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Introduction 
The application of scientific knowledge to the prevention of 
oral disease has resulted in significant declines in dental caries 
and periodontal disease. Children are most often affected by 
dental caries. As they develop into adolescents, their risk of 
gingivitis also increases. Both diseases are complex, multi-
factorial conditions that have dental plaque and host tissues 
at the heart of their etiologies. Genetic and environmental 
factors also a play role in disease susceptibility or resistance.

These two oral diseases have stimulated much research 
and development over the past 50 years. Academic research 
has focused on developing new understanding of the epi-
demiology, etiology, and pathogenesis of these diseases, as 
well as identifying potential new routes to intervention. 
Industrial research has focused on the development and 
clinical validation of professional and consumer products 
for their treatment and prevention.

This paper provides a perspective of the impact of re-
search and development on the prevention of oral disease 
in children and adolescents. It reviews significant advances 
in oral health and new scientific approaches to prevention, 
and summarizes the key challenges and opportunities in 
bringing new oral health measures into practice.

Oral health in the United States of America
The US Surgeon General’s Report on Oral Health1 focused 
attention on the importance of oral health to general health 
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and well-being. It recognized the progress made in reducing 
dental caries and periodontal disease through the adoption 
of safe and effective methods of prevention. Nonetheless, 
it made clear that a significant burden of oral disease still 
remains as a result of profound oral health disparities in 
the population. As oral health and general health are not 
independent, the mouth may provide an opportunity for 
early diagnosis of systemic disease. Further, oral disease, in 
particular periodontal disease, may be linked to systemic 
problems, such as diabetes and heart disease. The report pro-
vided a framework for further improvement in oral health, 
recognizing the need to change existing perceptions of oral 
health, to build an effective health care infrastructure, to 
remove known barriers between people and health services, 
to build the science base and develop new knowledge, and 
to increase collaboration to improve the oral health of those 
that suffer most.

The importance of translational research to 
the prevention of oral disease

The goal of translational research is to turn advances in 
scientific knowledge into improved dental care of patients. 
The focus is on practical validation of knowledge -applied 
research focused on developing and validating a product- or 
procedure-based therapeutic intervention. The schematic 
shown in Figure 1 is a useful representation of the process. 
Driven by a fundamental research hypothesis, basic research 
is focused on acquisition of new knowledge. Knowledge is 
validated through a hierarchy of research steps to deliver an 
intervention with sufficient clinical evidence to predicate a 
new clinical practice. As shown in Figure 2, basic research 
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encompasses disease diagnosis, the molecular basis of dis-
ease and its risk factors, and the prevalence and incidence 
of disease. The etiology provides the mechanistic basis for 
drug discovery for treatment and prevention. Development 
of a product is complex; it must fully comply with regula-
tory requirements for safety and efficacy, and chemistry 
and manufacturing. Clinical validation of product efficacy 
and mode of action are critical. A multidisciplinary, cross-
functional approach, together with effective leverage of 
expertise and acquired knowledge, are critical factors to 
successful translational research.

There have been relatively few 
truly significant breakthroughs in 
oral health care. The first, without 
question, was the development of 
topical fluoride products to pre-
vent caries.2-4 Products to prevent 
calculus5, 6 and to relieve dentinal 
hypersensitivity7, 8 followed. Most 
recently, products to prevent 
plaque and gingivitis,9 such as 
toothpastes with triclosan10-12, have 
been introduced. In each case, the 
translational research process took 
more than 20 years from dem-
onstrating the potential of each 
technology in ”proof of concept” 
studies to seeing the impact of 
specific products on dentistry. It 
is clear that translational research 
will be more important than it has 
ever been, if scientific knowledge is 
to contribute fully to the 2010 US 
Oral Health goals.

Significant advances  
impacting the oral health 

of children and  
adolescents

Dental caries varies widely in the 
US13 and globally14 among children 
and adolescents. Divergent trends 
in caries experience are correlated 
with sugar consumption and per-
sonal health behaviors.15, 16 Now 
concentrated in a subset of the 
young population, 80% of caries 
experience is found in 25% of chil-
dren in the US.13 In the children’s 
dentition, caries is manifest in a 
predictable manner rendering den-
tal-stage specific, protocol-driven 
interventions appropriate.17

Periodontal disease in children 
and adolescents is less well docu-
mented. Nonetheless, 50% of high 

school students in the US have reported gingivitis.1 The 
potential link between periodontal and systemic disease 
suggests that the prevention of early periodontal disease in 
children and adolescents is worthy of attention.

Recognition that dental caries and periodontal dis-
ease are chronic infections caused by the indigenous oral 
flora has had important consequences for prevention and 
treatment.18 Dental plaque is a complex, highly diverse, 
multispecies biofilm that develops over time on the tooth 
surfaces and adjacent to the gingival margin.19 Plaque bac-
teria create the highly hydrated exopolysaccharide matrix 

Figure 1. The translational research process.

Figure 2. The key elements of translational research.
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in which they are enmeshed.20-22 Sugar promotes matrix 
and acid formation, thus playing a dual role in plaque 
pathogenicity and virulence in dental caries.23 Tooth enamel 
and the periodontal tissues play a critical role in response 
to dental plaque in caries and periodontal disease, respec-
tively. Genetic and environmental factors are additional 
determinants of risk.24

Means to preventing and treating oral disease are driven 
by understanding of disease processes. Because children 
and adolescents are most affected by dental caries, disease 
prevention in the young has been primarily focused on 
caries.24 Good oral hygiene is a key strategy for the pre-
vention of both dental caries and periodontal disease.25-28 
Observation of the caries-protective effects of water-borne 
fluoride focused caries research on the validation of fluoride 
treatments. In contrast, the clinical observation that peri-
odontal disease could be prevented by meticulous plaque 
control has directed research in chemical plaque control 
and antimicrobial therapies.

The contribution of consumer products and 
the oral care industry to the prevention of 

dental caries and periodontal disease in  
children and adolescents

Consumer products have contributed to the oral health 
of children and adolescents in three areas: oral hygiene 
implements for mechanical plaque removal, topical fluoride 
treatments for caries prevention, and topical antimicrobial 
treatments for the prevention of early periodontal disease. 

The toothbrush design features can improve brushing 
technique and enhance individual motivation. The Colgate 
Smiles range was designed with this knowledge (Figure 3). 
Clinical studies have shown that the “Junior” and “Youth” 
brushes effectively remove plaque around and between 
teeth and along the gum line. Further, consumer research 
has shown that these brushes are well liked by children and 
their parents. The “Junior” brush addresses the dexterity 
challenges of its target age group, while the tongue cleaner 
on the “Youth” brush is a valued additional feature. Based 
upon parental observation, there was a clear association 
between the child’s liking the toothbrush and increased 
brushing compliance.29

The dramatic decline in caries prevalence and severity 
over the last several decades has been attributed to the 
widespread use of fluoride. Initially, fluoride was thought 
to affect tooth development and mineralization, and that 
systemic fluoride administration was necessary for optimum 
benefit. A paradigm shift in understanding of the action 
of fluoride drove development and validation of topical 
treatments for the prevention of dental caries.18 Today, 
consumer and professional products encompass over-the-
counter (OTC) toothpastes and mouthrinses for self care, 
prescription products, such as high fluoride toothpastes and 
mouthrinses for home care, and professional products, such 
as varnishes and gels for in-office treatment.

Of the available vehicles, toothpaste is the most stud-
ied. Several comprehensive clinical reviews have shown 

that regular brushing with fluoride toothpaste reduced 
the development of new caries by 24% to 25% compared 
to brushing with nonfluoride paste. The effects increased 
in “high risk” individuals with higher initial caries levels 
and with higher fluoride level, by 5% to 10% for 1,500 
over 1,000 ppm fluoride. Effectiveness also increased with 
higher frequency of use and with supervised brushing.30-33 
Based upon risk/benefit and compliance, it is evident that 
toothpaste is the most appropriate vehicle to deliver fluoride 
on a routine daily basis. This reinforces the importance of 
daily tooth brushing with fluoride toothpaste to prevention 
of dental caries in children and adolescents. OTC tooth-
pastes vary in their fluoride source and in other functional 
ingredients, such as the cleaning and polishing agent and 
the flavor. These differences are largely driven by consumer 
preference, especially mouth feel and taste. The fluoride 
source is not critical to effectiveness in cavity prevention, 
as clinical evidence has shown, at equal fluoride dose, that 
toothpastes formulated with sodium fluoride (NaF), sodium 
monofluorophosphate (MFP), and stannous fluoride (SnF

2
) 

are equally effective.33

OTC mouthrinses have shown similar efficacy to tooth-
paste.34, 35 High fluoride rinses may provide additional caries 
protection as adjuncts to daily brushing with toothpaste in 
“high risk” children when used on a periodic (4 x annual) 
basis under professional supervision. Mouthrinse may also 
help prevent white spot lesions in orthodontic patients.36-38 
Likewise, high fluoride gels37, 39 and varnishes37, 40-43 have 
been shown to be effective, used periodically, as an adjunct 
in “high risk” individuals. Few data are available comparing 
one vehicle to another; all fluoride treatments appear to be 
effective, but there is no clinical basis for superiority.44 There 
are also insufficient data to determine the clinical effective-
ness of combinations of fluoride treatments.45, 46 Based upon 
apparent risk/benefit, varnishes may be preferred over gels 
and rinses.37

In contrast to fluoride, the use of antimicrobial therapies 
in children and adolescents has been limited. Many anti-
microbial agents have been screened in basic research, but 

Figure 3. The Colgate Smiles range of children’s  
toothbrushes.
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few have been successfully reduced to clinical practice.47 
Chlorhexidine mouthrinse, considered to be the gold 
standard for antiplaque efficacy,48 is approved by the US 
Food and Drug Administration (FDA) as a prescription 
treatment, whereas mouthrinses based upon the essential 
oils and on cetyl pyridinium chloride (CPC) are pending 
approval as OTC products for the prevention of plaque 
and gingivitis.49

The antiplaque and antigingivitis toothpaste, Colgate 
Total®, has been clinically proven to be effective during 
routine daily use. Based upon triclosan, an antibacterial 
agent, a specially designed vehicle containing a copolymer 
as the delivery agent,50 and fluoride, it is arguably the most 
comprehensively tested consumer product available today. 
More than 40 controlled clinical studies have documented 
superior efficacy versus regular fluoride dentifrices.11, 51-55 
Interestingly, while Colgate Total® is not marketed for the 
prevention and treatment of periodontal disease, its effects 
have been demonstrated in three clinical studies.56-59

In summary, the oral care industry has provided safe 
and effective oral care products that are clinically proven 
to help prevent oral diseases in children and adolescents. 
Toothbrushes that encourage compliance are fundamental 
to establishing good oral hygiene practices at an early age. 
Fluoride toothpaste has played a major role in the dramatic 
decline in caries. Professionally applied topical fluoride 
treatments can provide additional benefit to “high risk” 
individuals. Toothpastes and mouthrinses that prevent 
plaque and gingivitis provide valuable oral health benefits 
beyond cavity prevention. Specific “at risk” individuals, 
such as orthodontic and diabetes patients, may find their 
use particularly beneficial.

In addition to professional and consumer products, 
the oral care industry has made significant contributions 
to the dental research science base and to new knowledge. 
Specifically, through basic and clinical research, industry 
has impacted knowledge of the epidemiology and etiology 
of caries and periodontal disease, the mechanism of action 
of fluoride and antimicrobials, and the factors influencing 
the clinical performance of toothpaste, mouthrinse, gels, 
and other delivery vehicles. Through behavioral research, 
the importance of consumer habits and attitudes, con-
sumer preference, product usage and compliance has been 
appreciated. Equally important has been the industry’s 
contribution to education and knowledge transfer. Dental 
health awareness has been raised through global activities, 
such as Oral Health Month. Schools programs, such as 
Bright Smiles, Bright Futures, have brought dental services 
to the underrepresented. Targeted publications and sympo-
sia have brought advances in science, including advances in 
prevention of oral disease in children and adolescents, to the 
dental professional. Last, but not least, through sponsorship, 
industry has provided funding for basic research and clinical 
training.60 

New therapeutic approaches to prevention of 
oral diseases in children and adolescents

The divergent trend in caries experience calls for a new 
focus on high risk groups and risk-based, individualized 
therapies. At present, the detection methods used routinely 
by most clinicians are not sufficiently sensitive to detect 
caries at an early stage. Furthermore, risk assessment at 
the individual level is not well developed.61 The validation 
of new methods may reveal new biology-based tailored 
approaches to caries prevention. These include digital fiber-
optic transillumination (DIFOTI) 62, 63 and quantitative 
light-induced fluorescence, QLF, 64-66 which are currently 
in development for the detection of early caries. Other 
technologies include new multifactor tools to assess disease 
risk and activity.67-69

Shifts in scientific paradigms advance new scientific 
knowledge and stimulate exploration of new scientific 
approaches to disease prevention. Complex, dynamic, mul-
tifactorial diseases, such as dental caries and periodontal 
disease, are subject to multiple technical approaches to 
potential new therapeutics. The literature on the science 
and IP pertinent to the development and validation of new 
therapeutics is dominated by approaches to dental plaque 
control and the prevention and control of dental caries. 
For this reason, and because children and adolescents are 
most affected by dental caries, this section focuses on the 
key concepts and approaches to dental plaque control and 
the prevention and control of dental caries.

Table 1 summarizes new approaches to caries prevention 
that target the host defense of tooth enamel. Underpinning 
these approaches is a strong knowledge of the mechanisms 
of action of fluoride. Two theoretical approaches to en-
hance calcium incorporation into tooth enamel are: (1) to 
increase the delivery and retention of topical fluoride; and 
(2) to deliver and retain exogenous calcium and phosphate. 
Both present a significant challenge, as salivary composi-
tion limits calcium uptake and salivary flow predisposes 
fluoride clearance. 

A tiny intra-oral device attached to the tooth surface, 
which contains a reservoir to constantly and slowly release 
fluoride, has been shown to be effective in “proof of con-
cept” clinical trials, 70, 71 but it has not yet found a place 
in clinical practice. A number of approaches to deliver 
exogenous calcium, through protein- and peptide-based 
carriers 72, 73 and silicate-based carriers 74, have shown some 
promise in early “proof of concept” studies. Encapsulation 
of fluoride and/or calcium in microcapsules that adhere to 
the mucosa offers attractive possibilities. In principle, en-
capsulates derived from biodegradable materials that act as 
substrates for enzymes in saliva and plaque could be slowly 
activated in situ. Though supplier companies have expertise 
in encapsulation technologies, this approach has not yet 
been validated as a practical route to caries prevention. 
The approach that has shown greatest potential to date is a 
dual component dentifrice containing dicalcium phosphate 
dihydrate (dical) and 1,000 ppm sodium fluoride. In two 



Table 1. New approaches to caries prevention that target  
tooth enamel to boost the host defense

Target Scientific paradigm Technical approach
Potential new 
therapeutic

Tooth enammel Topical fluoride 
modulates calcium 
incoporation into 
tooth enamel

Increase delivery and 
retention of fluoride

 
 

Deliver additional 
calcium (and  
phosphate)

Dual component calcium/ 
fluoride dentifrice

Slow release F systems 
     Device  
     Encapsulation

Ca delivery systems 
     Protein/peptide 
        carriers 
     Slicate/glass carriers

Table 2. New approaches to caries prevention that target 
bacteria to control dental plaque formation

Target Scientific paradigm Technical approach
Potential new 
therapeutic

Plaque bacteria Infection caused by 
endogenous flora

 
Specific (acid  
producing, acid  
tolerant) organisms  
cause caries

 

Biofilm is a highly 
complex entity that 
behaves differently 
from its individual 
constituents

Reduce burden of 
infection

 
Eliminate causative 
organisms, especially 
S mutans

 

 

Prevent bacterial 
adhesion

 
 
 
 
 
 

Modulate biofilm 
physiology 
 
 
 

Disrupt plaque 
matrix

Topical antimicrobials
     Chlorohexidrine 
     Triclosan

S mutans targeted 
vaccine

Replacement therapy
     GMO 
     Probiotics

Targeted antimicrobial 
enzymes and peptides

Coat enamel surface
     Agents 
     Sealants

Block bacterial 
adhesion
     Bacterial surface 
     GTF and matrix 
        formation 
     Cell-cell signaling

Control plaque pH
     Xylitol 
     Arginine/bicarbonate  
         buffer 
     Upregulate arginine  
        deaminase

Glucan hydrolase  
enzymes
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long-term caries clinical studies, 
this toothpaste provided 11% and 
14% reductions in cavities com-
pared to a regular sodium fluoride 
dentifrice.75, 76

Table 2 summarizes new ap-
proaches  that target bacteria to 
control dental plaque formation. 
The knowledge that dental car-
ies is a chronic infection caused 
by an imbalance in the normal 
endogenous flora led to the first 
conceptual approach: the evalu-
ation of topical antimicrobial 
systems to reduce the total bur-
den of infection. Chlorhexidine 
varnishes have shown some prom-
ise, but to date the evidence for 
their long-term effectiveness in 
preventing cavities is inconclu-
sive.77, 78 In contrast, as indicated 
previously, the triclosan/copoly-
mer toothpaste has been clinically 
proven in a 2 year caries clinical 
trial to provide superior prevention 
of cavities compared to regular 
fluoride toothpaste.52

The knowledge that specific 
organisms are primary etiologic 
factors in caries formation has led 
to the second conceptual approach: 
the development and evaluation of 
methods to eliminate specific car-
ies causative organisms, especially 
Streptococcus mutans. Several long-
term investigations are in progress. 
Vaccines and other immunogen-
ic routes to reduce specific oral 
pathogens have received significant 
attention. Passive immunization, 
using S mutans targeted antibody 
or antibody fragment, is reported 
to offer promise.79 Replacement 
therapy is an alternative route to 
the same benefit. S mutans replacement by a genetically 
modified benign S mutans strain has been shown feasible 
in animal studies. Clinical trials are in progress to assess the 
potential of this route to prevent caries.80 Introduction of a 
benign endogenous species, such as Streptococcus salivarius, 
that excludes S mutans by producing antimicrobial peptides 
in situ may also offer promise.81 The probiotic approach 
of regularly introducing an innocuous exogenous bacterial 
species to suppress outgrowth of normal oral pathogens has 
been disclosed in the patent literature.82 Likewise, interest 
has been demonstrated in the potential of antimicrobial 
enzymes and peptides that target and kill specific plaque 
pathogens. 83

The recognition that dental plaque is a bacterial bio-
film and that it is a highly complex entity that behaves 
quite differently from its individual constituents has led to 
exploration of several novel routes. The concept of control-
ling plaque formation by preventing bacterial adhesion to 
the tooth surface has been investigated on several fronts. 
Physical approaches include coating the enamel surface 
with a polymer,84 whereas biological approaches to prevent 
initial colonization include inhibition of plaque matrix 
formation85 and inhibition of the bacterial signaling mecha-
nisms.86 The concept of modulating biofilm physiology is 
also of some interest. Particular attention has been paid to 
routes to modulate and control plaque pH. The potential 
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of xylitol to inhibit acid production and, thereby, to reduce 
demineralization is well recognized. In long-term caries 
clinical studies, two toothpastes containing 10% xylitol as 
an adjunct to fluoride provided 12% and 14% reductions 
in cavities compared to their respective fluoride controls.87, 

88 An arginine/bicarbonate system has shown initial promise 
in a “proof of concept” clinical trial as an alternative to fluo-
ride.89 On a further horizon is the possibility to up-regulate 
the natural pH regulation system in S sanguis. The arginine 
deiminase system, which breaks down arginine to ammonia, 
is triggered when plaque pH is reduced below 5.5.90 The 
concept of disrupting the plaque matrix has found favor on 
a periodic basis. Research in the 1970s on the effects of two 
enzymes, mutanase and dextranase, showed early promise, 
but clinical effects were not forthcoming.91-93 Significant 
subsequent effort is apparent from the scientific and IP 
literature, focused on enhancing enzyme activity, stability, 
and retention in the mouth. Of interest is a novel glucan-
hydrolase, with both mutanase and dextranase activity, that 
has been shown to reduce plaque formation in a short term 
“proof of concept” clinical study.94

The introduction of phage display offers the possibility 
of developing biotechnologies that express protein-based 
therapeutics in the mouth. The concept of cloning genes 
into an oral microorganism to express a therapeutic active 
and re-implanting the modified organism into the mouth 
has recently attracted attention. The first principle, that 
oral microorganisms can be genetically modified to produce 
active agents, has been demonstrated through the expres-
sion of a single chain antibody to S mutans antigen 1/11 in 
Lactobacillus zeae.95

In summary, there are numerous exciting scientific ap-
proaches being pursued in basic dental research to identify 
and evaluate new routes to prevent oral diseases in children 
and adolescents. Rapid progress is being made in biotechnol-
ogy, especially genomics, proteomics, and nutrigenomics, 
and in materials science, especially nanotechnology, that 
may enable effective biology-based interventions and “smart” 
delivery systems to be turned into practice. Early “proof of 
concept” studies show that there are some promising avenues 
to new interventions. Whether they can be fully validated 
in human clinical trials and developed into meaningful 
therapies remains to be determined.

So, what will it take to develop a major new therapeutic 
for the prevention of oral disease in children and adoles-
cents and bring it into clinical practice and individual self 
care? There is no doubt that improved diagnostics for early 
caries detection and for composite risk assessment will be 
invaluable. In common with medical research and the devel-
opment of pharmaceutics, a robust and predictive hierarchy 
of screening tools, which include laboratory (mechanism-
based) and human (in vivo and in situ) protocols, will 
enhance the “hit” rate in the drug discovery phase. Cost 
effective product delivery systems are essential to “put the 
science into practice.” Efficient clinical research is vital to 
ensure that truly effective measures are readily validated. 

Finally, regulatory approval for a new therapeutic requires 
significant investment.

Challenges and opportunities
There are challenges ahead in the quest to deliver excel-
lent oral health to all sectors of society. The paradigm 
that dental caries and periodontal disease may not truly 
be prevented is one. At this time, there certainly are no 
“magic” bullets; based on available evidence, the best that 
may be accomplished is disease control through judicious 
use of multiple interventions. A second challenge, given 
the divergent trends in caries experience, is the alignment 
of both research and clinical practice with the “real” target 
population. What is the right balance between further 
implementation of current measures and the development 
of new interventions? A third challenge is the cost effective-
ness, cost/benefit, and risk/benefit of disease prevention to 
society and to the individual.  Focus on these challenges 
should help in placing research bets and driving research 
investment through to implementation.

Likewise, opportunities will arise from advances in 
science and technology outside of dental research, from 
investment in core capabilities to support research priorities, 
and from increased effectiveness of translational research. 
Together, they will enable new therapeutic approaches to 
prevention of oral diseases in children and adolescents to 
be explored more effectively and the most promising ap-
proaches to be reduced to practice faster and smarter.
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Abstract of the Scientific Literature
Consistency of DIAGNOdent Instruments in Assessing Fissure Caries

The objectives of this study were to: (1) compare DIAGNOdent with visual examination and bitewing radiographs for 
clinical assessment of occlusal fissures; and (2) evaluate the consistency of 4 different machines. The authors also aimed to 
correlate DIAGNOdent readings with microbiological culture from the measured sites. Thirty-four occlusal lesions were 
examined in subjects between 18 and 30 years of age. Two examiners conducted visual and radiographic assessments. 
Each site was measured using 4 different DIAGNOdent instruments in random order. The fissure was opened and lesion 
depth was measured. Bacterial samples were taken from all lesions. The correlation between the DIAGNOdent readings 
and lesion depth was weak but significant. The level of infection showed a very weak correlation with DIAGNOdent 
readings. Inter-device correlation was significant, but a common cutoff point could not be determined. 

Comments: Although the correlation between DIAGNOdent readings and lesion depth is weak, the instrument 
appears to be useful in detecting the presence of dentinal caries. The problem is that this cutoff point varies between 
instruments. The clinician should be aware of this fact and understand that recommendations of the manufacturer and 
others may need to be modified slightly for individual instruments. SC 
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