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h e a dEditor

pinions and concerns about 

the California Dental Asso-

ciation and its direction and 

effectiveness, combined with 

copious amounts of inaccurate 

information and misinformation, recently 

graced the pages of the newsletter of one 

of CDA’s component dental societies. It 

was one of the most ill-advised and divi-

sive activities that we have observed in 

organized dentistry for quite some time. 

In our opinion, there was nothing 

discussed in that extremely negative 

presentation for which the association or 

its leadership should be criticized. Our 

purpose in this space is not to defend the 

association either on a general or specific 

issue-by-issue basis, although we will 

comment on some association matters 

that are related to some of the concerns 

of the “critics” of our profession. �e 

recent event was another illustration of 

a communication shortcoming that we 

have seen our profession suffer through 

from time to time, although it was typical 

of a communication difficulty that was 

actually more prevalent  to  years 

ago. It has been our impression that CDA 

staff and volunteer leadership, in recent 

years in particular, have made real prog-

ress in improving the communication of 

information to the membership at large. 

�e ever-present communication problem 

tends to be lateral within the community 

of colleagues.

In discussing ill-advised criticism, let’s 

start with our basic premise. It is a new 

day! Most critics seem to overlook the 

fact that the forces outside of the profes-

sion that seek or bring changes that affect 

the profession have increased significantly 

in recent years. Access-to-care issues and 

regulatory matters that directly influence 

work patterns in the dental office are tak-

ing aim at the profession at an increasing 

pace. Association critics seem to expect, 

if not demand, that the association win 

every legal, legislative, or political battle 

that it faces. If the resolution of the issue 

does not allow these colleagues to have it 

their way (i.e., have a regulatory matter 

decided in dentistry’s favor the way it was 

five, , or  years ago), their attitude 

and criticism seems to suggests that the 

association has failed them and is unwor-

thy of their continuing support.

As a good example of the world in 

the st century, let’s take the Proposi-

tion  matter. Despite the fact that the 

positions of the opposition often seemed 

unreasonable to the dental community, 

the matter consumed many hours and 

resources of CDA in achieving a settle-

ment that served to resolve the legal 

actions that were initiated against many 

of our members. In the perfect world of 

the CDA critics, I imagine that there was 

an expectation that CDA should have had 

these suits against our colleagues thrown 

out, and the need for dentists to conform 

to Proposition  regulations waived. But 

that is not the real world in . After 

some two years of legal challenge, that 

matter has been finally settled. �ere were 

significant costs in time and resources, 

and there is a requirement that dental 

offices must meet. Critics and noncritics 

within our membership may not be happy 

or satisfied, but our organization achieved 

the best possible resolution of the matter. 

Critics need to consider what might have 

happened to each of us if we had to indi-

vidually face the legal assaults and costs 

to meet these challenges if there were no 

O

It Is a New Day, 2003 
Jack F. Conley, DDS
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leaders and representatives need a strong 

membership base if we are to demon-

strate the clout to external policy makers 

that will enable us to obtain decisions that 

are in the best interests of the public and 

the membership.

�ose who would criticize and 

complain must learn to work with their 

leadership to confirm the accuracy of all of 

the facts on any issue they have concern 

with. �ey must learn to work within the 

process to bring about positive progress 

through leadership, rather than stimulate 

the negativism that divides and fosters 

resentment within the membership. If 

they do that, it will go a long way toward 

ensuring that the new day at CDA will 

fulfill the expectations of all members.

issues facing dentistry in California have 

been confronted, and the various com-

mittees and councils of the association 

have continued to provide the appropri-

ate program development, decisions, and 

policies for consideration by the officers 

and trustees. �e result of this activity has 

been uninterrupted support for the many 

membership services provided to the 

membership.

Another misconception is that the 

CDA membership market share continues 

to decline, perhaps due to a notion that 

CDA is not providing the necessary value 

for the dues dollar. Analysis of member-

ship statistics shows that in , there 

was a net membership increase of  

even after taking into account member-

ship losses of several hundred due to 

deaths and nonrenewals. It demonstrates 

that there are component members who 

believe in the value and the benefits re-

ceived from being a CDA member and are, 

therefore, recruiting new members.

While the total of the tripartite dues 

is not an insignificant amount, how many 

hours does it really take for the average 

CDA member to produce the revenue to 

support his or her annual membership 

in organized dentistry? We suspect that 

the average member spends considerably 

more on elective and recreational activi-

ties that are considerably less important 

than the efforts to preserve the privilege 

to practice dentistry that members receive 

as a membership benefit through their 

dues support of organized dentistry. 

Insurance, education, and other visible 

membership services aside, where would 

we be without a CDA or ADA to provide 

expert testimony before the Legislature 

or Congress? Would we be able to muster 

the same clout if all of the critics dropped 

their membership, leaving CDA with a 

less-than-robust percentage of active 

dentists? �e answer, of course, is no. Our 

CDA to represent us, instead of criticizing 

the efforts or the result.

What about leadership? From our 

experience, any blanket criticism of staff 

or volunteer leadership is unfair. For  

years, it has been my observation that 

commitment and the best interests of 

the dental practitioner have always been 

central to their efforts. In any group-

generated discussion or decision, there is 

always the opportunity for dissent. But 

that is where leadership becomes even 

more important. A leader or colleague 

with access to the component leader-

ship loop who holds a minority view and 

disagrees with a decision of the trustees 

or staff, should not violate the rules of 

fair play and responsibilities of leadership 

by directly communicating to others his 

or her view that CDA volunteers or staff 

made the wrong or an ineffective decision. 

Instead, he or she must learn to work with 

elected or appointed leadership to bring 

about a mutually acceptable resolution. 

Failure to do this usually results in the 

word-of-mouth communication of misin-

formation. Words laced with discontent 

often have become interpreted as words 

of fact. It is not long before a segment of 

the membership that does not have all of 

the real facts on an issue adopts the view 

that the association staff, elected officers, 

or Board of Trustees has failed to repre-

sent them in an appropriate manner.

As for top executive leadership, it is 

a new day, as Peter DuBois this month 

is commencing his tenure as executive 

director. �e Executive Committee and 

Board of Trustees welcome him and 

anticipate growth and progress toward 

achievement of the association’s strategic 

plan during his administration. Contrary 

to a belief of some critics, CDA, under the 

interim leadership of Robert Witt and the 

elected officers, has maintained a steady 

course in the past  months. Important 

e d i t o r
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Dental Assistants Key to Successful 
Practice

�ey help keep you organized and on 

schedule. �ey can charm a wiggly -year-

old or calm an anxious senior citizen. �ey 

take radiographs, educate patients, and 

help build your practice. �ey are your 

dental assistants.

As a way to acknowledge them as 

an essential part of the dental office 

team, the American Dental Association, 

American Dental Assistants Association, 

Canadian Dental Association, and the 

Canadian Dental Assistants Association 

have designated March - as Dental 

Assistants Recognition Week. An estab-

lished tradition for several decades, this 

week-long event is the perfect time to 

acknowledge the versatility and talents of 

dental assistants.

“Full utilization of our skills within 

our scope of practice provides greater 

access to care for patients,” said California 

Dental Assistants Association President 

Diane Owens. “As an invaluable member 

of the dental team, being considered a 

professional ranks high as we assist in 

delivering dental care to our patients.”

Retaining Staff
Once a great dental office team is in 

place, dentists should turn their focus to-

ward retention. While financial compen-

sation is an important factor in employee 

retention, recognition and achievement 

are also essential pieces of the puzzle.

Virginia Moore of Insight Solutions 

-- a team of professional speakers, con-

sultants, and authors -- said that the feed-

back she receives from dental assistants 

is that appreciation and respect are more 

important than salary.

“One of the things that we hear 

means the most to dental staff is a word 

of appreciation specific to the situation,” 

Moore said. “Also important is for them 

to be able to use their knowledge and 

skills. When a doctor can delegate with 

confidence to a dental team member, it is 

a win-win situation for everyone.”

In ADA’s Recruiting and Retaining 

Staff: A Guide for the Dental Office, the 

Council on Dental Practice highlights a 

number of factors that play a part in the 

satisfaction, or dissatisfaction of employ-

ees. Satisfaction factors include a sense 

of teamwork or camaraderie, job security, 

flexibility, appreciation for staff efforts, 

benefits, delegated autonomy in patient 

management, and subsidized continuing 

education. Factors that contribute to an 

employee’s dissatisfaction include lack 

of career advancement, lack of respect, 

monotony of daily routine, legal restric-

tions on procedures, and limited potential 

for income growth.

According to the ADA’s guide, ways of 

expressing appreciation on a daily basis, 

and especially during Dental Assistants 

Recognition Week, include unexpectedly 

bringing in lunch for everyone on a rainy 

day; posting an office bulletin board with 

each staff member’s photo; giving out 

tickets to the circus, zoo or an amuse-

ment park; and planning group activities 

or outings.

As Dental Assistants Recognition 

Week illustrates, making dental team 

members feel appreciated greatly con-

tributes to their overall job satisfaction. 

CDAA President-Elect Cindy Ramirez, 

CDA, RDA, explained that loyalty to 

the doctors, staff, and her professional 

organization is the main reason she has 

remained in the field for  years.

“Respect, responsibility, and recogni-

tion are the three big R’s, and, in my opin-

ion, what most dental assistants strive 

for in the perfect office,” Ramirez said. “I 

appreciate the respect that is shown to 

me, the responsibilities that have been 

entrusted to me, and the recognition I re-

ceive from being a licensed professional.”

CDC Issues New Hand Hygiene Guide-
line

To improve adherence to hand hy-

giene in health care settings, the Centers 

for Disease Control and Prevention has 

finalized its new Hand Hygiene Guideline 

for all health care personnel.

In addition, in  the CDC and the 

American Dental Association will be issu-

ing revised recommendations for infec-

tion control in the dental office.

According to the CDC, using gloves in 

health care settings will reduce hand- and 

cross-contamination by only  to  

A Recognized Shortage
Not only are dental assistants 

a valued part of the dental team, 

they are also in demand due to a 

recognized shortage in the allied 

dental health field. �e  ADA 

Workforce Needs Assessment 

Survey reflected that  percent of 

California dentists agree there is 

an inadequate supply of chairside 

dental assistants.

To address this shortage, CDA 

is implementing an allied dental 

health personnel action plan. 

According to statistical evidence 

gathered for the plan, the causes 

of the dental assistant short-

age include insufficient number 

of graduates and a short career 

length. �e plan comprises four 

elements: a marketing program, 

component and member-based 

activity, collaboration with allied 

dental health personnel organiza-

tions, and professional develop-

ment. �rough marketing and 

greater public awareness, the 

ultimate goal of the plan is to 

inspire and encourage additional, 

qualified individuals to pursue 

allied dental health careers.

“�e plan addresses both re-

cruitment and retention of dental 

team members,” said CDA Allied 

Dental Health Coordinator Evelyn 

Ingalls. “�e plan is exciting in 

that it will allow us to actively 

promote dental careers as viable 

career choices and hopefully at-

tract more people into the field.”
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on a person and is generally considered 

annoying. �e chair is part of the personal 

body space of the person who uses it.

Listen attentively when talking with a 

person who has difficulty speaking. Wait 

for the person to finish, rather than cor-

recting or speaking for the person. If nec-

essary, ask short questions that require 

short answers, a nod, or a shake of the 

head. Never pretend to understand if you 

are having difficulty doing so. Instead, 

repeat what you’ve understood and allow 

the person to respond.

When speaking with a person in a 

wheelchair or a person who uses crutches, 

place yourself at eye level in front of the 

person to facilitate the conversation.

To get the attention of a person who 

is hearing-impaired, tap the person on the 

shoulder or wave your hand. Look directly 

at the person and speak clearly, slowly, 

and expressively to establish if the person 

can read your lips. When talking to people 

percent, so that the need for hand hygiene 

is clear.

In addition to regular hand washing 

with soap and water, the CDC recom-

mends the use of alcohol-based hand 

rubs. �is recommendation was made to 

address obstacles to frequent hand wash-

ing in health care settings.

“Clean hands are the single most im-

portant factor in preventing the spread of 

dangerous germs and antibiotic resistance 

in health care settings,” says Julie Ger-

berding, MD, director of the CDC.

�e guideline is available online at 

www.cdc.gov/handhygiene/ or by calling 

() -.

Communicating With People With 

Disabilities a Matter of Respect

From the Axis Center for Public 

Awareness of People with Disabilities in 

Columbus, Ohio, come these suggestions 

for communicating with people with dis-

abilities. �e items were published in the 

November  ODA Today, a publication 

of the Ohio Dental Association.

When talking with a person with a 

disability, speak directly to that person 

rather than through a companion or sign 

language interpreter who may be present.

When introduced to a person with a 

disability, offer to shake hands. People 

with limited hand use or who wear an 

artificial limb can usually shake hands. 

Shaking hands with the left hand is ac-

ceptable.

When meeting a person with a visual 

impairment, always identify yourself and 

others who may be with you. When con-

versing in a group, remember to identify 

the person to whom you are speaking.

If you offer assistance, wait until the 

offer is accepted. �en listen to or ask for 

instructions.

Treat adults as adults. Address people 

who have disabilities by their first names 

only when extending that same familiar-

ity to all others present. Never patronize 

people who use wheelchairs by patting 

them on the head or shoulder.

Leaning or hanging on a person’s 

wheelchair is similar to leaning or hanging 

i m p r e s s i o n s

Evidence-Based Search Engine and Perio Health Center 

Developed

A unique search engine for evidence-based dentistry and an international center for 

evidence-based periodontal health are now available to help dentists in their search for 

relevant research.

The search engine, called EviDents, at h
p://medinformatics.uthscsa.edu/EviDents, 

allows patients and clinicians to sort through vast amounts of information to find the 

best oral health evidence available, according to Richard Niederman, DMD, director of the 

Forsyth Center for Evidence-Based Dentistry and the originator of the search engine. The 

search engine addresses all dental areas, including implants, periodontics, orthodontics, 

endodontics, prosthodontics, and oral surgery.

The International Centre for Evidence-Based Periodontal Health has been established 

at the Eastman Dental Institute in London with the aim of enhancing the transfer of research 

into clinical practice and, thus, improving patient well-being, according to Ian Needleman, BDS, 

the center director. The new center will identify the most effective methods of diagnosing, 

preventing, and treating periodontal disease; develop a managed database resource of the 

best available evidence in periodontology; provide training in evidence-based oral health care 

and research; and provide consulting services for health care providers, researchers, and 

educators in periodontology.

For more information on the search engine or the International Centre for Evidence-

Based Periodontal Health, please contact the Forsyth Institute at (617) 262-5200 or www.

Forsyth.org.

who lip-read, place yourself facing the 

light source and keep your hands away 

from your mouth when speaking.

Relax. Don’t be embarrassed if you 

happen to use accepted common expres-

sions that seem to relate to the person’s 

disability, such as “see you later” or “did 

you hear about this?”

Be Prepared: Selling a Practice After 

Unexpected Loss

A dental practice is likely the largest 

asset most dentists have, but not many 

dentists think about what that practice 

might be worth if they’re not there to run 

it, wrote Alan A. Clemens in the New York 

State Dental Journal, November .

Most dental practices are personal 

service businesses that depend primarily 

on one person -- the dentist. If the den-

tist is unable to see patients, the practice 

will deteriorate rapidly as patients seek 

other dentists for their treatment, Clem-

ens wrote.
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Many Children Miss out on Recommended Annual Dental Visits

While most children visit the physician for annual checkups and many see the dentist once a year, nearly half miss the second yearly 

dental exam recommended by the American Academy of Pediatric Dentistry, a recent study found.

Investigators from the Health Resources and Services Administration’s Maternal and Child Health Information Center used the 1999 

National Survey of America’s Families to examine trends in physician and dental visits for nearly 36,000 children and adolescents age 17 

and under.

In all, slightly more than two-thirds of children made the annual physician visit recommended by the American Academy of Pediatrics and 

saw a dentist at least once a year. However, nearly half did not receive the AAPD-recommended second annual dental exam, the study found.

Twenty-one percent of the children studied received no preventive dental care at all, with the uninsured, those living in or near poverty, 

and Hispanic and African-American children least likely to get recommended dental care, according to the study. Very young children -- those 

3 and 4 years old -- were also among the least likely to receive recommended preventive dental care, the study found.

“A substantial proportion of U.S. children do not receive preventive care according to professionally recommended standards, 

particularly dental care,” the investigators wrote. “While publicly insured children experience higher rates of recommended well-child visits, 

much improvement is needed among public programs in providing recommended dental care, especially among adolescents and children in 

poor general health.”

The study, “Factors that Influence Receipt of Recommended Preventive Pediatric Health and Dental Care” was published in the 

December issue of the journal Pediatrics.

He said there is a critical period after 

a dentist becomes ill or disabled during 

which the practice must be sold to realize 

its full value. �at period is usually  to 

 days, especially in the case of the death 

of the owner. Clemens said that during the 

first month, a grief-stricken spouse and 

heirs understandably do little or nothing 

regarding the practice, and others involved 

may not be well-versed in dental practice 

evaluation and may believe the practice has 

a wildly unrealistic value.

Clemens said the first step to prepare 

for the preservation of the value of a 

practice in the event of an unexpected loss 

of the dentist’s service is to get a profes-

sional evaluation while the practice is still 

active to determine its worth. He advises 

consulting an experienced and reliable 

dental practice transition expert to arrange 

for an appraisal and to arrange to have the 

appraisal updated regularly.

Part of the practice evaluation and 

appraisal should include plans for the 

transition expert to market the practice as 

quickly as possible while it still has value. 

Clemens said it is wise to involve key per-

sonnel, especially a spouse, in all aspects 

of the planning process, so that they 

know exactly where important papers and 

records are kept and who the advisers are.

Clemens said that everyone hopes 

plans such as these will never need to be 

implemented. But, he wrote, that can’t 

always be the case, and it is for the benefit 

of everyone involved that the dentists 

make the small effort to be prepared.

Rotational Oscillation Toothbrushes 

Best at Reducing Plaque

Powered toothbrushes with rotational 

oscillation action are more effective in 

removing plaque and reducing gingivitis 

than are manual toothbrushes or other 

types of powered brushes, according to an 

independent, international research team.

�e finding was announced by the 

Cochrane Collaboration, an independent, 

international, nonprofit organization.

“Rotational oscillation toothbrushes 

removed up to  percent more plaque 

and reduced gingival bleeding by up to  

percent more than did manual or other 

powered toothbrushes,” said William 

Shaw, PhD, MScD, joint co-coordinating 

editor of the Cochrane Oral Health Group, 

which analyzed data from clinical trials 

conducted over  years.

Six reviewers independently extracted 

data from reports on  clinical trials 

involving , participants in North 

America, Europe, and Israel. �e clinical 

trials, conducted between  and , 

compared the effectiveness of all forms 

of manual and six types of power tooth-

brushes with mechanically moving heads.

Shaw emphasized that the review results 

do not indicate that toothbrushing is only 

worthwhile with a powered toothbrush. 

“�ere is overwhelming evidence that tooth-

brushing reduces gingivitis,” he said. “Brush-

ing may prevent periodontitis, and brushing 

certainly prevents tooth decay if used with 

fluoride toothpaste. �ese benefits occur 

whether the brush is manual or powered.”
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ast month, we reviewed the biological 

mechanisms of dental caries, looked 

at the current problems in California, 

and suggested ways to begin deal-

ing with the problems of caries in the 

home, dental practice, and community setting.

In Part II of this series, we will explore new 

hands-on applications, review clinical interven-

tions, and provide sample risk assessment forms 

for use in your practice that incorporate the re-

search described throughout this two-part series.

Heather Lynch, MD, and Peter Milgrom, DDS, 

will begin by sharing an overview and clinical appli-

cations of xylitol, a naturally occurring, low-calorie 

sugar substitute with anti-cariogenic properties.

Maxwell Anderson, DDS, MS, MEd, will continue 

by reviewing the efficacy of chlorhexidine on dental 

caries and the caries infection. Dr. Anderson will 

review the literature for chlorhexidine’s caries reduc-

tion potential as well as the microbiologic reduction 

of the pathogens associated with dental caries.

Kevin Donly, DDS, MS, will look at the increas-

ing use of fluoride varnishes, which have been 

approved for use as a cavity preparation lining 

varnish and as a tooth desensitizing agent.

Steven Adair, DDS, MS, explores new find-

ings with another dental caries prevention 

strategy, pit and fissure sealants. Dr. Adair will 

explore the latest interventions using seal-

ants that have developed as the epidemiology 

of caries has become better-understood.

John Hicks, DDS, PhD, MD; Franklin Garcia-

Godoy, DDS, MS; Kevin Donly, DDS, MS; and 

Catherine Flaitz, DDS, MS, review the efficacy of 

fluoride-releasing restorative materials and sec-

ondary caries. Fluoride-releasing dental materials 

provide for improved resistance against primary 

and secondary caries in coronal and root surfaces 

and plaque as well as elevate salivary fluoride 

levels to a point that facilitates remineralization.

Ray Stewart, DMD, MS, and Kevin Hale, 

DDS, present an overview of methods in 

a practice setting where dental profession-

als can apply new intervention methods.

William Bird, DDS, DrPH, brings the discus-

sion full circle with information on consumer 

compliance as a measure of success for any 

caries control or caries protocol program. Dr. 

Bird will suggest an outline of six key global 

areas to be considered in compliance.

�e final item is a consensus paper prepared as 

a result of the conference held in April  and the 

science reviewed at that meeting and published in 

the February and March issues of this Journal. It 

presents a caries management by risk assessment 

tool for dental and medical professionals to put to 

use in their practices and in community settings. 

�is document can be reproduced from this Journal.

Our overall goal is to provide the basis for a 

cross-disciplinary approach from among medi-

cine, dentistry, nursing, and other agencies to 

positively affect dental health and ultimately 

result in the reduction and eradication of dental 

caries in children in every county, community 

and culture in California by the year . It is 

through this collaborative approach that we will 

seek to end the suffering of millions of children, 

their caregivers, and the elderly who live daily with 

the constant pain resulting from dental caries.

Cariology in the New World Order: 
Moving From Restoration Toward 
Prevention, Part II  
John D.B. Featherstone, MSc, PhD, and Jon R. Roth, CAE
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he infectious nature of dental 

caries and its vertical mode 

of transmission from mother 

to child have led to interest 

in interventions that can interrupt the 

disease process or prevent its initiation. 

To this end, xylitol, a naturally occur-

ring sugar substitute with anticariogenic 

properties, has been a focus of scientific 

inquiry for several decades. �e purpose 

of this paper is to present an overview of 

what is currently known about xylitol and 

dental caries, and to list xylitol’s poten-

tial clinical applications in the prevention 

of decay. Current application for dental 

practice and potential community-based 

public health interventions are discussed.

Sugar Alcohols
Xylitol is a sugar substitute with 

sweetness equal to that of table sugar. It 

is a member of the group of compounds 

known as sugar alcohols, which includes 

other common dietary sweeteners such as 

sorbitol and mannitol. Xylitol is produced 

commercially from birch trees and other 

hardwoods containing xylan. It can also 

be found in small quantities in fruits and 

vegetables. In contrast, sorbitol, com-

monly found in sugar-free products such 

as chewing gum, candies, and toothpaste, 

is less sweet than sucrose and is generally 

combined with other sweeteners such as 

saccharine or aspartame as well as xylitol 

to improve the flavor of the product.
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abstract An overview of studies about xylitol and dental caries suggests potential clinical 

dental applications for xylitol. Xylitol is a naturally occurring, low-calorie sugar substitute 

with anticariogenic properties. Data from recent studies indicate that xylitol can reduce the 

occurrence of dental caries in young children, schoolchildren, and mothers, and in children 

via their mothers. Xylitol, a sugar alcohol, is derived mainly from birch and other hardwoods 

trees. Short-term consumption of xylitol is associated with decreased Streptococcus mutans 

levels in saliva and plaque. Aside from decreasing dental caries, xylitol may also decrease the 

transmission of S. mutans from mothers to children. Commercial xylitol-containing products 

may be used to help control rampant decay in primary dentition. Studies of schoolchildren in 

Belize and Estonia, along with data from the University of Washington, indicate that xylitol 

gum, candy, ice pops, cookies, puddings, etc., in combination with other dental therapies, are 

associated with the arrest of carious lesions. A prospective trial in Finland has demonstrated 

that children of mothers treated with xylitol had lower levels of S. mutans than children of 

mothers treated with chlorhexidine or fluoride varnish. Food products containing xylitol are 

available commercially and through specialized manufacturers, and have the potential to be 

widely accessible to consumers.
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showed a  percent to  percent caries 

reduction in the groups using the candies 

and a . percent caries reduction in 

the group using the gum relative to the 

control group. �is suggests that candy 

may be as effective as chewing gum as a 

vehicle for the delivery of xylitol in caries 

prevention. At the University of Wash-

ington, researchers have produced and 

field tested xylitol-containing ice pops, 

chewy worms, puddings, macaroons, and 

sorbet. �ey have initiated studies that 

suggest that children will fairly readily 

accept such foods when offered as part 

of the daily diet and that they suffer no 

side effects from their use., Food 

producers are available to develop these 

foods, but considerable work is needed to 

produce commercially viable products and 

have them accepted.

According to available data, there is 

no vehicle in the United States for using 

xylitol in toddlers and preschool children 

too young to chew gum. In older children, 

four to five pellets or sticks ( gram of 

xylitol per pellet or stick) of xylitol gum 

per day, chewed for five minutes, should 

reduce dental caries activity. [PETER – do 

you have the reference for this recommen-

dation?] Xylitol, approved by the Food 

and Drug Administration, has been used 

as a sweetener in foods since the s. 

It is safe for use with children. �e use of 

fluoridated toothpaste, topical fluorides, 

and sealants should also be encouraged.

Pregnant Women and New Mothers
Kohler and colleagues demonstrated 

that the combination of good dental care, 

instruction to improve oral hygiene, and 

chlorhexidine gels and toothpastes led to 

reductions in maternal S. mutans levels 

and reduction in the extent of transmis-

sion to the child. More recently, Hildeb-

randt and colleagues showed that the use 

of commercially available chlorhexidine 

in the United States. For older children, 

sealants are added to the regimen. Effec-

tive strategies to reduce risk by modify-

ing the diet of children are not readily 

applicable to dental practice, nor are they 

typically effective without significant 

effort. As a result, the use of xylitol is 

particularly attractive because its action is 

not dependent upon reducing the amount 

of other sugars in the diet. �us, a clini-

cian can recommend adding xylitol to 

the diet without asking patients to make 

additional alterations to their dietary 

patterns. Xylitol-containing products 

have the potential to improve success in 

controlling the problem of rampant decay 

in the primary dentition.

A number of studies conducted among 

schoolchildren of various ages have shown 

that consumption of gum containing 

xylitol reduces the rates of dental decay in 

the treatment groups (relative risks rang-

ing from . to .). Increasing use and 

higher doses lead to greater reductions. 

One study conducted among schoolchil-

dren in Belize with very high rates of 

dentine caries showed that consumption 

of xylitol gum was associated with arrest 

of carious lesions and, as expected, that 

the highest dose of xylitol had the great-

est effect. �e number of lesions that 

rehardened ranged from  percent to  

percent in all groups and from  percent 

to  percent in the  percent xylitol 

groups. �is study is important because 

the children continued to consume very 

high levels of sucrose in their everyday 

diet. However, a major limitation in ex-

tending these results to the United States 

is that chewing gum is not considered 

safe for very small children and is actively 

discouraged in schools.

Other xylitol-containing products 

have been studied. A field trial of the 

use of xylitol-containing candies among 

-year-old schoolchildren in Estonia 

Xylitol contains  percent fewer calo-

ries than sucrose. Because xylitol is ab-

sorbed slowly by the human gastrointes-

tinal tract, the main side effect associated 

with its consumption is osmotic diarrhea. 

�is usually occurs only when xylitol is 

consumed in large quantities, four to five 

times those needed for the prevention of 

dental caries., �is side effect is com-

mon to all sugar alcohols.

Xylitol and Streptococcus mutans
Microorganisms do not readily me-

tabolize xylitol, and its consumption has 

minimal effect on plaque pH. However, 

xylitol does accumulate intracellularly in 

S. mutans. �is accumulation inhibits the 

bacteria’s growth. �is has been dem-

onstrated in-vitro and may contribute 

to a reduction of S. mutans levels in the 

plaque and saliva of those consuming xy-

litol. In addition, xylitol has a number of 

effects on S. mutans that may account for 

some of its clinical effects in caries reduc-

tion. Short-term consumption of xylitol is 

associated with decreased S. mutans levels 

in both saliva and plaque. Long-term 

habitual consumption of xylitol appears 

to have a selective effect on S. mutans, 

resulting in selection for populations 

less adherent to tooth surfaces. �ese 

colonies, therefore, are shed more easily 

from plaque into saliva. �is effect may 

not only be important to the individual’s 

decay experience, but may also influence 

the transmission of S. mutans from moth-

ers who consume xylitol to their children.

Clinical Applications
Children at High Risk for Caries

�ere are surprisingly few well-studied 

strategies available to clinicians to prevent 

and control high rates of caries in the 

primary dentition. In the absence of water 

fluoridation, fluoridated toothpaste and 

topical fluoride varnish are the mainstays 
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the fluoride group. �ese children were 

followed up most recently at  years old 

and were found still to have the lowest S. 

mutans levels (. percent were colonized 

in the xylitol group vs. . percent in the 

fluoride group and . percent in the 

chlorhexidine group). Children of moth-

ers treated with xylitol also had the lowest 

rates of decay. Followup at  years of age 

found that dentinal caries among children 

in the xylitol group was reduced by  

percent as compared with children in the 

fluoride or chlorhexidine groups.

�ese studies have been conducted 

only in settings in which child rearing 

two to three times per day) for  to  

months. �e outcome measures were 

decay rates among the children and S. mu-

tans levels in both the mothers and the 

children. �e children of mothers treated 

with xylitol had the lowest levels of S. 

mutans during the intervention period 

(treatment continued until the child was  

years old) and during followup. �e per-

centage of colonization with S. mutans in 

the children in the xylitol group at  years 

old was . percent. �is was statistically 

different from the other two groups, in 

which . percent were colonized in the 

chlorhexidine group and . percent in 

rinses for two weeks followed by the daily 

use of xylitol gum (two pellets containing 

.g xylitol) in high-caries-rate adults with 

recent restorations led to major reduc-

tions in S. mutans.

A clinical trial comparing the effects 

of strategies to modify the maternal 

transmission of S. mutans, conducted in 

Finland, demonstrated that xylitol had 

the greatest effect. �e mothers, all of 

whom had high S. mutans levels at the 

beginning of the study, were treated with 

either chlorhexidine varnish or fluoride 

varnish or  percent xylitol gum ( 

percent xylitol by weight, chewed at least 
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chew products, including chewing gum 

and mint candies. �ere is no scientific 

evidence available to establish the value of 

xylitol-containing nasal sprays or xylitol-

sweetened children’s vitamins in prevent-

ing dental caries.

Despite the limitations of the current 

literature, there is sufficient evidence for 

clinicians to consider including xylitol-

containing products in their clinical arma-

mentarium for the prevention of dental 

decay in high-risk populations. Xylitol’s 

favorable side-effect profile, its benefits as 

a sugar substitute in other areas of health, 

and its potential to be widely accessible 

to the general population through retail 

vendors add to its utility and applicability.
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is done primarily by the mother and in 

which mother-to-child transmission is 

presumed. No studies have been complet-

ed in communities where child rearing is 

shared among greater numbers of people. 

�e use of xylitol gum by mothers as well 

as other family members is currently 

being investigated in one such commu-

nity.

Whether used alone or in combination 

with other antimicrobial therapies such 

as chlorhexidine, xylitol has an important 

role in the prevention of dental decay 

among children born to mothers with 

high levels of S. mutans not only because 

of its effects on S. mutans levels and bac-

terial properties during the period of con-

sumption, but also because its beneficial 

effect on decay reduction in these children 

appears to persist far beyond the period 

of consumption. Both chlorhexidine 

and xylitol may be used safely by preg-

nant women and nursing mothers., 

Currently available data suggest that twice 

daily use of chlorhexidine gluconate rinse 

(. percent) for two weeks, followed 

by four to five sticks or pellets of xylitol 

gum per day chewed for five minutes each 

time, should lead to a major reduction in 

S. mutans levels in the mother and should 

benefit the child. In very high-risk individ-

uals, follow-up periods of chlorhexidine 

use may also be beneficial.

Xylitol Products Available in the United 
States

Food products containing xylitol, 

including chewing gums and mints, are 

available commercially in retail consumer 

settings and through specialized manu-

facturers (See table). Products containing 

 percent xylitol are generally available 

through specialized manufacturers such 

as Advantage International, Inc., which 

makes Clén*Dent chewing gum and 

Tundra Trading, Inc., which makes Xyli-
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hlorhexidine has been used to 

address the two primary diseases 

of dentistry since the mid-s. 

�is paper examines the uses of 

chlorhexidine from several per-

spectives and is limited to chlorhexidine’s 

interaction with dental caries.

Because of the vast literature regard-

ing chlorhexidine’s antimicrobial effects 

against many different microbial forms, 

this paper is limited to a review of the past 

 years of reviewed literature associated 

with “human,” “clinical trials” and “den-

tal caries.” A search of PubMed on these 

parameters found  articles meeting the 

search criteria that have been published 

since . Of these,  articles were 

judged to be relevant to this paper. �is 

review is based on these  articles. �e 

majority of these articles examine the ef-

ficacy of chlorhexidine for its antimicrobial 

effects or its ability to reduce dental caries.

Antimicrobial Effects
Eleven papers were reviewed with 

regard to antimicrobial effects.- �e 

purpose of limiting the review to “human 

clinical trials” was to avoid the limitations 

inherent in laboratory research on plank-

tonic cells and chlorhexidine’s effects on 

dental caries infections that are arguably 

biofilm-mediated infections. Planktonic 

cells behave and have different character-

istics than biofilm, especially with regard 

to resistance to antimicrobial compounds.

�ere was a variety of formulations, 

ages, and specific end-points tested. 

Chlorhexidine concentrations range 

from a high of  percent to a low of . 

percent. �e delivery vehicles tested were 

gels, gum, varnishes and rinses. Ages 

tested ranged from infants to elders. �e 

bacterial outcomes tested were vertical 

transmission of S. mutans, antimicrobial 

effects on pits and fissures, effects on the 
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abstract Chlorhexidine has been used for the past 35 years in the treatment of the two 

primary diseases of dentistry with varying degrees of success. The purpose of this paper is to 

review the literature for both the caries reduction potential and the microbiologic reduction 

of the pathogens associated with dental caries. The literature remains mixed on the success 

of chlorhexidine for the reduction in dental caries. Its performance as an antimicrobial against 

Streptococcus mutans is more consistent and favorable.
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lation being tested. �ese data are useful 

in planning for health care benefits and 

can be expanded to demonstrate the costs 

associated with replacement of miss-

ing teeth or the consequences to overall 

health incurred when there is a decision 

not to restore these surfaces.

General Economic Comments
�e literature related to chlorhexidine 

is limited with regard to the economic 

effects of its application. �e clinical trials 

on dental caries do not generally report 

the number needed to treat or other data 

that would be useful in policy decision-

making for payers or public health 

programs. �ese are becoming increas-

ingly important as consumerism reaches 

the health care markets. Purchasers and 

individual consumers are beginning to 

demand data on why specific procedures 

are recommended or not recommended 

in specific situations. In the future, it will 

be important for researchers to engage 

health care economists in the original 

planning or clinical trials to assist in 

gathering appropriate data about the eco-

nomic dimensions of specific diagnostics, 

preventives, and therapeutics.

Conclusion
In general, chlorhexidine appears to 

be moderately effective in reducing the 

number of putative caries pathogens in 

specific populations when applied under 

the regimen tested. Chlorhexidine is 

also useful in reducing the consequences 

of these infections in that it appears to 

generally reduce the incidence of dental 

caries in the tested populations. In a 

majority of cases, the materials tested are 

not available in the United States, and 

the extrapolation of the positive results 

cannot be made to the currently available 

rinses. Little data are presented to justify 

the cost of using chlorhexidine in specific 

the “at risk” areas are root surfaces and 

surfaces around existing restorations.

As a general conclusion, chlorhexidine 

has been shown to be effective in reduc-

ing both the number of putative dental 

caries pathogens and, to a lesser degree, 

the incidence of dental caries in the tested 

populations.

Meta-Analysis
�ree papers have been published that 

use a meta-analysis approach to examin-

ing the efficacy of chlorhexidine.-

VanRijkom found the overall caries-

inhibiting effect of the chlorhexidine 

treatment studies to be  percent ( 

percent CI =  percent to  percent). 

Multiple-regression analysis showed no 

significant influence on the prevented 

fractions for the variables “application 

method,” “application frequency,” “caries 

risk,” “fluoride regime,” “caries diagnosis,” 

or “tooth surface.”

Using different selection criteria, 

Bader and colleagues found that among 

the  studies addressing the preven-

tion of carious lesions in caries-active or 

high-risk individuals, the strength of the 

evidence was judged to be fair for fluoride 

varnishes and insufficient for all other 

methods, including chlorhexidine.

Based on his review of the published 

data, Kanellis recommends the use of 

chlorhexidine in Women, Infants and 

Children; Early Head Start; and Head 

Start programs as part of a more compre-

hensive caries control program.

�e mixed results are primarily based 

on the selection and inclusion/exclusion 

criteria used by the individual authors.

Tooth Survival

A useful clinical trial was conducted 

with the outcome of intervention, based 

on tooth mortality in elders. Studies 

like this one aim at a different end point 

than caries, as is appropriate for the popu-

microbial population adjacent to orth-

odontic brackets, interproximal and root 

flora, and sampling for the development 

of chlorhexidine-resistant organisms.

Figure  graphically sorts the human 

clinical trial data on the microbial effects of 

chlorhexidine. In most cases, the outcomes 

are expressed as being an “effective” or “not 

effective.” Where a study reported other 

results, these are captured according to the 

authors’ conclusions. For the majority of 

these antimicrobial studies, chlorhexidine 

was found to be effective in controlling or 

reducing the microbial challenge associated 

with dental caries. In general, this was an 

assessment of the impact on S. mutans. 

�ere is great difficulty in generalizing 

these studies. �e protocols vary widely. 

While this limits the continuity of these 

data, it does provide a reasoned perspective 

of chlorhexidine’s effectiveness in control-

ling S. mutans through a variety of clinical 

applications.

Effects on Dental Caries
�e data from the antimicrobial effects 

are generally offered as a surrogate for the 

effect on dental caries given the infec-

tious nature of the disease. �is section 

reviews the actual effect on the incidence 

of dental caries in tested populations. �e 

same wide variation in testing method-

ologies exists in these reviewed papers as 

was found in the antimicrobial literature. 

Ten human clinical trials articles were 

reviewed for this section.-

�e reviewed literature showed that 

chlorhexidine is effective in reducing the 

incidence of dental caries in the popula-

tions tested (Figure ).

To the credit of the investigators in-

volved, testing and analysis in recent trials 

have become more narrowly focused on 

the “at risk” surfaces in the populations 

being examined. In children, the primary 

surfaces at risk are the occlusal. In elders, 

c h l o r h e x i d i n e
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�e suggested protocol for these 

selected patients is rinsing for  seconds 

just before bed for one week, repeating the 

regimen every three months. �is protocol 

limits the amount of extrinsic staining and 

calculus deposition while systematically 

suppressing the S. mutans infection.

tients who do not exhibit either sensitiv-

ity to chlorhexidine or the ethyl alcohol 

vehicle in which it is usually contained. It 

is not generally recommended for children 

because of the diminished likelihood of 

compliance due to the taste acuity exhib-

ited by children.

populations.

In the United States, chlorhexidine 

may be useful in selected caries con-

trol programs. Current U.S. products 

are limited to a formula of . percent 

chlorhexidine gluconate. �is is suitable 

for high-risk, highly compliant adult pa-

c h l o r h e x i d i n e



21 4  m a r c h  2 0 0 3

c d a  j o u r n a l ,  v o l  3 1 ,  n º 3

caries in permanent molars: a 3-year study. J Dent 26(3):233-8, 
1998.
19. Bra
hall D, Serinirach R, et al, A study into the prevention 
of fissure caries using an antimicrobial varnish. Int Dent J 
45(4):245-54. 1995.
20. Petersson LG, Magnusson K, et al, Effect of quarterly 
treatments with a chlorhexidine and a fluoride varnish on 
approximal caries in caries-susceptible teenagers: a 3-year 
clinical study. Caries Res 34(2):140-3, 2000.
21. Giertsen E and Scheie AA, In vivo effects of fluoride, 
chlorhexidine and zinc ions on acid formation by dental plaque 
and salivary mutans streptococcus counts in patients with 
irradiation-induced xerostomia. Eur J Cancer B Oral Oncol 
29B(4):307-12, 1993.
22. Bader JD, Shugars DA, and Bonito AJ, A systematic review 
of selected caries prevention and management methods. 
Community Dent Oral Epidemiol 29(6):399-411. 2001.
23. van Rijkom HM, Truin GJ, and van’t Hof MA, A meta-
analysis of clinical studies on the caries-inhibiting effect of 
chlorhexidine treatment. J Dent Res 75(2):790-5, 1996.
24. Kanellis MJ, Caries risk assessment and prevention: 
strategies for Head Start, Early Head Start, and WIC. J Public 
Health Dent 60(3):210-7; discussion 218-20, 2000.
25. Hujoel PP, Powell LV, and Kiyak HA, The effects of simple 
interventions on tooth mortality: findings in one trial and 
implications for future studies. J Dent Res 76(4):867-74, 1997.
To request a printed copy of this article, please contact: 
Maxwell H. Anderson, DDS, MS, MEd, Washington Dental 
Service, 9706 Fourth Ave., NE, Sea
le, WA 98115 or 
manderson@ddpwa.com.

R ef er ences
1. Madlena M, Vitalyos G, et al, Effect of chlorhexidine varnish 
on bacterial levels in plaque and saliva during orthodontic 
treatment. J Clin Dent 11(2):42-6, 2000.
2. Jenatschke F, Elsenberger E, et al, Influence of repeated 
chlorhexidine varnish applications on mutans streptococci 
counts and caries increment in patients treated with fixed 
orthodontic appliances. J Orofac Orthop 62(1):36-45, 2001.
3. Forgie AH, Paterson M, et al, A randomised controlled trial 
of the caries-preventive efficacy of a chlorhexidine-containing 
varnish in high-caries-risk adolescents. Caries Res 34(5):432-9, 
2000.
4. an Lunsen DM, de Soet JJ, et al, Effects of dental treatment 
and single application of a 40% chlorhexidine varnish on 
mutans streptococci in young children under intravenous 
anaesthesia. Caries Res 34(3):268-74, 2000.
5. Achong RA, Briskie DM, et al, Effect of chlorhexidine varnish 
mouthguards on the levels of selected oral microorganisms in 
pediatric patients. Pediatr Dent 21(3):169-75, 1999.
6. Ekenback SB, Linder LE, and Lonnies H, Effect of four 
dental varnishes on the colonization of cariogenic bacteria on 
exposed sound root surfaces. Caries Res 34(1):70-4, 2000.
7. Hase JC, Edwardsson S, et al, Six-month use of 0.2% 
delmopinol hydrochloride in comparison with 0.2% 
chlorhexidine digluconate and placebo (II). Effect on plaque 
and salivary microflora. J Clin Periodontol 25(11 Pt 1):841-9, 
1998.
8. Brambilla E, Felloni A, et al, Caries prevention during 
pregnancy: results of a 30-month study. J Am Dent Assoc 
129(7):871-7, 1998.
9. Simons D, Kidd EA, et al, The effect of chlorhexidine/xylitol 
chewing-gum on cariogenic salivary microflora: a clinical trial 
in elderly patients. Caries Res 31(2):91-6, 1997.
10. Bondestam O, Gahnberg L, et al, Effect of chlorhexidine 
gel treatment on the prevalence of mutans streptococci and 
lactobacilli in patients with impaired salivary secretion rate. 
Spec Care Dentist 16(3):123-7. 1996.
11. Ullsfoss BN, Ogaard B, et al, Effect of a combined 
chlorhexidine and NaF mouthrinse: an in vivo human caries 
model study. Scand J Dent Res 102(2):109-12, 1994.
12. Banting DW, Papas A, et al, The effectiveness of 10% 
chlorhexidine varnish treatment on dental caries incidence in 
adults with dry mouth. Gerodontology 17(2):67-76, 2000.
13. Powell LV, Persson RE, et al, Caries prevention in a 
community-dwelling older population. Caries Res 33(5):333-9, 
1999.
14. Hausen H, Karkkainen S, and Seppa L, Application of the 
high-risk strategy to control dental caries. Community Dent 
Oral Epidemiol 28(1):26-34. 2000.
15. Joharji RM and Adenubi JO, Prevention of pit and fissure 
caries using an antimicrobial varnish: 9 month clinical 
evaluation. J Dent 29(4):247-54, 2001.
16. Gisselsson H, Birkhed D, and Bjorn AL, Effect of a 3-year 
professional flossing program with chlorhexidine gel on 
approximal caries and cost of treatment in preschool children. 
Caries Res 28(5):394-9, 1994.
17. Gunay H, Dmoch-Bockhorn K, et al, Effect on caries 
experience of a long-term preventive program for mothers 
and children starting during pregnancy. Clin Oral Investig 
2(3):137-42, 1998.
18. Fennis-le YL, Verdonschot EH, et al, Effect of 6-monthly 
applications of chlorhexidine varnish on incidence of occlusal 

c h l o r h e x i d i n e



c d a  j o u r n a l ,  v o l  3 1 ,  n º 3

 m a r c h  2 0 0 3   217

v a r n i s h e s

luoride varnishes, although 

available in Europe for more 

than two decades, have more 

recently been introduced to 

the U.S. marketplace. �ese 

fluoride varnishes are recognized by 

the Federal Drug Administration as 

a device to be used as a desensitizing 

agent and a cavity lining varnish., 

Although fluoridated varnishes are 

officially recognized as effective cavity 

varnishes and desensitizing agents,, 

research has demonstrated their caries 

prevention potential. �e purpose of 

this paper is to provide data associated 

with the caries inhibition effectiveness 

associated with fluoride varnishes and 

to make recommendations for clinical 

use as a preventive dentistry agent.

Fluoride Varnishes Available
�ere are four fluoridated varnishes 

marketed in the United States:

nn Duraphat (Colgate Oral 

Pharmaceuticals, Inc., Canton, Mass). 

Duraphat is a  percent sodium fluoride 

varnish provided in tubes containing  

ml of product.

nn Duraflor (Pharmascience, Montreal, 

Canada). Duraflor is also a  percent 

sodium fluoride varnish, which is 

provided in  ml tubes.

nn Fluor Protector (Ivoclar/Vivadent, 

Amherst, N.Y.). Fluor Protector is a  

percent difluorsilane varnish provided 

in  ml ampules and . ml single dose 

units.

nn Cavity Shield (OMNII Oral 

Pharmaceuticals, West Palm Beach, 

Fla.). Cavity Shield is a  percent 

sodium fluoride varnish but comes in 

unit-dose packages with an application 

brush.

Concern has been directed toward the 

potential settling of sodium fluoride in 

product packaging. A recent study indicated 

that the sodium fluoride contained in cav-

ity varnishes was not equally distributed 

throughout the varnish tube, resulting in 

varying doses to be obtained when the 
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abstract Fluoride varnishes are available in the United States, and the Federal Drug 

Administration has approved a fluoride varnish for use as a cavity preparation lining varnish 

and as a tooth desensitizing agent. The literature, however, supports the use of fluoride 

varnishes to inhibit tooth demineralization and enhance remineralization. The purpose of 

this paper is to present an overview of literature and make recommendations according to 

the available scientific evidence. Findings support the use of fluoride varnishes as a safe and 

effective topical fluoride agent.
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subsequent swallowing of the fluoride.

Due to the difficulty of placing topical 

fluoride delivery trays in children younger 

than , difficulty in obtaining the coopera-

tion of these young children to use a slow-

speed suction to remove excess fluoride 

from the mouth as it dissipates from the 

delivery tray, and the inability to keep young 

children from swallowing the acidulated 

phosphate fluoride in the delivery tray, 

this young population could benefit from 

the fluoridated varnishes. Ease of varnish 

application, safety, and efficacy comparable 

to . acidulated phosphate fluoride 

makes the use of fluoride varnish on young 

children rational.

Summary
�ere is overwhelming evidence that 

fluoride varnish is effective at inhibiting 

tooth demineralization. Fluoride varnish is 

as effective in caries reduction as other pro-

fessionally applied topical fluoride regimens 

currently used. �e following lists of indica-

tions and contraindications summarizes 

recommendations:

Indications
Biannual professionally applied topical 

fluoride agent on moderate and high-risk 

patients, particularly children younger than 

.

nn Root desensitizing agent.

nn Cavity varnish, in place of a 

nonfluoridated cavity varnish.

nn Institutionalized patients.

nn Exposed root surfaces.

nn Patients receiving orthodontic therapy.

nn Contraindications

nn Treatment of cavitated lesions.

nn Low risk, caries-free patients, living in a 

fluoridated community.

nn Circumstances where post-fluoride 

treatment esthetics is a concern.

Occlusal Caries Prevention
Several studies have compared the use 

of fluoride varnishes and sealants to prevent 

occlusal caries. Findings from these studies 

indicate sealants to be the most effective 

preventive agent for occlusal tooth sur-

faces.-

Fluoride Varnish Application
�e application of fluoride varnish is 

simple. A prophylaxis is not necessary prior 

to fluoride varnish application, but brush-

ing with a toothbrush has been recom-

mended.- If there is no evidence of 

heavy plaque or debris on the teeth, wiping 

them with cotton gauze is adequate. �e 

teeth can remain moist and the varnish will 

still adhere to the teeth. A total of . to . 

ml of fluoride varnish is sufficient to cover 

the dentition. After application, the patient 

is requested not to brush his or her teeth 

for the remainder of the day but to return 

to routine oral hygiene maintenance the 

following day.

Safety
A  percent sodium fluoride preparation 

is , ppm sodium fluoride. Although 

this is a relatively high-dose fluoride prepa-

ration, a minimal amount is applied (. to 

. ml). �is can be converted to a range 

of approximately  to  mg fluoride. �e 

fluoride varnish slowly breaks away from 

the tooth surface, and research has demon-

strated that a negligible amount is ingested. 

Ekstrand and colleagues reported a low 

plasma fluoride level following placement 

of a  percent fluoride varnish, which was 

comparable to plasma fluoride levels expe-

rienced after toothbrushing with a fluori-

dated dentifrice. �is level is significantly 

lower than plasma fluoride levels seen after 

a professionally applied . percent acidu-

lated phosphate fluoride. �e acidulated 

phosphate fluoride, even when delivered in 

trays, dissipates throughout the mouth with 

fluoride varnish was extruded. Results 

from the study demonstrated a more 

uniform fluoride content in Duraphat tubes 

and Cavity Shield unit-dose packages than 

in Duraflor tubes. An advertised advantage 

to Cavity Shield is that the unit dose can be 

easily mixed and applied to teeth, eliminat-

ing the concern of an unknown dose of 

fluoride.

Caries Prevention Effectiveness
Numerous studies document the caries-

preventive effectiveness of fluoride varnish. 

Further in vivo and in vitro studies have 

addressed the use of fluoride varnishes on 

higher caries-risk patients, such as those re-

ceiving orthodontic treatment.- Although 

data varies in reported effectiveness, a 

significant reduction in caries is noted.- 

Several comparative trials have demon-

strated equal or superior caries-prevention 

benefits of . percent acidulated phos-

phate fluoride, the standard professionally 

applied topical fluoride used in the United 

States.-

Although a majority of clinical trials 

are associated with caries inhibition in the 

permanent dentition, there are some stud-

ies related to the primary dentition.- 

�e average caries reduction in the primary 

dentition, where fluoride varnishes were 

typically applied twice per year, appears to 

be less than the caries reduction seen in the 

permanent dentition; however more clinical 

trials are necessary, particularly focusing on 

very young children.

Remineralization
�ere is minimal information regarding 

the effectiveness of fluoridated varnishes 

to enhance remineralization. Preliminary in 

vitro and in vivo studies, however, indicate 

that fluoride varnish has the potential to 

aid in the remineralization of incipient car-

ies.-
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abstract Pit and fissure sealants have been employed as an element in dental prevention 

programs for more than 30 years. The technique for sealant placement has evolved over time 

to become somewhat more invasive today. However, a meticulous technique is still required 

for success. Practitioners recently estimated that their one- and three-year sealant success 

rates were 89 percent and 78 percent, respectively. Grand medians for sealant success rates 

a�er one year in clinical trials have been reported to be as high as 83 percent for effectiveness 

and 92 percent for complete retention. Seven-year rates were 55 percent and 66 percent, 

respectively. Several changes in caries epidemiology have had an impact on the use of 

sealants. These changes include:

nn Declines in overall caries rates in U.S. schoolchildren during the la
er decades of the 20th century;

nn A relative increase in the percentage of the population DMFS constituted by occlusal caries; and

nn A general slowing in the rate of lesion progression.

nn Dentists’ abilities to diagnose occlusal surface status also affect the decision to seal. Sealant  cost-

effectiveness can be improved by:

nn Targeting at-risk populations;

nn Using sealants on incipient lesions and minimally defective restorations; and

nn Training more dental auxiliaries to place sealants under a dentists’ supervision. Concerns about sealing over 

decay and the estrogenicity of sealant components are addressed. Sealant guidelines, as promulgated by 

the Workshop on Guidelines for Sealant Use, are reviewed; and conclusions are presented about the role of 

sealants in prevention programs.
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he title of Michael Buonocore’s 

 paper in the Journal of 

Dental Research was unpre-

tentious: “A simple method 

of increasing the adhesion 

of acrylic filling materials to enamel 

surfaces.” Few but the most percep-

tive researchers and clinicians foresaw 

the revolution that his discovery would 

bring to the fields of restorative den-

tistry, prevention, and orthodontics. 

Yet Buonocore’s subsequent work led 

directly to the development of pit and 

fissure sealants, then to enamel bond-

ing, bonded orthodontic brackets, dentin 

bonding, crown and bridge cements, 

and other uses. While the techniques 

and materials have evolved, the seal-

ants we apply today to prevent pit and 

fissure caries are direct descendants 

of Buonocore’s “simple method.”

�is paper will provide an overview of 

current materials and techniques, seal-

ant effectiveness and cost effectiveness, 

epidemiologic considerations, concerns, and 

decision making. It will conclude with some 

considerations of the role of sealants in a 

caries management plan.

Technique -- Then and Now
Initially, the sealant technique required 

prophylaxis of the tooth surfaces to be 

sealed, a -second etch with one of a 

variety of acids (typically  percent liquid 

phosphoric acid); variable rinse and drying 

times generally on the order of  seconds 

each; followed by application of an unfilled, 

UV light cured (later, autopolymerizing) 

sealant. Longer etch times were advocated 

for primary teeth. �e technique was strictly 

non-invasive; in fact, that aspect of the tech-

nique was touted as one of its attractions. 

Concerns about inadvertently etching ad-

jacent tooth surfaces were quickly dispelled 

by studies that demonstrated the reminer-

alization of etched and otherwise untreated 

enamel over relatively short periods of time. 

No advantage was seen in applying sealant 

to a nonrestored portion of an occlusal 

surface if a restoration had to be placed in 

another portion of that same surface.

In current practice, etch times are down 

to  to  seconds, etchants are less con-

centrated liquids and gels (typically  per-

cent phosphoric acid), and some degree of 

fissure preparation via rotary instruments 

or air abrasion is increasingly common. 

An almost bewildering array of filled and 

unfilled, tinted and clear, fluoride-releasing 

and nonreleasing, self-curing and visible 

light-cured materials is available. Other 

materials that have been tried as sealants 

include flowable composites, glass iono-

mer cements, and even amalgam. Bonding 

agents have been shown to increase sealant 

retention, especially on enamel that has 

become contaminated with saliva after 

etching., Still, national surveys indicate 

that sealants are underutilized in the United 

States. �e �ird National Health and Nutri-

tion Examination Survey, conducted from 

 to , found that among U.S. children 

ages  to , only . percent had at least 

one sealant.

Primosch and Barr recently surveyed 

, pediatric dental practitioners and all  

departments of pediatric dentistry regard-

ing their sealant placement techniques. 

Responses were received from  percent of 

the practitioners and  percent of the de-

partments. Reported use of antisialogogues 

was rare, with  percent of the practitioners 

and  percent of the departments report-

ing that they never employ them. Cotton 

roll and/or Dri-Angle isolation, sometimes 

in conjunction with a saliva ejector, was 

preferred over a rubber dam. Among 

practitioners, a range of surface cleansing 

techniques were evident, from use of an 

explorer by  percent to air abrasion by  

percent. Techniques taught by departments 

of pediatric dentistry uniformly included 

T
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methodological differences into account.

�e early trials of first-generation (ultra-

violet light curing) and second-generation 

(autopolymerizing) sealants employed half-

mouth designs in which a pair of contralat-

eral caries-free molars of the same type were 

chosen; one was selected at random to be 

sealed while the other was left unsealed as a 

negative control. Percent effectiveness was 

calculated by various formulas that used the 

sealed and unsealed tooth pair as the unit 

of analysis. In general, these formulas de-

termined the number of surfaces “saved” by 

the sealant, divided by the number of pairs 

with DMF control teeth. A sealant “success” 

occurred when the sealed tooth remained 

sound and its matched tooth became cari-

ous or was filled. A sealant “failure” occurred 

when the sealed tooth became carious while 

its matched tooth remained sound. When 

“ties” occurred, they were not entered into 

Sealant Effectiveness
Practitioners in the Primosch and 

Barr study estimated their one-year and 

three-year sealant retention rates to be  

percent and  percent, respectively. Sealant 

retention has traditionally been equated 

in the dental literature with effectiveness 

under the assumption that pit and fissure 

caries cannot be initiated or progress under 

an intact sealant. Unfortunately, there is 

no uniformity in the literature with regard 

to reporting the results of sealant studies. 

Studies have been conducted in optimally 

fluoridated and fluoride-deficient commu-

nities. Results for primary and permanent 

dentitions or for molars and premolars have 

been reported separately and combined. 

Some studies used multiple sites per tooth 

while others used the tooth as the basis for 

analysis. �us, it is difficult for summaries 

of large numbers of studies to take these 

some means of surface cleansing, but with-

out use of air abrasion or hydrogen perox-

ide.  percent of practitioners and schools 

alike did no fissure preparation, while the 

majority in each group used high- or low-

speed rotary instruments for this purpose. 

Air abrasion for fissure preparation was 

more commonly employed in practice ( 

percent) than in schools ( percent). Clearly, 

however, the technique has evolved into a 

more invasive procedure. A wide range of 

etching times was reported by both groups 

for primary and permanent teeth ( to 

 seconds), with mean etching times for 

primary and permanent teeth of  and  

seconds, respectively. Practitioners reported 

using a wider selection of materials than 

did schools, and some had adopted laser 

polymerization. Dental schools uniformly 

employed visible-light-cured materials.

s e a l a n t s

Figure 1 .  Grand medians for percent effectiveness, complete retention, and caries/restoration rates by time since applications.7
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tion rate was lower. While the merits of this 

study could be debated, it certainly indi-

cated a long-lasting caries protective effect. 

It is clear from the literature that sealant 

integrity must be evaluated over time, and 

sealants must be reapplied as necessary to 

maintain their benefit.

Implications of Changes in Caries 
Epidemiology

Changes in dental caries epidemiology 

in the latter decades of the th century 

have, in a real sense, enhanced the ratio-

nale for sealant usage. Large-scale national 

surveys, have shown a reduction in the 

caries experience of children in the United 

States during the latter part of the th 

century. Of particular interest is the relative 

increase in the percentage of the DMFS 

constituted by the occlusal surface -- from 

 percent in  to ’ to  percent in 

 to ’. �is change was accompanied 

by concomitant reductions in proximal car-

ies, while buccolingual lesions (also based in 

pits and fissures) increased slightly. Clearly, 

smooth surfaces became increasingly less 

caries-susceptible as a result of increased 

fluoride exposure, while caries in pits and 

fissures became relatively more prominent. 

�is pattern was also borne out in a study 

by Li and colleagues comparing surface-

specific caries attack rates in U.S. schoolchil-

dren in the  to ’ and  to ’ na-

tional surveys. Table  shows the permanent 

tooth surfaces most commonly attacked by 

caries in each of the two surveys, as well as 

the percent reduction in the attack rate seen 

in the second survey. Table , from the same 

study, demonstrates that the reduction 

in caries attack rates has been dispropor-

tionately lower for pit and fissure surfaces 

compared to other surfaces in permanent 

teeth. �us, while the absolute reductions in 

attack rates were greatest for pit and fissure 

surfaces, those surfaces had the lowest rela-

tive reduction. �e caries attack pattern in 

primary teeth was shown to be more evenly 

distributed, with the highest proportion on 

smooth surfaces.

A second epidemiologic change in 

dental caries is the general slowing of the 

respectively. �e longest clinical evaluation 

of a third-generation sealant at the time of 

Ripa’s review was five years. A comparison 

of the percent effectiveness data with those 

from retention studies reveals that percent 

effectiveness parallels percent retention over 

time but is slightly lower at each time point.

Weintraub reviewed  studies that 

evaluated the percent of sealed permanent 

first molars that became carious and/or 

restored. �e grand medians ranged from 

 percent at one year to  percent at five 

years (Figure). Rates were slightly higher 

in fluoride-deficient communities than 

in optimally fluoridated communities. As 

the percentages of complete retention and 

effectiveness declined over time, there was 

a concomitant rise in sealed teeth that 

became carious or restored.

Finally, Weintraub reported on four 

studies that assessed sealant reapplication 

rates. �ese studies revealed that reap-

plication rates were relatively high after 

initial sealant placement, possibly reflecting 

sealant loss from partially or newly erupted 

teeth. Following those initial replacements, 

the reapplication rates showed a pattern 

similar to the rates of caries development 

or restoration placement in studies where 

sealants were not reapplied.

One study deserving of mention simply 

because of the longevity of followup was 

reported by Wendt and colleagues in 

. �at study evaluated  permanent 

first molars and  second molars that had 

been sealed  to  years earlier. Sealants 

on first molars had been reapplied if they 

were missing at the time the second molars 

were sealed. For first molars, sealants were 

completely retained on  percent and 

partially retained on  percent. Complete 

and partial retention rates on second molars 

were  percent and  percent, respectively. 

Caries and/or restorations were found in 

 percent of first molars and  percent of 

second molars. �ose data included sealants 

and caries in the buccal pits of lower molars, 

areas notorious for poor sealant retention 

and high caries rates. �e rate of complete 

retention was higher than predicted by 

Weintraub’s review, while the caries/restora-

the calculation of net gain. As noted by Burt 

and colleagues however, a sealed tooth that 

decays is still a failure even if the matched 

tooth becomes carious as well.

Weintraub evaluated  studies that 

evaluated the percent effectiveness of first- 

and second-generation sealants. Studies 

were conducted in fluoridated and nonfluo-

ridated communities using predominately 

permanent first molars. �e grand medians 

for effectiveness ranged from  percent 

after one year to  percent after seven years 

(Figure). One small study that included -

year followups reported  percent effective-

ness. Most of the studies reported results 

after only one application of sealant, though 

sealant effectiveness was increased if they 

were repaired or replaced as required. �ere 

are other factors that can influence percent 

effectiveness; but, in general, sealants were 

more effective in optimally fluoridated 

communities compared to fluoride-deficient 

communities, and less effective in primary 

teeth (two studies) than permanent teeth.

Half-mouth designs were employed up 

until the mid-s, when a marketed seal-

ant received full acceptance from the Ameri-

can Dental Association Council on Dental 

Materials and Devices. At that point, denial 

of sealant usage was considered unethical. 

Study designs changed to focus on sealant 

longevity, or retention, as the benchmark 

for effectiveness. �is approach was based 

on findings from the earlier studies that ef-

fectiveness was directly related to retention.

Weintraub reported the grand medians 

derived from  retention studies of second- 

and third-generation (visible light cured) 

materials placed on primary and permanent 

teeth in fluoridated and nonfluoridated 

communities. Grand medians for the stud-

ies ranged from  percent complete reten-

tion at one year, to  percent at five years, 

to  percent at seven years (Figure). Ripa, 

in a  summary, reported similar figures 

for second-generation materials, ranging 

from  percent at one year to  percent 

at seven years. He reported the average 

percentage of complete sealant retention 

for second-generation and third-generation 

materials to be . percent and . percent, 

s e a l a n t s
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patients. �e reduction of caries rates in U.S. 

schoolchildren is not uniform, resulting in 

a skewed distribution of disease. Today, 

approximately  percent of the dental 

caries burden is found in  percent of the 

population. In general, socioeconomic status 

is inversely related to caries experience and 

caries risk. �e use of sociodemographic 

data can be useful in a gross estimation of 

caries risk, but a myriad of other factors can 

be applied to refine risk assessment.

Sealant Concerns
�e major concern with sealants has 

been the inadvertent sealing of dental car-

ies. �is misapprehension has been put 

to rest by a number of studies showing that 

dental caries becomes arrested under intact 

sealants.- �ese findings have largely 

served to comfort those clinicians who 

were concerned about sealing unrecognized 

part of sealant placement decision-making. 

A second approach is to encourage dentists 

to place sealants on incipient lesions and 

defective restorations. While most dental 

schools and practitioners would hesitate to 

adopt this approach, it should be inves-

tigated as a means of conserving tooth 

structure in a program of nonsurgical 

caries management. �e third approach is 

to increase the prophylactic placement of 

sealants by dental hygienists and dental 

assistants. �is approach is commonly 

employed in practices where the auxiliaries 

are under the supervision of the dentist.

Sealant effectiveness and cost-effective-

ness are dependent upon disease levels and 

the selection of patients and tooth surfaces 

to be sealed. �us, another critical way in 

which sealant usefulness can be increased 

is by developing and applying evidence-

based caries risk assessments to individual 

rate of lesion progression, a finding that is 

consistent with the increase in exposure to 

fluoride., �is slowing of lesion develop-

ment has extended the period of caries pro-

gression into the teenage years. Data from 

several studies indicate that pit and fissure 

caries can no longer be dismissed as a pos-

sibility within a few years after a tooth has 

erupted., �us we should ignore former 

recommendations that sealants need not be 

placed after an apparently caries-free tooth 

has been in the mouth for four or more 

years. Teeth deemed to be caries-susceptible 

because of pronounced pits and fissures 

should be sealed, regardless of patient age.

�e decrease in caries rates and the 

slowing of lesion progression make caries 

diagnosis more difficult. Our traditional 

method of using explorers to probe pits and 

fissures tends to increase the number of 

false positive diagnoses. Lussi concluded 

that use of an explorer did not improve 

the validity of diagnosing occlusal caries 

compared to a visual inspection alone. 

Cardoso and colleagues determined that 

clinical experience did not enhance oc-

clusal caries diagnosis via visual inspection 

supplemented by explorer use. It should be 

noted that the teeth used in that study were 

extracted impacted third molars that were 

assumed to be caries-free, meaning that any 

diagnosis of caries was assumed to be a false 

positive. Other studies have confirmed the 

inefficiencies of the dental explorer for the 

diagnosis of occlusal caries., Clearly, 

dentistry must find ways to improve its di-

agnostic abilities and thus maximize sealant 

effectiveness.

Cost-Effectiveness
As caries rates decline, the use of 

sealants becomes increasingly less cost-

effective. Söderholm has suggested three 

approaches to help maintain or improve 

cost-effectiveness. �e first is target-

ing population risk groups. �is option 

is public-health based and beyond the 

scope of many dental school programs 

and private practice. Risk assessment of 

individuals, however, can be done in these 

settings, however, and should be a integral 

s e a l a n t s
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nn Meticulous sealant placement 

techniques must be taught in dental 

schools and auxiliary programs, 

including the need for periodic 

re-evaluation and replacement as 

necessary.

nn Manufacturers should be encouraged 

to continue to develop improved and 

innovative products.
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The Role of Sealants
Sealants should continue to play a 

strong role in prevention programs for chil-

dren, adolescents, and adults. �e relative 

increase in pit and fissure caries enhances 

that role, even in the face of recent declines 

in caries prevalence. Schools must teach, 

and clinicians should apply, caries risk as-

sessment at the levels of the individual and 

the tooth. Pit and fissure caries diagnosis 

must be improved by reducing reliance on 

dental explorers, and through the evaluation 

and, where appropriate, adoption of new 

technologies. Schools should teach a me-

ticulous technique, incorporating minimally 

invasive procedures as warranted. Emphasis 

should be given to continuous re-evaluation 

of previously placed sealants, with reapplica-

tions when required. Manufacturers should 

be encouraged to continue to improve their 

products, and research should continue in 

the areas of sealant technique, effectiveness, 

and use of sealants as a therapeutic modal-

ity. Sealant use should be promoted as one 

of the cornerstones of caries prevention 

programs in community- and practice-based 

settings.

Conclusions
nn Dental sealants are safe and effective 

in preventing pit and fissure dental 

caries on at-risk surfaces when they are 

properly applied and maintained.

nn Decisions regarding sealant placement 

must be based on caries risk 

assessments of individual patients and 

individual teeth.

nn Diagnosis of pit and fissure caries must 

be improved so that clinicians can more 

reliably distinguish between categories 

of pit and fissure status: caries-free, 

questionable, enamel caries, and 

dentinal caries.

nn Guidelines should be developed for 

the placement by dentists of sealants 

over incipient caries, over newly placed 

restorations, and for use in repairing 

minimally defective restorations.

nn Dental auxiliaries should be trained 

to place prophylactic sealants after 

diagnosis by a dentist.

caries. It is likely that few clinicians employ, 

and even fewer schools teach, intentional 

therapeutic use of sealants. However, as 

noted earlier, the sealant technique is 

becoming more invasive, so clinicians are 

more likely to ensure that sealants are not 

being placed over carious lesions. A second 

concern has arisen in recent years regarding 

the estrogenicity of sealant components. 

More recent work suggests that these 

components may not be absorbed, or that 

they may be present in nondetectable levels 

in the blood. Dentists can take steps to 

minimize the patient’s exposure to uncured 

resin components after sealant place-

ment.

Sealant Guidelines
�e Workshop on Guidelines for Seal-

ant Use, convened in , published its 

recommendations in . �e guidelines 

for sealant use in individual care programs 

promulgated by that group should form the 

basis for what is taught in dental schools 

and residency programs, and for sealant use 

in practice. �e guidelines call first for risk 

assessment of the individual based on caries 

experience, dental care utilization pattern, 

use of preventive services, and pertinent 

medical history. �is is followed by risk 

assessment of individual teeth based on 

pit and fissure morphology, level of caries 

activity, and caries pattern. �ese assess-

ments are followed by an evaluation of pit 

and fissure surfaces, with determinations of 

“caries-free,” “questionable,” “enamel caries,” 

and “dentin caries.” Sealant is recommended 

for teeth classified as “questionable” or 

“enamel caries,” and for those caries-free 

teeth deemed to be at risk for caries. At this 

time, sealants are not recommended for 

teeth with dentinal caries. Sealants are also 

not recommended if the tooth cannot be 

isolated; if a proximal restoration involves 

a pit and fissure surface; or, in the case of a 

primary tooth, if the life expectancy of the 

tooth is short. In addition, the guidelines 

call for evaluation of previously sealed teeth 

for sealant integrity, retention, and caries 

progression.
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Figure 1. Grand medians for percent effectiveness, complete 
retention, and caries/restoration rates by time since 
applications.7
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Fluoride-Releasing Restorative 
Materials and Secondary Caries  
John Hicks, DDS, MS, PhD, MD; Franklin Garcia-Godoy, DDS, MS; Kevin Donly, DDS, MS; and 
Catherine Flaitz, DDS, MS

abstract Secondary caries is responsible for 60 percent of all replacement restorations in 

the typical dental practice. Risk factors for secondary caries are similar to those for primary 

caries development. Unfortunately, it is not possible to accurately predict which patients 

are at risk for restoration failure. During the past several decades, fluoride-releasing dental 

materials have become a part of the dentist’s armamentarium. Considerable fluoride is 

released during the se
ing reaction and for periods up to eight years following restoration 

placement. This released fluoride is readily taken up by the cavosurface tooth structure, as 

well as the enamel and root surfaces adjacent to the restoration. Resistance against caries 

along the cavosurface and the adjacent smooth surface has been show in both in vitro and in 

vivo studies. Fluoride-releasing dental materials provides for improved resistance against 

primary and secondary caries in coronal and root surfaces. Plaque and salivary fluoride levels 

are elevated to a level that facilitates remineralization. In addition, the fluoride released 

to dental plaque adversely affects the growth of lactobacilli and mutans streptococci by 

interference with bacterial enzyme systems. Fluoride recharging of these dental materials 

is readily achieved with fluoridated toothpastes, fluoride mouthrinses, and other sources 

of topical fluoride. This allows fluoride-releasing dental materials to act as intraoral fluoride 

reservoirs. The improvement in the properties of dental materials with the ability to release 

fluoride has improved dramatically in the past decade, and it is anticipated that in the near 

future the vast majority of restorative procedures will employ fluoride-releasing dental 

materials as bonding agents, cavity liners, luting agents, adhesives for orthodontic brackets, 

and definitive restoratives.
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ental caries is one of the most 

common diseases occur-

ring in man and is prevalent 

in developed, developing, 

and underdeveloped countri

es.,,,,,,,,,, Within 

the United States and Western Europe, 

there has been an overemphasis on na-

tional surveys that indicate that more than 

 percent of children and adolescents are 

caries-free. In reality, a small percentage 

of late adolescents and young adults are 

caries-free. Only about one in six -year-

olds are caries-free. In fact,  percent of 

all dentate adults in the United States have 

experienced dental caries. Caries affects 

some children, adolescents, and adults to 

a much greater degree than others (Figure 

). One-fourth of - to -year-olds account 

for  percent of the caries experience. At 

age  years,  percent of caries occurs 

in  percent of these late adolescents. A 

similar trend is noted with older adults., 

In an ambulatory New England popula-

tion,  percent of elders older than  

accounted for  percent of caries. It was 

noted that these New England elders had 

a higher caries prevalence rate than New 

England children. �e continuing caries 

experience throughout adulthood and 

into the elderly period points out that 

dental caries is not a disease restricted to 

children and adolescents. �e demand for 

ongoing preventive and restorative care 

in adulthood is emphasized in a national 

survey that found  percent of adults 

between  and  years of age were in 

need of immediate dental care.,

Once a cavity forms, there are several 

options for restoration of the carious 

tooth surface. A U.S. Navy Dental Corps 

study reported the dental materi-

als placed in , restorations in - to 

-year-olds. �e following restorations 

were placed during a two-week period:

nn Amalgams ( percent);

nn Composite resins ( percent);

nn Sealants ( percent);

nn Glass ionomers ( percent); and

nn Gold restorations (. percent).

It was noted that  percent of 

amalgams and  percent of composite 

resins were placed because of primary 

caries. �e remaining restorations were 

replacements of existing restorations. 

A comprehensive survey of more than 

, restorations performed in the 

United Kingdom found the follow-

ing types of restoration placement:

nn Amalgams ( percent);

nn Composite resins ( percent); and

nn Glass ionomers ( percent).

Initial restoration placements ( 

percent) and replacements ( percent) 

were quite evenly divided. More recent 

studies have indicated that approxi-

mately  percent of adult restorative 

care is dedicated to replacing restoratio

ns.,,,,,,,-,-,,-, ,,-,-, 

With Swedish children and adolescents in 

, the choice of restorative material 

was quite different from adult popula-

tions. In - to -year-olds, the restorative 

materials chosen for primary teeth were:
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Figure 1a.  Variability in caries experience with mixed 
dentition.

F ig ur e 1b .  Variability in caries experience in adult. 
Secondary caries and restoration failure are common 
experiences in most individuals.
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Clinically, secondary caries has certain 

features.-,- A high proportion of 

secondary caries is located along the 

cervical and interproximal margins (> 

percent of failed amalgams, > percent 

of failed composite resins). With enamel 

surfaces, recurrent caries may be seen 

as a white spot (active), or a brown spot 

lesion (inactive). �e surface may un-

dergo a certain degree of softening prior 

to frank cavitation. �e enamel lesion 

color varies depending upon the adjacent 

restorative material. When the cavo-

surface is involved and undermined by 

caries, the adjacent enamel surface takes 

on a brown to gray to blue hue; however, 

amalgam restorations impart such color 

changes due to corrosion. Transillumina-

tion may be helpful with tooth-colored 

restorative materials. Radiographs can 

detect interproximal caries, especially 

along gingival margins. �e interface 

between the tooth and restoration needs 

to be evaluated with an explorer; however, 

care should be taken to avoid creating an 

iatrogenic defect along the cavosurface 

margin or cavitating the lesion’s surface.

Active root surface secondary car-

ies appears as a yellow discoloration 

and frequently has undergone surface 

softening.,,,-,,, In contrast, 

inactive secondary caries in a root surface 

may become sclerotic and ebonized, 

with a hardness level similar to that 

for sound enamel. With both enamel 

and root-surface secondary caries, the 

responsible microorganisms remain the 

same as those for primary caries. �e 

diagnosis of secondary caries is depen-

dent upon visual inspection, tactile 

sensation with judicious explorer us-

age, and radiographic interpretation.

During the past three decades, natu-

rally occurring and artificially induced 

secondary caries (Figure ) around 

restorative materials have been charac-

terized microscopically as two separate, 

but interrelated lesions.-,,,,-, ,, -, 

,,,-,-,-,,,,,-,-,,,,, 

�e primary (outer) surface lesion devel-

ops in the enamel or root surface adjacent 

ies of restoration failure and longevity, 

subtypes of composite resins and glass 

ionomers were not taken into account.

A sequela of secondary caries is the 

effect on the tooth requiring restoration 

replacement. With removal and replace-

ment, the size of the restoration changes 

considerably.,,-, When second-

ary caries is present, the original cavity 

margin is extended by . mm. When no 

caries is present, the margin is extended 

by . mm. �is implies that the replaced 

restoration width will be larger by . to 

. mm. No doubt after several replace-

ments, the affected tooth will become 

weakened and may require full coverage.

Clinical and Histopathologic Features 
of Secondary Caries

Although secondary caries is the etiol-

ogy of failure in  to  percent of restora-

tions (Table ), there is confusion regarding 

the definition of secondary or recurrent 

caries.,,,,-,-,,,,,-,-,  

Often, marginal gaps and ditching around 

restorations may be ascribed to second-

ary caries. Only when marginal gaps are ≥ 

 µm can secondary caries be identified 

consistently by clinical and microscopic 

criteria. Some clinicians equate a marginal 

defect of ≥  µm with an increased preva-

lence of secondary caries. With occlusal 

amalgams, macroscopic caries has been 

detected in only  percent of ditched 

margins and  percent of nonditched mar-

gins. Microscopic examination of these 

restorations showed histologic caries in 

 percent of nonditched margins and 

 percent of ditched margins. Margin 

defects and staining are not sufficient to 

predict the presence or absence of second-

ary caries and do not allow for treatment 

decisions.

Secondary (recurrent) caries may be 

defined most simply as caries detected 

at the margins of an existing restoration. 

Similar to primary caries, the enamel or 

root surface adjacent to the restorative 

material may possess an inactive ar-

rested lesion, an active incipient lesion, 

or a frankly cavitated lesion (Figure ). 

nn Compomers ( percent);

nn Glass ionomer ( percent);

nn Zinc oxide-eugenol ( percent);

nn Amalgams ( percent); and

nn Composite resins ( percent).

With  to  year-olds, caries in 

permanent teeth were restored with:

nn Composite resins ( percent);

nn Amalgams ( percent);

nn Glass ionomers ( percent); and

nn Compomers ( percent).

�e choice of materials in this Swedish 

study may reflect the reluctancy toward 

amalgam usage. Similar studies have not 

been completed in the United States.

Reasons for Restoration Placement and 
Replacement

�e principal reason for restoration 

failure is secondary caries in both the 

permanent and primary dentitions (Table 

).,,,,-,-,,,,,-,-, Second-

ary caries accounts for approximately 

 percent of all reasons for restoration 

replacement, regardless of restorative ma-

terial type.,-, Other reasons include 

material failure, tooth fracture or defect, 

endodontic involvement, prosthetic 

abutment utilization, technical errors, 

and deterioration of esthetic quality with 

tooth-colored restoratives., With pedi-

atric patients, secondary caries is respon-

sible for replacement of restorations in 

 percent of cases. Fracture of either the 

restoration or the tooth is a less frequent 

occurrence in children and adolescents.

�e longevity of failed restorations is 

variable and dependent upon the restor-

ative material (Table ).,, Amalgams 

tend to have the greatest median and 

mean survival times when compared 

with composite resins and glass iono-

mers. It must be realized that amalgam 

restorative materials have been available 

for well more than  years; and these 

materials have been refined for posterior 

tooth restoration. In contrast, the terms 

“composite resin” and “glass ionomer” in 

most clinical studies encompass many 

different formulations with variable 

strengths and weaknesses. In such stud-
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microorganism assessment; salivary 

flow rate determination; current medi-

cation inventory; dietary review; and 

medical evaluation if necessary. More 

frequent dental examinations with topi-

cal fluoride application may be indicated 

for especially caries-prone patients.

Various laboratory methods have been 

developed to investigate microleakage and 

caries formation along the restorative-

cavosurface interface.,- Techniques 

employed include: ) artificial secondary 

caries systems evaluated by polarized light 

microscopy, scanning electron microscopy, 

and microradiography; and ) microle-

akage determination with organic and 

fluorescent dyes, radioisotopes, bacterial 

cultures, pigmented chemical tracers, 

air pressure, neutron activation analy-

sis, and electrical conductivity. Each of 

these methods has certain advantages 

and disadvantages. �e most often used 

laboratory techniques are artificial caries 

systems and microleakage assessment 

with organic dyes. Studies using these 

techniques have allowed for rapid evalua-

tion of the effects of restorative materials, 

bonding agents, remineralizing agents, 

reliable predictor of caries risk is the prior 

caries experience of the patient. One 

factor that may result in a considerable 

increase in root surface caries is the larger 

proportion of dentate elderly in the popu-

lation with more retained teeth than in 

the past.-,,, �e increased number 

of retained teeth leads to a greater risk for 

periodontal disease development. With 

periodontal disease onset, gingival reces-

sion occurs; and this leads to exposure 

of caries prone root surfaces.- It has 

been shown that four years following 

root surface exposure, due to periodontal 

therapy, almost two-thirds of patients 

develop root caries. �ese patients had 

an average of . new root caries lesions. 

Twelve years after periodontal treatment, 

 to  percent have root caries with 

an average of . lesions per person.

Prevention of secondary car-

ies,,,-,- begins at the time of 

restoration placement with patient educa-

tion in proper dental hygiene; fluoride 

regimen implementation (rinses, gels, 

fluoridated toothpastes); antimicrobi-

als (chlorhexidine); fluoride-releasing 

restorative material; salivary cariogenic 

to the restoration; while the wall lesion 

forms in the cavosurface tooth structure 

along the restorative interface. �e outer 

surface lesion may be readily visualized 

in the enamel or root surface adjacent to 

the restoration. �e wall lesion occurs due 

to microleakage of oral fluids, percolation 

of hydrogen ions and lytic enzymes from 

plaque, and bacterial colonization along 

the cavosurface wall. Whenever a restor-

ative material is placed, there is a possibil-

ity for a microspace (gap) to be formed 

between the restorative material and the 

cavosurface enamel, dentin, and cemen-

tum. �e ability of a material to resist 

secondary caries development along the 

cavosurface is dependent upon complete 

removal of carious tissue leaving no resid-

ual caries, formation of an intimate cavo-

surface-restorative interface with minimal 

to no microspace, and release of caries-

protective agents (fluoride, metal ions, 

antimicrobials, acidic ions) to the adjacent 

cavosurface and outer tooth surface.

Risk factors for development of 

secondary caries are identical to those 

for primary caries (Table ).,,,,-

,-,,,,, �e most 

Figu res 2a and b .  Secondary in vitro caries around an amalgam restoration. a. An artificial white spot lesion (arrow) surrounds the amalgam 
restoration. b and c. Polarized light microscopic examination of this amalgam-restored tooth demonstrates the two components of secondary caries - 
the primary outer surface lesion (O, OL) and the wall lesion (arrow, WL). The wall lesion is formed due to percolation of acidic byproducts, lytic enzymes 
and colonization of plaque along the microspace present between the restorative material (R) and the cavosurface tooth structure. Secondary caries 
formation adjacent to restorations in coronal and root surfaces appears similar.
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adjacent tooth structure and into the oral 

environment. A brief review of the major 

categories of fluoride-releasing dental 

materials is in order.,,,,, Several 

decades ago, silicate cements composed of 

a basic glass and phosphoric acid solution 

were used as tooth-colored restorative 

materials. Although these materials were 

not retained well, it was noted that sec-

ondary caries was reduced significantly. 

�is was due to the substantial fluoride 

release generated by this restorative 

material. Glass ionomers were developed 

from aluminosilicate glass with calcium 

and a fluoride flux. �e material requires 

an acidic polymer to induce an acid-base 

setting reaction. Considerable quantities 

of fluoride are released initially with the 

setting reaction, and continuous release 

of lower levels of fluoride is detected for 

long periods. Silver particles have been 

added to some glass ionomers to increase 

their physical strength, and these materi-

als are known as glass ionomer cermets. 

Resin-modified glass ionomer (polyalke-

noate) represents a hybrid material with 

a greater amount of glass ionomer than 

conventional resin in its makeup. �is 

material uses an acid-base reaction, light- 

and/or chemical-activated polymerization, 

and self-curing for its setting reaction 

(triple-cure). Fluoride is released from 

this material but to a lesser extent than 

conventional glass ionomers. Compomer 

(polyacid modified composite resin) con-

tains a higher content of composite resin 

with a lessened amount of ionomer mate-

rial and polymerizable acidified monomer. 

�is material is light-activated for its set-

ting reaction. Fluoride is released primar-

ily during the setting reaction and to a 

lesser extent over time. Fluoride-releasing 

composite resins are also available, and 

these contain some filler particles with 

releasable fluoride. Long-term fluoride re-

lease is quite low. Conventional composite 

resins lack fluoride-releasing abilities. In 

summary, there is a continuum of tooth-

colored restorative products that range 

from high fluoride release (glass ionomer) 

to intermediate fluoride release (resin-

Fluoride-Releasing Dental Materials
�ere are numerous dental materi-

als from many different manufacturers 

that have the ability to release fluoride to 

innovative fluoride delivery systems and 

fluoride-releasing products on microleak-

age and secondary caries formation.
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general, decreased physical properties are 

associated with increased fluoride release.

Continuing research into the develop-

(conventional composite resin). Physical 

properties vary with the degree of glass 

ionomer and composite resin content. In 

modified glass ionomer) to low fluoride 

release (compomer and fluoride-releasing 

composite resin) to no fluoride release 
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bonding agents for amalgams, as well 

as fluoridated amalgams, have become 

available.,, Other clinical investiga-

tors have proposed exposing the prepared 

cavity to topical fluoride agents to allow 

rapid fluoride uptake by dentin, enamel, 

and cementum prior to restoration.,,,

Fluoride content in a dental material 

varies considerably ranging from  percent 

to  percent in glass ionomers, resin-

modified glass ionomers, and compome

rs.,,,,,-,,,,,-,,,,,,,,,,,   

However, the amount of fluoride made 

available to the oral cavity is not related 

to the fluoride content of the material, 

but to the ability for fluoride to leach 

from the material or to be exchanged for 

other ions in the oral environment. With 

all fluoridated dental materials, there is a 

burst of fluoride release during the setting 

reaction and this is followed by a gradual 

salt, t-BAEM/HF (t-butylamino ethyl 

methacrylate hydrogen fluoride), MEM/

HF (morpholinoethyl methacrylate 

hydrofluoride) and most recently TBATFB 

(tetrabutylammonium tetrafluoroborate). 

�ese agents hold promise for increasing 

fluoride delivery to the adjacent tooth 

structure while maintaining the physico-

chemical properties of composite resins.

In addition to the “more traditional” 

fluoride-releasing restorative materi-

als, other methods for fluoride release 

are available.,,,,,,,,-,,, Glass 

ionomer, resin-modified glass ionomers, 

and compomers have been formulated 

as luting agents and cavity liners. Many 

bonding agents, total-etch dentin 

adhesives, and one-step adhesives for 

various dental materials contain releas-

able fluoride and protect against second-

ary caries. Several fluoride-releasing 

ment of fluoride-releasing composite res-

ins is ongoing in the hope of maintaining 

the physical properties of these materials 

and providing long-term fluoride release. 

Incorporation of inorganic fluoride (NaF) 

has resulted in increased fluoride release 

but with creation of voids in the matrix 

as the inorganic fluoride leaches out of 

the material. Dispersion of leachable glass 

or soluble fluoride salts (YbF) into the 

polymer matrix allows for a water-soluble 

diffusion of fluoride from the composite 

resin into the local environment. Most 

of the fluoride is released during the 

setting reaction, with a smaller amount 

of long-term fluoride release. �e addi-

tion of organic fluorides to the polymer 

matrix has been attempted to increase 

fluoride release. �ese organic fluorides 

include MF-MMA (methacryloyl fluoride-

methyl methacrylate), acrylic amine-HF 
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materials. Reductions in outer lesion 

depths range from less than  percent for 

fluoridated composite resins to almost  

percent for conventional glass ionomers. 

Cavity liners, desensitizers and topical 

fluoride application decrease substan-

tially both outer and wall lesion depths.

�e retention of greater amounts 

of mineral in secondary caries lesions 

is also apparent from microhardness 

studies.,, �ese studies have found 

that the outer lesion adjacent to a glass 

ionomer had only a  percent reduction 

in microhardness compared with sound 

enamel; however, a nonfluoride-releasing 

composite resin resulted in a  percent 

reduction in microhardness in the outer 

lesion compared with sound enamel. �e 

availability of fluoride from the adja-

cent restoration results in a reduction 

in mineral loss from the outer lesion.

Both lesion depth and mineral loss are 

related in a linear fashion to the amount 

of fluoride released over time., In 

fact, under plaque conditions, complete 

inhibition of secondary caries may be 

realized if  to  µg of fluoride are 

released per cm of the dental mate-

rial during a one-month period.,,

Remote Effect of Fluoride-Releasing 
Dental Materials

�e local environment for fluoride 

release is relatively extensive and is not 

limited to the immediately adjacent 

cavosurface or surface enamel (Table 

).,,,, Fluoride uptake in vitro by 

enamel and root surfaces from conven-

tional glass ionomers is substantial and 

maintained for at least six months. 

Enamel located . to . mm from glass 

ionomers increases its fluoride content by 

more than , ppm. Root surfaces up to 

. mm from glass ionomers have a greater 

ability to absorb fluoride than enamel 

(more than , ppm). Perhaps even 

more remarkable is that the glass iono-

mer-restored teeth were stored in artificial 

saliva, which is known to reduce the 

amount of fluoride available for uptake.

�e amount of mineral loss from 

fluoride is incorporated into the hybrid 

layer formed by fluoride-containing 

dentin adhesives. Fourier transform 

infrared spectroscopy of the intermediate 

layer between glass ionomer and dentin 

indicates that the primary component of 

this layer is fluoridated carbonatoapatite. 

�is substance is known to have a low 

solubility and increased acid resistance. 

No doubt readily available fluoride from 

glass ionomers will enhance the in vivo 

caries resistance of the tooth structure 

composing the cavosurfaces and tooth 

surfaces adjacent to such restorations.

In Vitro Secondary Caries and Fluoride-
Releasing Dental Materials

�e ability of a fluoride-releasing 

material to affect in vitro secondary caries 

formation is illustrated by the reduction 

in the occurrence of wall lesions along the 

tooth-restorative material interface (Table 

, Figures  and ).-,,-,-,,,,,,-

,,,,-,-,,,, Many different 

fluoride-releasing materials reduce wall 

lesion frequency considerably ( percent 

to almost  percent). Typically, restor-

ative materials with a higher fluoride con-

tent tend to provide the greatest degree of 

protection along cavosurfaces. Not only is 

wall lesion development affected, but also 

wall lesion depth and length. Reductions 

in cavity wall depth and length range 

from  percent to  percent for fluoride-

releasing composite resins to  percent 

to  percent for fluoridated amalgams to 

 percent to  percent for conventional 

glass ionomers. In addition, the higher the 

fluoride release from the dental material, 

the greater the chance that wall lesion 

formation will be inhibited and create 

caries inhibition zones in the cavosurface 

tooth structure. Typically, glass iono-

mers and resin-modified glass ionomers 

produce inhibition zones in the cavo-

surface, while compomers and fluoride-

releasing composite resins rarely develop 

such inhibition zones. Outer (primary) 

surface lesions that form in enamel and 

root surfaces next to the restorations are 

also affected by fluoride-releasing dental 

decline in the amount of fluoride leached 

into the oral environment. �e dental 

material provides a low level of fluoride 

for a considerable period (Table ). Several 

studies have shown well-documented 

fluoride availability for . to eight years 

from glass ionomer-based materials and 

up to five years from composite res-

ins.,,,,,, �e ability to continue to 

release fluoride in vitro over extended 

periods is remarkable considering the 

fact that the materials are constantly 

exposed to an aqueous environment. �e 

quantity of fluoride available for uptake 

is dependent upon the media into which 

the fluoride-containing restorative is 

placed.,,, Many laboratory studies 

report the daily or accumulated fluoride 

released into water. Artificial saliva tends 

to decrease the release of fluoride, most 

likely due to precipitation of calcium, 

phosphate and fluoride complexes on 

the surface of the restorative material. 

Exposure of the restorative material to 

demineralizing solutions increases the 

available fluoride; while remineralizing 

fluids decrease the amount of fluoride 

released.,,, �is tends to hold true 

for all glass ionomer-based materials. It 

is well-known that during acid challenges 

glass ionomers mobilize and release 

increased amounts of fluoride into the en-

vironment. �is is an important feature 

for facilitating reprecipitation of mineral 

into demineralized enamel and root sur-

faces; thereby enhancing remineralization.

Glass ionomers and other fluoride-

releasing restorative materials increase 

the fluoride composition of adjacent 

tooth structure (Table ).,,,,,,,,

,,, �e amount of acquired fluo-

ride in sound enamel and root surfaces 

adjacent to glass ionomer restorations 

is substantial and may be appreciated 

for long periods. In addition, a dramatic 

increase in fluoride content in enamel 

and dentinal cavosurfaces, as well as 

the dentinal axial wall, has been shown 

in a recent electron probe analysis. 

Both wavelength and energy dispersive 

spectrometry studies also found that 
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mm from the fluoridated restoration did 

not receive the benefits of fluoride release.

Tooth surfaces opposing adjacent 

teeth restored with glass ionomers 

receive a certain degree of protection 

against caries formation in vivo (Figure 

).,,,,,,,, In a three-year lon-

gitudinal study,, about  percent of 

interproximal tooth surfaces adjacent to 

teeth restored with glass ionomer tun-

nel restorations had developed caries. 

In marked contrast, slightly more than 

 percent of interproximal surfaces in 

teeth adjacent to amalgam-restored teeth 

succumbed to caries. A similar three-year 

clinical study with primary teeth found 

an almost twofold increase in interproxi-

mal caries in teeth adjacent to amalgams 

when compared with those next to glass 

ionomers. Another study found that the 

use of a resin-modified glass ionomer base 

under a resin decreased the risk of caries 

development in the opposing interproxi-

mal surface to a similar degree.

Remineralization of existing lesions 

may also occur when these lesions are 

in close proximity to a fluoride-releasing 

dental material., Placement of amal-

gam, nonfluoride-releasing composite 

resin and conventional glass ionomer 

Class II restorations in extracted teeth in 

contact with other teeth possessing well-

defined proximal lesions provided insight 

into the effects of these restorative mate-

rials on adjacent interproximal surfaces. 

Following a two-week exposure to a cyclic 

demineralizing-remineralizing artificial 

caries system, differences were identified 

among the lesions adjacent to glass iono-

mer restorations compared with those in 

contact with fluoride-releasing composite 

resins and nonfluoridated amalgams. �e 

lesions next to glass ionomers had re-

gressed slightly in area (- percent); while 

the lesions adjacent to amalgams and 

fluoride-releasing resins had increased by 

 percent and  percent, respectively. 

Fluoride release into the local environ-

ment by the glass ionomer restorations 

resulted in no caries progression with the 

lesion in the opposing tooth surface.

for primary tooth enamel and permanent 

tooth root surfaces increased gradually 

the farther the lesion was located from 

the glass ionomer restoration., In 

contrast, in vitro microradiographic stud-

ies found a lessened effect for fluoride-

releasing composite resins. �e lesion 

depth and mineral loss was reduced in 

close proximity to the fluoridated resin; 

whereas tooth surfaces positioned  to  

in vitro lesions adjacent to and up to  

mm from glass ionomer restorations is 

reduced significantly (Table ). When 

compared with nonfluoride-releasing 

restorations, the placement of a glass 

ionomer reduces mineral loss by almost 

 percent at . mm from the restoration 

to  percent at  mm from the restora-

tion margin. Similarly in polarized light 

microscopic studies, mean lesion depth 

Figu res 3a through d.  In vitro secondary caries formation in root surfaces adjacent to 
restorations (R) filled with nonfluoride releasing (a) and fluoride-releasing dental materials (b-d). 
Dramatic reductions in the primary outer root surface lesion (O) depth occur when nonfluoride 
releasing composite resin (a) restorations are compared with fluoride-releasing composite resin 
(b) restorations, and compomer restorations (c), and resin-modified glass ionomer restorations (d). 
(arrow = wall lesion).

Figu res 4a and b .  Fluoride-releasing amalgam restorative material and in vitro secondary 
caries formation in root surfaces. Caries formation in the root surface (O) adjacent to a 
conventional amalgam restoration (a) is quite extensive and considerably greater than that for the 
primary outer root surface lesion (O) adjacent to a fluoride-releasing amalgam (b). (R = restored 
cavity where material was lost during the sectioning procedure; arrow = wall lesion).
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Similarly, resin-modified glass 

ionomer has been shown to provide 

protection against in vitro lesion progres-

sion and to induce remineralization to a 

similar extent as that found with fluo-

ride dentifrices, but less than that for a 

low-concentration (. percent) sodium 

fluoride rinse. Lesional areas of artificial 

caries have been noted to be reduced by 

.-fold when placed adjacent to resin-

modified glass ionomers, by .-fold 

when exposed to a fluoridated dentifrice, 

and by .-fold when exposed to a . 

percent sodium fluoride mouthrinse.

�e ability of glass ionomers to 

release fluoride to adjacent tooth surfaces 

accounts for the hypermineralization 

of enamel and dentinal lesions seen in 

microradiographic investigations and 

inhibition zones with polarized light mi-

croscopy., With an in vitro pH-cycling 

demineralizing-remineralizing system and 

an in vivo intraoral partial denture model, 

it has been noted that enamel and den-

tinal lesions in contact with glass iono-

mers possess increased calcium content 

and mineral volume percentage compared 

with enamel and dentinal lesions adjacent 

to nonfluoridated amalgams and compos-

ite resins. �e mineral content of the glass 

ionomer-associated hypermineralized lay-

er was reported to be more than threefold 

greater than those for the lesions adjacent 

to amalgams and resins. In addition, the 

hypermineralized area extended up to  

µm into the underlying tooth structure. 

In contrast, the carious lesions adjacent 

to the amalgams and resins progressed 

and increased in depth by fourfold and 

threefold, respectively. �e glass ionomer 

material induced remineralization and hy-

permineralization of adjacent enamel and 

dentinal lesions, while the nonfluoridated 

amalgam and resin restorations were asso-

ciated with progressive demineralization.
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and saliva.,,,, In many ways, these 

materials may be looked at as slow-release 

fluoride devices. Not only is fluoride 

available to inhibit demineralization 

of sound tooth structure and facilitate 

remineralization of hypomineralized and 

carious tooth structure, but the released 

fluoride also affects bacteria within dental 

plaque. Several clinical studies have 

shown substantial reductions ( to  

percent) in cariogenic bacteria (mutans 

streptococci, lactobacillus) within plaque 

adjacent to glass ionomers. �is effect 

has been observed up to six months after 

restoration placement. Dental plaque 

fluoride, even in small concentrations, 

inhibits bacterial metabolism by diffusion 

of hydrogen fluoride from the plaque into 

the bacteria. Once inside the bacteria, the 

hydrogen fluoride acidifies the bacterial 

cytoplasm and leads to release of fluoride 

ions. �ese ions interfere with enzymes 

essential for bacterial metabolism (eno-

lase, acid phosphatase, pyrophosphatase, 

pyrophosphorylase, peroxidase, catalase, 

proton-extruding ATPase). In addition, 

increased plaque fluoride decreases adher-

ence of bacteria to hydroxyapatite. �is 

results in reduced plaque formation.

Recharging of Fluoride-Releasing 
Dental Materials

Most of the fluoride-release stud-

ies performed with fluoridated dental 

materials have evaluated the amount of 

vary fluoride levels (≥. ppm) are more 

frequently caries-free than those with 

lower salivary fluoride concentrations. A 

child’s salivary fluoride level, regardless 

of whether fluoridated drinking water is 

available, is associated with the child’s car-

ies status. It is apparent that water fluori-

dation has less of an effect on caries than 

the availability of other sources of fluo-

ride, such as dietary fluoride, fluoridated 

dentifrices, and fluoride mouthrinses.

�e importance of relatively fre-

quent exposure to low-dose fluoride 

sources is emphasized by clinical stud-

ies that have shown that caries around 

orthodontic brackets and in xerostomic 

patients may be eliminated or greatly 

reduced with fluoridated dentifrice us-

age and/or daily sodium fluoride (. 

percent) rinsing.,,,, Such preven-

tive agents increase the fluoride content 

of saliva and plaque above the level 

necessary to facilitate remineralization 

for at least two to six hours. �e levels 

may be prolonged and at higher levels if 

the individual does not rinse following 

toothbrushing or fluoride mouthrinsing.

As noted previously, glass ionomers 

may induce remineralization of carious 

lesions and also induce hypermineraliza-

tion in enamel and dentin adjacent to 

the restorative material. �ese materi-

als continually release small amounts 

of fluoride into the local environment. 

�is fluoride is then taken up by plaque 

Plaque and Fluoride Releasing Dental 
Materials

While dental plaque is intimately 

involved in caries development, this 

organic film may act as a fluoride res-

ervoir and provide a means to affect 

the demineralization-remineralization 

process. Glass ionomer materials release 

fluoride into the oral environment and 

are in direct contact with the overlying 

dental plaque. Clinical studies have shown 

that plaque adjacent to glass ionomers 

has increased fluoride concentrations 

compared with nonfluoridated compos-

ite resins.,,,, �e plaque fluoride 

content ranges from . to . µg/g for 

glass ionomers compared with . to . 

µg/g for nonfluoridated resins. Although 

these levels seem to be relatively low, only 

small concentrations of fluoride in plaque, 

saliva, or calcifying fluids are necessary to 

shift the equilibrium from demineraliza-

tion to remineralization. In fact, remin-

eralization of enamel lesions begins with 

only . ppm fluoride in artificial saliva, 

plaque, and calcifying fluids.,,, 

Remarkably, optimal remineralization 

requires a fluoride concentration of only 

. ppm. Children in communities either 

with or without water fluoridation have 

similar baseline salivary fluoride levels 

of between . to . ppm, which is 

less than optimal for remineralization. In 

a four-year longitudinal study,, it has 

been reported that children with high sali-

Figur es 5a through c .  An intraoral method for testing the effect of a fluoride releasing restorative material (R) employs the temporary 
placement of a gold crown (G) with a mesial slot (S) for retaining sections of human tooth enamel or root surfaces. Development of the intraoral caries 
in the tooth sections (b, c) is influenced by the release of fluoride from the adjacent restoration into the oral environment. A nonfluoride-releasing 
dental material allows for more extensive caries formation (L = body of lesion) in a previously sound root surface (b), compared with a lessened degree 
of caries formation (L = body of lesion) in a previously sound root surface (c) in close proximity to a fluoride-releasing dental material.
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in the restored tooth and primary caries 

in both the restored tooth and neighbor-

ing tooth, and remineralize existing caries 

and hypomineralized tooth structure.

Caries Preventive Mechanisms of 
Fluoride-Releasing Materials

Fluoride-releasing dental materi-

als prevent secondary caries by sev-

eral different mechanisms (Table ).-

,,,,,,, �e release of fluoride 

into the local environment may inhibit 

or slow the process of demineralization. 

As little as  ppm fluoride in demineral-

izing, acidic and plaque fluids reverses 

the demineralization process. Fluoride 

released from restorative materials may 

coat hydroxyapatite crystals that form 

the mineral substance of enamel, dentin, 

and cementum. Although fluorapatite has 

the greatest degree of acid resistance, the 

acid solubility of hydroxyapatite with a 

fluoride coating or veneer approaches that 

for fluorapatite. Such fluoridated hydroxy-

apatite may be formed in the presence of 

fluoride-releasing dental materials and 

provide even greater caries resistance 

than native tooth structure. Remineral-

ization of lesions and hypomineralized 

tooth structure is facilitated by very low 

levels of fluoride (≥. ppm) in saliva 

and plaque fluid. As noted previously, 

bacteria in dental plaque have several 

enzyme systems that are dysregulated by 

hydrogen fluoride derived from plaque. 

�ese enzyme systems are necessary for 

glycolysis and energy production by the 

bacteria. Fluoride-releasing materials pro-

vide a source for continuous fluoride that 

elevates salivary and plaque levels and 

adversely affects plaque bacteria. Fluoride 

releasing materials may act as continuous 

low-level fluoride delivery systems, espe-

cially when “recharged” by readily avail-

able exogenous fluoride sources. Finally, 

an intimate interface with a minimal to 

no microspace between the restorative 

material and cavosurface may be en-

hanced by physicochemical bonding with 

glass ionomer-based materials and by me-

chanical bonding with composite resins.

inhibit demineralization and facilitate 

remineralization. Significant increases in 

fluoride release (twofold) may be achieved 

when conventional and resin-modified 

glass ionomers are exposed for short pe-

riods to only a  ppm fluoride solution.

�e benefit of recharging glass iono-

mers and fluoride-releasing composite 

resins has been demonstrated in vivo 

using well-defined artificial lesions placed 

in the interproximal aspects of crowns 

and opposing fluoridated restorative 

materials. Changes in the lesional areas 

due to the fluoride-releasing materi-

als were determined in the absence and 

presence of fluoridated toothpaste. In a 

relatively short period in the oral cavity, 

twice daily exposure to the fluoridated 

toothpaste for one minute resulted in 

a reduction in lesional area of about  

percent for a fluoride-releasing compos-

ite resin and about  percent for a glass 

ionomer. In another laboratory study, 

fluoridated toothpaste used in concert 

with a fluoride-releasing resin and glass 

ionomer reduced the lesional areas by  

and  percent, respectively. �e ability to 

recharge fluoride-containing restorative 

materials with fluoridated dentifrices 

provides continuous low-level fluoride 

release that may prevent secondary caries 

fluoride released during varying lengths 

of times without the material being 

exposed to exogenous sources of fluoride. 

From the information presented previ-

ously, it is obvious that certain materials 

release fluoride for long periods (up to 

eight years). �is is not equivalent to what 

happens in the oral environment. �e 

vast majority of individuals in developed 

and developing countries have access to 

fluoridated toothpastes, over-the-counter 

low-dose fluoride rinses, and prescription 

high-dose fluoride rinses and toothpastes. 

Exposure of fluoride-containing dental 

materials to exogenous fluoride sources 

replenishes the fluoride within the dental 

material and provides a continuing, 

renewable source of fluoride for the oral 

environment.,,,,,,,,,,, �is 

is particularly true for all glass ionomer-

based restorative materials and less so for 

composite resin-based materials. Profes-

sionally applied acidulated phosphate 

fluoride treatment provides a . to . 

increase in fluoride release from fluoride-

releasing dental materials. Even with 

commercially available fluoridated tooth-

pastes, the fluoride uptake and release by 

fluoride-containing materials is sub-

stantial and adequate to increase plaque 

and saliva fluoride to levels sufficient to 
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Appropriate Utilization of Polyacid-
Modified Resin-Based Composites
. Class III restorations in primary 

and permanent dentition in mild- 

to moderate-risk patients.

. Class V restorations in primary 

and permanent dentition in mild- 

to moderate-risk patients.

. Class I restorations in primary teeth 

in mild- to moderate-risk patients.

. Class II restorations in primary teeth 

where preparation remains within 

the proximal line angles and/or pa-

tient is at mild to moderate risk.

Appropriate Utilization of Glass 
Ionomer or Resin-Modified Glass 
Ionomer Cements
. Root caries restorative material.

. Base/liner in moderate risk patients.

. Restorative material in high-

risk adult patients.

. Class III restorations in primary and 

permanent dentition where tooth 

isolation is not possible and/or 

patient is at moderate to high risk.

. Class V restorations in primary and 

permanent dentition where tooth 

isolation is not possible and/or 

patient is at moderate to high risk.

. Class I restorations in primary teeth 

where tooth isolation is not possible 

and/or patient is at moderate risk.

. Class II restorations in primary teeth 

where tooth isolation is not pos-

sible and the preparation remains 

within the proximal line angles and/

or patient is at moderate risk.

. Cementation of orthodontic bands.

. Cementation of crowns in mod-

erate to high-risk patients.
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The Paradigm Shi� in the Etiology, 
Prevention, and Management of 
Dental Caries: Its Effect on the 
Practice of Clinical Dentistry  
Ray E. Stewart, DMD, MS, and Kevin J. Hale, DDSCatherine Flaitz, DDS, MS

abstract Treatment of dental caries as an infectious disease will require a paradigm shi� in 

the way dentists and other health care professionals approach prevention and management 

of the disease. Prevention of dental caries has relied upon patient cooperation and o�en 

requires significant lifestyle changes that are at best difficult to implement and maintain 

or at worst ignored. This paradigm shi� in the etiology, prevention, and treatment of dental 

caries demands that clinicians redirect their energies and emphasis from the “surgical” 

approach to dental caries to a “medical” strategy that focuses on early (prenatal if possible) 

risk assessment of the mother and implementation of appropriate therapeutic intervention 

including use of antimicrobials, early risk assessment of infants at 6 months of age, and a 

reduction in the levels of caries-producing bacteria. This revolution in how dentists practice 

and think will require that they develop strategies and curriculum to “retrain” practicing 

dentists and to train current and future dental students and residents as well as other medical 

colleagues on the essentials of the paradigm shi�.
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he fact that dental caries is 

an infectious and transmis-

sible disease has been known 

but not widely acknowledged 

for more than four decades. 

Dental caries arises from an overgrowth 

of specific organisms that are part of 

normally occurring human dental flora. 

�e mutans streptococci group, which 

includes Streptococcus mutans and 

Streptococcus sobrinus, as well as several 

lactobacilli species are considered to be 

the principal groups of bacteria that are 

acidogenic (acid producing) as well as 

aciduric (acid tolerant) and are respon-

sible for dental caries. Human dental 

flora is site-specific; and an infant is most 

readily colonized with normal dental 

flora after the eruption of the primary 

dentition, which usually occurs from  

to  months of age., However, recent 

studies have shown that some coloniza-

tion occurs even before teeth erupt. �e 

vertical transmission of S. mutans from 

mother to infant is well-documented., 

In one study, it was shown that geno-

types of S. mutans in infants matched 

those present in mothers in approximate-

ly  percent of mother-infant pairs. Fur-

thermore, another study has suggested 

that there may be a window of infectivity 

between about  and  months of age 

during which much of the S. mutans 

colonization occurs. Later studies have 

shown transmission before and after this 

age range, and also from child to child as 

well as from adult to adult.

�e significance of this information 

becomes apparent when considering three 

points. First, high caries index patterns run 

in families and are passed vertically from 

mother to child from generation to gen-

eration. �e children of high-caries-index 

mothers are at a higher risk of decay. 

Secondly, approximately  percent of 

caries is found in  percent of our nation’s 

children. Lastly, the modification of the 

mother’s dental flora at the time of inocula-

tion of the child can significantly affect the 

child’s caries index.-

Treatment of dental caries as an infec-

tious disease will require a paradigm shift 

in the way dentists and other health care 

professionals approach prevention and 

management of the disease. Prevention 

of dental caries has relied upon patient 

cooperation and often requires significant 

lifestyle changes (e.g., rigorous oral hygiene, 

attention of dietary habits, attention to 

infant feeding practices) that are at best 

difficult to implement and maintain or at 

worst ignored.

�e historical approach to the manage-

ment of dental caries, once demineralization 

and cavitations have occurred, consists of 

the removal of the diseased tissue (enamel 

and dentin) and replacing it with a restor-

ative material such as amalgam, precious 

metal, or one of the newer composite 

materials. In extreme cases where bacterial 

necrosis of the dental pulp has occurred, 

the method of treatment becomes surgical 

removal of the tooth or endodontic therapy 

followed by prosthetic restoration.

In all of these classical restorative ap-

proaches to caries management, the basic 

cause of the disease -- the specific acidogenic 

bacteria in the plaque biofilm on the remain-

der of the teeth in the mouth -- remains 

intact and capable of creating new areas 

of decalcification and eventual cavitation 

should the enabling environmental modi-

fiers be present.

Dentists are justifiably proud of and pro-

ficient in the art and science of restorative 

dentistry and of their ability to deliver these 

services in a relatively comfortable and safe 

fashion to the very young or apprehensive 

patient.
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includes a caries risk consensus statement 

and a series of forms and instructions 

developed by a group brought together in 

April  specifically to update and review 

the literature and develop these practical 

tools. �ese forms and instructions provide 

a template for use in clinical practice. A 

simple assessment of the mother’s caries 

history can be performed by obtaining a 

dental history and examining her dentition. 

Mothers with active decay and/or multiple 

fillings in multiple quadrants of the mouth 

are at higher risk than those who have never 

experienced decay or have but one or two 

restorations.

Regardless of the parent’s caries activity, 

it is generally agreed that infants who fall 

into one of the following categories should 

be considered high risk and referred to a 

dental home by age .

nn Children who are medically 

compromised;

nn Children of mothers with a high caries 

rate;

nn Children with demonstrable caries, 

plaque, demineralization, and/or 

staining;

nn Children who sleep with a bottle or at 

the breast all night;

nn Later -- older siblings of a parent with 

mildly to moderately high caries rate; 

and

nn Children in families of low 

socioeconomic status.

Infant Oral Screening Exam
It is essential that both dental and 

nondental health professionals who see 

infants and children be trained and capable 

of doing oral health risk assessment and 

dental screening examinations as part of the 

infant’s pediatric health care visit. �is oral 

screening examination should be a matter 

of routine, starting at about  months of age 

or after the maxillary incisors have erupted.

Prior to the eruption of the primary 

for those patients who are at moderate to 

high risk for caries and to direct the parent 

to establish a dental home for the infant by 

 year of age.

Primary Prevention and Management 
of Dental Caries

Once the infectious disease paradigm 

for the etiology of dental caries is accepted, 

the medical approach to the management 

of the caries process, which focuses on the 

prevention, becomes obvious. �e medical 

strategy for preventing dental decay consists 

of the systematic application of the follow-

ing practices:

nn Assessing the caries risk of the intimate 

care provider (usually the mother) and 

the infant;

nn Conducting an infant oral screening 

examination; and

nn Delaying or reducing bacterial 

colonization of the infant by lowering 

levels of cariogenic/acidogenic bacteria 

in the colonization source (mother or 

caregiver) as well as in the infant.

Caries Risk Assessment
All health care professionals who treat 

infants and children must be capable of 

conducting a caries risk assessment of 

the infant and mother or other intimate 

caregiver.

�e primary thrust of caries risk assess-

ment is to determine the virulence and/

or caries expression of the dental bacterial 

clone set of the mother/infant pair. For 

any assessment tool to be widely adopted 

and used, it must be user-friendly, quick, 

and easy to interpret. Furthermore, it must 

meet these criteria in a variety of settings, 

e.g., dental offices; school screenings; pedia-

tricians’ offices; Women, Infants, and Chil-

dren Program centers; community health 

centers; etc. Several caries risk assessment 

tools have been published. �is issue of the 

Journal of the California Dental Association 

�is paradigm shift in the etiology, pre-

vention, and treatment of dental caries de-

mands that clinicians redirect their energies 

and emphasis from the “surgical” approach 

to dental caries to a “medical” strategy that 

focuses on:

nn Early (prenatal if possible) risk 

assessment of the mother and 

implementation of appropriate 

therapeutic intervention including use 

of antimicrobials;

nn Early risk assessment of infants at  

months of age; and

nn A reduction in the levels of caries-

producing bacteria.

�is revolution in how dentists practice 

and think will require that they develop 

strategies and curriculum to “retrain” 

practicing dentists and to train current and 

future dental students and residents as well 

as other medical colleagues on the essentials 

of the paradigm shift.

�e nature of early childhood caries with 

its early onset and rapid progression should 

make it intuitive to health care practitioners 

that this disease is not exclusively a “dental” 

problem. Indeed, if dentists are to have any 

measurable effect on the reduction in the 

numbers of early childhood caries cases, it 

is essential that they enlist the assistance 

and collaboration of their colleagues in 

medicine. Because pediatricians, pediatric 

nurse practitioners, and other pediatric 

health care professionals are far more likely 

to encounter new mothers and infants than 

are dentists, it is essential that they be aware 

of the infectious pathophysiology and as-

sociated risk factors of early childhood caries 

to make appropriate decisions regarding 

timely and effective intervention. Dentists 

must educate them as to the scientific and 

rationale validity of the paradigm shift and 

encourage them to acquire the knowledge 

that will enable them to administer an oral 

health risk assessment and perform an in-

fant oral exam beginning at  months of age 
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measures including restorative 

procedures and antimicrobials;

nn Administration of meticulous oral 

hygiene;

nn Judicious administration of fluorides;

nn Avoidance of simple sugars between 

meals in a frequent and/or protracted 

fashion; and

nn Utilization of xylitol chewing gum, four 

times a day.

Restorative Dentistry
Only carious lesions that are active, 

frank, and cavitated require the surgical 

intervention of operative dentistry. Carious 

lesions that are not active, frank, and cavi-

tated -- such as “white spot lesions” and/or 

incipient lesions -- are best addressed using 

the medical approach. �is medical manage-

ment of caries is similar to current medical 

management of other diseases. �e clinician 

may rely on visual and microbiological 

diagnosis such as CRT (Caries Resistance 

Test) by Vivadent (Amherst, N.Y.) to assess 

the level of bacterial challenge. In concert 

with the diagnosis, remineralization can 

be achieved through pharmacotherapeutic 

interventions such as professionally ap-

plied high-concentration fluoride products 

(foam, varnish, or gel) and home-use topical 

fluoride products (toothpaste, rinses). In the 

case of high bacterial challenge, chlorhexi-

dine can be used to control the infection.

Summary and Recommendations
�ere are five recommendations as to 

how dentists might speed acknowledgment 

and acceptance of the paradigm shift among 

their peers:

nn �e paradigm shift -- the concept of 

early childhood caries as an infectious 

and preventable disease that is 

contagious and transmitted to the 

child from the mother or other close 

caregiver who harbors high levels of 

cariogenic flora -- must be aggressively 

should be considered at high risk for caries. 

As such, the infant should be referred to a 

dental home where he or she will be seen by 

a dentist who treats infants and toddlers.

If no abnormalities are present and the 

teeth are free of plaque or white lesions, the 

infant is at lower risk of the development of 

caries. �e parents should be instructed to 

brush the child’s teeth daily. �ey should be 

encouraged to have the child initiate regular 

visits with the family’s dentist or a pedi-

atric dentist by about  year of age so the 

responsibility for periodic risk assessment 

and oral screening can be assumed by dental 

personnel.

If no dentist can be identified who will 

see the child before  or  years of age, the 

pediatrician, family physician, or appropri-

ately trained personnel should assume the 

responsibility for the risk assessment and 

screenings as part of the periodic preventive 

health care visits. In these circumstances, 

these nondental personnel must be trained 

to implement intervention strategies such 

as the application of antimicrobials, fluoride 

therapy, etc.

Delay Bacterial Colonization
�e goal of the third tier of caries pre-

vention is to delay colonization of the infant 

by the cariogenic bacteria while lowering the 

levels of these organisms in the colonization 

source (mother or caregiver). Delay of colo-

nization can be accomplished by cautioning 

the parent to avoid bacterial inoculation 

practices (e.g., sharing toothbrushes, sharing 

eating utensils, cleaning pacifier with saliva, 

etc.). Limiting the levels of acidogenic/

cariogenic flora in the mother prior to and 

during the colonization process in the infant 

can have a significant positive impact on the 

child’s caries rate., Strategies include:

nn Removal of all active caries and 

reducing the levels of cariogenic flora 

in the remainder of the mouth through 

the use of appropriate therapeutic 

incisors, the usual information discussed 

in neonatal anticipatory guidance -- such as 

teething, fluoride topical sources/fluoride 

therapy, and non-nutritive sucking -- should 

be reviewed.

Once the maxillary incisors have 

erupted, it is important to include exami-

nations of these structures as part of the 

routine periodic physical examination. �e 

examination can conveniently be done on 

the examining table or in the “knee to knee” 

position with the parent and practitioner 

sitting facing one another with knees touch-

ing. �e parent holds the infant facing her 

and slowly and gently lowers the child’s head 

onto the examiner’s lap, while restraining 

the baby’s legs under his or her arms and 

holding the baby’s hands. In this position, 

the infant will be well-stabilized and firmly 

supported with his or her face and mouth 

clearly visible to the examiner. To properly 

examine the infant’s mouth and teeth, there 

should be a good light source, a disposable 

mouth mirror, and a soft-bristled tooth-

brush. �e infant’s reaction to the examina-

tion can vary and it is not unusual for them 

to cry and resist the procedure, so parents 

should be assured beforehand that this is a 

normal response.

�e practitioner should lift the upper 

lip and examine the teeth, checking for 

the presence of plaque; “white lesions” or 

cavitations; and abnormal tooth structure 

(enamel hypoplasia, fusion/germination), 

tooth eruption, or soft tissues.

Using a soft-bristled toothbrush, the 

practitioner should brush the teeth using 

a circular scrubbing motion to remove any 

plaque. Following plaque removal, any white 

spots, stains, decay, or pitted enamel should 

be noted. Using a mouth mirror to see, 

the practitioner should similarly clean and 

inspect the posterior surface.

If significant plaque is present on any 

of the teeth or they are noted to have white 

lesions or areas of decalcification, the infant 
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specialized primary care provider 

similar to the medical home concept 

promoted by the Academy.

nn Last but not least, there needs to be 

a coincidental paradigm shift within 

the insurance industry and among 

the governmental agencies, which are 

responsible for establishing health care 

policy and regulations. Practitioners 

should be compensated for the 

provision of preventive services such 

as early caries risk assessment and 

anticipatory guidance to increase these 

practices.

promoted and taught to all medical 

and dental providers who have contact 

with mothers (pre- and postnatal) and 

infants.

nn Educational and teaching tools in 

various media formats appropriate for 

a variety of health care professionals 

must be developed. �ese materials 

must focus on the infectious and 

transmissible nature of early childhood 

caries, the methods and rationale of 

oral health risk assessment, infant oral 

examination, anticipation guidance, 

and early intervention including the 

use of antimicrobials and agents that 

enable the remineralization of early 

white lesions.

nn Every child should receive an oral 

health risk assessment and oral 

examination by age  months from a 

qualified, appropriately trained health 

care professional (dentist, pediatrician, 

family practice physician, physician’s 

assistant). Infants who fall into one 

of the following categories should 

automatically be placed in the high-risk 

group.

nn Children who are medically 

compromised or have developmental 

disabilities;

nn Children who have mothers or close 

caregivers at high risk for caries (active 

decay);

nn Children with demonstrable plaque, 

caries;

nn Children who sleep with a nursing 

bottle or at the breast;

nn Children with older siblings with 

history of early childhood caries; and

nn Children from families of low 

socioeconomic status.

nn �e American Academy of Pediatrics 

should be encouraged to support the 

concept of the a first dental visit by 

age  year and the establishment of a 

dental home as an independent and 
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Caries Protocol Compliance Issues  
William F. Bird DDS, DrPH

abstract Any caries control or caries protocol program must consider compliance as a 

measure of success. Lower bacterial counts on saliva tests and lower defs and DMFS scores 

suggest that some change has occurred. However, compliance with a caries risk protocol 

is about more than simple and convenient clinical outcomes measures. We tend to think of 

compliance as an individual activity, but all influences on an individual need to be considered. 

Change may be from external influences rather than from the individual or even from 

providers interacting with an individual or community. Few studies have directly addressed 

caries risk protocol. The paradigm change described in this manuscript suggests six key global 

areas -- beneficiary education, health provider network education, community and state 

agencies, legislative commitment, access to care, and research -- as significant factors to be 

considered in compliance. An outline of the major areas and subheadings for a global caries 

protocol compliance paradigm are presented.

hen considering caries 

control compliance, it is 

clear that most issues of 

behavior change and pa-

tient, provider, and payer 

compliance have not been adequately 

studied. Many people seem to put the 

blame on the patient and caregiver for 

the lack of compliance with and follow 

through on treatment and prevention 

recommendations, but the true cause lies 

in a complex set of interacting and under-

lying factors. Only a few studies have dis-

cussed compliance with caries treatment/

prevention regimens.- �is lack of 

research demonstrates the complexity of 

behavioral modification and compliance 

with dental caries reduction regimens. 

Since behavior change and compliance 

are so complex, it is not an area of study 

in dentistry that has received much fund-

ing support or, therefore, has a strong 

scientific basis. More studies will be nec-

essary to validate the efficacy of any pro-

tocols that are developed. In addition, 

by looking outside of dentistry, it is pos-

sible only to generalize compliance out-

comes based on other behavioral science/

disease and pharmacological compliance 

studies., In studies of compliance with 

recommended medication therapy, it has 

been estimated that roughly one-half of 

medications are taken incorrectly and 

that nearly  percent of prescriptions are 

not even filled. �is has strong impli-

cations for the type of caries preven-

tive protocol that is recommended. To 

prescribe only self-applied processes or 

W
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it is a major barrier for a patient to receive 

routine and sometime emergency care, 

let alone preventive care. Certainly, public 

health measures such as fluoride can help. 

However, the disease challenge cannot be 

eliminated by such measures. External, 

social, economic, and education barriers 

contribute to the access to care problem. 

Agencies and insurance providers need to 

include caries risk testing and preventive 

treatments as benefits. When medical and 

dental providers are not compensated for 

their provision of these services, it trans-

lates into a lack of access for the patient. 

Wider access to preventive risk assessment 

tests could reduce the severe early childhood 

caries problem in California.

In addition, there needs to be a contin-

ued effort to provide education programs 

for the physicians, nurses, educators, social 

services counselors, dentists, and all li-

censed health care providers concerning the 

huge dental disease problem and the causes. 

�e paradigm shift information must be 

transmitted to all. If there is not a concerted 

educational program, any protocol that 

is recommended will have only moderate 

success. Dental, dental hygiene, medical and 

nursing schools need to prepare their gradu-

ates with this information. Most schools 

have not incorporated these important 

concepts into their curriculum. �is is easily 

seen by questioning the recent graduates 

about the paradigm shift and prevention 

and risk assessment strategies. Many are 

unaware of them. If this is the case, not 

only will patient compliance be poor, but 

provider compliance will also be poor . �is 

needs to be remedied in a strategy to imple-

ment the caries risk protocol.

For a caries protocol compliance 

program to be successful, the following 

components need to be addressed.

Beneficiary Education
Individual/family/caregiver -- A positive 

more treatment visits. �ose that were less 

cooperative as judged by the dentist had 

higher rates of re-treatment needs than did 

those who were judged more cooperative. 

It is unclear whether this indicates that 

compliance is worse in the noncooperative 

child or that there is less effort to integrate 

preventive interventions into the treatment 

of such children.

Legislators need to make dental disease 

as much a priority as other major acute and 

chronic diseases. Most legislators do not 

see the thousands of hours of schooling 

and employment lost to dental disease as a 

significant problem. In the surgeon general’s 

report, it was estimated that more than  

million school hours are lost each year due 

to dental-related illness. Frequently, budget 

cuts for health funds are taken from dental 

programs. An example of this shortsighted 

thinking is exhibited in California budget 

deliberations. Adult Denti-Cal funding is 

frequently considered for drastic reduction 

or elimination as a way to save money. Most 

legislators are not aware of the problems 

created by transmission of dental caries 

disease to children from untreated caregiv-

ers, usually mothers. It is easier to cut or 

reduce dental funds because it causes less 

public outcry than medical program cuts. 

Even though dental disease is less of a life-

threatening condition for the most part, it 

has a significant impact on overall health. 

�e message that dental decay is a conta-

gious disease needs to be promoted to the 

insurance industry, funding agencies, and 

legislators. �e decision to reduce allocation 

of resources for a high-risk disease such as 

dental decay can have a devastating effect 

on access to care and the development 

and implementation of programs that can 

assist in the patient’s compliance with the 

recommended protocols.

Access to care for people with low 

incomes is abhorrent. Many areas of 

California have no dentist or so few that 

medications will not be effective. Other 

interventions and follow-up measures are 

needed. As reported by Haynes and col-

leagues, almost all of the interventions 

that had some effect on long-term care 

were complex and included combinations 

of more convenient care, information, 

counseling, reminders, self-monitoring, 

reinforcement, family therapy, and 

other forms of supervision. Even these 

did not lead to large improvements in 

adherence and treatment outcomes.

It is not reasonable to expect a layperson 

to consider dental health as important as 

dental professionals do. �erefore, basic 

dental health education needs to be directed 

to all education levels. School curricula need 

to be revised to incorporate the paradigm 

shift, and community health education and 

mass media messages need to be expanded. 

Brochures in the dental offices will not get 

the message to the needy. Using radio and 

television ads and technology such as videos 

and DVDs is necessary to get the message 

out to the masses. Drug companies are us-

ing this approach to promote their prescrip-

tion medicines.

An example of the difficulties of estab-

lishing a caries prevention program is shown 

in the school-based Head Start xylitol 

gum pilot program tried in Florida. While 

children accepted the three times per day 

chewing of the xylitol gum, teachers indi-

cated that it interfered with the school day; 

and four out of five indicated that they were 

not willing to participate in another such 

program. Collaboration of the statewide 

curriculum committees and education of 

teachers is necessary to gain acceptance of a 

supervised school-based caries prevention 

protocol. Attempts at getting compliance for 

children through parental consultations and 

group education programs have not shown 

much success either. Children with a high 

caries rate who were treated by dentists 

did not change their behavior as a result of 

c o m m e n t
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a great impact on the ability of a commu-

nity to initiate programs. Grants aimed at 

developing community action caries risk 

assessment and treatment programs should 

be supported by federal and state agencies. 

�ere should be mechanisms for com-

munities to develop unsolicited proposals 

for grants to fund such initiatives. Once 

begun, the benefits of such programs will 

become recognized, and their continuance 

will become important to the people of the 

communities.

Recognition of the need to increase 

funding to support program and treatment 

efforts -- �is is largely dependent upon the 

various professional societies and individual 

providers getting the attention of legislators 

to support various program initiatives by 

schools and communities. Legislators are 

usually not health care providers, so they 

also need to be educated as to the benefits 

of risk assessment and education programs.

Scholarships for providers to go to 

underserved areas of the state -- Since a 

great deal of untreated caries is seen in the 

areas where there are few if any health care 

providers, in particular dentists, one way 

to encourage providers to locate in under-

served areas is to provide dental school 

scholarships and educational loan forgive-

ness in return for service in the specified ar-

eas. Some of these providers might decide to 

permanently locate in those areas. Patients 

cannot comply if they have no access to care.

Access to Care
For physicians and dentists, inclusion 

of prevention and risk assessment tests and 

treatment procedures in the reimbursement 

schedules by state and insurance agencies is 

paramount.

By having a reimbursement mechanism 

for the providers to receive compensation 

for tests and prevention treatments, it is 

more likely that they will provide these 

services. �is will ensure an increased level 

patient caries protocol compliance, it is im-

perative that all health care provider schools 

have a component of their curriculum that 

addresses the caries risk paradigm.

Physicians, dentists, hygienists, nurses 

(all licensed categories) -- �e existing pro-

vider network needs to be informed of the 

paradigm shift for caries risk management. 

�is can be done through media such as this 

journal and continuing education programs 

at national, state and local professional 

society meetings.

Social workers and counselors -- Since 

many caries protocol follow-up activi-

ties and treatment visits are coordinated 

through social workers, they can be an 

important link in achieving compliance.

Agencies
Development of local and community 

action programs -- Public health workers 

must be involved in the planning of educa-

tion programs in their communities. School-

based or community clinic-based prevention 

and caries risk programs will have a better 

chance of succeeding and getting compli-

ance from all concerned if public health 

workers are part of the team.

�ird-party and state indemnity/insur-

ance program changes -- It is important for 

third-party and state indemnity/medical 

providers to include payment for caries risk 

tests and prevention programs. �e money 

spent on preventive services and tests will 

reduce the severity of dental caries and 

ultimately the cost for care. Providers can 

have a great impact on implementing the 

caries risk assessment and early treatment 

programs and monitoring the compliance 

of their patients, but they must be compen-

sated for their time and materials.

Legislative Commitment
Grant support for community action 

programs -- It is well-established that 

money spent through the grant process has 

reinforcement program should be in place. 

An example would be a “compliance calen-

dar” that can be checked and followed daily 

and shared with the oral health provider 

team for each individual and the family.

Educational material development and 

distribution -- Material needs to be available 

in appropriate languages and various media, 

such as CDs, DVDs, videos, and brochures. 

�ese educational materials should be 

focused on a single concept. �e DVD 

included in the February Journal of the 

California Dental Association is an excellent 

resource.

School curricula revisions -- Since early 

learning is so powerful, it is important for 

the paradigm shift message about caries risk 

to be included in all messages about oral 

health. Dentists and hygienists should take 

an active role in reviewing what is taught at 

all levels of education and providing guid-

ance to curriculum committees. At the state 

level, people responsible for curricular over-

sight need to be informed and urged to take 

an active role in ensuring that the health 

components of the curriculum include these 

current oral health concepts.

Teacher oral health education work-

shops -- Early exposure to formal education 

about health, and in particular oral health, is 

usually provided by teachers. It is important 

to give them the most accurate and current 

information. �is can be done by in-service 

or annual education seminars provided by 

members of the local dental society. Also, it 

is important that teachers be provided with 

curricular materials to assist them in their 

educational efforts.

Health Provider Network Education
Medical, dental, nursing, hygiene stu-

dents -- Although many dental and dental 

hygiene school curricula are changing to 

include the caries risk paradigm, it is lacking 

in the curricula for physicians, nurses, and 

other heath care providers. To promote 
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paradigm shift about dental decay and 

prevention is one step. �e next step, and 

the measure of success, is compliance.
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to a testing center/laboratory to obtain 

the results. �is delay impedes the success 

of the utilization of these tests. A test 

that can be used at chairside for immedi-

ate feedback to the patient or that can 

be used in field screenings is more likely 

to ensure compliance with an assess-

ment program. �is chairside test needs 

to be specific for the particular strains of 

bacteria known to cause the tooth decay.

Studies on caries protocol compliance 

-- �ere are very few studies in the litera-

ture on the compliance with protocols to 

reduce the risk of caries by any means. 

Identification of factors that ensure or 

impede compliance is needed to aid in 

the development and refinement of such 

protocols. �is is an area for behavioral 

scientists to explore. Compliance with 

dental disease prevention protocols can be 

greatly improved by this area of research. 

National funding for such research would 

be a great asset to initiating such research.

Educational programs evaluation -- For 

educational programs to be successful, 

they need to be kept current. Also, the 

effectiveness of the educational programs 

and methods of delivery are an important 

aspect of the message being acted upon and 

complied with. Continuing research in this 

area for caries risk assessment/treatment 

and compliance to protocol can be helpful 

for the developers of education materials.

Summary
Many factors contribute to a successful 

compliance outcome for any health im-

provement program. Achieving compliance 

with a dental caries risk assessment protocol 

is no exception. Patients, parents, providers, 

educators, legislators, and agencies all need 

to work together for a successful result. For 

compliance to occur, everyone concerned 

needs to understand the important role 

that he or she has in achieving this suc-

cess. �e provision of information on the 

of care and thus compliance by the patient.

Programs to support dentists’ accep-

tance of low-income patients -- �e lack 

of acceptance of low-income patients for 

routine care, and particularly risk assess-

ment and treatment programs, is tied to the 

lack of adequate compensation for provid-

ing such care. It would be better to fully 

fund these prevention and early treatment 

services than to have a large number of 

tertiary services covered at a low level of 

compensation.

Programs to encourage dentists to seek 

practice in underserved population areas 

-- Scholarships, educational loan forgiveness 

programs and licensure by credential are 

examples of means to encourage dentists to 

locate in underserved areas.

More dental provider education pro-

grams to increase comfort in providing care 

for young pediatric patients -- �ere is a 

shortage of pediatric dentists and general 

dentists to provide care to infants and chil-

dren age  through . One way to increase 

the access to care for children is to provide 

pediatric dentistry education programs 

for general dentists. Having more general 

dentists being comfortable with providing 

pediatric dental care will increase the access 

to care for these children.

Such a program could consist of didactic 

education multimedia seminars, laboratory 

simulation for various procedures, a men-

toring system and consultation network by 

pediatric dentist mentors, and a certificate 

course on sedation techniques.

Research
Products to control the bacterial 

disease and transmission -- Industry and 

academia need to continually develop and 

certify the effectiveness of new prod-

ucts to reduce decay-causing bacteria.

Simple chairside caries risk tests and 

assessment -- Current caries risk tests 

must be incubated for  hours or mailed 
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he following statement is the 

consensus of a meeting of a 

group of experts in dental 

caries, in particular the science 

and practice of caries preven-

tion, risk assessment, and man-

agement, held at the California Dental 

Association, April -, . Twelve re-

views were presented at the meeting, and 

the many references contained in those 

reviews form the basis for the following 

consensus document.- �e reader is 

referred to these reviews for studies that 

support the following statements.

As a result of that meeting, this consen-

sus summary statement is presented 

with practical risk assessment forms and 

instructions for use in caries manage-

ment by risk assessment in clinical and 

community settings. Statements of spe-

cial significance are in bold italics.

Basic Guiding Principles
�e recommendations and guidelines 

produced by this conference are based on 

the best scientific information available 

at the time of the conference, April . 

�ey are intended to be a work in prog-

ress subject to improvement and modi-

fication as new information becomes 

available. �ese recommendations and 

guidelines form the basis for practical 

caries intervention and prevention both 

by individuals and communities, and 

were crafted for use with children as 

well as with adults. By necessity, specific 

rules for special-needs groups are not 

addressed directly, and some modifica-

tions may be needed in those cases. 

Special-needs patients will be addressed 

at a separate conference, summarized by 

Glassman.

�e recommendations and guidelines 

that follow should be implemented as 

soon as possible for the improvement 

of oral health of children and adults in 

California.

�e Need for Caries Risk Assessment, 
Caries Intervention, and Caries 
Management by Risk Assessment
Although dental decay significantly 

declined in the United States from the 

s through the s, it is still a 

major problem in adults and children. 

�e dramatic reductions in levels of 

T
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are bathed in the carbohydrates. High-

fructose corn syrup is the major sweet-

ener in the United States.

C. Salivary dysfunction caused by factors 

such as medications, radiation therapy 

for cancer of the head and neck, some 

systemic diseases, or genetically induced 

conditions that result in reduction of 

salivary function. In young children, 

medications such as anti-asthma therapy 

may cause hyposalivation, which is a 

major risk factor. Pediatricians, parents, 

caregivers, and health care profession-

als must be aware of the importance of 

medication-induced saliva flow reduction 

as a risk factor.

Protective Factors
�e protective factors include:

A. Almost all of the components of saliva, 

including buffers that neutralize the 

acids;

B. Saliva flow for clearance purposes;

C. Fluoride from topical (to the surface of 

the teeth) sources to provide inhibition 

of demineralization and enhancement 

of remineralization;

D. Antibacterial agents in saliva and/or 

from extrinsic sources or products;

E. Salivary proteins and lipids that form 

pellicle and protect the tooth surface; 

and

F. Calcium and phosphate derived either 

from the saliva or from the dietary 

sources, such as cheese.

At any one time, the direction of the car-

ies balance can be tipped toward caries 

progression and demineralization of the 

tooth mineral or toward repair of the 

tooth mineral by remineralization as a 

result of one or more protective factors. 

�e eventual outcome of either progres-

sion, reversal, or status quo determines 

whether an individual tooth surface 

becomes cavitated. �is concept forms 

the basis for risk assessment and for car-

Overall Objectives of the Consensus 
Document
�is document provides a summary of 

the components of successful caries risk 

assessment and the basis for minimally 

invasive caries management by risk 

assessment. �e American Academy 

of Pediatric Dentistry is developing an 

outline instrument for caries risk assess-

ment, but no one yet has truly addressed 

the infectious disease that is the basis 

of dental caries. �e overall objective of 

this document is to provide the basis 

for a cross-disciplinary approach among 

medicine, dentistry, nursing, and other 

agencies that affect dental health to re-

duce or eradicate dental caries in children 

in every county, community, and culture 

in California by the year .

�e Caries Balance Concept as the Basis 

for Caries Risk Assessment and Manage-

ment

Dental caries (dental decay) is a continual 

balance, or imbalance, between patho-

logical factors and protective factors, as 

illustrated schematically in Figure .

Pathological Factors

�e pathological factors include:

A. �e so-called cariogenic (acid-pro-

ducing, caries-promoting) bacteria that 

produce acid by fermentation of carbohy-

drates. �e two major groups of cario-

genic bacteria involved are the mutans 

streptococci (S. mutans and S. sobrinus) 

and several of the lactobacillus species.,

B. �e frequency of ingestion of ferment-

able carbohydrates, including sucrose, 

glucose, fructose, and cooked starch. 

Frequency of ingestion is the most impor-

tant factor, rather than total quantity, 

since repeated ingestion leads to renewed 

acid production by the bacteria. In young 

children, the prolonged use of a bottle 

or a “sippy-cup” containing anything but 

water provides an almost continual acid 

challenge to the teeth as the oral bacteria 

decay observed from  to  were 

undoubtedly related initially to the 

introduction of fluoride into the drink-

ing water and subsequently to topical 

fluoride applications, especially through 

fluoridated dentifrice use and dental 

office topical fluoride., However, these 

tools are only successful up to a point, 

and we now must be thinking of more-

aggressive ways to deal with dental caries 

as a bacterially based transmissible infec-

tion.-, To place this into perspective, 

a recently published survey on the dental 

health of California’s children, from data 

that was accumulated in  and , 

reported that:

nn  percent of preschool children have 

untreated decay;

nn  percent of - through -year-olds 

have untreated decay;

nn Up to  percent of minority high 

school students need dental care; and

nn California’s children on average have 

twice the national level of untreated 

tooth decay. Many millions of dollars 

are spent in California each year 

on the physical treatment of dental 

caries, rather than on prevention and 

intervention. Millions of hours are lost 

at school and work each year as a result 

of dental caries. �ere is a growing 

epidemic of early childhood caries 

in the United States, particularly in 

California.,,

If we were dealing with any other dis-

ease in the human body, we would use 

measures to eradicate the cause of the 

disease, such as antibiotics for systemic 

infections, or introduce public health 

measures, such as immunization at the 

community level. We need to think of 

dental decay in this same fashion and 

treat the disease rather than just the 

results of the disease. �ere is enough 

information available to do this.
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starting or progressing. Nondental health 

care professionals can also readily use 

these techniques.

A questionnaire that addresses maternal 

dental history, number of people in the 

household, family dynamics, socioeco-

nomic status, and frequency of ingestion 

of fermentable carbohydrates will also 

help.

For a quantitative measure of bacte-

rial challenge, bacterial assessments 

and saliva flow testing must be used, as 

described below. Nondental health care 

professionals can administer these tests. 

All of the above procedures can readily 

be carried out in a community setting by 

health professionals or their assistants.

Diagnostics for Dental Professions
Diagnostics for dental profession-

als include the same list as above for 

caregivers and nondental health care 

personnel.,, �e dental professional 

will add tactile and visual inspection 

using instruments, such as the explorer. 

�e disadvantage of the explorer is that 

it is difficult to differentiate between 

anatomical defects and incipient caries 

in the occlusal (biting) surfaces. X-rays 

(dental radiographs) are appropriate for 

interproximal lesions (on the abutting 

surfaces of the teeth) and advanced oc-

clusal caries that are well into the dentin. 

In the case of an interproximal lesion, if 

the radiograph indicates that the lesion 

has not penetrated past the dentinoe-

namel junction, and the surface integrity 

has been maintained, then it can be 

reversed, or at least arrested, by remin-

eralization and fluoride therapy. If caries 

levels are low, then remineralization may 

be enough to halt the decay. In the case of 

caries-active individuals (active cavities 

and/or high bacterial levels), antibacte-

rial therapy will be needed in conjunction 

with the fluoride therapy.

in stimulated saliva are considered high 

risk. �e combination of the two groups 

of bacteria is particularly damaging.

Combating the Bacterial Challenge

Antibacterials that are naturally in 

saliva -- such as lysozyme, lactoferrin 

and immunoglobulins -- help to keep the 

caries bacterial pathogens under control. 

However, manufactured antibacterials 

must be used in the case of high-caries-

risk (caries-active) individuals, individu-

als with existing decay, and individuals 

with high levels of these pathogens in the 

mouth. In the United States, . percent 

chlorhexidine gluconate is available as a 

mouth rinse and is effective against the 

mutans streptococci, but not as effec-

tive against the lactobacilli. Iodine may 

also prove to be a useful alternative to 

chlorhexidine, as described in detail 

below. Future antibacterials that are 

more effective and easier to use will be of 

considerable added benefit.

A Paradigm Shift Is Needed

In summary, a paradigm shift that 

underlines the necessity of treating the 

bacteria as an essential component of 

dental caries management, rather than 

simply drilling and filling cavities, is the 

fundamental basis for the protocols laid 

out below.

Caries Risk Assessment Diagnostics

Diagnostics for Caregivers and Nondental 

Health Care Personnel

For young children, a caregiver or health 

practitioner simply lifting the lip to look 

for white spot lesions, stained fissures in 

the biting (occlusal) surfaces of the teeth, 

or gross cavities (holes) in the teeth is an 

excellent start. �e first line of defense 

for young children can be the parent or 

caregiver., �ey can easily do this 

examination to ensure that caries is not 

ies management based upon risk assess-

ment.

Bacterial Challenge
�e bacteria that cause caries (cariogenic 

bacteria) are primarily from two groups, 

the mutans streptococci and the lacto-

bacilli species. �e two species in the 

mutans streptococci group that appear 

in humans are Streptococcus mutans 

and S. sobrinus. �ese acid-producing 

bacteria are necessary for the progression 

of dental caries. �e cariogenic bacteria 

are transmitted from one individual to 

another and in particular from mother 

or caregiver to child in the early stages of 

childhood. Child-to-child and adult-

to-adult transmission also occurs. Early 

transmission and growth of these patho-

genic bacteria lead to more decay later, as 

compared to children who are colonized 

later. Placing restorative materials 

(fillings) in cavitated caries (holes in the 

teeth) or in early caries that are drilled 

out by the dentist restores the function 

of the tooth but does not significantly 

reduce the infection in the remainder of 

the mouth.

Sampling Bacteria in the Mouth
Levels of these cariogenic bacteria in 

the mouth can be assessed by selective 

media culturing either in a microbio-

logical laboratory or in the dental office 

(see below). In the future, monoclonal 

antibody technology is expected to be 

available routinely for rapid in-office as-

sessments of cariogenic bacterial levels. 

Saliva that is stimulated by chewing can 

be used as a sampling method to col-

lect bacteria from the teeth and around 

the mouth and quantify them as colony 

forming units, except in very young chil-

dren (about  years or younger). Levels of 

mutans streptococci of  cfu/ml and 

lactobacilli levels of  cfu/ml and above 
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toothpaste (, ppm fluoride, such as 

Prevident) are valuable for high-risk sub-

jects for home use, especially in adults for 

root caries or high-caries-risk patients. 

High-concentration fluorides should be 

used with great care in children as they 

are readily ingested and increase the 

risk of fluorosis. �ey should not be used 

for children younger than . As with all 

therapeutics that are self-administered, 

compliance is a major problem. Patients 

must be persuaded as to the need to use 

these products. Persuasion that parental 

supervision is critical is a key part of suc-

cessful therapy for children.

Biomaterials for Minimally Invasive Den-

tistry and Inhibition of Caries Progres-

sion

Biomaterials are now available for 

restoration of cavities with a minimum 

removal of sound tissue. �is conser-

vative approach protects as much as 

possible of the tooth’s integrity so as to 

retain tooth function in the later years. 

Preventive resin restorations or small 

amalgam restorations are used for early 

lesions in occlusal surfaces. Restorations 

restore tooth function but do not fix the 

bacterial nature of the disease. Sealants 

are available for use to prevent caries in 

occlusal surfaces. Fluoride-containing 

restorative materials, including glass 

ionomer products, help prevent further 

decay at the site of placement.,

Interfering With Vertical Transmission of 

Cariogenic Bacteria -- Mother to Child

Delaying or preventing primary infection 

by mutans streptococci reduces the risk 

for future dental caries. Strategies aimed 

at reducing the risk of vertical (mother-to-

child) transmission of cariogenic bacte-

ria translate into improved oral health 

outcomes for children. All children are 

at risk for early colonization in the first 

two to three years of life. On this basis, 

it is recommended that pregnant women 

In high-bacterial-challenge individuals, 

this therapy will need to be continued for 

approximately one year and monitored by 

bacterial assessment (see below). One of 

the problems with this compound is that 

it must be administered by the individual 

or home caregiver, it affects taste, and 

compliance is often poor.

D. Iodine is an effective antibacterial. 

As described above, chlorhexidine is 

effective against mutans streptococci in 

the mouth but not lactobacilli. A poten-

tially useful antibacterial is povidone 

iodine (sold as  percent povidone 

iodine, which is equivalent to  percent 

available iodine). It has been shown to 

reduce the incidence of early childhood 

caries in high-risk children when applied 

once every two months but has not been 

thoroughly proven. �is therapy has 

the advantage that it can be applied in a 

dental office or by a health care provider 

simply by swabbing the teeth and is ef-

fective in reducing levels of lactobacilli as 

well as mutans streptococci.

E. New antibacterial compounds or anti-

bacterial approaches are in development 

and are expected to be available soon.

Tools for Inhibition of Demineralization 

and Enhancement of Remineralization 

-- Fluoride Delivery Forms

�e various delivery methods that 

provide fluoride to the surfaces of the 

teeth inhibit demineralization, enhance 

remineralization, and can also inhibit 

bacterial activity. Sources of fluoride 

for this purpose are those that can 

provide fluoride to the mouth (topical) 

and include drinking water; dentifrices 

(toothpastes and gels); over-the-counter 

fluoride rinses (. percent sodium 

fluoride, such as Fluorigard or ACT); and 

professionally applied office topical var-

nishes, foams, gels, acidulated phosphate 

fluoride, and stannous fluoride. Prescrip-

tion high-concentration fluoride gels and 

New optical imaging devices are becom-

ing available that can assess hidden le-

sions, especially in occlusal surfaces. �e 

Diagnodent device (KaVo, Ill.) is approved 

and marketed in the United States for 

this purpose. Quantitative light fluores-

cence and optical coherence tomography 

are experimental methods that are likely 

to become available to clinicians in a few 

years.

Antibacterial �erapeutics
�erapeutics that can be used by caregiv-

ers and other nonhealth care personnel 

include:

A. Xylitol, which is relatively new to 

the United States. It is a sweetener that 

looks and tastes like sucrose but is not 

fermented by cariogenic bacteria. Xylitol 

also inhibits attachment and transmis-

sion of the bacteria and can be delivered 

through chewing gum or lozenges as an 

effective anticaries therapeutic measure. 

Xylitol gum chewed by mothers during 

the first two years of their children’s lives 

led to much lower levels of caries in the 

children later.

B. Sodium bicarbonate (baking soda), 

which has antibacterial properties and 

neutralizes acids produced by bacterial 

metabolism. It can be delivered via tooth-

paste or in a solution in hyposalivatory 

cases.

C. Chlorhexidine gluconate, which is a 

broad-spectrum antibacterial that works 

by opening up the cell membrane of the 

bacteria. It is administered in the United 

States via prescription. In the United 

States, only . percent chlorhexidine 

gluconate is available as a mouthrinse, 

and it is effective against the mutans 

streptococci. Chlorhexidine is used as 

a mouthrinse,  ml once daily for a 

two- week period every two to three 

months. Recent data indicates that one 

week every month is similarly effective. 
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Caries risk assessment forms (PDF format)

is designed to be printed on the back of 

the form. In practice, this allows for a one 

sheet, two-sided form. �is is followed 

by a patient check sheet for recommen-

dations for home caries intervention. 

�e back of this form should display the 

one-page simplified description of the 

dental decay process aimed at the patient, 

parent, or caregiver.

should have a dental exam and caries 

risk assessment during the second or 

third trimester of pregnancy. �is exam 

should include radiographs only if lead 

shield precautions are utilized to protect 

the developing fetus. Prospective moth-

ers who are found to be caries-active, 

either because they have frank cavities 

or through the risk assessment tools 

detailed below, should receive aggressive 

dental care shortly after delivery of their 

child. �erapy should eliminate all active 

caries lesions, provide dietary counseling 

and use topical antimicrobial agents (e.g., 

chlorhexidine rinses, self-applied fluoride 

gels) as described in the protocols below 

to reduce the cariogenic bacterial levels in 

the mother’s mouth. Further, daily use of 

xylitol-containing chewing gum or mints 

by mothers during the first two years of 

the child’s life has been shown to reduce 

the transmission of bacteria from mother 

to child and to markedly reduce the caries 

levels later in the child’s life. �is approach 

will reduce the maternal salivary levels 

and/or significantly alter the genotype/

phenotype of cariogenic bacteria, thereby 

reducing the risk of early vertical trans-

mission. Education of mothers about the 

transmissibility of caries-causing bacteria, 

how dental decay occurs, and how it can 

be prevented should be included both pre- 

and postnatally.

Caries Risk Assessment Protocol in 
Simple Steps
Caries risk assessment forms are pro-

vided as templates for use or modifica-

tion. �e one-page forms are designed for 

use with two age groups. �e first is for 

babies and infants from  to  years of 

age. �e second is for people age  years 

and older, including adults. Special-needs 

patients will require additional consider-

ations. Following each of the forms is a 

one-page summary of instructions, which 
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From the beginning of time until 

recently, the only middle-aged people 

with white teeth were wearing prosthetic 

replacements for their own naturally col-

ored teeth. As they aged, their hair turned 

white and their teeth turned dark. It was 

the natural order of things to gradually 

exchange the bloom of youth for sags, 

wrinkles, crow’s feet and wattles. Many 

people accepted this metamorphosis with 

grace and understanding, chuckling rue-

fully that although they were now in the 

“Golden Years,” the whole phenomenon 

sucked.

In the entertainment industry, 

however, aging was simply not accept-

able, and the money was there to thwart 

it. Movie stars in particular sought the 

services of teams of plastic surgeons and, 

inevitably, sympathetic dentists who 

could put the brightness of an -year-

old’s smile back into a -year-old face. 

�us, we were treated to the startling 

and sometimes ludicrous look of ac-

tors who, distraught by baggy eyes and 

similar inroads of senility, insisted on 

rectifying Nature’s perversity by display-

ing smiles frozen white in the dreadful 

risus sardonicus. Although the result 

shouted “phony” clear up to the last row 

in the balcony, the pursuit of youth was 

not to be denied. An exception was Wal-

ter Brennan, who won all sorts of awards 

with no teeth at all, but it was a sacrifice 

that never caught on with SAG members.

As with other trends innocent of logic, 

the Hollywood white smile caught on 

immediately, and soon dissatisfied shop 

girls, housewives and scullery maids be-

gan clamoring for whitened teeth. Obey-

ing the basic canon of business, dental 

supply firms were quick to comply.

�e whole advertising arm of dentistry 

concentrated on the transcendent impor-

tance of Everyman’s right to really, really 

white teeth regardless of age, social status 

or access to a mirror. Dental manufactur-

ers, who initially cultivated a hooded, 

watchful gaze on “bleaching” as it came 

to be called, began turning out bleaching 

agents in a wild variety of strengths and 

viscosities.

Dentists, suspicious at first of what-

ever chemical reaction was taking place in 

their patients’ mouths, ultimately reck-

oned this to be a singularly unexpected 

bonanza. As expected, insurance compa-

nies, with Olympian certainty, declared 

the process of whitening teeth to be a 

cosmetic procedure, another human fatu-

ity, and therefore not a covered benefit.

No matter, the cost of tooth whiten-

ing -- when compared with a full-on face 

lift, nose job or breast augmentation -- 

was a sybaritic bargain hunter’s delight. 

Teenagers, whose teeth were already 

whiter than any middle-aged person 

could hope to achieve, were clangorous in 

Crow’s Feet and 
White Teeth
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their demand to get in on the process.

Inevitably, companies with no back-

ground in dentistry streamed like pilgrims 

to the Kaaba in Mecca in their haste to 

get in on a good thing. Over-the-counter 

tooth whitening kits proliferated, featur-

ing bleaching trays suitable for going  

rounds with Lennox. �e dental profes-

sion righteously excoriated this transpar-

ent attempt to lure away their clientele 

with a potentially hazardous treatment 

and dubious results.

About the same time, the American 

public’s penchant for wanting things 

done NOW began to be heard. �e usual 

bleaching process had been taking up to 

a week or more of wearing the bleaching 

tray for eight hours at night or at periodic 

intervals during the day for extended 

periods. Nobody, even the attending 

dentist, seemed to know exactly when 

the procedure was finished. If teeth got 

several shades lighter after five nights, 

patients wondered, would they get  

shades whiter if the time were extended 

for two weeks? Or a month? Who knew? 

Nobody was prepared to define exactly 

what constituted a shade change, but the 

numbers were impressive regardless. Im-

patient patients bleated, “Why can’t we do 

this faster, Doc, we got other fish to fry.”

Not a problem for our compassionate 

researchers. We will sell the profession a 

high-powered light suitable for illuminat-

ing the Coliseum, they enthused. Couple 

that with a bleach strong enough to 

whiten the Black Hills of South Dakota 

and promise the public that their teeth 

will lighten at least  shades (company 

definition) in one hour. YES! One hour!

So that’s where we are today. Some 

of us are still futzing along with a week 

or two goal and  carbamide peroxide, 

some of us with healthier bank accounts 

are toasting teeth with major arc lights 

and + chemicals. �e public, tilting at 

Mother Nature’s windmill, is still pur-

suing the chimera of the perfect smile. 

Wouldn’t you like to run this by Drs. 

Fouchard and Black?


