




ABSTRACT
The most common oral disease of public health concern is dental caries, a multifactorial disease that results from a combination of genetic, environmental and behavioral factors. The public health significance of dental caries is undeniable as it affects nearly all individuals at some point during their lives at significant societal cost. Additionally, the health burden of dental caries is not distributed equitably throughout the population and more decay, in more severe forms, is suffered by individuals of lower socioeconomic status and members of minority populations. Understanding the complex etiology of this disease is essential to the design and implementation of successful public health interventions aimed at reducing the incidence of dental caries. Environmental and behavioral factors, such as salivary characteristics, oral microbiome, diet, and fluoride intake, interact with the genetic susceptibility of the individual to create or prevent the development of caries. Understanding how these factors interact and who is at the highest risk will help public health professionals to add successful interventions to the current evidence based practices of community water fluoridation and school based sealant programs. As research into the disease etiology continues, it will be the responsibility of researchers and public health professionals to further work to reduce the incidence of dental caries through personal behaviors, professional practice, and large scale public health interventions. 
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1.0  
Introduction and Public health Significance
Dental public health is a relatively young dental specialty, started in 1950, where practitioners focus on dental health issues at the population level rather than in individual patients. Dental public health practitioners focus their work on population-based dentistry, oral health surveillance, needs assessment, policy development, education, and community-based disease prevention and health promotion ADA, 2012()
. These dental health care workers deal with oral health issues ranging from cancers, sexually transmitted infections, gum disease, and many others. The most common oral disease of public health concern is dental caries, a multifactorial disease that results from a combination of genetic, environmental, and behavioral factors. Dental caries, or tooth decay, affects 60–90% of school-aged children and nearly all adults suffer from some form of dental decay Petersen, Bourgeois, Ogawa, Estupinan-Day, & Ndiaye, 2005()
. Decay often continues throughout an individual’s lifetime and can lead to tooth loss and other serious health concerns such as abscesses, cellulitis, and malocclusion causing pain, lower quality of life, and expensive treatment needs Mouradian, Wehr, & Crall, 2000()
. 

1.1 Prevalence of Caries

Dental caries is the most common chronic childhood disease at five times more common than asthma and seven times more common than hay fever (DHHS, 2000). Children are affected with early childhood caries when there is one or more primary tooth that has decay when the child is less than 71 months (Law, Seow, & Townsend, 2007). These caries affect children as young as 1-2 years old and they affect more than one-fourth of children aged 2–5 years living in the United States. This rate rises to 50% of the children in the age group for 12–15 year olds (CDC, 2011). In late adolescence, the number affected continues to rise leading to tooth decay affecting 78% of 17 year olds (DHHS, 2000).  

This issue is not only a problem in the United States but also affects children worldwide. In a recent paper, researchers compared levels of decay in 12 year olds from around the world based on surveillance data from the World Health Organization (Petersen et al., 2005). In order to compare the rates of dental caries, researchers used the Decayed Missing Filled Teeth index (DMFT) to categorize the levels of severity of dental decay (Petersen et al., 2005). This index takes into account current tooth decay, the results of previous decay, and the amount of dental treatment an individual received to determine the level of decay and the need for dental care (Anaise, 1984). This index measurement can be used to sum the experience of populations living in different areas or under different conditions and is therefore a useful dental public health tool.

In this study, Peterson et al. found that levels of decay were higher in more developed countries in Europe and North and South America than in developing countries. The highest DMFT score was for the Americas (north and south were considered together) with a DMFT of 3.0. The second highest score was for Europe, with a DMFT of 2.6 (Petersen et al., 2005). These higher rates of dental caries in developed countries are due to lifestyle factors such as increased sugar consumption, likely as a result of the high prevalence of processed foods. The DMFT levels have declined in these regions over the past twenty years as a result of improved dental public health measures as well as dental education and self-care measures (Petersen et al., 2005). In the U.S., this decline was first identified between 1979 and 1987 with a decrease in mean DMFT scores of 36% in children aged 5 to 17 Brunelle & Carlos, 1990()
. 
The opposite trend was seen in developing countries. While their overall rates of caries are lower than in the developed countries, in many places these rates have begun to increase due to lifestyle and diet changes without the benefit of public health preventative measures such as water fluoridation. This change is seen more drastically in countries that are rapidly industrializing and becoming more urban such as Argentina, Indonesia, and South Africa (Miura, Araki, Haraguchi, Arai, & Umenai, 1997). As developing countries become more exposed to industrialized lifestyles and consumer goods it will be essential to develop good public health infrastructure to keep tooth decay levels from reaching European and American levels. Currently the lowest DMFT levels for children are in Africa, with most countries having a DMFT around 1.7 (Petersen et al., 2005). 

Dental caries are a large problem in adult populations as well, with nearly 100% of adults worldwide having some level of tooth decay. While the DMFT rates are higher in adult populations, the distribution of caries is similar to those of childhood caries, with the highest rates in industrialized countries and increasing prevalence in developing countries (Petersen et al., 2005). Tooth loss is a common result of dental decay in adults in the United States and around the world. In the U.S. states, the percentage of adults age 65 and older who are completely edentulous ranged from 9.6% to 40.5% (Krause et al., 2012). Data from the CDC collected between 2005 and 2008 found that overall in the U.S., 23% of adults aged 65 and over were completely edentulous (CDC, 2012).  According to the WHO data, in 2004 the percentage of adults over 65 who were edentulous ranged from 7% in Egypt to 78% in Bosnia and Herzegovina (Petersen et al., 2005).
1.2 Health Disparities
While dental caries are a significant health concern all over the world, the health burden of dental caries is not distributed equitably throughout the population. Health disparities in dental caries and access to treatment exist across the United States. This disparity is most evident in individuals of lower socioeconomic status. Children in the United States who live below the poverty line are more likely to have untreated and more severe decay than children from higher income families (DHHS, 2000). According to the CDC, 25.4% of children ages 5 to 19 from families below the poverty line suffer from untreated decay compared to 19.3% of children from families between 100% and 200% of the poverty level and 12.1% of children from families who earn above 200% of the poverty level (CDC, 2012).

While about half of all children in the United States suffer from dental caries, that proportion rises to two-thirds in children from lower income families (CDC, 2011). These children have twice as many dental caries as children from families with higher income. Additionally, 25% of children living in poverty have not seen a dentist before they enter kindergarten (DHHS, 2000). One of the most effective professional preventative measures is sealants, plastic coatings on the chewing surfaces of teeth. In the United States, about one third of adolescents have sealants but lower income children are half as likely to have had sealants placed as children from higher income families (CDC, 2011). In the United States, 80% of the decay in children is experienced by 20-25% of the population (Mouradian et al., 2000). 

The disparity due to socioeconomic status does not improve in adulthood. Adults with incomes above the poverty line are twice as likely to have had a visit with a dentist within a year as individuals below the poverty line (DHHS, 2000). The lack of professional dental care for individuals of low socioeconomic status is a major issue, as individuals who do not have a regular routine of professional oral care are more likely to suffer from oral disease and more severe caries. While part of the issue is affordability of care, other issues also make it more difficult for individuals of low socioeconomic status to obtain dental care, including transportation issues, work schedule flexibility, and child care issues (Gift, Reisine, & Larach, 1992). 

The disparity is also observed along racial and ethnic differences. Minority populations disproportionately suffer from the burden of dental decay. For example, 25% of non-Hispanic whites have untreated caries while 40% of Mexican American children have untreated decay (CDC, 2011). Minority populations are also less likely to utilize preventative measures. For 14 year olds, the overall sealant rate is 24% but in the African American population the rate is only 5% and it is only slightly higher in Hispanics at 7% (Mouradian et al., 2000). These differences are significant and are an important concern for improving the public health of the nation. 
One of the issues that contribute to the health disparity is access to care. The dental professional workforce is unevenly distributed throughout the country with rural areas and areas of low socioeconomic status having far fewer dentists available. The number of dentists varies greatly by county between 0 and 377 per 100,000 people (Krause et al., 2012). In one study, it was observed that only 6% of the dental needs were met in regions with low levels of dental professionals (Mouradian et al., 2000). Underserved regions have difficulty attracting dental professionals due to lower pay and heavier workloads than more affluent counties, in part due to the large amount of student debt acquired in dental school. One way to combat the shortage of dentists is to allow other dental professionals, such as dental hygienists, to practice without direct dental supervision. This could increase access to care as nationally there is one hygienist per 730 people. Policies on hygienist supervision vary by state in the U.S. (Krause et al., 2012).   
Dental insurance status also plays an important role in access to care and the disparity in oral health. More children in the United States lack dental insurance than lack health insurance with at least 2.6 children without dental insurance for every 1 child without health insurance. Children without insurance are 3 times more likely to have dental problems than children with insurance. Even children who are covered under government assistance programs such as Medicaid often have trouble accessing care (DHHS, 2000). Nationwide, only about 10% of dentists treat Medicaid eligible children (Mouradian et al., 2000). Only 1 in 5 children on Medicaid have a dental checkup once a year. This ratio becomes even worse in the adult population where there are 3 adults without dental insurance for every 1 adult without medical insurance (DHHS, 2000). Individuals without insurance are more likely to have days where their activity was restricted due to pain or other issues related to poor oral health than those with insurance. These individuals often suffer from more severe decay that is not treated until it reaches an urgent stage where treatment is more invasive and more expensive (Gift et al., 1992).
1.3 SOCIETAL COSTS

Tooth decay and oral health are extremely costly. In industrialized countries, oral disease is the fourth most expensive disease to treat (Petersen et al., 2005). In the United States, in 2010, it was estimated that 108 billion dollars was spent on dental care (CDC, 2011). Curative dental care is much more expensive than preventive care. The cost for a typical outpatient dental visit is about $104. When more treatment is required because of decay, cost can rise significantly. When decay and other dental problems go untreated, more intense treatment options may be required such as oral surgery, IV antibiotics, or tooth extraction. These treatments can cost as much as $1,508; significantly more than routine care (Mouradian et al., 2000). 


In addition to financial costs, there is a significant societal cost in regards to lost school and work productivity due to poor oral health. Every year in the United States, there are approximately 500 million dental visits (Truman et al., 2002). Each year, over 52 million school hours are lost due to appointments and issues caused by dental related disease (Mouradian et al., 2000). As children get older, they miss more hours due to dental problems and visits. For every 100,000 children between 13-17 years old, 156,000 hours are lost each year (Gift et al., 1992). Even when the children who are suffering from dental problems are able to attend school, their ability to learn can be severely limited due to the pain and discomfort caused by the decay (DHHS, 2000). The burden of missed school hours is not evenly distributed. Children from low income families miss more school and have 12 times more days with restricted activity due to pain or other oral problems than children from higher income families (CDC, 2011). Girls miss significantly more hours of school due to dental problems than boys, and Hispanic children are more likely to miss school than any other racial or ethnic group. Insurance status also plays an important role as children from families without insurance miss more school hours than those with insurance (Gift et al., 1992). 


Adults also lose out on significant amounts of time due to dental visits and oral health problems. Adults who are employed lose over 164 million work hours each year in the United States (CDC, 2011). Adults also have over 41 million restricted activity days due to oral health problems. Individuals with incomes below $20,000, individuals with less than 12 years of education, women, African Americans, and young adults missed the most hours per year. Similarly, the greatest number of restricted activity days was seen in individuals with incomes below $20,000, individuals without dental insurance, and individuals with less than 12 years of education (Gift et al., 1992). 

In contrast, individuals who reported seeing a dentist regularly lost fewer hours of work time per year. Their visits to the dentist took about 30 minutes to 1 hour each time and were mainly about preventive care. These visit lengths become much longer and more difficult to accommodate when treatment for oral health problems becomes necessary. More severe problems may also require multiple visits causing the individual to miss even more work or school (Gift et al., 1992). Minorities and individuals of lower socioeconomic status are more likely to suffer from these severe complications and they may also have more difficulty obtaining time off from work due to financial concerns, allowing the decay to worsen. They may also have transportation issues, problems with childcare, and other barriers that contribute to this cycle. The severe health disparity, costly treatment, and the preventable nature of dental caries make this an important priority for public health professionals.
2.0  environmental and behavioral factors influencing the development of dental caries
Dental caries are a multifactorial disease caused by a combination of environmental, behavioral, and genetic factors. Tooth decay results from the metabolic activity of bacteria in the oral cavity within the biofilms on the tooth surfaces (White & Gordon, 2014). Biofilms make up the plaque on teeth and are comprised of microbes and their food sources, such as sugars and food remains trapped in sections of the tooth surface. Dental plaque is the microbial community attached to a tooth surface that is bound together in a polysaccharide matrix along with other organic and inorganic molecules (Chandki, Banthia, & Banthia, 2011). Every individual has biofilm which can be controlled through proper oral hygiene such as tooth brushing, flossing, and professional cleanings (Chandki et al., 2011; White & Gordon, 2014). 
Tooth decay begins when the pH of the biofilm drops below 5.5. At this pH, the minerals in the enamel begin to leech out due to the acids produced by bacterial metabolism (White & Gordon, 2014). The acids produced by the acidogenic bacteria in the mouth include lactic, acetic, propionic, and formic acids (Featherstone, 1999). When the pH rises above 5.5, the enamel re-mineralizes and strengthens. This cycle of demineralization and re-mineralization is a normal occurrence, however; mineral loss can occur when demineralization occurs more rapidly than re-mineralization. This mineral loss can damage the enamel and dentin, which leads to decay. The decay begins with white spot lesions which can progress to cavitation or even tooth loss if not treated (White & Gordon, 2014).  Factors that promote demineralization include the colonization of acidogenic bacteria (mutans streptococci and lactobacilli), issues with saliva production, and carbohydrate intake. Fortunately, factors such as salivary flow and composition, fluoride intake, and oral hygiene practices can reverse this process and prevent decay (Featherstone, 1999); (Chandki et al., 2011).
2.1 Diet and ph levels
As described above in the tooth decay process, pH is an important factor in understanding and preventing tooth decay. The pH level of the plaque on the teeth causes the demineralization that leads to the formation of dental caries. The pH changes are a result of the bacteria in the mouth metabolizing sugars ingested by the host which releases acid onto the tooth surface (Featherstone, 1999).  Diet therefore has a significant effect on the formation of dental caries. Of particular importance is the intake of starches and sugars which result in large amounts of acid being produced by the bacteria (White & Gordon, 2014). Current dietary practices of industrialized nations result in individuals being exposed to many different types of sugar in larger quantities than ever before. These sugars include natural sugars found in fruits, refined sugars in sweets and many processed foods, processed carbohydrates and starches, and synthetic carbohydrates (Gupta et al., 2013). The wide range of products that now include large amounts of sugar, potentially even several different types in one product, make carbohydrate and sugar consumption an increasingly important risk factor for the development of dental caries. 


Certain types of sugar and the form in which they are ingested have a greater effect on caries formation. For example, the consumption of sugary beverages such as sodas, which often have pH levels between 2.5 and 3, is particularly damaging (White & Gordon, 2014). In another study, researchers measured the pH response to different applications of sugar to the teeth including a sugar rinse, a sugar lozenge, and direct application of sugar to the tooth surface. In each treatment group, the pH values of the plaque dropped in response to the sugar exposure although the sugar lozenge and direct application treatments had a much smaller effect than the sugar rinse (Lingstrom, van Ruyven, van Houte, & Kent, 2000). As a liquid, a sugar rinse or sugary beverage is able to reach areas of the tooth that other sugars in solid foods or candies may not be able to reach. These same areas may also be more difficult to reach with traditional dental hygiene methods such as tooth brushing. Another example of the differing cariogenicity of sugars is the unique property of sucrose. Sucrose is the only sugar that allows acidogenic bacteria to produce extracellular polysaccharides. This is important because the smooth surfaces of the teeth are only vulnerable to caries that develop from plaque containing these extracellular polysaccharides, otherwise the plaque will not adhere to the tooth surface (Gupta et al., 2013). 


The frequency of sugar intake is also an extremely important factor in the decay process. A recent study was conducted on the frequency of consumption of sugar sweetened beverages in young children. While 40% of the children in the study were found to have caries by age 6, children who had been given more than 3 sugar sweetened beverages per week were significantly more likely to suffer from dental caries than children who had 1-3 drinks per week or no sugary drinks at all (Park, Lin, Onufrak, & Li, 2015). Another study of 910 eighth grade students in Hawaii, reported a positive association between the frequency of candy and gum consumption and the amount of tooth decay, measured by the Decayed Missing Filled index (DMF). Researchers found that eating candy or gum multiple times a day increased the likelihood of a high DMF score. Additionally, the study revealed that eating sugary candies and chocolates between meals caused increases in DMF over individuals who ate the same foods only during meals (Hankin, Chung, & Kau, 1973). The difference in cariogenic potential of sugars eaten during meals may be a result of the interacting effects of the other foods ingested. For example, due to their sticky nature, starches are known to increase the time that sugars remain on the teeth allowing more to be metabolized by the bacteria. Conversely, foods such as peanut butter and cheese are known to reduce acid production in the mouth (Gupta et al., 2013).
2.2 oral microflora
While diet provides the materials necessary for the decay process, it is the microflora of the mouth that are responsible for converting these sugars into an acid that damages the tooth surface. The oral cavity is home to many different types of bacteria, however; certain types of bacteria in the dental plaque are considered acidogenic and therefore cariogenic. The two main families of bacteria that are known to cause dental caries are mutans streptococci and lactobacilli (Featherstone, 1999). Mutans streptococci are thought to be an initiator of decay whereas lactobacilli are found in greatest concentrations in more advanced cavitated lesions (van Houte, 1994). 

When these types of bacteria metabolize fermentable carbohydrates, such as glucose, fructose, and starch, they create acids which begin the tooth demineralization process. The acids diffuse through the plaque and into the enamel, releasing hydrogen ions that dissolve the calcium phosphate in the enamel or dentin (Featherstone, 1999). The amount of cariogenic bacteria in the oral cavity influences how much acid is produced and how much damage is done to the tooth surfaces. Removing plaque, and the associated bacteria, and limiting sugary foods intake is essential for prevention of dental decay (ADA, 2014). 

The colonization of the oral cavity occurs very early in a person’s life. Mutans streptococci can be found in infants even before their first tooth erupts and the types of bacteria in the mouth increase greatly once the teeth begin erupting (Corby et al., 2005; Law et al., 2007). The types and amounts of bacteria in the oral cavity increase over time due to external environmental exposures (Law et al., 2007). Bacterial transfer often occurs between the primary caretakers and the child (Corby et al., 2005). Transmission is often from the mother to the baby during the first one to two years of the child’s life, due to sharing food and drinks (Mouradian et al., 2000). Genotype analysis of mutans streptococci in mothers and their children supports this theory as the strains found in each pair are extremely similar. Mothers with high levels of mutans streptococci are likely to have children with similarly high levels (Corby et al., 2005). 

In a study of infant oral health, researchers compared the babies of women who had undergone treatment to reduce their Strep mutans levels with the control babies of women with normal S. mutans levels. The children were tested for S. mutans levels when they were three years old and 70% of the control children had the bacteria while only 41% in the experimental group had it. The presence of S. mutans influenced the prevalence of caries in these children as 52% of the children with S. mutans had dental caries while only 3% of the children without the bacteria had developed caries by age 3 (Köhler, Andréen, & Jonsson, 1984).
2.3 SALIVARY CHARACTERISTICS

Saliva is a constant component of the oral environment that influences the likelihood of dental caries in several ways including its buffering ability. Saliva is made up in part by buffering components that can neutralize the acid produced by bacteria in the mouth (Featherstone, 1999). There are three buffer systems contained within saliva; bicarbonate, phosphate, and protein buffer systems. The bicarbonate buffer system is responsible for most of the salivary buffering ability with minor contributions from the phosphate and protein systems (Lenander-Lumikari & Loimaranta, 2000). As the saliva flows past the tooth surfaces, the buffering components act and the pH levels in the plaque rise back towards neutral levels. This slows down the demineralization process and decreases the risk for caries development. Additionally, “supersaturation” of calcium phosphate in the saliva influences the re-mineralization of the tooth surface (Featherstone, 1999). The buffering effect of saliva is influenced by hormonal and metabolic changes, especially in women, whose buffering ability is naturally lower than men. This hormonal change is evident in late pregnancy when the buffer effect decreases substantially (Lenander-Lumikari & Loimaranta, 2000). 

The salivary flow rate is also an important factor in oral clearance that helps to eliminate sugars and food particles from the mouth. A higher salivary flow rate will clear particles faster, limiting the amount of time that sugar is available for bacterial digestion, which reduces the amount of acid produced (Gupta et al., 2013). In individuals with reduced saliva production due to medication or other health problems, increases in the rates of caries are observed. They are the most common consequence of dry mouth. Caries that result from dry mouth often affect regions of the tooth that are not normally susceptible to caries (Lenander-Lumikari & Loimaranta, 2000). 

Saliva also has antimicrobial proteins that act to protect the oral cavity from bacterial colonization. The main antimicrobial defense factor is the peroxidase system which includes lysozyme, lactoferrin, and histatins. These proteins limit bacterial and fungal growth, interfere with the uptake of glucose by bacteria, and promote aggregation of bacteria. Aggregation of bacteria allows for easier bacterial clearance through salivary flow or oral hygiene measures. Immunoglobulins are also found in high levels in saliva, particularly secretory IgA. In the oral cavity, immunoglobulins work to neutralize microbial virulence factors, limit microbial adhesion, and remove foreign antigens (Lenander-Lumikari & Loimaranta, 2000). Together salivary composition and flow rate interact to influence an individual’s level of caries risk.
2.4 FLUORIDE INTAKE 
Another factor that influences the oral environment and a person’s susceptibility to dental caries is fluoride intake. Fluoride can be given as a topical treatment through toothpaste, mouth rinses, and treatments in a professional dental setting. Additionally, it can be consumed as a tablet supplement or included in the community water supply (Featherstone, 1999). During development, fluoride is incorporated into the structure of the tooth. The incorporation of fluoride causes the enamel to be harder and therefore more resistant to colonization by cariogenic bacteria and decay (White & Gordon, 2014). Fluoride levels in the enamel are typically between 20-100 ppm depending on how much fluoride a person took in during tooth development. The higher fluoride levels are associated with stronger enamel (Featherstone, 1999).When applied topically to teeth; fluoride reduces demineralization and improves the ability of the tooth to re-mineralize (Featherstone, 1999). Fluoride also acts directly on the bacteria by inhibiting both their ability to adhere to the tooth surfaces and their ability to process sugars thereby limiting the amount of acid produced (White & Gordon, 2014). 

In laboratory experiments, researchers found that fluoride present in concentrations as low as 1 ppm in an acid solution, it is able to inhibit demineralization. When fluoride is present in the plaque during bacterial metabolism, it will follow the acid into the sub-surface of the tooth and protect the enamel from becoming demineralized. The demineralization rate decreases logarithmically as the concentration of fluoride is increased. In the re-mineralizing stage, fluoride enters the damaged surface of the tooth and attracts calcium ions which cause the surface to reform and harden (Featherstone, 1999). 

Fluoride is also able to negatively interfere with bacterial colonization and metabolism by an intracellular process. When the pH levels of the plaque become acidic, fluoride forms bonds with hydrogen ions in the biofilm to form the compound HF. This compound is able to cross the cell wall and enter into the bacterial cell. Once inside, the fluoride dissociates from the compound and interferes with enolase, an enzyme in the bacterium (Featherstone, 1999). Enolase is a cytoplasmic and surface associated protein in bacteria that catalyzes the conversion of 2-phospho-D-glycerate to phosphoenolpyruvate. This chemical reaction is an essential step in the both fermentation and glycolysis (Antikainen, Kuparinen, Lähteenmäki, & Korhonen, 2007). The ability of fluoride to interfere with the metabolic activity decreases the amount of acid produced and limits the reproductive capability of the bacterium.  

Fluoride taken orally and applied topically has been carefully evaluated for safety concerns. In a review of 29 studies that analyzed bone fracture and development problems, no association was found between water fluoridation and increased risk of fractures (McDonagh et al., 2000). In a report of the impact of community water fluoridation in Australia, little effect on facture risk was found and there was suggestive evidence that fluoridation levels between 0.6-1.1 mg/L might even lower fracture risk. This report also stated that there was no association found between water fluoridation and the incidence and mortality of cancer (NHMRC, 2007). The main side effect of treatment with fluoride is fluorosis, a visible discoloration of the tooth enamel. Fluorosis occurs when a large amount of fluoride becomes incorporated into the enamel during tooth development. Most cases of fluorosis however are extremely mild and have no influence on tooth function and limited aesthetic effect (Truman et al., 2002).
2.5 ORAL HYGIENE PRACTICES
A major factor that influences the risk of caries development is an individual’s oral hygiene practices. These can include both personal home care methods and professional dental care. According to the American Academy of Pediatric Dentistry (AAPD), beginning dental care in infancy is essential to lifelong oral health. The AAPD recommends that children receive their first professional dental examination at the time the first tooth erupts or at 12 months of age. At this stage, early detection of issues or risk factors can improve the child’s outcome as the teeth continue to develop. Additionally, this creates a “dental home” for the child and allows them to access early preventive care and become comfortable with oral care before problems ever develop. Subsequent dental visits are recommended every six months throughout childhood and into adulthood. For children, a professional fluoride therapy application should be performed based on the caries risk for each individual patient, but should occur roughly every six months (AAPD, 2013). 

Dental sealants are an important part of childhood dental care. Sealants are a thin plastic coating that is applied to the chewing surfaces of the molars, where most decay occurs in children due to the pits and fissures in the surface (AAPD, 2013; CDC, 2015). Sealants work by blocking food particles and microorganisms from the tooth surface. They are most effective when applied to the permanent molars soon after tooth eruption, around age 6 for the first molars and age 12 for the second molars. Sealants can last between five and ten years (CDC, 2015). The AAPD recommends that sealants are reassessed at each dental visit and reapplied as necessary (AAPD, 2013). Sealants can be placed in order to prevent the initiation of decay or to stop the progression of an early carious lesion from becoming more severe (Beauchamp et al., 2008). Sealants are also known to be a cost effective practice. In children with previous decay, it was found that dental sealants saved money after 4-6 years. In children without previous decay, sealants were found to save money after 8 years (Weintraub, Stearns, Burt, Beltran, & Eklund, 1993).

Dental sealants are able to prevent a large amount of decay if applied early in childhood. The amount of decay prevented in different populations by sealants ranges from 61.6% to 100% (Griffin et al., 2008). The protection offered by dental sealants is influenced by the age of the sealant. One study found a reduction in caries of 86% in the first year the sealants were applied. At two years the reduction dropped to 78.6% and 58.6 percent after four years. However, when sealants are reapplied to the tooth surfaces, the reduction in caries at four years was found to be 76.3% and after nine years (with no reapplication for the last five years) there was still a reduction in carious lesions by 58.6% (Beauchamp et al., 2008).  In a review of the effectiveness of sealants, investigators found that only 19.4% of sealed early decay progressed to a cavitated lesion while 59.3% of unsealed early decay progressed to a cavitated lesion (Griffin et al., 2008).  

The AAPD recommendations also include areas of home care that pediatric dentists should discuss both with their patients and their patients’ parents. This discussion includes education on the proper methods and frequency of home care oral hygiene. Home care is initially performed by the parent and, as the child ages, the responsibility becomes shared before the child eventually takes over completely (AAPD, 2013). The American Dental Hygienists’ Association recommends that parents begin a home oral hygiene regimen before infants have teeth. The parents should clean the gums with a wet washcloth to stimulate the gums and remove food after each feeding. Once teeth begin to erupt, a soft bristled toothbrush should be used with a small amount of fluoridated toothpaste. When the child is around the age of 2 or 3, parents should begin to teach the child how to brush their own teeth. At this stage, the parent should also still brush and floss the teeth gently, as the child does not yet have the dexterity to properly clean the teeth without assistance. Once the child is around 7 or 8, they can begin to do the brushing and flossing on their own (ADHA, 2015). At each dental visit, proper tooth cleaning or brushing methods should be demonstrated for the child or the parent to be completed twice daily at home (AAPD, 2013).

Dental professionals should also provide dietary education for parents. This is important for parents to prevent caries in their young children. The AAPD advocates for limited sugary snacks and drinks and avoiding prolonged use of bottles and sippy cups which can increase caries risk. Pediatric dentists can also advise parents on the use of fluoride supplementation, such as tablets or rinses, in addition to the professional treatments and other normal exposures, such as in toothpastes (AAPD, 2013). 

Recommendations for adults are similar to those for children and adolescents. When an individual is old enough, their pediatric dentists should refer them to a dentist for continued lifelong care (AAPD, 2013). Adults should continue to see their dental professional every six months to undergo a professional cleaning to remove plaque and tartar buildup, have risk factors assessed, and to obtain treatment for any caries or other oral health problems that develop. At home, adults should continue to brush their teeth twice a day with fluoridated tooth paste. The toothbrush should be replaced every three to four months due to bristle fraying. A worn out toothbrush will not clean teeth effectively. Flossing once a day is also recommended to remove plaque and eliminate microbes between teeth. Diet is still an important factor and sugary foods should be limited as much as possible (ADA, 2014).

3.0  GENETIC FACTORS INFLUENCING THE DEVELOPMENT OF DENTAL CARIES

Along with the numerous environmental and behavioral factors that influence oral health, an individual’s biological factors, such as their immune response, saliva characteristics, and tooth structure, vary based on genetic differences in each person. In recent years, numerous large scale studies have been conducted in an attempt to identify these genetic factors, including one in Pittsburgh. The Center for Oral Health Research in Appalachia (COHRA), a joint research effort by the University of Pittsburgh and the University of West Virginia, conducted a large study into the etiology of various oral diseases, including tooth decay. This study focused the genetic, environmental, individual, family and community factors influencing oral disease in young children (Polk et al., 2008). 

The population for this study was families in the Appalachian region, which has some of the poorest oral health in the United States. Researchers recruited families in two central counties of West Virginia and two counties in Pennsylvania through newspaper and radio ads and flyers at schools, churches, stores, doctor’s offices, and other community sites. In order to be eligible for the study, there needed to be at least one biological parent-child pair living in the household. At the study visit, patients were given a physical evaluation and answered questionnaires and interviews about oral health, medical history, and family history. After the questionnaires, a dental screening and sampling protocol was conducted to obtain detailed descriptions of the participant’s oral health status and treatment history. Samples were taken of saliva and plaque from various tooth surfaces, the tongue, and the throat for microbial assessment. DNA samples were obtained through several methods, including blood draws for participants over the age of one, saliva sampling, mouthwash sampling, or buccal swab sampling (Polk et al., 2008). The samples and personal data collected on each participant were used in numerous studies to build upon the current knowledge of how genetic factors play a role in the development of dental caries. 
3.1 HERITaBILITY 

To understand the important role that genetics plays in this multifactorial disease, the heritability, or proportion of the variation in a trait due to the cumulative effect of genetic factors, of dental caries can be determined (Shaffer, Feingold, Wang, Weeks, et al., 2013). This estimate can be made without identifying which genes are actually causing the effect. In a study of the heritability of dental characteristics, researchers compared the oral health status of monozygotic twins who had been raised apart with dizygotic twins who had been reared apart. They reported that monozygotic twins were statistically significantly similar in the number of teeth present and the percentage of teeth that were restored or carious while dizygotic twins were not (Boraas, Messer, & Till, 1988). The difference between the genetically identical twins and the non-identical twins in oral health status suggests a genetic component to the disease. 


Many other researchers have done work quantifying the heritability of oral health phenotypes. In one such study, researchers identified clusters of tooth surfaces based on the co-occurrence of caries in order to determine if some genetic risk factors only influenced certain surfaces (Shaffer, Feingold, Wang, Weeks, et al., 2013). They then calculated the heritability estimate for caries in each cluster. Caries in the mandibular anterior surfaces, which are the least common type, were the most heritable at h2= 54%. Caries of the maxillary anterior surfaces were found to have no heritable component but were the most frequently affected surfaces. The posterior non-pit and fissure surfaces had an h2 of 43% and the mid-dentition surfaces had an h2= 40%. The pit and fissure surfaces did not have a significant result but the suggested heritability was 27% (Shaffer, Feingold, Wang, Weeks, et al., 2013). 


In another heritability analysis, researchers compared pit and fissure surfaces with smooth surfaces in both primary and permanent dentition to determine if the difference in caries prevalence was only due to the differing effects of environmental and behavioral factors, such as bacterial colonization or tooth brushing effectiveness. In primary dentition, the pit and fissure surfaces had an h2 of 34% while the smooth surface h2 was higher at 42%. The heritability of caries in the permanent dentition was lower on each surface type with an h2 of 27% for pit and fissure surfaces and the smooth surfaces. Researchers also calculated high levels of genetic correlations between pit and fissure surfaces and smooth surfaces, indicating a similar genetic impact of both types of tooth surface (Shaffer et al., 2012). 


Genetic factors can also be demonstrated in specific aspects of the oral cavity such as bacterial colonization or salivary flow which impact the risk of tooth decay in an individual. In a twin study comparing 19 monozygotic pairs with 19 dizygotic pairs, researchers compared the twins for oral colonization of miscellaneous bacteria, streptococci, and lactobacilli by determining their presence in the mouth (Goodman et al. 1959). For each group of bacteria, there was less variance between the monozygotic twins than in the dizygotic twins. The heritability estimate of streptococci colonization was found to be 74% while lactobacilli were only estimated at 25% (Goodman et al. 1959). In another study comparing mutans streptococci colonization in twins using a larger sample size, researchers estimated a heritability of 52% (Corby et al., 2005). 


Goodman et al. (1959) also compared the heritability of salivary characteristics of the monozygotic twins and the dizygotic twins, including salivary pH. The heritable component of pH of whole stimulated saliva was found to be 68%, suggesting a large genetic contribution to this factor. Salivary flow rate, another potentially important factor influencing the risk of dental caries, was found to have a heritability estimate of 79% for the parotid gland saliva and 78% for the sublingual-submaxillary gland sample (Goodman et al., 1959).  The heritability of oral disease is due to the genetic components of the risk and protective factors that influence an individual’s oral environment.  
3.2 CANDIDATE GENES

Beyond simply determining that there is a genetic component to dental caries, understanding the etiology of this disease fully requires identification of the specific genes involved in the disease process. Today, many researchers are working on just this problem. For example, using the data and DNA samples collected from the COHRA study, researchers were able to conduct several analyses of the genetic factors influencing the development of dental caries. In one of these, researchers conducted a genome-wide association study (GWAS) to determine the role of genes and of gene by-fluoride interactions in childhood dental caries based on a sample of 1,305 children ages 3 to 12. The DNA samples were genotyped for 580,000 single nucleotide polymorphisms (SNPs) and non-genotyped SNPs were imputed into the data to bring the total number of SNPs analyzed up to 1.4 million (Shaffer et al., 2011). Each SNP was then tested for an association with dental caries using PLINK, a whole genome association analysis toolset (Shaffer et al., 2011; "PLINK," 2014). Additional association testing was conducted in the same manner separately for the low fluoride group and the sufficient fluoride group. Based on the results of the GWAS, no SNPs met the threshold for genome-wide significance, however; there were several results with p-values between 10E-5 and 10E-7 that were considered “suggestive loci” on chromosomes 1, 11, and 17. Based on linkage disequilibrium, recombination rate, and physical proximity, researchers were able to identify plausible genes that may be responsible for the association (Shaffer et al., 2011). 

On chromosome 1, SNPs indicated a region that includes the ACTN2, MTR, and EDARADD genes. ACTN2, actinin alpha 2, is a cytoskeletal microfilament protein found in ameloblasts, cells that are only present during tooth development and are involved in enamel formation. MTR, methionine synthase, is thought to be associated with non-syndromic cleft lip and palate and could potentially influence caries due to its contribution to the development of orofacial features. The third gene from this area, EDARADD (ectodysplasin-A receptor-associated adapter protein) is the cause of hypohidrotic ectodermal dysplasia, a genetic syndrome causing abnormal tooth, skin, hair, nail, and sweat gland development (Shaffer et al., 2011). 

On chromosome 11, the most significant SNPs was rs11031093 which was located in the MPPED2 (metallophosphoesterase domain containing 2) gene. The relationship of this gene to dental caries is unknown; however, MPPED2 is expressed in the oral epithelial cells and its expression is negatively influenced by exposure to bacteria. On chromosome 17, the LPO (lactoperoxidase) gene, which encodes a salivary enzyme responsible for inhibiting plaque formation, was located near a region with many SNPs that showed a modest association with dental caries. Three genes were also identified in the stratified fluoride samples including TFIP11, a protein that interacts with the enamel gene tuftelin, EPHA7, part of the signaling system involved in tooth development, and ZMPSTE24, which causes a disorder called mandibuloacral dysplasia that causes tooth and skeletal abnormalities as a result of a gene-environment interaction (Shaffer et al., 2011). 

In another analysis, researchers did a GWAS of dental caries clusters in permanent teeth in adults ages 18 to 75 that identified two significant genome-wide associations. The association of highest significance was between caries of the mandibular anterior tooth surfaces and the LYZL2 gene on chromosome 10. This gene is part of the c-type lysosome family which has antibacterial immune functions. It is through an immune response function that this gene may have some influence on the development of caries. The second significant association was found between the maxillary mid-dentition and an untranslated region of the AJAP1 gene on chromosome 1. The protein product of AJAP1 is SHREW1 which interacts with basigin, a protein that influences tooth development through the mediation of matrix metalloprotease activity. Regulation of tooth development may be an important factor determining susceptibility to dental caries (Shaffer, Feingold, Wang, Lee, et al., 2013).  

In another GWAS using COHRA data, researchers used linear regression to analyze the association of 1.2 million SNPs, genotyped and imputed, with caries in smooth surfaces and pit and fissure surfaces in children. The threshold for genome-wide significance was a p value of 5E-8 and the suggestive significance value was 1E-5. One genome-wide significant result was found for the pit and fissure surface caries in the intronic region of KPNA4, a nuclear protein importer gene with a p-value of 2.0E-9. There is currently no known function of this gene or nearby genes related to the development of caries (Zeng et al., 2014). 

Suggestive associations were found in genes that had plausible biologic functions, including a smooth-surface caries association with a missense SNP in the ITGAL gene, whose presence predicted an increased prevalence of carious surfaces in the subjects. ITGAL encodes the integrin alpha L chain of a lymphocyte function-associated antigen, LFA-1 which plays a role in leukocyte adhesion and signaling. Another smooth-surface caries association was found in a region containing the PLUNC gene family, genes expressed in the salivary glands, nose, mouth and upper airways. They are involved in the innate immune response in the oral and nasal cavities, potentially influencing the oral microbiome. Genes were also replicated that had been implicated in previous studies, including MPPED2, AJAP1, and RPS6KA2, a signaling kinase that is important in oral-related diseases (Zeng et al., 2014). 

Another research method used to study the genetic component of dental caries is to test for association with candidate genes, which have biological functions known to be related to oral health. For example, due to the fact that diet plays such a significant role in the etiology of dental caries, researchers hypothesized that genes that influence diet choices, such as those involved in taste, could be contributing factors. Genetically determined differences in the tasting ability influence the individual’s dietary preferences and behaviors which can be protective for some individuals but increase sugar consumption and therefore risk for others. SNPs from three taste pathway genes, TAS2R38, TAS1R2, and GNAT3, were analyzed for association with dental caries in primary and permanent teeth in the COHRA cohort (Wendell et al., 2010). A significant association was found in the TAS2R38 gene with three amino acid substitutions that were considered protective against caries in primary dentition and two that increased caries risk. Haplotypes for the TAS2R38 gene influence the bitter sensitivity of the taste buds. In the TAS1R2 gene, one SNP was identified as protective in the mixed primary and permanent group and one SNP was identified as increasing caries risk (Wendell et al., 2010). 

In the Iowa Fluoride Study, researchers genotyped 23 SNPs from 7 candidate genes related to tooth development, enamel mineralization, tooth morphology, and the buffering capability of saliva in order to determine if these genes were involved in susceptibility to caries in children. The genes they tested were dentin sialophosphoprotein (DSPP), tuftelin 1 (TUFT1), secreted phosphoprotein 1 (SPP1), enamelin (ENAM), aquaporin 5 (AQP5), matrix metallopeptidase 20 (MMP20), and kallikrein-related peptidase 4 (KLK4) (Wang et al., 2012). 

SNPs in DSPP, AQP5, and KLK4 were associated with protection against caries. One SNP was identified in KLK4 that was also associated with an increased risk for caries. DSPP encodes two proteins of the dentin extracellular matrix. AQP5 encodes a membrane protein found in salivary glands. KLK4 is a protein involved in enamel mineralization. Researchers also analyzed haplotypes of adjacent SNPs in these same genes. The haplotype analysis verified the single SNP associations and identified a haplotype with a protective effect against caries in AQP5 and a protective haplotype in KLK4 (Wang et al., 2012). 

Further studies of candidate genes identified through GWAS will greatly increase the understanding of the etiology of the dental caries. The current state of the genetic understanding of this disease suggests numerous genes of small effect influencing the susceptibility or resistance to dental caries. Further understanding of the relationship between these genes and the environmental and behavioral determinants of oral health will allow for better methods of prevention on an individual and population level.  
4.0  PUBLIC HEALTH INTERVENTIONS
4.1 COMMUNITY WATER FLUORIDATION
Community water fluoridation is a common and well supported public health intervention to prevent tooth decay recommended by both the CDC (CDC, 2011) and the WHO (Petersen & Lennon, 2004). Community water fluoridation is the addition of a fluoride compound to the public water supply in order to reach a large segment of the population with the optimal fluoride concentration to prevent dental caries. According to the recommendations of the U.S. Public Health Service, community water supplies should contain 0.7-1.2 ppm of fluoride. Putting fluoride in the water supply is known to reduce the occurrence of dental caries and help to reduce disparities due to socioeconomic status, race or ethnicity, and other factors such as insurance status (Truman et al., 2002). 


There is substantial evidence that fluoridation in the water source is a successful strategy. As discussed earlier, normal levels of fluoride in the enamel of the tooth are between 20-100 ppm. The high values of this range are normally found in individuals who were exposed to fluoridated drinking water during tooth development. Reductions in dental caries of 40-70% have been found in communities that instituted water fluoridation measures (Featherstone, 1999). In a study to determine if community water fluoridation was beneficial to adults (after tooth development), researchers examined a cohort of individuals born before water fluoridation was implemented and a cohort born after implementation. In both cohorts, those with prolonged exposure to water fluoridation had fewer teeth that were decayed, missing, or filled (DMFT). The average DMFT was reduced by 11% (Slade, Sanders, Do, Roberts-Thomson, & Spencer, 2013). In a U.S. study of tooth loss, researchers found that for every four individuals living in an area that fluoridates their water, one individual had one more tooth than if fluoridation was not present. This study also found that there was a larger benefit to individuals of lower socioeconomic status than for individuals of higher socioeconomic status (Neidell, Herzog, & Glied, 2010).

Studies have also been conducted on areas lacking fluoridation. In one study in Hawaii where there was no water fluoridation, the mean level of fluoride in the water supply was only 0.064, well below the recommended level. Researchers found that the number of caries increased significantly the longer an individual lived in Hawaii. This study compared individuals who were born in Hawaii and those who had moved from the mainland and found that Hawaiian-born children had higher DMFT scores than those who were not born there and who had been exposed to community water fluoridation on the mainland (Hankin et al., 1973). 


Community water fluoridation is a cost effective intervention as well. In communities with a population greater than 20,000, the community saves $38 in treatment costs for every $1 spent on community water fluoridation. The savings are a result of fewer treatments needed for cavities (CDC, 2011). With a population of 20,000, fluoridation only costs about fifty cents per person per year (White & Gordon, 2014). Unfortunately, despite the benefits and low costs of this program, about one third of the population of the United States does not have access to water supplies that have been fluoridated (Promoting and Enhancing the Oral Health of the Public, 2010).  The Healthy People 2010 objective for fluoridation was to have 75% of the population in each state have access to fluoridated water, however; only 27 states have managed to meet this goal (CDC, 2011). Future public health efforts to implement this intervention are necessary to reduce tooth decay.
4.2 SCHOOL BASED SEALANT PROGRAM

Another CDC recommended public health intervention is the school based sealant program. School based sealant programs are designed to provide dental sealants to children who would be unlikely to receive them outside of the school environment (CDC, 2015). Based on data collected in the U.S. between 1999 and 2002, sealant prevalence among children ages 6- 11 years old is 30.5%, and children of low socioeconomic status are less likely to have sealants than children with higher socioeconomic status (Beauchamp et al., 2008). This statistic is alarming as sealants can reduce caries prevalence by 70% in these children (Griffin et al., 2008).  Because of this disparity, school based sealant programs are designed specifically to target the population who needs the intervention the most. 

Schools are targeted for this intervention based on the number of students who are eligible for federal free or reduced-cost lunch programs (CDC, 2015). These schools are seen as having high-risk populations because their socioeconomic status makes them less likely to receive private professional dental care (Truman et al., 2002). The students are typically identified in the first and sixth grades, due to their likelihood of having newly erupted permanent molars (Gooch et al., 2009). Once a target population is identified, surveys are conducted with the schools to verify the need for sealants. Once the need is verified, financial, material, and policy support must be obtained from the school board, government agencies, public health agencies, dental clinics, offices, dental schools, and other relevant stakeholders. Finally, once the program is approved and students have been selected based on need, the sealants can be applied either at the school or in participating clinics off school property (CDC, 2015). Sealant application should be completed by two dental health professionals such as a dentist or a hygienist and an assistant, as this four handed method allows for the best placement and retention of the sealant, affording more caries protection (Gooch et al., 2009). 

In 2001, the Ohio Department of Health conducted an oral health survey among school children to determine the prevalence of sealant use in schools that had had a sealant program and those that did not. Of third grade students in the surveyed schools, 34.2% had at least one dental sealant overall. Within the schools where a dental sealant program had been completed, 56.7% of the third graders had sealants compared to only 28.2% in the schools without a sealant program. In schools with the program, 70.2% of the sealants on their students were placed at the school, and overall the program-based sealants represented 22.6% of all students with sealants statewide. The program also positively affected lower income individuals who would likely not have had sealants placed without the program. In the program schools, 54.4% of students eligible for meal assistance programs had sealants compared to only 19.0% for students eligible for the same assistance in schools without a sealant program (Siegal, Miller, Moffat, Kim, & Goodman, 2001). 

School based sealant programs vary greatly in their cost effectiveness due to differences in program organization and support (in terms of financial donations and available personnel). The cost per person in the program can range from $18.50-$59.83 and the cost effectiveness ratio ranges from $0 to $487. According to one study, the school based sealant program would work out to being cost effective if unsealed molars decayed at a rate of 0.47 surfaces per year (Truman et al., 2002). In another study, the cost per saved surface was calculated for sealants placed at a clinic and those placed in a school based program. The clinic cost was $42 and was cheaper than the school based program which cost $65 dollars per surface. However, the authors acknowledged that the calculations only looked at the cost of the treatment and did not include costs due to travel and the amount of work and school missed when patients had to travel to the clinic for treatment (Werner, Pereira, & Eklund, 2000). However, as treatments for decay and related oral health problems can range from $104 to $1508, if the sealants placed during this program can prevent this decay from occurring and reach more children than the clinic alone, the cost per sealant is still lower than treating the problems that develop (Mouradian et al., 2000).

4.3 MOBILE DENTAL UNITS

Another public health outreach method for providing oral health care to underserved populations is the use of portable or mobile dental units. Currently in the United States, 13 dental schools operate mobile dental units (Arevalo, Chattopadhyay, Lester, & Skelton, 2010). Mobile dental units were used in a New York City public school treatment program that was targeted at low income, uninsured students who were at high risk for dental caries. Researchers compared the utilization of these mobile units with the traditional clinic based system and found that the use of mobile units significantly increased the number of students who obtained dental services in the schools visited by the program (Herman, Rosenthal, & Franklin, 1997). 

In Kentucky, a mobile dental program was started in 1990 to address the below average oral health of its citizens and the lack of access to dental care in certain regions of the state. Their dental units provide preventative and comprehensive care to school children who are uninsured or eligible for Medicaid or S-CHIP programs five days a week. This program has shown that its mobile dental units can provide care that is equal to traditional dental care with lower costs and less time and transportation constraints for patients (Arevalo et al., 2010). 

The cost efficiency analysis of a portable dental unit program in rural India was conducted to determine if mobile dental units were an affordable way to deliver needed health care to underserved rural populations. The revenue and costs of the program were examined over a seven year period from 2005 to 2012. Based on the number of patients seen, the total costs of the dental units worked out to be $0.65 per patient. The low cost of this intervention and its ability to reach rural communities with no access to dental care made it an extremely beneficial intervention for this area (Goel, Goel, & Torwane, 2014).

4.4 EDUCATIONAL ORAL HEALTH INTERVENTIONS

Community wide, school based, and targeted educational oral health interventions are common and are based on the health promotion science of Public Health practice (Petersen & Kwan, 2004). These educational methods can be directed at students, parents (at different stages in the child’s life), at risk populations, or the general public. Each method attempts to improve behavioral factors that influence oral health such as oral hygiene practices, diet, and use of professional dental care. These studies show varying results on the effectiveness of educational interventions. Part of the reason for the variation in effectiveness of the interventions may be that better evaluation methods are necessary for health promotion interventions, due to the large number of external factors that act upon the research subjects and thus can confound the results (Petersen & Kwan, 2004). 
One successful study conducted in England aimed to increase oral health of infants through home educational visits with mothers by dental health educators over a three year period. The study participants were broken down into three groups; education on diet, education on oral hygiene, and a combination of both. The children of all three educational groups had significantly fewer caries than the control group. No significant difference in oral health status was found between the three educational groups. The mothers in this sample also benefitted from the educational visits as they had better oral health scores related to gingivitis and plaque after the intervention was conducted (Kowash, Pinfield, Smith, & Curzon, 2000). This study suggests that education aimed at new mothers may be able to improve the health of their infants, at least in the short term. 

A school based educational program in China had more mixed results. This educational program was delivered to teachers, mothers, and students at three schools in Wuhan City in Central China and was compared to three similar control schools. The researchers found that the DMFT index was similar after three years in both the experimental and control schools indicating no change in caries incidence. However, children in the experimental schools did show higher adoption of oral health behaviors that lead to better scores on gingival bleeding, despite not translating to a reduction in caries (Petersen, Peng, Tai, Bian, & Fan, 2004). In another short term educational program, researchers assessed the plaque, gingival, and caries status of 276 school children before and after a school based oral health education program. Researchers found statistically significant improvement in plaque and gingival scores but no significant difference in caries; however, this study was conducted over a four month period which may not be a long enough time frame to identify a decline in caries as tooth decay can take many months to develop (Bhardwaj et al., 2013). 

Another educational public health approach to increasing oral health is a community wide sealant promotion program. The goal of this program is to increase the use of sealants by private dental practitioners through community based programs. The methods of encouragement are continuing education courses for dental professionals and consumer educational campaigns. These campaigns could be targeted at the public, at community leaders, or third party payers such as insurance companies. This approach also advocates for communities to adopt school based sealant programs to address disparities in access (Truman et al., 2002). However, as this program mainly encourages use of private dental health care, it is unlikely to have an effect on the highest risk population unless this program is linked to a school based sealant delivery program. While the main goal of sealant promotion is to increase sealant use through education, this intervention has not been well evaluated for effectiveness and so was not recommended by the CDC Task Force as an evidence based-practice at this time (Truman et al., 2002). 

Many educational program evaluations have shown that oral health knowledge is increased in participants; however, the link between the change in knowledge and the prevalence of the health problems has not been established within the current body of evidence. However, certain types of oral health promotion have better outcomes than others. Fluoride focused education and professional chairside educational programs have more impact than general mass media programs in improving dental health measures (E. Kay & Locker, 1998). Small short-term positive effects on plaque and oral health knowledge are often reported but long term behavioral changes are not analyzed. Evaluations of these programs have also not reported a consistent significant effect on the incidence of caries. Overall, reviews of the effectiveness and evidence base of oral health education interventions cite a lack of systematic rigorous scientific evaluations of these programs, particularly over the long term (E. J. Kay & Locker, 1996). For educational oral health interventions to become evidence based best practice, it will be essential for more research and evaluation to be conducted in longitudinal studies that are controlled for other influencing factors.

4.5 ORAL HEALTH IN PITTSBURGH AND ALLEGHENY COUNTY

A state oral health assessment was conducted in Pennsylvania in 2000 by the Pennsylvania State Health Department. In Pittsburgh, 47.11% of children ages 6-8 have a DMFT score of greater than zero and 26.78% had caries that were going untreated. This number rose to 70.82% for 15 year olds with 28.57% of children going untreated. The highest levels of untreated decay were found in children from Pittsburgh and Philadelphia. The survey found that 4.88% of students in Pittsburgh schools needing immediate emergency dental care at some point during the two year survey period (Weyant, 2000).  

There are two evidenced based oral health public health interventions recommended by the CDC to reduce the prevalence of dental caries; community water fluoridation and school based sealant programs (CDC, 2011). Fluoridation levels for the state of Pennsylvania were found to be very low as 91.6% of water systems were not fluoridated. In Allegheny County, 31 out of 42 water systems were fluoridated and it was estimated that 93.96% of the population has access to fluoridated water. Allegheny County compares very favorably with the rest of the state as only 52.41% of Pennsylvanians overall have access to community water fluoridation. Children with access to fluoridated water in Pennsylvania had 22% less decay than children without. A far smaller percentage of children in Allegheny County have dental sealants. Among 8 year olds in Pittsburgh, only 29.19% of students had at least one dental sealant. This number was slightly higher for 14 year olds at 35.61% (Weyant, 2000). 

Currently in Allegheny County, the Allegheny County Health Department and the University Of Pittsburgh School Of Dental Medicine offer several outreach programs aimed at improving the oral health of underserved communities. The first is the Pediatric Dental Program, offering services from three clinics in high need areas for children ages 1- 20. They offer preventive and curative dental treatment, such as dental exams, cleanings, fluoride treatments, x-rays, fillings, extractions, and sealant placement, for about 12,000 patients each year, mainly from low income, high need areas. The county also offers a fluoride varnish program for 3-5 year olds in the Head Start program which reaches about 1,500 children each year. This program offers young, at risk individuals a dental exam and a fluoride treatment (ACHD, 2015). 

Also offered throughout the county is a school based sealant program that provides sealants to high risk first and second graders. About 1,000 children each year receive sealants through this program (ACHD, 2015). While this program is positively impacting the prevalence of caries in students who receive the sealants, the program is not operating at the optimal level described in the CDC recommendations. The Allegheny County Health Department’s program is only offered to first and second graders providing sealant protection to their first molars soon after eruption. However, school based sealant programs are recommended for both first graders and sixth graders, due to the eruption timing of the second molars (Gooch et al., 2009). Currently, in Allegheny County, the children who are participating in the sealant program are only obtaining half of the protection that they need to prevent the development of dental caries on the most commonly affected surfaces.

Based on these facts and the needs assessment for Allegheny County, expanding the school based sealant program to include sixth grade students should allow for a greater improvement in oral public health in regards to childhood dental caries. The main barrier for expanding access to this program in Allegheny County will be funding. The cost effectiveness and caries reduction potential of the program as well as its status as a CDC recommendation are all factors that will assist in obtaining financial support. Due to the involvement of the University of Pittsburgh’s School of Dental Medicine, there is no shortage of dental professionals and students who will be able to place the sealants as part of the school’s Outreach Program. The institutional and parental support is already available due to the first and second grade programs, and the school districts already have the capacity to organize and carry out this intervention successfully. Working together with the school board, parents, the Allegheny County Health Department, the dental school, and the School of Public Health, an expansion to the sealant program can be accomplished successfully.

5.0  CONCLUSION

Dental caries is a complex multifactorial disease influenced by behaviors, social standing, environmental factors, and genetics. Understanding individual’s risk and preventing the decay from developing requires the knowledge of how all of these factors interact. Dental caries is an important public health concern due to its high worldwide incidence and the severe disparities in health status and access to care. Based on the current knowledge of the disease, the best public health measures are focused on lowering risk for as large a portion of the population as possible while attempting to reduce the disparity between individuals of differing socioeconomic statuses. Two such public health interventions are community water fluoridation and school based dental sealants. As research into the disease etiology continues, it will be the responsibility of researchers and public health professionals to further work to reduce the incidence of dental caries through personal behaviors, professional practice, and large scale public health interventions.  
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