes from the restoration to the tooth. Sealants have a smooth glassy surface covering the anatomical pits and fissures of the tooth surfaces; the explorer feels like it is skating on ice. Porcelain has a very smooth glassy surface, and the explorer glides easily over the surface. (See figure 2-12. Note the tip of the explorer as it glides against the margin of the restoration.)
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FIGURE 2-12 The margin of the first drawing extends over the cavosurface margin of the preparation (an overhanging margin) causing a trap for food and biofilm and if located on the proximal surface, will make flossing difficult. The margin of the second drawing does not meet the cavosurface margin of the preparation (a defective margin) causing a trap for biofilm and possible recurrent caries.





Adequate illumination and transillumination (light can pass through the teeth to varying degrees – more so with thin anterior teeth) with the mouth mirror are helpful for the detection of many anterior restorations. The light will not pass through the restoration as well as enamel so it will stand out. This, along with the knowledge that most anterior restorations are prepared from the lingual surface to preserve as much natural enamel as possible on the facial surface, will help in the identification of many class III and IV restorations.

Magnification and the liberal use of air will help to distinguish the glossy surface of enamel versus the more opaque surface of composite and resin restorations.

Radiographs are a valuable tool for the detection of restorations and the assessment of restorative components. Most modern composites are radiopaque, some older ones are radiolucent; glass ionomers are radiopaque, as are many resin-based cements and porcelain (Figures 2-13 and 2-14 illustrate varies types of restorative materials as seen intraorally as well as their corresponding radiographic appearance. Note that the restoration on tooth #20 is an older radiolucent type of composite material whereas the composite on #13 is a newer radiopaque type. The radiopaque restorative materials also include the amalgam restorations as well as the gold crown cemented onto an implant and porcelain fused to metal crown.)
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FIGURE 2-13 Tooth-colored restorative materials may be difficult to detect. Tooth #17 DO amalgam; tooth #18 gold crown over an implant; tooth #19 porcelain fused to metal crown; tooth #20 DO composite restoration.






[image: image]

FIGURE 2-14 Radiograph of the restorations in Figure 2-13. Note the radiopacity and radiolucency of the restorative materials.





For most difficult-to-detect restorations, it is necessary to use a combination of the above-described methods to determine the presence and type of material before clinical procedures are performed.


Conditions for Assessing Restoration

• Dry field


• Good lighting


• Sharp explorer


• Radiographs


• Magnification


• Good knowledge of the material




Summary

The oral environment presents unique obstacles to the successful use of dental materials as restorative and therapeutic agents. An understanding of the limiting factors in this environment and an appreciation for how these limitations affect the selection of materials are essential to the study of dental materials. Materials used must be biocompatible, exhibit long-term clinical durability, and be esthetically acceptable. No one material is superior in all of these areas. The allied oral health care practitioner must have an understanding of the limitations as well as the criteria for selection of therapeutic and restorative materials. With this knowledge he or she can educate the patient about the materials used in their mouths as well as select and properly manipulate and maintain materials to ensure their ultimate success.


Review Questions



Select the one correct response for each of the following multiple-choice questions.


1. The safe interaction of a dental material with the rest of the body is defined as the material’s


a. radioactivity


b. carcinogenicity


c. biocompatibility


d. therapeutic reaction







2. The study of dental materials includes knowledge of


a. the chemical reactions of the material


b. the physical reactions of the material


c. the ways to manipulate the material


d. all of the above







3. The internal reaction to an externally applied force is called


a. strain


b. stress


c. hardness


d. elasticity







4. Which of the following restorative materials is most likely to fracture under compressive stress?


a. Amalgam


b. Composite resin


c. Porcelain


d. Acrylic







5. Material subject to repeated stresses such as in mastication may be subject to fracture due to


a. flexural stress


b. force exerted over a large area


c. forces stretching an object


d. fatigue failure







6. Which of the following restorative materials is the most soluble?


a. Amalgam


b. Glass ionomer


c. Porcelain


d. Acrylic







7. Corrosion is of greatest concern for which of the following restorative materials?


a. Gold


b. Composite resin


c. Amalgam


d. Porcelain







8. Surface discoloration of a metal restoration is called


a. corrosion


b. tarnish


c. crystallization


d. metallurgy







9. Restorative materials with values of thermal conductivity similar to enamel include


a. gold


b. composite resin


c. amalgam


d. gold foil







10. Susan has just had an MOD amalgam placed on tooth #30. This tooth is in contact with a gold crown on tooth #3. Susan complains of electric shock sensation and metal taste. This is most likely due to


a. galvanism


b. corrosion


c. tarnish


d. metamerism







11. Microleakage may be responsible for


a. recurrent decay


b. marginal staining


c. postoperative sensitivity


d. all of the above











12. Excessive film thickness may cause


a. an increase in retention


b. a decrease in marginal leakage


c. improper seating of the restoration







13. The leakage of fluids and debris extending along the tooth-restoration interface is called


a. metamerism


b. trituration


c. microleakage


d. deformation







14. Esthetic materials used for the restoration of enamel need high


a. translucency


b. chroma


c. vitality


d. opacity







15. Color shades can vary depending on the incident light or source of light. This effect is called


a. spectrum


b. chroma


c. meniscus


d. metamerism







16. The term that describes the intensity of color is


a. hue


b. value


c. chroma


d. opacity






For answers to Review Questions, see the Appendix.



Case-Based Discussion Topics



1. A 45-year-old businessman comes to your dental office with the chief complaint of having to wear a maxillary removable partial denture. He wishes to have this removable prosthesis replaced with a fixed bridge. Examination reveals that the partial denture replaces teeth #6 through #11.

Discuss the stresses that would be placed on this bridge, the indications and contraindications for a bridge replacing this many teeth, and the possibility of replacing teeth in this location.




2. A 25-year-old school teacher comes to your office with the chief complaint of losing a distal-incisal class IV composite from tooth #9. She explains that this restoration has been in place for only a few days.

Discuss the factors that might affect the bond strength of this restoration and what you can do to help prevent this from happening again.




3. Look into a mirror, or position yourself to examine someone else’s mouth, and check the following:



a. Check how tooth surfaces contact on the posterior, middle, and anterior teeth when in normal occlusion, biting edge-to-edge on anterior teeth, and moving the jaw laterally and front to back.

Which forces are being exerted by these teeth and when?




b. Check for metal and resin restorations. Place a piece of ice on the enamel of a tooth, on the metal, and on the resin restoration.

How long does it take to feel sensation to the pulp for each? What is this property called?




c. Look at the gingival, middle, and incisal/occlusal third of anterior and posterior teeth.

How does the color of the area change; is there a change in translucency or opacity? Place something bright red close to the teeth, and direct the dental lamp or other bright light onto the teeth. How do these factors affect the color?
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Chapter 3

Physical and Mechanical Properties of Dental Materials


Chapter Objectives


On completion of this chapter, the student will be able to:

1. Define primary and secondary bonds and give an example of how each determines the properties of the material.


2. Describe the three forms of matter and give a defining characteristic of each.


3. Define density and explain the relationship of density, volume, and crystalline structure.


4. Define hardness and describe how hardness contributes to abrasion resistance.


5. Define elasticity and give an example of when elasticity is desirable in dental procedures.


6. Relate stiffness and proportional limit, and describe how these properties apply to restorative dental materials.


7. Define ductility and malleability and explain how these characteristics contribute to the edge strength of a gold crown.


8. Differentiate between toughness and resilience.


9. Define brittleness and discuss how this property applies to restorative dental materials.


10. Define viscosity and thixotropic materials and describe the clinical significance of each.


11. Differentiate between therapeutic, preventive, and restorative materials.


12. Discuss the component classifications that may make up a dental material.


13. Describe the reaction stages a material undergoes to acquire its final state.


14. Describe the variables in the manipulation of a material.






Key Terms defined within the chapter


Primary Bonds

   strong bonds with electronic attractions; ionic bonds, covalent bonds, metallic bonds

Secondary Bonds

   weaker bonds than primary bonds; hydrogen bonds, van der Waals forces, London Dispersion Forces

Brittleness

   the hardness, and likelihood of breaking or cracking, of a material

Density

   the measure of the weight of a material compared with its volume

Hardness

   the resistance of a solid to penetration

Ultimate Strength

   the maximal amount of stress a material can withstand without breaking

Elasticity

   the ability of a material to recover its shape completely after deformation from an applied force

Stiffness

   a material’s resistance to deformation

Proportional Limit

   the greatest stress a structure can withstand without permanent deformation

Resilience

   the ability of a material to absorb energy without permanent deformation

Toughness

   the ability of a material to resist fracture

Ductility

   the ability of an object to be pulled or stretched under tension without rupture

Malleability

   the ability to be compressed and formed into a thin sheet without rupture

Edge Strength

   the strength of a material at fine margins

Durability

   the ability of a material to withstand damage due to pressure or wear

Viscosity

   the ability of a liquid material to resist flow

Thixotropic fluids

   liquids that flow more readily under mechanical force



Direct Restorative Materials

   restorations placed directly into a cavity preparation

Indirect Restorative Materials

   materials used to fabricate restorations outside the mouth that are subsequently placed into the mouth

Permanent Restorations

   restorations expected to be long-lasting

Temporary Restorations

   restorations expected to last several days or weeks

Intermediate Restorations

   restorations expected to last several weeks to months

Mixing Time

   the amount of time allotted to bring the components of a material together into a homogeneous mix

Working Time

   the time permitted to place and manipulate the material in the mouth

Initial Set Time

   the time at which the material can no longer be manipulated in the mouth

Final Set Time

   the time at which the material has reached its ultimate state

Chemical Set Materials

   materials that set through a timed chemical reaction with the combination of a catalyst and base

Light-Activated Materials

   materials that require a blue light source to initiate a reaction

Dual Set Materials

   materials that polymerize when the materials is initiated by exposure to a blue light source and then continue with a chemical set reaction

Shelf Life

   the useful life of a material before it deteriorates or changes in quality




[image: icon] http://evolve.elsevier.com/Hatrick/materials.



To predict how a material will react under oral conditions, it is necessary to have an understanding of its physical properties. Chapter 2 (Oral Environment and Patient Considerations) discussed how the oral environment could affect and challenge the properties of dental materials. This chapter discusses how those properties are achieved, how they influence the clinician’s choice of a material, and how and when properties can be manipulated. Both physical and mechanical properties must be considered when choosing the best restorative dental material. Physical properties include many of the characteristics discussed in Chapter 2 that are related directly to the oral environment. Properties such as color, thermal conductivity, and solubility are physical properties. Mechanical properties are properties that define the material’s ability to withstand the forces of the oral environment.



To begin a discussion of the physical and mechanical properties of dental materials, it is necessary to categorize materials by classification. Their physical structure, application, composition, reaction, and manipulation can be used to classify materials.

Physical Structure

Materials are built from atoms and molecules. When two atoms are brought together, they may form a molecule; how they combine determines the microstructure and properties of the material. Atoms will react until their outer energy level (shell) is full of electrons. To do this, they will transfer (ionic bonds) or share (covalent bonds) electrons. Two categories of bonds are formed between two atoms; the strong bonds are called primary bonds and the weaker bonds are called secondary bonds.

Primary Bonds

Primary bonds (also called chemical bonds) are the strongest bonds that hold atoms together because they involve the transferring or sharing of electrons. Three types of primary bonds are known:

• Ionic bonds



• Covalent bonds



• Metallic bonds



In ionic bonding, a metal atom gives an electron to a nonmetal atom that needs extra electrons to fill its outer shell. Both atoms now have full outer shells; however, this causes both atoms to be charged (positive, +; and negative, –). Because one has a positive charge and the other a negative charge, there is an attraction between the atoms. Materials bonded in this way, such as ceramics, are usually brittle when they are pulled or bent and are poor electrical conductors (Figure 3-1). Ionic bonding can also be seen in gypsum products and phosphate-based cements.

Covalent bonds represent a type of bond that occurs when two nonmetal atoms share electrons in their outer shells, creating full shells for both. Many covalent bonds form gasses (hydrogen molecule, H2) or materials with low melting points. Network covalent bonds are very strong. Diamond is a good example of a strong network covalent bond; it is hard and has a high melting point. Some materials are made up of chains of covalent bonds; polymers used in plastic and rubber are good examples of long chains of covalently bonded atoms.

In metallic bonding, instead of electron sharing between two atoms, the electrons in the outer shells are shared among all the atoms in a lattice, with all the atoms positively charged. These atoms are attracted to the negatively charged “cloud” of electrons. Because the electrons are free to move, they have good thermal and electrical conductivity. Dental materials composed of metal are held together primarily with metallic bonds. These bonds allow the metals to be bent, flattened, and drawn into wires.

Secondary Bonds

Secondary bonds (also called physical bonds) are much weaker than primary bonds. Unlike primary bonds, no transfer or sharing of electrons occurs. This weakness often leads to deformation or fracture. Two examples of secondary bonds include

• Hydrogen bonds (dipole-dipole forces)



• van der Waals or London dispersion forces



The attraction of some cements between tooth surface and restoration may provide some chemical bonding or be completely mechanical in nature.

Hydrogen bonds are weaker than primary bonds but stronger than van der Waal bonds. They exist in water. The water molecule contains two oxygen atoms and one hydrogen atom held in covalent bonding. Although electrons are shared between the hydrogen and oxygen atoms, these electrons are unbalanced, spending more time around the oxygen atom. This causes a partial negative charge on the oxygen side of the molecule, and a partial positive charge on the hydrogen side. This distribution of charge causes a bond between water molecules, giving water its characteristics. Water can dissolve ionic compounds and has a relatively high boiling point.


[image: image]

FIGURE 3-1 A cartoon illustration of ionic bonding. (Cartoon by Nick D. Kim, scienceandink.com. Used by permission.)






van der Waals bonds, or London dispersion forces, are very weak and are formed from the presence of moving electrons. All atoms and molecules have electron clouds. The electrons are in constant motion and repel each other. Therefore, they can oscillate. More electrons mean higher London dispersion force. In other word, larger molecules and atoms have stronger attraction. They are present between long-chained molecules in polymers that bond the chains together. When stretched, the bonds break easily, causing the material to deform. Once a crack has begun it easily moves along the interface causing failure of dislodging of the restoration.

The Three States of Matter

The physical structure of a material may take on three basic forms:

• Solid


• Liquid


• Gas


Solids have the strongest attraction between atoms and molecules and have both shape and volume; a liquid has volume but no definite shape; and a gas has neither definite shape nor volume. Most materials are mixtures of more than one state of matter. For example, plaster is a mixture of both a solid and a liquid, and fluoride foams are a mixture of a liquid and a gas (air). This chapter explores the general characteristics common to solids and liquids.

Solids

Primary atomic bonds hold solids together, giving them strength and stability. The most stable have a regular crystalline structure with molecules in a regularly spaced pattern. If these molecules are arranged in a random form with no regular pattern, the solid is less stable and is called amorphous. Solids are described by their density, hardness, elasticity, stiffness, ductility, brittleness, and malleability.


Density is a measure of the weight a material has compared with its volume. It is a measure of the compactness of matter, or how much mass is squeezed into a given space. As a material becomes more dense, less air or spacing is seen between atoms. If you take a marshmallow and flatten it, the volume of the marshmallow is decreased and the density increased. The close spacing of the crystalline structure gives the greatest density. Enamel is the densest of the tooth structures, and gold is a dense restorative material.


Hardness is the resistance of a solid to penetration. Hardness is also used to define a material’s resistance to wear and abrasion. The hardness of a dental structure or material determines the extent to which it is scratched by an abrasive material. Enamel and porcelain, two of the hardest materials, are more resistant to being scratched than are cementum and dentin, or composite resins and gold crowns. For this reason it is very important that the type of restorative material or tooth surface be determined first, before beginning procedures with abrasive agents.

When a solid is subjected to an external force, it undergoes change in size and shape. Chapter 2 (Oral Environment and Patient Considerations) discussed the effects of compressive, shearing, and tensile forces and the combined effect of these forces on oral structures and restorative materials. The maximal amount of stress a material can withstand without breaking is known as its ultimate strength. A material does not necessarily have to break when subjected to an external compressive, shearing, or tensile force; it may deform. If this deformation is not permanent and the material recovers from the force completely, it has good elasticity. A rubber band is an example of a material with elasticity. Not all materials return to their original shape when the deforming force is removed. Materials that do not return to their original shape have exceeded their elastic limit. Rubber can be deformed quite a bit before permanent deformation occurs. Elasticity is important for impression materials, which must be stretched over tooth or bony undercuts without permanent deformation. It is important for orthodontics, where wires and springs are deformed and the force they generate in returning to their original shape moves teeth. These wires do not recover immediately; rather, they recover over a period of time and with some degree of permanent deformation. This slow progressive recovery is important in the controlled movement of teeth.

The stiffness of a material, that is, its resistance to deformation, is measured by Young’s elastic modulus. Stiffer materials have a higher modulus; enamel has a high modulus. Restorative materials should have a modulus that is compatible with tooth structure. Although we usually do not want dental restorations to bend or compress when a force is applied, this is a desirable characteristic for impression materials and orthodontic wire.

When enough force is applied to a structure, it may not be able to recover from this force and the structure may become permanently deformed. This material has reached its elastic or proportional limit. The proportional limit is the greatest stress a structure can withstand without permanent deformation. Below the proportional limit, no permanent deformation occurs and the structure returns to its original shape. Resilience is the ability of a material to absorb energy without permanent deformation. Impression materials and orthodontic wire must be resilient to be successful. When an impression is removed from the patient’s mouth it needs to deform to be slipped over the contours of the oral structures. To be an accurate impression it is equally important that it return completely to the original shape of the mouth. Toughness is the ability of a material to absorb energy without fracture; restorative materials must exhibit toughness. Brittle materials have limited toughness because small amounts of deformation will cause fracture. Porcelain restorations are much more likely to fail on the occlusal surfaces of posterior teeth than are gold restorations.


[image: image]

FIGURE 3-2 A “ditched” amalgam restoration with severe marginal breakdown. (Courtesy of S. Geraldeli. From Anusavice KJ, Shen C, Rawls H: Phillips’ Science of Dental Materials, ed 12, St. Louis, 2013, Saunders, p. 357.)






Pulling or stretching of orthodontic wire under tensile stress is a measure of its ductility, that is, the amount of dimensional change it can withstand without breaking. Materials with poor ductility are classified as brittle. These materials are much weaker when subjected to tensile forces than to compressive forces. Porcelain is brittle and cannot undergo much tensile stress without fracture; its ultimate strength is about equal to its elastic limit.

Gold is very ductile with good malleability; that is, it responds easily to compressive stress and can be formed into a thin sheet without fracture. The combination of malleability and ductility gives this metal the ability to resist fracture or abrasion even at fine margins, giving gold edge strength. These characteristics allow for the superior edge strength of gold crowns. Amalgam does not have good edge strength; if an insufficient amount of amalgam is present at the edge of a restoration the forces of mastication will likely cause fracture of the material at the margin (Figures 3-2 and 3-3). In most cases noble metals tend to be ductile and malleable, but ceramics are brittle. Ceramics and composites are described as brittle because they will sustain little strain before they fracture.


Durability refers to the ability of a material to withstand damage due to pressure or wear. Both porcelain and metal are very durable, resilient, and tough and can absorb stress without breaking. Porcelain is brittle, however, and cannot withstand shearing stresses as well as metals. Metals are very durable but not as esthetic as porcelain. All-ceramic crowns have replaced porcelain in many applications, and provide excellent mechanical properties as well as esthetics. Amalgam is durable and provides longevity and a cost-effective alternative. Amalgam restorations lack esthetics and contain mercury, which some offices have chosen to eliminate from their environment. Composites provide a durable option in areas where esthetics are important, but can they stain and do not resist abrasion as well as the other restorative choices. The new nanocomposite materials have improved this restorative choice. To adequately evaluate the best restorative choice, durability and esthetics are both important.
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FIGURE 3-3 Marginal ditching of an amalgam restoration. If a feather edge of the amalgam is left overlapping the enamel at the margin, the marginal extension may fracture under masticatory stress. (From Anusavice KJ, Shen C, Rawls H: Phillips’ Science of Dental Materials, ed 12, St. Louis, 2013, Saunders, p. 357.)






Liquids

Unlike the molecules of a solid, molecules in a liquid state are not confined to patterns; they can flow. The study of this flow is the science of rheology. Fluid flow can be steady or unsteady, and flow has a major influence on the handling or delivery of dental materials. The movement of a liquid will depend on the characteristics of the liquid and the surface on which it is placed. Chapter 2 defines these characteristics and their relationships in the discussion of bonding.

The viscosity of a liquid is its resistance to flow. Values of viscosity depend on the nature of the fluid; thin fluids have low viscosity and thicker fluids have high viscosity. Water flows readily, and therefore has very low viscosity, whereas higher viscosity liquids (tree sap, for example) have greater ability to resist flow. The viscosity of liquids usually decreases as the temperature increases. Some liquids will flow more readily under stress, for example, when they are mixed or manipulated. Thixotropic fluids are liquids that flow more easily under mechanical forces. Fluoride gels are often advertised as thixotropic. This gives the operator control of the gel while it is in the delivery tray, so that it does not drip out when inserted into the patient’s mouth. Once the material is in the mouth, the patient is instructed to chew on the tray, decreasing the material’s viscosity and allowing it to flow into pits and fissures and interproximally to improve penetration into all surfaces.



Application

Materials are classified by their application, how they will be used and fabricated, and their expected longevity. As stated in Chapter 2, they may be preventive, therapeutic, or restorative:


Preventive materials: Preventive materials are directed toward preventing the occurrence of oral disease and promoting oral health. Fluorides and pit and fissure sealants are preventive materials.



Therapeutic materials: Therapeutic materials are used in the treatment of disease and include materials such as medicated bases or topical treatments for periodontal disease.



Restorative materials: Restorative materials represent the largest classification. This classification applies to any filling, inlay, crown, bridge, implant, or partial or complete denture that restores or replaces lost tooth structure, teeth, or oral tissue. Restorative materials may be used for short term (temporary crowns, cements) or for long-term use (permanent restorations, prosthetic, implant and orthodontic appliances).


Restorations may be further classified as direct restorative materials or indirect restorative materials. Direct restorative materials are fabricated directly in the mouth, whereas indirect restorative materials are fabricated outside the mouth (often in dental laboratories, using replicas of the patient’s dentition) and then placed in the patient’s mouth.

Some materials such as amalgams and composites may be fabricated directly in the mouth. Other materials, because of convenience or toxicity or other physically harmful characteristics, need to be fabricated indirectly, outside the mouth, and then placed into the oral environment. Porcelain, for instance, needs to be fired to temperatures higher than 1000 °F, making indirect fabrication necessary.

Materials are classified by longevity, that is, how long they are expected to hold up in the oral cavity. Although all materials will degrade, wear, or fracture over time, permanent restorations are expected to be a long-lasting replacement for missing, damaged, or discolored teeth. Temporary restorations, also called provisional restorations, are used for short periods of time, several days to weeks. They function in the place of the permanent restoration to protect the teeth, prevent sensitivity and unwanted tooth movement, maintain the health and contours of the periodontal tissues, enable the patient to function normally, and provide temporary esthetics in the prepared area. Intermediate restorations, like provisional restorations, are placed for a limited time; however, the time may extend from several weeks to months. These restorations are not expected to replace tooth structure permanently and are generally used when there is other ongoing treatment such as orthodontics or implant therapy that is needed before a permanent restoration is required.

Composition

Components and the reactions of those components may aid classification of materials. Many types of dental materials require the combination of two components to form the resulting final material. These initial two components may begin as water and powder, liquid and powder, paste and liquid, paste and paste, or paste and initiator (blue light). Dental plaster begins with water and powder components. Composite restorations may require a paste, with blue light as an initiator. Many of these components are classified as catalyst and base; the catalyst is responsible for the speed at which the reaction occurs and is often the liquid component. Components may be measured and dispensed as catalyst and base or prepackaged in predosed amounts.
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Standardization of measurements in predose packages eliminates the errors produced in measuring.



Reaction

When components are mixed together, a reaction occurs. This reaction may be physical, involving the evaporation or cooling of liquid, or it may be chemical, creating new primary bonds. Most reactions of the two components result in a solid structure. Before the material reaches its ultimate solid state, the process goes through stages: the manipulation stage and the reaction stage. Both stages are defined in units of time. The manipulation stage includes the mixing time and working time, and the reaction stage includes the initial set and final set times. Mixing time is the length of time the dental auxiliary has to bring the components together into a homogeneous mix. To allow the clinician the full working time, mixing times must be strictly observed. The working time is the time permitted to manipulate the material in the mouth. The initial set time begins when the material no longer can be manipulated in the mouth, and the final set time occurs when the material has reached its ultimate state. Mixing and working times often offer some control variables. Mixing slowly and cooling the components may increase the working time; the addition of more catalyst may decrease the working time. Control of these variables is important for some situations. For instance, when working with pediatric patients, or patients who have a limited opening, decreasing the working time would be desirable. When one is working with a large amount of restorative material, an increase in the working time may be required, so that the material can be manipulated for a longer time. The amount of working time also may be controlled by how the reaction stage is initiated. Chemical set materials are those that set through the timed chemical reaction of a catalyst and base. Once the two components come in contact with each other, the chemical reaction begins and continues through the reaction stage. The clinician has little or no control of the time, and for this reason most clinicians have selected light-activated systems for their materials. Light-activated materials use a blue light source to initiate the reaction stage. Both components are present in the material but do not react until the material comes in contact with the blue light source, thus giving the clinician unlimited working time. Dual set materials have a slow chemical set that is activated when components are mixed but the set can be accelerated by light curing. This gives the clinician much more control of the working time and gives assurance of complete setting in deeper or more difficult-to-access areas of the mouth or preparation.

The setting times, initial and final, are important to the auxiliary as well as the clinician. The material must not be disturbed through the end of the initial set. Moisture and pressure controls are frequently important during the initial set. Moisture contamination, from saliva and blood, during the initial set time may have an adverse effect on many dental materials, causing them to fail. Continued firm pressure from biting force or from holding the material firmly in the mouth is essential for materials needing intimate contact with the tooth, such as dental cements. The final set of the material may occur while the patient is still in the office or several hours later. Many amalgam restorations reach their final set 6 to 8 hours after placement. Appropriate patient postoperative instructions on when and what to eat or how to place pressure on the restoration are essential to avoid fracture of these materials. The accompanying box gives manipulation instructions for dental cement, including units of time.

Manipulation

Manipulation of a material’s components is an important consideration for the dental auxiliary. It is through this manipulation that the final characteristics of the material are achieved. Some materials offer some variation in their manipulation; others are very technique sensitive and even the slightest variation will have a detrimental effect on the final product. Variables in the manipulation of the material begin with the ratios of the components. 


Manipulation of a Dental Cement for Cementation of a Crown, Expressed in Units of Time

Manipulation Stage


Powder-to-liquid ratio: 2 scoops of powder to 4 drops of liquid


Mixing time: Mix all of the powder aggressively into the liquid for about 30 seconds


Working time: Spread the cement over all the internal surfaces of the crown; the working time is 2.5 minutes

Reaction Stage


Initial set time: Wait 2 minutes after placement; remove the excess cement with an appropriate instrument. Knotted floss can be used in the interproximal areas


Final set time: Oral set time is approximately 6 minutes




The manufacturer, using the weight or volume of the components, recommends specific ratios. Many materials are produced as separate components that need to be measured and dispensed according to manufacturers’ recommendations. Manufacturers also produce materials in predosed units, eliminating the need to measure and dispense the components, thus standardizing the ratios. Changing the ratios of the materials by adding more catalyst may result in a faster reaction; increasing the amount of water or liquid component may also result in a less dense, weaker material. These ratio changes are variables that permit the clinician to alter manipulation and reaction times for some materials but are contraindicated with other materials because of adverse effects. Manufacturers give directions as to when variation is needed and how much variation in ratio the material can withstand without adverse results. The auxiliary is most often responsible for measuring and dispensing the components; strict adherence is required for some materials whereas others allow for some flexibility.

External variables such as the temperature of the material and the room temperature and humidity can also play an important part in the manipulation of materials. In general, high temperatures and humidity will accelerate the reaction of a material’s components, and low temperatures and humidity will retard the reaction.

How the components of a material are mixed, that is, quickly or slowly, on a paper pad or a glass slab, or by hand-mixing or using automix dispensers, will affect the final material and its consistency (Figure 3-4). Materials mixed slowly on glass will usually produce a slower reaction; automix materials will give a more consistent result because the materials are mixed by equipment in a standardized manner, eliminating the variables of human error.

The shelf life of a material refers to the deterioration and change in quality of a material over time. Attention to the date of expiration is important for consistency in the optimal characteristics of a product. Conditions of storage such as temperature and humidity as well as type of storage container may directly affect a material’s shelf life. Some materials require refrigeration to prolong their useful life, and others need to be protected from direct light and may be packaged in light-blocking containers. Always refer to manufacturers’ directions to determine conditions of storage and expiration. Materials that meet the requirements of American Dental Association specifications carry a date of production as part of the serial number or in a separate notation.
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FIGURE 3-4 Hand-mixed materials often consist of a powder and a liquid mixed together on a mixing slab; equipment used in mixing materials includes the dental amalgamator; automix dispensers mix materials as they are expressed out of a gun-type applicator.





Summary

The physical structure of a material helps to define the characteristics expected from that material. The success of dental materials is directly related to the choices the dental auxiliary makes in selecting and manipulating the components while keeping in mind those variables that cannot be altered. Controlling variables of manipulation and reaction stages has become increasingly important with more sophisticated materials and more challenging clinical situations. Hand-mixing of materials allows for some control of manipulation and reaction stages. However, inconsistencies in mixing and time demands have become problematic in many clinical situations. Manufacturers are producing materials in a variety of forms to address these concerns. Predosed materials are manufactured to standardize the amount of catalyst and base included in the mix, thus preventing inconsistencies in resultant physical properties. Automix materials standardize the amount of catalyst and base and produce a consistent homogeneous mix. It is important to refer to manufacturers’ directions for instruction on storage, proportioning, and mixing, and on variables that may be changed to produce the best final results.


Review Questions



Select the one correct response for each of the following multiple-choice questions.


1. A defining characteristic of a solid is that it has


a. shape and volume


b. shape only


c. neither shape nor volume


d. volume but no shape







2. The most stable primary bonds


a. have random form


b. have regular crystalline structures


c. are amorphous


d. have mixed physical structure







3. The correct term for describing the maximal amount of stress a material can withstand without breaking is


a. toughness


b. elasticity


c. ultimate strength


d. ductility







4. When the weight of a material increases in relationship to its volume, this is described as


a. elastic


b. resilient


c. dense


d. hard







5. Hardness determines the material’s ability to


a. deform an object


b. break an object


c. be easily compressed


d. penetrate an object







6. When deformation is not permanent and a material recovers, it has good


a. toughness


b. elasticity


c. malleability


d. ductility







7. Resistance to flow is known as


a. viscosity


b. film thickness


c. density


d. curing







8. Thixotropic materials are those that


a. have poor viscosity


b. flow under mechanical forces


c. flow at higher temperatures


d. flow at lower temperatures







9. Mixing time is the length of time from


a. the beginning of mixing to the end of setting time


b. the beginning of mixing to the initial set time


c. the beginning of mixing to the beginning of working time


d. the beginning of mixing to the end of working time







10. A material mixed slowly on a cooled glass surface will


a. have a shorter working and setting time


b. have a shorter working and longer setting time


c. have a longer working and setting time


d. have a longer working and shorter setting time







For answers to Review Questions, see the Appendix.



Case-Based Discussion Topics



1. Mary Smith has come to your office for a crown preparation on tooth #18. The dentist has recommended a porcelain-fused-to-metal crown for this area. The tooth is prepared with a tapered margin and a final impression taken.




How would the stiffness of the impression material affect the accuracy of the final impression? If Mary grinds or clenches her teeth, how will this affect the new restoration and restorations on the opposing teeth? Why is metal’s edge strength an important characteristic for this preparation?

2. Bill Miller is scheduled for an orthodontic appointment; he has been in full orthodontic treatment for several months, resulting in the alignment of his teeth.


Give two important properties of the orthodontic wire used in this movement. How do these properties contribute to this movement?

3. You have been asked to prepare cement for a final cementation appointment.


What control variables would be desirable if this was a multiunit bridge? How might these variables be manipulated?

4. While attending your state dental convention, you find a great deal on dental plaster. To take advantage of this offer, you must buy five 25-pound containers. When the plaster is delivered to the office, you find that there is not enough space to store the material, so it is decided to store it in the dentist’s garage. Although the material in the first container has normal setting reactions, material in containers opened later are inconsistent in their working and setting times.


What may account for these inconsistencies?
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Chapter 4

General Handling and Safety of Dental Materials in the Dental Office


Chapter Objectives


On completion of this chapter, the student will be able to:

1. Identify five job-related health and safety hazards for employees in dental offices, and explain the methods of prevention for each one.


2. Explain the components of the Occupational Safety and Health Administration Hazard Communication Standard.


3. Describe the ways that chemicals can enter the body.


4. Describe the employee and employer responsibility for safety training.


5. Describe the basic infection control methods for the handling of dental materials in the treatment area.


6. Identify the concepts and benefits of going green in the dental practice.


7. Discuss how the ADA Top Ten Initiatives of sustainability can be incorporated into a general dental practice.






Key Terms defined within the chapter


Particulate Matter

   extremely small particles (e.g., dust from dental plaster or stone)

Personal Protective Equipment (PPE)

   gloves, masks, gowns, eyewear, and other protective equipment for the employee

Bio-aerosol

   a cloudlike mist containing droplets, tooth dust, dental material dust, and bacteria of a particle size less than 5 microns (μm) in diameter

Splatter

   small particles that may contain blood, saliva, oral particulate matter, water, and microbes

Hazardous Chemical

   a chemical that can cause burns to the skin, eyes, lungs, etc. is poisonous, or can cause fire

Toxicity

   the strength of a product or of a chemical to cause damage to the body

Flash Point

   the lowest temperature at which the vapor of a volatile substance will ignite with a flash; a low flash point means that a substance can catch fire easily

Ignitable

   a material or chemical that can erupt into fire easily

Corrosive

   usually an acid or strong base that can cause damage to skin, clothing, metals, and equipment

Reactive

   the reaction of opposing chemical substances that creates a different end product

Safety Data Sheet (SDS)

   printed product reports from the manufacturer containing important information about the chemicals, hazards, handling, cleanup, and special PPE related to a product
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Dental health care personnel use a wide variety of chemical-containing dental materials for patient treatment and laboratory procedures. All chemicals are capable of causing harmful effects if they are absorbed into the human body in large enough amounts. The safety of the patient and of the dental professional handling dental materials is of paramount concern. Safety is the shared commitment of the dentist and staff for the work environment, all dental personnel, and the patient. You should be very familiar with the regulations for safe practice in the prevention of transmission of potentially pathogenic microbes to both patients and dental personnel. This chapter concentrates on how to prevent exposure to potentially hazardous materials. All dental personnel must understand the safe use, cleanup, and disposal methods for all the materials used in the dental office. This chapter also discusses compliance with governmental regulations and explains health and safety procedures.


Material Hazards in the Dental Environment

Exposure to Particulate Matter

During the manipulation of many dental materials, particulate matter can be generated. Items such as gypsum products, alginate, microblasting materials, and pumice may generate dust during handling. Gypsum models, processed acrylic, porcelain, and various restorative materials may generate dust during the grinding and polishing processes. Pneumoconiosis is a fibrotic lung disease that can be cause by chronic exposure to these dusts. When coal miners got this disease from inhaling coal dust, it was called Black Lung Disease. It is important for each person who is handling and manipulating these materials to have and use the proper personal protective equipment (PPE) such as dust or surgical masks, eyewear, gowns, and (when appropriate) hair covering or tieback. Appropriate exhaust ventilation in dental laboratories where grinding or trimming of materials is performed is equally important.


Material Hazards in the Dental Office

• Exposure to particulate matter


• Exposure to mercury


• Exposure to toxic effects of chemicals


• Exposure to airborne contaminants


• Exposure to biological contaminants




Exposure to Biological Contaminants

Dental personnel come in contact with a variety of microorganisms via exposure to blood, body fluids, or oral and respiratory secretions. These microorganisms may include hepatitis B virus (HBV), hepatitis C virus (HCV), human immunodeficiency virus (HIV), and other viruses and bacteria. Dental personnel can be protected from the occupational transmission of infectious diseases through strict adherence to the requirements of the Occupational Safety and Health Administration (OSHA) and the Canadian Centre for Occupational Health (CCOH) Bloodborne Pathogens Standard, and to the infection control guidelines issued by the Centers for Disease Control and Prevention (CDC). A further excellent resource for the dental team is the Organization for Safety, Asepsis, and Prevention (OSAP). The dental assistant/hygienist must be familiar with these guidelines. In addition, most U.S. states have regulations specific to infection control for dentistry. Dental personnel must consider the possibility that any container or piece of equipment or dental material may become contaminated during handling. Thus it is important to use proper barrier protection such as overgloves or plastic covers when handling the bottles, cans, or tubes that contain many of the dental materials used in a modern dental practice (Figure 4-1).

Areas and equipment in each area must be clearly marked so that dental personnel know which area or item is potentially contaminated and can take the necessary precautions in handling that item. If you are unsure, use a protective covering or disinfect the item with the appropriate germicide.
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FIGURE 4-1 A, Overgloves are used to prevent cross-contamination when multiple-use dental material containers and dispensers are handled. B, Syringe is barrier protected with a disposable plastic cover.







Bio-Aerosols in the Dental Setting

A bio-aerosol (bio, living; aerosol, mist) is a cloudlike mist containing microbes such as bacteria, viruses, molds, fungi, and yeast. Airborne microorganisms can be found in any building. Air conditioning systems, humidifiers, carpets, wall coverings, and plants can easily become microbial breeding grounds.

Dental Bio-Aerosols

In addition to the usual sources of airborne microorganisms, bio-aerosols and splatter in the dental office are even more complex. This is because the aerosols and splatter created during many dental procedures contain oral fluids, blood, dental materials, powder, latex particles, and dust from metal, composites, and hygiene procedures (Figure 4-2). Particles that exit the patient’s mouth during many dental procedures can be separated into two categories. Those particulates that are greater in diameter than 50 microns (μm) can be considered splatter. The larger splatter particulates can land on the provider’s eyewear, skin, and PPE, on other spaces and equipment, and on the floor in the treatment area as far away as 3 feet. The smaller particulates (less than 50 μm) are the aerosols. These can remain airborne from minutes to hours and can be the source of respiratory infection if inhaled. The bio-aerosols and splatter created by the dental handpiece, ultrasonic scaler, and by air abrasion procedures alone can contain particles of human teeth, oral fluids, bacteria and viruses, old restorations, lubricating oil, and abrasive powder. The use of certain air-water powder slurry products during hygiene procedures (use of the ultrasonic scaler and air polishing) has been implicated in the creation of bio-aerosols. Aerosols are generated from lasers and electrosurgical units and may contain gases, tissue debris, and other infectious materials. Aerosols can also be generated in the laboratory during grinding and polishing procedures.
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FIGURE 4-2 Aerosol and droplets generated by ultrasonic scaler procedures. (Photo © Hu-Friedy Mfg. Co., Inc. [Chicago, IL]; used with permission.)






Recommendations for the reduction of bio-aerosols during dental procedures include the use of high-volume suction, patient mouth rinses before treatment, as well as the reduction of biofilm prior to procedures by coronal polishing, or by brushing and flossing.

When the amount of bio-aerosol in the environment exceeds the capacity of the air filtration system, allergens, toxins, irritants, and infectious agents will continue to build up. Employees can suffer from allergic responses, infectious diseases, and respiratory problems as a result of prolonged exposure to bio-aerosols and chemical irritants.


Management of Bio-Aerosols in the Dental Environment

The effects of bio-aerosols can be minimized in dental offices through the following procedures:

• Monitor HVAC (heating, ventilation, and air-conditioning) systems to ensure optimal performance for the removal of particulates and to eliminate excess moisture.


• Clean the air filtration system frequently.


• Use proper oral and laboratory evacuation and ventilation techniques during bio-aerosol–producing procedures.


• Use a vacuum dust collection system during dust-producing laboratory procedures.


• Use high-volume suction during all intraoral procedures that produce aerosol.


• Use rubber dams (to minimize exposure to oral fluids).


• Use preprocedural mouth rinses.


• Conduct preprocedural removal of biofilm through coronal polishing, brushing, and flossing.



• Wear appropriate PPE:



• Masks



• Protective clothing



• Proper eyewear and face shields



• Gloves; minimize the use of latex products and use powder-free gloves






• Keep all containers tightly covered.


• Pour chemicals rather than spraying.


• Use lids on ultrasonic cleaners and other chemical containers.





Chemical Safety in the Dental Office

Hazardous Chemicals

A hazardous chemical is defined as any chemical that has been shown to cause a physical or health hazard. It can be any substance that can catch fire, react, or explode when mixed with other substances, or that is corrosive or toxic. It is the chemical manufacturers’ responsibility to assess the hazards of their products and pass this information on to consumers through the Safety Data Sheet (SDS). Many dental materials contain more than one chemical (Figure 4-3).


How Chemicals Enter the Body

• Inhalation


• Direct contact with the skin or eyes


• Absorption through the skin


• Ingestion (eating or drinking)


• Invasion directly through a break in the skin




Skin and Eyes

The skin is an effective barrier for many chemicals; however, some chemicals are absorbed through the skin. In general, the skin must be in direct contact with the chemical for this to happen. Absorption also may occur directly through breaks in the skin such as cuts, open sores, or inflamed hands. After repeated contact with some chemicals, a skin disease called dermatitis may occur. Adverse occupational reactions in the form of hand or facial dermatitis are not uncommon in dental personnel. These reactions seem to be most often associated with exposure to acrylates, formaldehyde, latex, and rubber additives and can be the result of exposure to dental materials or the components that make up PPE.

Other chemicals, such as acids, can break down the outer layer of the skin, causing burns, and are extremely harmful to the eyes. In the bonding technique for all ceramic crowns, hydrofluoric acid is used to etch the prosthesis to enhance the bond to the tooth. Hydrofluoric acid (HF) is extremely dangerous; anyone handling this acid must be well informed about the risks and safety requirements in handling the material and how to handle potential accidental exposure. Eye damage may result in permanent damage or even blindness. Flushing the eyes at the eyewash station for at least 15 minutes and immediate medical attention are recommended. Exposure to HF is not limited to contact with the skin and eyes; inhalation of this potent acid is of equal concern. Adequate ventilation must be used.
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FIGURE 4-3 Chemical hazard warning labels (From Bird D, Robinson D: Torres and Ehrlich modern dental assisting, ed 11, St. Louis, 2015, Elsevier.)






Inhalation

Inhalation of gases, vapors, or dusts of materials is a common route of chemical exposure for dental personnel. Some chemicals can cause damage directly to the lungs in the form of pneumoconiosis. The exposure to asbestos is a well know hazard in the construction industry. Among dental personnel, prolonged exposure to dusts containing metal or silica has let to pneumoconiosis. Other chemicals may not directly affect the lungs but are absorbed by the lungs and sent via the bloodstream to other organs such as the brain, liver, or kidneys, where they may cause damage. PPE such as masks or a proper respirator and adequate ventilation must be considered and used as appropriate for each procedure.

Ingestion

Ingestion (swallowing) is another way that chemicals can enter the body. Eating in an area where chemicals are used, and eating with hands that are contaminated with chemicals, are common ways of ingesting harmful chemicals. In the dental laboratory, many procedures are performed that produce contaminants such as metal grindings and gypsum products. It is important to wash your hands thoroughly after contact with any chemical. In many cases, the use of special protective gloves is indicated, and they must be removed and the hands washed before food is handled.

Exposure to Bisphenol A

Bisphenol A (BPA) is a chemical currently used to harden plastics, and to line metal food and beverage cans and water pipes. As a result, almost everyone is exposed daily to BPA. An association has been found between higher BPA levels in the urine of young adults and children and increased diagnosis of diabetes, obesity, cardiovascular disease, and liver abnormalities, possibly the result of BPA’s weak estrogenic properties; however, the current position of the U.S. Food and Drug Administration (FDA) is that BPA is not a health concern.

BPA is found in polycarbonate plastics and epoxy resins. A form of epoxy resin containing BPA is used in some dental sealants and composites. Resins containing the BPA derivative bis-DMA are more likely to release some BPA at low levels over those containing another BPA derivative, bis-GMA. Glass ionomer sealants do not produce BPA residue. Dental products are less likely to cause exposure to BPA than consumer products made with plastic and epoxy resin. The U.S. Department of Health and Human Services and the American Dental Association (ADA) have called for more research to understand the potential human health effect of BPA exposure, especially in young children.

There are recommended steps to reduce the incidence of BPA exposure during sealant and composite placement. Each of these steps is also important for a successful restorative result:

1. Properly cure the resin—undercured resin releases BPA.


2. Wipe off the uncured smear layer after curing—this reduces BPA exposure by 95%.


3. Use good placement technique with rubber dam isolation or four-handed dentistry with high-volume suction.


4. Use high-volume suction when adjusting sealants, composites, or orthodontic brackets.


Exposure to Mercury

There is a known health risk to dental health care personnel from exposure to mercury. This risk has long been established and each office using mercury-containing amalgam procedures must take precautions to eliminate exposure to the dental personnel. Precautions must be taken in the dispensing of the material, placement of the material, condensing and carving of the material, handling and storage of amalgam scrap, and removal of existing amalgam restorations. Because of these precautions many offices have begun to phase out the use of mercury-containing materials. The ADA Council on Scientific Affairs review of the literature on amalgam safety has concluded that the “scientific evidence supports the position that amalgam is a valuable, viable and safe choice for dental patients.”


Precautions When Working with Mercury

• Work in a well-ventilated space.


• Avoid direct skin contact with mercury.


• Avoid inhaling mercury vapor; use high-volume evacuation whenever removing old amalgam restorations or adjusting new materials.


• Store mercury in unbreakable, tightly sealed containers away from heat.


• When preparing amalgam for restorations, use preloaded capsules. (This avoids exposure during measurement of mercury.)


• When mixing amalgam, always close the cover before starting the amalgamator.


• Reassemble amalgam capsules immediately after dispensing the amalgam mass. (The used amalgam capsule is highly contaminated with mercury and is a significant source of mercury vapor if left open.)


• Store leftover scrap amalgam (i.e., unused amalgam) in a tightly closed container.


• Disinfect scrap amalgam (amalgam that has been retrieved from dental unit traps) in a solution of bleach and water. Then place the amalgam in the container with other scrap alloy.


• Clean spills, using appropriate procedures and equipment; do not use a household vacuum cleaner or high-velocity evacuation (HVE). (Dangerous fumes from the mercury can be released into the air.)


• Place contaminated disposable materials into polyethylene bags, seal them, and dispose of them according to state/province and local regulations.





Acute and Chronic Chemical Toxicity

The toxicity of a chemical, and thus its harmfulness, depends directly on the dose, length of exposure, and frequency of exposure.

Acute Chemical Toxicity

Acute chemical toxicity results from high levels of exposure over a short time. This is frequently caused by a large chemical spill in which the exposure is sudden. The effects of this type of toxicity are felt right away. The symptoms of acute overexposure to chemicals include dizziness, fainting (syncope), headache, nausea, and vomiting.

Chronic Chemical Toxicity

Chronic chemical toxicity results from repeated exposures, usually to lower doses, over a much longer time such as months or even years. The effects of chronic toxicity can include cancer, neurologic deficits, and infertility.

For example, a single exposure to a high concentration of benzene may cause dizziness, headache, and unconsciousness; long-term daily exposure to low levels of benzene may eventually cause leukemia. Another example is that some of the metals used in partial denture frameworks contain beryllium. When grinding these frameworks for adjustment, one must avoid inhaling the dust because it is a toxic hazard that can lead to lung disease. A proper mask or respirator must be worn.


Personal Chemical Protection

Hand Protection

Appropriate hand hygiene is the most important step that health care personnel can take to prevent the transmission of infectious diseases in the dental setting. The procedure gloves worn during patient care do not provide adequate protection when chemicals are handled. When exposed to chemical disinfectants, antiseptics, resins, and bonding agents the latex in the gloves degrades and can actually pull contaminants and chemicals through the glove like a wick and onto the hands. Chemical-resistant gloves such as nitrile gloves are recommended for wear during chemical handling (Figure 4-4). With the many materials on the market, the manufacturer’s SDS instructions should be consulted to determine the compatibility of the glove material with various chemicals. Some individuals develop a sensitivity to latex; however, a proper dermatologic diagnosis is required before a latex reaction can be distinguished from sensitivity to some other chemical.

Eye Protection

Serious damage to the eyes, including blindness, can result from chemical accidents. It is necessary to protect the eyes from fumes and splashes while chemicals such as alcohol or methyl methacrylate monomer, acid, or other solvents are poured. The acids used for bonding procedures can be splashed into the eyes during rinsing from the etched teeth. Protective eyewear with side shields and splash shields are available from many manufacturers and must be worn in patient care settings.

Protective Clothing

The type of chemical that is being used should guide the selection of protective wear. A rubber or neoprene apron should be worn when one is mixing or pouring chemicals that are caustic and can stain or would saturate and penetrate or damage regular fabric.


Inhalation Protection

Masks worn during patient care may or may not provide adequate protection when one is working with chemicals, depending on their quality. The facemask should be fluid repelling and provide respiratory protection. If the job requires frequent pouring or mixing of chemicals, sensitive or allergic individuals might need a National Institute of Occupational Safety and Health (NIOSH)–approved dust and mist respirator facemask (Figure 4-5). Several masks are on the market for those personnel with sensitive skin; these masks are free of dyes and chemicals and have a lint-free cellulose inner layer.


[image: image]

FIGURE 4-4 Disposable nitrile gloves, because they are resistant to chemicals, are used to handle acids and hazardous chemicals. Disposable-type nitrile gloves that are free of accelerators (chemicals used to produce rubber) reduce type IV dermatitis and latex type I skin reactions. (Courtesy of Showa Best Glove [Menlo, GA].)







[image: image]

FIGURE 4-5 The disposable N95 respirator protects against dusts and chemical mists. (Courtesy of Lab Safety Supply Inc. [Janesville, WI].)







Control of Chemical Spills

Mercury Spill

Mercury spill kits should be available in all dental offices that use amalgam for restorations (Figure 4-6). Exposure to even small amounts of mercury is very hazardous to workers’ health. Mercury can be absorbed through the skin or by the inhalation of mercury vapors.

The spill kit for small amounts of mercury should contain mercury-absorbing powder, mercury sponges, and a disposal bag. A mask and utility-type gloves should be worn whenever a mercury spill is cleaned.

Flammable Liquids

Many of the solvents used with dental materials have a very low flash point and can easily ignite when used near open flame such as from a Bunsen burner or an alcohol torch. Take extreme caution when using flammable products (e.g., the liquid monomer for acrylic or acetone). The SDS for each product describes the flammability of that product. A detailed explanation on how to read the SDS appears in Box 4-1, later in the chapter.

Acids

As mentioned previously, acids such as phosphoric, hydrofluoric, and hydrochloric acids are used during manipulation of various dental materials. Splashing any of these acids on the skin, eyes, or clothing can cause severe burns or damage. Flushing with water immediately is essential to prevent severe injury.



[image: icon] Caution


Skin: Immediately rinse with copious amounts of water. Seek medical attention if a burn or wound has occurred.



Eyes: Immediately use the nearest eyewash station and flush the eyes with water for at least 15 minutes. Seek medical attention immediately.
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FIGURE 4-6 Mercury spill kit. Note its compact size for convenient storage. (Courtesy of Lab Safety Supply Inc. [Janesville, WI].)






Eyewash

OSHA regulations require an eyewash unit to be installed in every place of employment where chemicals are used. A wide variety of styles are available. The standard eyewash unit attaches directly to existing faucets for emergencies yet still allows normal faucet use. When turned on, the eyewash unit will irrigate the eyes with a soft, wide flow of water as necessary to bathe away contaminants without causing additional damage. As an employee, you must be trained in proper use of the eyewash station. It is recommended that eyewash stations be inspected frequently to ensure water flow. Some manufacturers suggest running them for several minutes periodically to discharge any built-up potential biofilms or infectious agents. A nearby posting of directions for the proper use of the particular type of eyewash unit is recommended (Figure 4-7).

Ventilation

Good ventilation is a necessity when one is dealing with any type of chemical. Dental offices should be equipped with special exhaust systems for fumes and dust in the laboratory and in radiographic areas. For example, vapors from chemicals used in radiographic processing can cause contact dermatitis and irritation of eyes, nose, throat, and respiratory tract. Other laboratory areas may be laden with fine dust particles from grinding or chemical vapors such as from acrylic monomer or pickling acid (used to remove oxides from cast metals).


General Precautions For Storing Chemicals

All dental materials contain chemical components, and some are more hazardous than others. Careful use and storage of dental materials is important to ensure that these products retain their therapeutic activity and identity. Changes in the chemical composition of materials can occur for many reasons. When changes take place, the product may no longer retain its effectiveness. Expiration dates must be reviewed and out-of-date material should be disposed of properly. A basic “safe” policy for the storage of dental medications and chemicals is to keep them in a dry, cool, dark place where they are not exposed to direct sunlight. Many single-dose products have been developed to eliminate cross-contamination and reduced effectiveness of the product due to evaporation or contamination (Figure 4-8).
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FIGURE 4-7 A, Faucet-mount eyewash and eye/face-wash station. B, Wall-mounted eyewash station showing inspection record. (A, Courtesy of Lab Safety Supply Inc. [Janesville, WI]; B, Courtesy of Dr. Mark Dellinges.).






Disposal Of Chemicals

Empty Containers

Even empty containers can be hazardous because they often hold residues that can burn or explode. Never fill an empty container with another substance because a dangerous chemical reaction could occur. Follow the label and the SDS on how to dispose of empty containers. (Safety Data Sheets are discussed later in this chapter.)


Tips to Aid in the Safe Use and Effectiveness of Dental Materials


Follow instructions: The manufacturer has already determined the best methods of protective packaging and storage. Therefore the manufacturer’s instructions for storage, manipulation, and protection should be followed.



Light, heat, and air: Exposures to light, heat, and air are the prime factors in the deterioration of many bonding solutions. Changes in color, viscosity, or curing time are the most common signs of deterioration.



Expiration date: The substance’s expiration date should always be noted. To maintain the proper chemical reactions, materials should be replaced when the expiration date is reached. Also, new supplies should always be stocked behind the current inventory so that the oldest product is used first.
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FIGURE 4-8 Examples of single-use items (dental floss, fluoride varnish, temporary restorative materials, cement cartridge, and etching solution).





Hazardous Waste Disposal

A waste is considered hazardous if it has certain properties or chemicals that could pose dangers to human health and the environment after it is discarded. In general, waste is classified as hazardous if it has any of the following characteristics:


Ignitable: The substance is ignitable if it is flammable or combustible.



Corrosive: The substance is corrosive if it is highly acidic (pH less than 2.0) or basic (pH greater than 12.5). (Water has a pH of 7.0, which is neutral.)



Reactive: The substance is reactive if it is chemically unstable or explosive, reacts violently with water, or is capable of giving off toxic fumes when mixed with water.



Toxic: The substance is toxic if it contains arsenic, barium, chromium, mercury, lead, silver, or certain pesticides. (Note: Dental amalgam, asbestos, lead foil, and radiographic processing solutions are examples of hazardous waste that may be regulated differently by individual states and provinces.)



Listed by the U.S. Environmental Protection Administration (EPA) and the Canadian Environmental Protection Agency (CEPA): Several hundred chemicals are listed by the EPA/CEPA as hazardous chemicals.



Guidelines for Minimizing Exposure to Chemical Hazards in the Dental Office

• Keep a minimum of hazardous chemicals in the office.


• Read the labels and use only as directed.


• Store according to the manufacturer’s directions.


• Keep containers tightly covered.


• Avoid mixing chemicals unless consequences are known.


• Wear appropriate personal protective equipment (PPE) when handling hazardous substances.


• Wash hands immediately after removing gloves.


• Avoid skin contact with chemicals; immediately wash skin that has come in contact with chemicals.


• Maintain good ventilation.


• Do not eat, drink, smoke, apply lip balm, or insert contact lenses in areas where chemicals are used.


• Keep vaporizing chemicals away from open flames and heat sources.


• Always have an operational fire extinguisher handy.


• Know and use proper cleanup procedures.


• Keep neutralizing agents available for strong acid and alkaline solutions.


• Dispose of all hazardous chemicals according to SDS instructions.




Regulations for hazardous waste disposal vary among states and provinces, and heavy fines may be imposed for those individuals who knowingly violate regulations. More important than the legal penalties are the environmental damage and the pollution of surface and groundwater that can result from improper handling, transportation, and disposal of hazardous wastes. The solutions from the wet processing of dental radiographs are not permitted in the public sewer systems, and if they are disposed of in private septic systems, they can cause those systems to fail. The disposal limits, either down the drain or in landfill, of x-ray film, lead foil, disinfectants, and acid etch are also regulated by either county or state regulatory agencies and can vary widely throughout the United States.

An example of a regulation that can improve wastewater and groundwater is the regulation requiring use of the amalgam separator (ISO standard 11143:2008), which can almost completely remove the amalgam “fine” waste and prevent it from going into the sewer system. Mercury from dental amalgam can end up in the soil, atmosphere, and groundwater through several routes including wastewater discharges from dental practices as well a throwing out amalgam scrap in the office waste. Mercury from dental amalgams can also be released through the burial and cremation of individuals with amalgam restorations. The amount of mercury released from dental amalgam and the result of the conversion into the ecosystem is highly variable. The aquatic and soil contribution of mercury from dental amalgams is considered to be very low and there have been several improvements to the regulation in the disposal of scrap amalgam in many states. The ADA has provided a “best practices management” for handling amalgam with the intent of reducing amalgam release into the environment.


Dental Laboratory Infection Control

OSHA mandates that the dental laboratory have the same infection control protocols as the dental office. Dental laboratories may be a part of the dental office or may be off-site and owned and operated by dental laboratory technicians not employed by the office. Effective communication must be established with facilities within the office or off-site to prevent disease transmission from contaminated items entering the dental laboratory. In addition, dental laboratories are obligated to make sure that the products that are delivered back to the dental operatory are free of contaminants. Dental laboratory technicians must adhere to the same standard precautions for the prevention of health-related diseases from the materials they handle.

For example, impressions, casts, and dental prostheses are often moved back and forth between laboratories and dental operatories. These items may be contaminated with blood and saliva. Microorganisms are transferred to the laboratory environment and back to the dental operatory. Microbes have been cultured from set gypsum dental casts for up to 7 days.

Good communication and standardized protocols are essential for effective infection control. If there is ever a doubt as to the status of an incoming or outgoing case, the appropriate disinfection process must be completed before the item may be handled or placed in the patient’s mouth.


Infections Control Communication between Laboratory and Dental Office

• Disinfection status of incoming and outgoing cases


• Appropriate shipping and receiving containers


• Designated receiving and shipping areas and protocols


• Designated production areas




All equipment used in the dental laboratory must be single-use items or handled with standard precautions for prevention of cross-contamination. Even though cases are appropriately disinfected before entering the production area, dental lathes, handpieces, burs, brushes, rag wheels, and other laboratory equipment should be disinfected or sterilized daily. The dental lathe should be protected with a functional shield surrounding the lathe to prevent spatter, aerosols, and the possibility of flying debris (Figure 4-9).


[image: image]

FIGURE 4-9 Picture of a lathe splash hood lined with a disposable bag, a removable dish for a new mix of pumice, and sterilized rag wheels attached.





Appropriate PPE must be worn in the dental laboratory to protect individuals from biological contaminants, bio-aerosols, and chemical contact and inhalation. Appropriate ventilation and/or air-suction motors are important for these areas.

The dental office and dental laboratory must follow the same infection control guidelines to protect health care personnel and patients from bloodborne pathogens. Standard precautions, appropriate personal protective equipment, and good communication between the laboratory and the office are all components of successful infection control protocols.

Occupational Safety and Health Administration Hazard Communication Standard

OSHA has created standards to protect the safety of workers; you should be very familiar with the Bloodborne Pathogens Standard. This section addresses the standard that protects workers who are at risk of chemical exposure: the Hazard Communication Standard.

OSHA issued the Hazard Communication Standard because employees have “the right and the need to know” the identity and the hazards of chemicals that they use in the workplace. The Hazard Communication Standard, also known as the Employee Right to Know Law, requires employers to implement a hazard communication program. Many chemicals are used in dental practices: germicides, cleaning agents, and various dental materials.

Hazard Communication Program

OSHA has been enforcing a Hazard Communication Standard (HCS) since 1983. In 2013 a new program became effective, with the elements being phased in through 2016. Most of these new elements require action on the part of chemical manufacturers, who will need to begin using a new labeling system for chemicals by 2015. The HCS is adopting the United Nation’s Globally Harmonized System of Classification and Labelling of Chemicals (GHS). This system replaces the Material Safety Data Sheet (MSDS) with a more globally standardized Safety Data Sheet (SDS). This is a more universally accepted means of communicating the hazards associated with chemicals used in the workplace, allowing for hazard communication to be efficient in international trade. As of December 2015 all chemicals must be labeled according to the GHS system. The basic elements of the safety sheet have not changed; the GHS system uses a combination of signal words and standardized pictograms to communicate hazards associated with a specific chemical.

A chemical hazard communication program has five parts: the written program, the chemical inventory, the Safety Data Sheet (SDS), labeling of containers, and employee training. By June 2016, all workplaces must be updated to include new labeling and hazard communication and provide updated employee training for newly identified physical or health hazards.

Written Hazard Communication Program

The written program must identify by name all employees who are exposed to hazardous chemicals. It must describe how chemicals are handled in the workplace and must include a description of all safety measures and an explanation of how one should respond to chemical emergencies such as spills or exposures.

Chemical Inventory

The chemical inventory is a comprehensive list of every product used in the office that contains chemicals, including amalgam, bonding agents, disinfectants, and impression materials. Each time a new product containing a hazardous chemical is added to the office, it must be added to the chemical list and the SDS for that product must be placed in the SDS file.

The office will frequently appoint a staff member to be the hazard program coordinator. This person will be responsible for maintaining the chemical inventory and updating the SDS file.

Safety Data Sheets

Safety Data Sheets (SDSs) contain health and safety information about each chemical in the office. SDSs provide comprehensive technical information and are a resource for employees/providers who work with chemicals. They describe the physical and chemical properties of a chemical, health hazards, routes of exposure, precautions for safe handling and use, emergency and first aid procedures, and spill-control measures (Figure 4-10).

The manufacturers of products that contain hazardous chemicals must provide SDSs, and an SDS must be obtained for every chemical used in the office. SDSs are often enclosed in the box with the product. SDSs should be organized in binders so that employees/providers have ready access to them and can easily locate a particular SDS (Box 4-1).
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FIGURE 4-10 Simulated Material Safety Data Sheet. (Courtesy of Dentsply Caulk [Milford, DE]. From Bird DL, Robinson DS: Modern Dental Assisting, ed 11, St. Louis, 2015, Elsevier.)








Necessary Parts of a Hazard Communication Program

• Written hazard communication program


• Inventory of hazardous chemicals


• Safety Data Sheet (SDS) for all chemicals


• Labeling


• Employee training





Labeling of Chemical Containers and Safety Data Sheets

The responsibility for labeling of chemicals is with the manufacturer or distributor. Containers must be labeled to indicate manufacturer’s name, address, and telephone number; product name or identifier; signal words for warning or hazards; hazard statements; and precautionary statements and pictograms (Figure 4-11).



Box 4-1 Explanation of the Safety Data Sheet

Hazard Communication Safety Data Sheets

The Hazard Communication Standard (HCS) requires chemical manufacturers, distributors, or importers to provide Safety Data Sheets (SDSs) (formerly known as Material Safety Data Sheets or MSDSs) to communicate the hazards of hazardous chemical products. As of June 1, 2015, the HCS will require new SDSs to be in a uniform format, and include the section numbers, the headings, and associated information under the headings below:

Section 1, Identification includes product identifier; manufacturer or distributor name, address, phone number; emergency phone number; recommended use; restrictions on use.

Section 2, Hazard(s) identification includes all hazards regarding the chemical; required label elements.

Section 3, Composition/information on ingredients includes information on chemical ingredients; trade secret claims.

Section 4, First-aid measures includes important symptoms/ effects, acute, delayed; required treatment.



Section 5, Fire-fighting measures lists suitable extinguishing techniques, equipment; chemical hazards from fire.

Section 6, Accidental release measures lists emergency procedures; protective equipment; proper methods of containment and cleanup.

Section 7, Handling and storage lists precautions for safe handling and storage, including incompatibilities.

Section 8, Exposure controls/personal protection lists OSHA’s Permissible Exposure Limits (PELs); Threshold Limit Values (TLVs); appropriate engineering controls; personal protective equipment (PPE).

Section 9, Physical and chemical properties lists the chemical’s characteristics.

Section 10, Stability and reactivity lists chemical stability and possibility of hazardous reactions.

Section 11, Toxicological information includes routes of exposure; related symptoms, acute and chronic effects; numerical measures of toxicity.

Section 12, Ecological information∗


Section 13, Disposal considerations∗


Section 14, Transport information∗


Section 15, Regulatory information∗


Section 16, Other information, includes the date of preparation or last revision.




∗ NOTE: Since other Agencies regulate this information, OSHA will not be enforcing Sections 12 through 15(29 CFR 1910.1200(g)(2)).
Employers must ensure that SDSs are readily accessible to employees.
See Appendix D of 1910.1200 for a detailed description of SDS contents.




From osha.gov.



All chemicals in the dental office must be labeled. In many cases, the manufacturer’s label is suitable. However, when the chemical is transferred to a different container, the new container must also be labeled. For example, when a concentrated chemical such as acrylic monomer is transferred to a small bottle for use in the treatment area or laboratory, the bottle must be labeled. No official labeling system is required, and a variety of styles are available on the market (Procedure 4-1). Even affixing to the new container a photocopy of the label from the original container is acceptable. The most important considerations are that the labeling system should be easy to use, in legible condition, and provide all the information from the original label including words, pictures, and symbols. All employees must be properly trained to understand and read the labels.

Labeling Exemptions

Some products, such as pharmaceuticals directly dispensed to the patient by the pharmacy and drugs intended for personal consumption by the employee for use in the workplace (such as aspirin), are exempt. Other examples of exempted products are food, alcoholic beverages, and cosmetics packaged for consumer use.

National Fire Protection Association Labels

The National Fire Protection Association (NFPA) has a labeling system that is frequently used to label containers of hazardous chemicals. This system consists of blue, red, yellow, and white diamonds filled with numerical ratings from 0 to 4. Categories are identified as follows: health (blue); flammability (red); reactivity (yellow); and special hazard symbols, such as “OXY” for oxidizers (white) (Figure 4-12).
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FIGURE 4-11 Hazard Communication Standard pictograms. Secondary chemical container labeling. (From Bird DL, Robinson DS: Modern Dental Assisting, ed 11, St. Louis, 2015, Elsevier.)







Guidelines for Chemical Labeling

The label must contain the following information:

• Name, address, and phone number of the manufacturer or responsible party


• Product name or identifier


• Signal word for warning or hazard


• Hazard statement


• Precautionary statement


• Pictogram(s)




Employee Training

Employee training is essential for a successful hazard communication program. Staff training is required (1) when a new employee is hired, (2) when a new chemical product is added to the office, and (3) once a year for all continuing employees. Records of each training session must be kept on file and retained for at least 5 years. Although the dentist is responsible for providing the training, the hazard program coordinator is responsible for routinely following these safety precautions.

The chemical training program for employees must include the following:

• Use of hazardous chemicals


• All safety practices, including all warnings


• Required personal protective devices


• Safe handling and disposal methods
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FIGURE 4-12 National Fire Protection Association hazard labeling system. (Reprinted with permission from NFPA 704-2012, Standard System for the Identification of the Hazards of Materials for Emergency Response, Copyright © 2012, National Fire Protection Association. This reprinted material is not the complete and official position of the NFPA on the reference subject, which is represented solely by the standard in its entirety. The classification of any particular material within this system is the sole responsibility of the user and not the NFPA. NFPA bears no responsibility for any determinations of any values for any particular material classified or represented using this system.)







Outline for a Hazard Communication Training Program

1. Discuss requirements of the Hazard Communication Standard.


2. Prepare a written communication plan for the office (location, use, etc.).


3. Explain the hazards of the chemicals.



4. Ensure that employees can interpret warning labels and the Safety Data Sheet (SDS).


a. Product identifier, chemical name, code number or batch number


b. Signal work—indicates the severity of the hazard


c. Pictogram—OSHA has designated eight pictograms (Box 4-2)


d. Hazard statement—nature of the hazard


e. Precautionary statements—how to minimize or prevent adverse effects resulting from exposure, storage, or handling of a hazardous chemical


f. Name, address, and phone number of the manufacturer, distributor, or importer.






5. Discuss how to obtain more information.



6. Discuss taking measures to protect oneself and others:


a. Office safety procedures


b. Available personal protective equipment (PPE)


c. Instructions for reporting accidents and emergencies


d. Information about first aid


e. Information regarding proper storage






7. Present methods and observations that can be used to detect the presence or release of a hazardous chemical.


8. Provide a question-and-answer opportunity.


9. On completion, ask employees to sign a training record that will remain in their personnel file.





Responsibilities of the Hazard Program Coordinator

• Read and understand the Hazard Communication Standard.


• Implement the written hazard communication program.


• Compile a list (chemical inventory) of products in the office that contain hazardous chemicals.


• Obtain Safety Data Sheets (SDSs).


• Update the SDS file as new products are added to the office inventory.


• Inform other employees of the location of the SDS file.


• Label containers appropriately.


• Provide training to other employees.






Eco-Conscience Green Practices

What about protecting your office and the environment? The process of preventing the transmission of disease and performing dental procedures involves equipment and products that produce waste, consume excess energy, and use toxic chemicals. To accomplish this there are traditional and environmentally friendly products, supplies, and procedures available. The average dental practice disposes of hundreds of pounds of paper and plastic waste each year. There must be effective compromises to maintain an eco-friendly practice while not compromising the safety of the patient. Chris H. Miller (Indiana University School of Dentistry, Indianapolis, IN) has developed a list of green infection control “do’s and don’ts” as they relate to recyclable and biodegradable materials, energy and water conservation, waste management, and infection control standards.


Eco-Friendly Do’s and Don’ts

The Do’s

• Choose reusables instead of disposables when possible.


• Use alcohol hand rubs instead of hand washing. If hands are visibly soiled, clinical staff must perform hand washing as alcohol hand rubs will not physically remove debris.


• Use trigger/pump sprays instead of aerosols.


• Establish better inventory control to eliminate discarding excess product past its expiration date.


• Ensure accurate mixing of chemicals and prepare amounts based on use-life and shelf-life.


• Switch to digital instead of film x-ray.


• Ensure sterilizers and cleaning units are full to reduce number of cycles per day.


• Use products made from recycled materials.


• Use products that are recyclable


The Don’ts

• Don’t use paper (i.e., biodegradable) instead of plastic surface barriers, because paper will allow penetration of moisture and microbes.







Box 4-2 OSHA Pictograms
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• Don’t reuse standard sterilization wraps and pouches, because they were not designed to maintain sterility after more than one use.


• Don’t use woven cloth (e.g., denim) as sterilization wraps and then reuse it, because it is not a good microbial barrier.


• Don’t use a disinfectant that has a reduced concentration of an active ingredient unless there is evidence of its efficacy.


• Don’t shorten cleaner or sterilization cycles just to save energy.


• Don’t reuse items that are sold as disposable.





Dental facilities can do their part to sustain the environment while continuing to prevent disease transmission. We are all encouraged to “reduce, reuse, recycle, and rethink.”


American Dental Association Council on Dental Practice “Go Green” Subcommittee Recommendations

Top Ten Initiatives

• Install an amalgam separator.


• Turn off equipment when not in use.


• Reuse paper scraps.


• Use recycle bins and create a “Green Team” to bring items to recycle centers.


• Recycle shredded confidential patient information.


• Convert to digital technology.


• Install solar or tinted shades.


• Install locked or programmable thermostats.


• Install high-efficiency light bulbs.


• Use nontoxic cleaners and don’t use too much disinfectant.




The dental assistant is most frequently responsible for ordering supplies. Choosing cost-effective greener options to address environmental contamination and waste may begin with small steps and gradually build to an office that is environmentally responsible.

Patient Safety

It is extremely important for the health care provider to consider the safety of the patient while care is given and various materials and chemicals are used. First consideration should be given to protection of the patient’s eyes. It is recommended that protective eyewear be supplied to the patient if he or she does not wear glasses. The same type of general protective eyewear as used by the practitioner will do. Patient protective eyewear should be washed and disinfected between patients. Although some patients prefer dark glasses to shield their eyes from the dental unit light, most providers prefer to use clear lenses so that they can observe the patient’s eyes and facial expressions during treatment as a clue to the patient’s level of comfort (Figure 4-13).



[image: icon] Caution

Be certain that protective eyewear has been dried thoroughly after treatment with disinfectant, to avoid inadvertent contamination of the patient’s skin or eyes.



Another vital safety consideration is the patient’s airway. The use of high-velocity evacuation (HVE) and a rubber dam whenever possible is excellent practice. During rinsing of chemicals such as acid for etching, the patient may experience an unpleasant, bitter taste and may have a gagging reaction. The patient should be warned of this taste, and the rinse should be controlled to minimize discomfort.

Patients are more aware than ever before of the various chemicals and filling materials that are used in dental practice. It behooves the allied oral health practitioner to be as familiar as possible with the hazards and reactions that can occur when these materials and chemicals are used. The SDS can be the best source of this information and of the directions for use supplied with the product by the manufacturer.
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FIGURE 4-13 Patient and clinician wearing protective eyewear; a protective light shield is being used.





Summary

The management of a safe environment in the dental office is the responsibility of the employer and of all who work there. The safe use of any chemical or material is the responsibility of the user at the time. The safety of the patient is the responsibility of the provider and the dental team. Familiarity with each material or chemical used by the dental team is a must. This text provides general and technical information, but specific hazards are best determined by referring to the manufacturer’s instructions and the SDS. Keep yourself informed, keep up with the standards, and continue to inquire “how can I protect my patients, fellow workers, the environment, and myself”?


Review Questions


Select the one correct response for each of the following multiple-choice questions.


1. When one is working with dental materials, the most common work-related health and safety hazards are


a. exposure to mercury, exposure to particulate matter, exposure to perfume, and exposure to airborne contaminants


b. exposure to particulate matter, exposure to biological contaminants, exposure to noise, exposure to perfume, and exposure to airborne contaminants


c. exposure to particulate matter, exposure to biological contaminants, exposure to perfume, and exposure to airborne contaminants


d. exposure to mercury, exposure to particulate matter, exposure to biological contaminants, and exposure to toxic effects of chemicals







2. The proper PPE to be worn during handling of dental materials that can generate particulate matter consists of


a. safety glasses, surgical or special dust mask, heavy-duty utility gloves, and overgloves


b. lab coat or clinic gown, surgical or special dust mask, heavy-duty utility gloves, and vinyl examination gloves


c. safety glasses, lab coat or clinic gown, surgical or special dust mask, and heavy-duty utility gloves


d. safety glasses, lab coat or clinic gown, and surgical or special dust mask







3. During the use of acrylic monomer in the laboratory, hazards include


a. skin contact, inhalation of vapors, and fire


b. inhalation of vapors, particulate matter inhalation, and fire


c. skin contact, particulate matter inhalation, and fire


d. skin contact, inhalation of vapors, and particulate matter inhalation







4. Ways in which chemicals can enter the body include


a. inhaling, through cuts in the skin, and by touching the product of a reaction


b. swallowing, inhaling, and by touching the product of a reaction


c. swallowing, inhaling, and through cuts in the skin


d. swallowing, through cuts in the skin, and by touching the product of a reaction







5. When leftover amalgam scrap is stored,


a. it should be stored in the x-ray fixer solution.


b. it is to be kept in a dry closed container.


c. it is to be kept under water in a tightly closed container.


d. it can be collected in the trap of the HVE and recovered later because this is a wet environment that is vented.
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