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PROLOGUE
Dental caries is a complex disease process that afflicts a large proportion of the world, regardless of gender, age and ethnicity, although it does tend to affect more with a low socioeconomic status to a greater extent.  New and emerging methods have been and are in the process of being developed. These hold great promise of preventing and reversing caries, especially in the one-fifth of the population that accounts for two thirds of the caries experience1. 

The history of caries parallels many of the changes that have occurred in the practice of dentistry overtime.  Anthropological studies confirm the relative scarcity of caries before the turn of this millennium, when simple sugars were unavailable and dentistry essentially was nonexistent.  Over the next 500 years, the incidence of caries increased with the introduction of dietary sugars.  With the establishment of New World sugar plantations in the early 1700s and the subsequent growth of sugar beet in Europe in the 1800s, a caries pandemic occurred, which persists wherever populations continue to consume certain monosaccharide and disaccharides (particularly sucrose).  The presence of a carious tooth was considered to be a sign of gangrene, and extraction was the only available treatment.  During the 1800s, debridement and restoration were introduced. 

However, despite the dramatic reduction in dental caries rates over the past half century and the concurrent increase in emphasis on preventive dentistry, caries still affects a major percentage of the population.  A 1998 to 1991 survey of the U.S. population showed that 45.3 percent of children and adolescents in the 5 to 17 year old age group had carious teeth. In adults, 93.8 percent had evidence of past and present coronal caries.  In people with teeth 22.5 percent had root caries.  Not surprisingly, the incidence of root caries was found to increase dramatically with age.  In the 55 to 64 year old age group, 38.2 percent of subjects had decayed or filled root surfaces. This incidence increased to 47 percent in adults aged 65 to 74 years.  Thus, control of caries is of major importance in dentistry and will continue to be for the foreseeable future. 

DENTAL CARIES : 


The enamel surface is covered by a film called pellicle.  As bacteria making up the normal oral flora adhere to the pellicle, a bacterial mass called plaque is formed.  The plaque bacteria (particularly Streptococcus mutans and lactobacilli) convert ingested sugars by glycolysis to weak organic acids (for example, lactic, pyruvic, acetic, propionic, formic, butyric).  The acids produced by these bacteria diffuse through the plaque and into the tooth, leaching calcium and phosphate from enamel and eventually causing collapse of the tooth structure and formation of a cavity. 


The formation of a carious lesion does not happen all at once but usually over several months or years.  Between periods of acid generation due to food ingestion, buffers such as bicarbonates, which are present in saliva, diffuse into the plaque and neutralize the acids present. This arrests further loss of calcium and phosphate until the next period of acid production. 

Demineralization – Remineralization : 


Dental mineral mainly consists of carbonated calcium hydroxyapatite, which differs from calcium hydroxyapatite by the substitution of carbonate for a portion of the phosphate in calcium hydroxapatite. Carbonated calcium hydroxyapatite is more soluble than calcium hydroxyapatite, especially in acidic media.  Although quite insoluble at pHs grater than 7, carbonated calcium hydroxyapatite becomes increasingly soluble as the pH is lowered. 


After a sugar challenge, the plaque pH decreases as plaque bacteria convert sugar to acid.  Within minutes, the plaque pH can be educed to 4.0 or lower. Demineralization occurs while the plaque pH remains in the acidic range and the plaque fluid is under saturated with respect to tooth mineral.  Neutralization of plaque acids by the alkaline buffer system in saliva can take as long as two or more hours.  Once plaque acids are neutralized, remineralization can take place. 


In addition to buffers, saliva contains calcium and phosphate ions, which enter the enamel during remineralization.  Remineralization occurs between periods of demineralization.  Thus, demineralization and remineralization can be considered a dynamic process characterized by the flow of calcium and phosphate out of and back into tooth enamel. To prevent the progression of caries, the average amount of demineralization should be balanced by the average  amount of remineralization.  However, the concentration of calcium and phosphate in saliva, while adequate to provide sufficient remineralization in people on a sugar free diet, is often inadequate to compensate for the many episodes of demineralization associated with the high sugar diet of today. 


The pH at which demineralization or remineralization occurs depends on the concentration of calcium and phosphate in saliva and plaque fluid.  When the pH at the enamel surface is reduced, plaque becomes under saturated with respect to both mineral, resulting in dissolution from enamel.  When the pH is elevated, plaque becomes supersaturated with respect to tooth mineral, resulting in the uptake of these ions by enamel and demineralized sites. 


The major shortcoming of currently available tooth pastes, mouth rinses and topical applications is the fact that their ability to remineralize enamel is limited by the low concentration of calcium and phosphate ions available in saliva.  This shortcoming is being corrected by the development of new technologies2.  


In the classical understanding of caries causation, the co-existence of four factors, namely bacterial plaque, fermentable carbohydrates, a susceptible tooth surface and time, is necessary for caries to occur.  However, this concept overlooks the critical importance of other factors in the oral environment which influence dramatically caries risk status and the rate of progression of the disease. A more comprehensive view of the caries process must consider the interaction of many factors over time as outlined below. 

Salivary Factor : Flow, pH, fluoride and bicarbonate (HCO3) levels; salivary anti-bacterial properties (antibodies, lysozyme, lactoferrin, peroxidase). 

Tooth factors :  Anatomical features such as fissure morphology and fluoride levels, as well as hypoplasia and other surface defects (which are influenced by material and perinatal health and nutrition).  It is here that pit and fissure sealants have a valuable role to play in protecting at risk surfaces. 

Plaque Factors : Amount and composition of plaque, particularly the levels of mutans streptococci and other aciduric micro-organisms such as lactobacilli. 

Dietary Factors : Type, Form and frequency of fermentable substrates and the frequency of exposure to exogenous acids through acidic food sand drinks, which shifts the oral flora to aciduric organisms. 

Oral hygiene : Frequency and efficacy, and the use of a fluoride containing dentifrice, which affects the degree of loading of the intra oral fluoride reservoir. 

Social Factors : Education, awareness, attitudes to health care, economic status, Introduction 


Dental caries can potentially be prevented by interfering with transmission of MS, eliminating established MS populations from the oral cavity, increasing the acid-resistance of the teeth and control of the acid resistance of the teeth and control of the carbohydrate composition of the diet3. 

The use of topical fluoride has produced a large decrease in the incidence of dental caries, but there still remains a small portion of the population that is refractory to the use of oral hygiene products and there is evidence that fluoride alone cannot completely eradicate the disease4. 


  In the high caries risk situations, the development of new methods to prevent dental caries is extremely important to control the disease completely5.

POLYOLS 

It has been demonstrated that restriction of dietary sucrose reduces the level of MS.  Sucrose is important for both glucan-mediated adhesion and acid production.  Xylitol, sorbitol, saccharin and aspartame have all been used as sugar substitutes for the purpose of reducing dental caries in a wide variety of products including sweets, candies, chewing gum oral hygiene products and pharmaceutical products2.
The sugar substitutes xylitol and sorbitol are polyhydric alcohols (polyols), products of the chemical reduction of carbohydrates. 


Characteristics and common uses – Xylitol and sorbitol are found naturally in many food, primarily fruits and vegetables. Sorbitol is currently produced commercially for sweetening confections such as chewing gums and candies.  Unlike some of the other commonly used sugar substitutes, the polyols are neither noncaloric nor intensely sweet.  Xylitol is equivalent to sucrose in sweetness.  Sorbitol is only 50 to 70 percent as sweet as sucrose and when used in foods it is often supplanted with a noncaloric sweetener such as saccharin.  Both polyols appear to be absorbed by passive diffusion from the small intestine and are metabolized by the same pathways as the monosaccharides.  Absorption of the sugar alcohols is slower than for glucose and only approximately 70 percent absorption occurs.  The caloric value after absorption is slightly higher per gram for sugar alcohols than for comparable sugars, owing to their lower oxidation state.  The polyols have caloric value equivalent to sucrose, 4 kcal/g.  Xylitol and sorbitol are metabolized to trioses mainly in the liver, independence  of insulin. Consequently, both have been promoted as sugar substitutes for diabetics6. 


While there is no doubt that xylitol is non-cariogenic and the cariostatic effect of xylitol chewing gum is well accepted, the existence of an active anti-caries role of xylitol per se remains controversial. 


Xylitol is one of a number of non-sugar sweeteners permitted for use in foods.  It is found naturally in some foods but it is mass-produced principally from sustainable xylan-rich hardwood sources such as birch and beech wood – a process first reported over a hundred years ago.  Chemically, it is pentitol which is a five carbon polyol.  In this, it differs from other common polyols such as sorbitol and mannitol, which contain a six-carbon ring.  It was approved for use in foods in the UK in 1983.  as one of several non-sugar sweeteners.  The Department of Health COMA report on ‘Dietary Sugars and human disease” gave encouragement to their use.  Presently in the UK, consumption of xylitol is about 1000 tonnes per year, principally in chewing gums, confectionery, toothpaste and medicines. 

When considering the literature, it is important that the terminology used to describe xylitol’s effects is accurate and consistent.  Acidogenicity and fermentability are essentially terms used to describe findings from in vitro experiments and in vivo studies other than clinical trials, whereas cariogenicity, non cariogeneic and anti-cariogenic are clinical terms.  It is clear from the literature that some authors have interpreted a number of definitions relating to these cariological and bacteriological terms in slightly different ways, which have led to some difficulties interpreting the findings of some studies. The terms ‘cariostatic’, ‘anti-cariogenic’ and ‘anti-caries’ have all been used when discussing dental therapeutic claims of xylitol. 
SPECIFIC CARIES – PREVENTIVE ACTIONS OF XYLITOL : 


The caries – preventive effect of total substitution of dietary sugars by xylitol could be explained by the exclusion of fermentable sugars from eh diet.  But the impressive caries preventive effect of partial substitution or supplementation by xylitol requires other explanations; the caries preventive effect seems to be greater than could be expected from simple substitution, and the result was intense research into the properties of xylitol.  Proposed mechanisms are listed in the following table. 

	Table : Proposed Actions of Xylitol

	Plaque
	Non-fermentability by plaque organisms 

Reduction in plaque quantity

Selective reduction of mutans streptococci

Induction of mutans streptococcus strains with reduced virulence

Increased concentration of ammonia in plaque

Accumulation of xylitol-5-phosphate in some plaque streptococci

Participation in a futile metabolic cycle in some plaque organisms 

Reduced adhesion of plaque flora

Reduced adhesion of plaque flora 

Reduced transmission of mutans streptococci 

	Saliva
	Changes in quantity and quality of saliva

	Enamel
	Aids remineralisation 



Xylitol is not fermented by dental plaque.  There is ample evidence that the oral flora does not adapt to metabolize xylitol when tested over prolonged periods in humans.  Any ability of a few organisms to ferment xylitol is negated by the inaction of other more numerous plaque organisms so that no fall in plaque pH occurs on exposure to this polyol. 


The use of xylitol has been shown to lead to a reduction in the proportion of mutans streptococci in plaque.  This is most probably due in part to both non specific and specific effects of xylitol.  

	Table : Xylitol Reduces Proportions of Mutans Streptococci in Plaque through non-specific and specific effects

	Non-Specific 


	Because xylitol is non fermentable it does not encourage bacterial growth. 

	Specific
	When mutans streptococci are exposed to xylitol they can develop mutant xylitol resistant strains which may be less virulent in the oral environment. 

Exposure of plaque to xylitol leads to an increase in the concentrations of amino acids and ammonia, neutralizing plaque acids. 

Xylitol can act in a bacteriostatic way some strains of oral streptococci take up xylitol and convert it to xylitol-5-phosphate, resulting in the formation of intra-cellular vacuoles and degraded cell membranes. 

Xylitol can cause a “futile metabolic cycle”. Streptococcus strains take up xylitol and phosphorylate it to xylitol-5-phosphate. This is then split by sugar-phosphate phosphatases and the xylitol is then expelled from the cell. 



The non-specific effect is a result of non-fermentability not encouraging bacterial growth.  In addition, there appears to be a number of effects specific to xylitol.  First, a selective effect on mutans streptococci resulting in the development of mutant xylitol-resistant strains which may be less virulent in the oral environment. 


Second, the concentrations of ammonia and basic amino acids increase when plaque is exposed to xylitol, resulting in neutralization of plaque acids. Third, in vitro studies have shown some strains of oral streptococci take up xylitol and convert it to xylitol 5-phosphate resulting in the development of intra-cellular vacuoles and degraded cell membranes in mutans and sobrinus streptococci, and through this mechanism xylitol is acting in a bacteriostatic way.  Lastly, some streptococcal strain take u p xylitol which participates in what is termed the futile metabolic cycle.  In this cycle, xylitol is taken into the cell, phosphorylated to xylitol-5-phosphate, and is then split by sugar phosphate phosphatases and the resulting xylitol is expelled from the cell. The clinical relevance of this process has not yet been established, but  is more likely to benefit oral health than damage it. 


Much evidence from well controlled clinical studies indicates that xylitol decreases the growth of plaque compared with sugars and other polyols.  These studies include the Turku sugar studies and trials of partial substituting and supplementation. There is also good evidence that the ability of plaque to produce acids by metabolism of sugars is reduced by xylitol. This seems to be adequately explained by a  selective decrease in mutans streptococci in plaque exposed to xylitol and possibly by a decrease in plaque quantity. 


Of the above intra-plaque mechanisms of xylitol in caries prevention, only the conversion of xylitol to xylitol-5-phosphate, with its subsequent accumulation, as well as the induction of less virulent strains of cariogenic bacteria, can be considered to be truly bacteriostatic. These mechanisms have been emphasized but further research is needed to assess their clinical importance. Although not truly bacteriostatic, other mechanisms listed earlier will assist caries prevention. 


As well as these specific effects, xylitol consumption by the mother at the critical period of mother child transmission of oral flora can educe the transmission and colonization of mutans streptococci to her child on a long term basis, as described previously.  Other evidence ha shown that xylitol leads to a reduction in the quantity of plaque, possibly by interfering with mechanisms of adhesion between plaque organisms and the tooth’s surface. This is the most likely explanation of r the reduced colonization of mutans streptococci in the mouths of these children. 


As far as the evidence regarding salivary flow is concerned, flow rate increases during and immediately after chewing and a sweet taste increases flow rate even further. There is no evidence, though, that xylitol is better than any other sweetener in this respect. While chewing results in substantial immediate increases in salivary flow, there have been several investigations into whether chewing gum results in increased capacity for salivary flow long term.  The majority of these latter studies have found no increase in the capacity to produce saliva after chewing sweetened gum over varying lengths of time, in people with normal salivary flow; certainly there was no indication that xylitol had any specific effect. 


Pre-cavitations (white spot) carious lesions were observed to remineralise (heal) during clinical studies of xylitol, as mentioned above. This led to speculation that xylitol had a specific action on enamel, and a number of studies have investigated the effect of xylitol and other sweeteners on tooth structure and the potential for remineralisation; laboratory based studies have included in vitro experiments and rat caries studies. Remineralisation occurred in nearly all experiments where non-sugar sweeteners were used during the ‘healing’ phase but there was no clear indication that xylitol had any greater effect than other non-sugar sweeteners when evaluated in short term studies. 


Remineralisation is likely to be adequately explained by the increased flow of saliva, rich in calcium and phosphate, and by the shorter time that plaque pH is low and has the potential to cause demineralization.  Ay specific anti caries action of xylitol is therefore likely to be duet o its effect on plaque and plaque organisms. 

Clinical trials :

Clinical trials involving xylitol and other polyols can be divided into three main designs; total substitution of normal dietary sugars for xylitol, partial substitution, and supplementation of normal dietary sugars with xylitol or other polyols. 

Total Substitution Studies : 


The Turku sugar studies (Schenin A, Maikinen 1975)are one of the milestones of dental caries research.  The main study tested the effect of almost total substitution of normal dietary sugars with xylitol on development of dental caries over two years in adults.  This long term clinical trial was a great organizational feat since it involved the special manufacture and distribution of over a hundred food products. The daily consumption of xylitol was about 50 g per day. While the sucrose and fructose groups developed caries during the two year study, little caries developed in the xylitol group. There have been some criticisms of the study, especially regarding its design, since allocation to the various test groups was based mainly on personal preference, and the nature of the study excluded the possibility of it being blind.  In addition, groups varied with respect to their sweetener intake and possibly their dental health awareness. 


The caries data for buccal surfaces and approximal surfaces of teeth of subjects in the Turku study were analysed blind in greater detail. The buccal surfaces were photographed seven months after the beginning and at the end of the two year trial. While the area of white spots increased over the seventeen months in the sucrose group, the area decreased in the xylitol group : the author concluded that xylitol consumption caused remineralisation of incipient white spot lesions on buccal surfaces.  A quantitative measure of the mean size of lesions seen on bitewing radiographs was made using a digitized planimetric technique. The mean digitized planimetric technique. The mean lesion size increased in the sucrose group but there was no increase in the mean size of lesion in the xylitol group. 
Partial Substitution Studies and Confectionary Supplementation Studies : 

Since the Turku sugar substitution study, a number of clinical field trials have been conducted on daily use of xylitol products as part of the usual sugar containing diet either partial substitution or supplementation.  In two of these field trials  (Scheinin A et al,1985. Kandelman D et al 1988), xylitol was given as several items of confectionery while in other studies, xylitol was given in chewing gum only and these studies will be considered later. 

Both of the confectionery studies lasted three years. The 6-11 year old Hungarian children consuming xylitol confectionery developed 45% less caries than control children who consumed usual sugar confectionery.  Partial substitution of xylitol for dietary sugars had been intended in this trial but analysis revealed that the pattern of consumption of xylitol was largely additive; the frequency of sucrose consumption had not decreased.  The study therefore demonstrated the cariostatic effect of xylitol through its use as a supplement.  The field trial of Kandelman recorded 37% less caries in 6-12 years old Polynesian children who consumed upto 20 g xylitol confectionery per day compared with a control group who are sugar confectionery.  Both field studies were plagued by significant numbers of drop outs among subjects; approximately 30% in the Hungary study and 37% in the Polynesian study and the studies were not blind.  However, comparisons of the caries prevalence of participants and drop outs in this latter study demonstrated that, within each age group, there were only small differences in baseline mean caries values and that the participants and drop out in this latter study demonstrated that, within each age group, there were only small differences in baseline mean caries values and that the participants appeared to be a representative sample of the entire population. 
Chewing Gum Supplementation Studies : 

 The benefits of sugarless gum have been investigated in a number of clinical trials.  In some of these, the control group had chewed sugared gum, thus testing the substitution of polyols for sugar.  In other trials, the control group did not chew any gum, testing the beneficial effect of chewing sugarless gum its non or anti cariogenic properties. Follow on studies from these clinical trials of chewing gum have also been important in establishing the mechanism for the efficacy of sugarless gums. 

The one year Turku chewing gum study (Schenin et al 1975) assessed the effect on caries development of low doses of xylitol compared with the use of sugared gum, and showed a cumulative caries increment of +2.92 tooth surfaces in the group chewing sugared gum compared with a negative caries increment of -1.04 tooth surfaces in the group chewing a mean of 4.5 xylitol gums (each containing 1.5 xylitol) per day. 

A further two year study was designed to determine whether the daily use of xylitol gum increased the efficacy of routine caries preventive measures in 11-15 year old school children in Finland a country with low baseline caries levels.  After two years, this blind study showed a mean reduction in caries in the children chewing xylitol gum of 44% compared with the control group who did not chew any gum. The caries preventive effectiveness was observed three and five years after discontinuation of the use of xylitol – the greatest long term preventive effect being seen on second permanent molars which erupted during eh xylitol gum trial.  Scheie and Fejerskov, in their review of this trial, point out that an important factor to be considered in the interpretation of the results was the impact that chewing xylitol gum had on decreasing the intake of conventional solid sweets during the trial and they also suggest that participation in the trial may have raised oral heath awareness during the subsequent five years.  However, Isokangas stated that ‘the frequency of consumption of sweets was not, however, significantly affected by the use of xylitol gums’. 


The results of a similarly designed (although not blind) field study in Montreal (Kandelman D,1987)showed that children who chewed xylitol gum had significantly lower net progression of caries than the control group children after 24 months, and a significant number of reversals of carious lesions were seen in the test group suggesting that remineralisation had occurred. 


A series of double blind clinical studies carried out in Belize approximately 10 years ago were the first to provide direct comparisons between xylitol and sorbitol gums.  Before this study, trials of xylitol containing gum had given superior results to trials of sorbitol containing gums, but they had not been compared in the same trial. The trials investigated caries preventive effects in primary teeth of younger children and permanent teeth of older children. The study on older children included nine groups; testing, among other things, the effectiveness of chewing xylitol gum compared with chewing no gum and chewing a sugared gum.  Compared with the no gum control group, the relative risk of caries development for each of the groups was sugared gum 1.20 (i.e. an increase in risk); xylitol pellet five times per day 0.27 (i.e. a decreased risk of caries0; xylitol pellet three times a day 0.41; xylitol stick five times a day 0.44; xylitol stick three times a day 0.48.  The findings that the pellet gums with a harder texture were more effective than sticks and that chewing five times per day was better than three times a day, appear to confirm a dose response and/or suggest that factors related to stimulating salivary secretion are important in the sugar free chewing gum effect.  However, the more rapid release of xylitol from the coating of a pellet form may be a significant factor.  In the youngest children with primary teeth the use of all polyol gums resulted in a significant decrease of the caries onset rte (p<0.05) with no significant difference in the caries onset risk between xylitol stick gum and sorbitol stick gum. The largest caries risk reduction compared with no gum was found in the group receiving xylitol pellet gum (relative risk 0.35) and the sorbitol pellet gum (relative risk 0.44). 

The long term effects of chewing sugar free gum were demonstrated by Hujoel et al.1999, five years after the two year Belize chewing gum programme ended.  In this blind follow-up study, sylitol gum had reduced the caries risk by 59% and sorbitol gum by 35% compared with a no gum group.  In  view of the long term caries risk reduction of 93% found after 1-2 years of gum chewing compared with no gum, the authors concluded that the optimum time for introducing gum for caries prevention should be atleast one year before permanent teeth start to erupt. 
Xylitol Candies versus Chewing Gum Study: 

A recent clinical study in Estonia(Alanen P et al, 2000) tested the effect of dietary supplementation of two types of xylitol candies and xylitol gum on dental caries occurrence compared with a control group who received no supplements. The subjects of the study were children aged ten years who were given two pieces of gum or two candies three times a day on school days. A double blind design was possible between the uses of the two candies, but not between candy and gum use. The gum was chewed for ten minutes and then collected for disposal while the candies were consumed in the usual way, the authors reporting that it took approximately the same time for the candies to disappear from the mouth. The results showed that, for each cluster of schools, the caries increment was 35% - 60% higher in the control group who received no supplements than in the xylitol groups. Furthermore, there was no difference between the two groups consuming xylitol candies and xylitol chewing gum. 
Mother and Child Study: 

This innovative clinical study (Soderling E et al, 2000) initially investigated the effect of a mother’s habitual xylitol consumption on transmission of mutans streptococci to her child. The 106 mothers randomly allocated to the first study group chewed xylitol gum at least two to three times a day, starting three month after the birth of their child. There were two other study groups; in one, thirty mothers received chlorhexidine varnish six, twelve and eighteen months after delivery; in the other, fluoride varnish was used at the same intervals. The children received no intervention. Follow up studies (Isokangas et al. 2000, Soderling et al 2001) have looked at the occurrence of dental decay in children as well as their plaque and salivary colonization with mutans streptococci at three and six years of age.  There was a 74% reduction in dmft seen in the 5 year olds whose mothers had used the xylitol around the period described as the discrete window of infectivity compared with children whose mothers had used chlorhexidine.  There was a 71% reduction in dmft seen in the 5 year olds whose mothers had used the xylitol compared with children whose mothers had used fluoride varnish.  In all three groups, children in whom Streptococcus mutans had not been detected at two years of age showed lower caries experience at all annual examinations than children who had been colonized with mutans streptococci. 
XYLITOL COMPARED WITH OTHER NON-SUGAR BULK SWEETENERS  

All the bulk sweeteners listed have been investigated and shown to be non-cariogenic or to have very low cariogenic potential. The amount and type of evidence varies greatly between sweeteners, with xylitol and sorbitol being the most thoroughly investigated. 

Studying the fermentability of sweeteners by plaque and plaque organisms is the simplest type of investigation; these can be carried out entirely in vitro or in the mouth where they are known as plaque pH experiments.  One study reported xylitol fermentation by plaque bacteria, however, these bacteria represent only a small proportion of plaque organisms and, in mixed cultures, they were outgrown or their acid production masked by the activities of other microorganisms.  In contrast, sorbitol, manitol, lactitol, maltitol, hydrogenated glucose syrup and isomalt are all fermented slowly by plaque organisms but the rtes are very much slower than that for sucrose or fructose. 

Reduction in plaque quantity on using xylitol appears to be a reflection not only of the non-fermentability of xylitol, ensuring its non availability metabolically as an energy source for oral bacteria, but also its ability to change the adhesive and cohesive properties of plaque leading to decreased plaque quantity. A number of chewing gum studies, in particular, have investigated changes in plaque quantity after use of xylitol, sorbitol or xylitol sorbitol mixtures.  Most of these studies show that while plaque quantity reduces with xylitol, there is little change in the plaque quantity after the use of sorbitol; with the xylitol-sorbitol mixtures reducing the plaque quantity compared with sorbitol but not as much as with xylitol only.  The clinical significance of these changes, however, has been questioned. If one accepts that reduced adhesion of plaque organisms was the major explanation for the fairly large dental effect of xylitol in the mother and child study, inclusion of a sorbitol group into any further study would be helpful.  Xylitol would appear to have a unique effecting reducing adhesion and it could be expected that other polyols might not show this clinical effect. 

Reports of the first clinical trials of sorbitol chewing gums appeared thirty five years ago.  Caries increments were much less with their use compared with sugared gums. Since then, many clinical trials and field studies have indicated the dental benefit of chewing gum and other confectionery made with sorbitol, hydrogenated glucose syrup, as well as xylitol. The majority of studies tested xylitol and results indicate that dental effects seemed to be grater with xylitol, but it was not until the Belize study that sorbitol and xylitol were compared ‘head to head’.  The results showed clearly that xylitol in gum was superior to sorbitol, and that mixtures of xylitol and sorbitol were not as good as xylitol but were better than sorbitol alone. The results of the study in older children recorded that, compared with the no gum control group, the relative risk for xylitol pellet gum used five times daily was 0.27 (i.e. a decreased risk of caries) and for sorbitol pellet gum used five times daily 0.74.  These equate to 73% and 26% reduction in caries development respectively.  Two different ratios of xylitol to sorbitol were also investigated; the 3:2 xylitol : sorbitol gum gave an odds ratio of 0.56, while the 1:3 xylitol : sorbitol gum gave an odds ratio of 0.49.  The xylitol: sorbitol mixtures were more effective in educing caries risk than sorbitol alone, but were less effective than xylitol alone. In the study of younger children with primary teeth all polyols gums resulted in a significant decrease of the caries onset rate; the difference in the caries onset risk between xylitol stick gum and sorbitol stick gum was not statistically significant.  The largest caries risk reduction compared with no gum was found in those children receiving xylitol pellet gum and the sorbitol pellet gum (relative risks 0.35 and 0.44 respectively). 

In summary, xylitol exhibits dental health benefits which are superior to other polyols in all areas where polyols are shown to have an effect.  In addition, xylitol’s specific effects on oral flora and especially on certain strains of mutans streptococci and to its caries-preventive profile and give it a potentially unique role in caries prevention. 
OTHER ISSUES RELATED TO XYLITOL USE: 

While some of the intense sweeteners are cheaper than sugar, for any given level of sweetness, all the bulk sweeteners are more expensive than sugar.  This means that while sugar free soft drinks should be no more expensive than sugared drinks, sugar free confectionery should be more expensive than its sugar containing counterparts.  While sorbitol is about twice as expensive as sucrose, xylitol is about six times the price of sucrose. 

The flavor profile of bulk sweeteners is generally considered to be good and combinations of sweeteners are often used to produce the best sweet taste.  In addition, a cool sensation is experienced when eating polyols due to the unusual property of a negative heat of dissolution. 


Perhaps the biggest potential disadvantage of polyols is their liability to cause osmotic diarrhea if eaten in large amounts.  For xylitol, little discomfort is experience with intakes of about 20 g per day, although threshold levels will be lower for children.  It should be remembered that adults in the Turku sugar studies consumed about 50 g of xylitol per day for two years; only one of the 52 subjects with drew from the study because of intestinal discomfort.  In Switzerland and Finalnd, countries with high levels of consumption of polyols by children, intestinal discomfort does not appear to be a problem. 

IS XYLITOL A UNIQUE MAGIC BULLET? 

In one of the earliest reviews, Bar concluded that ‘xylitol may be regarded as the best of all nutritive sugar substitutes with respect to caries prevention’.  He drew attention to human studies which showed ‘massive reductions in caries following consumption of relatively small amounts of xylitol’ but stated that consensus on anti-cariogenic status of xylitol had not been reached.  Soderling and Scheinin also commented that ‘partial substitution of dietary sucrose by low doses of xylitol was associated with pronounced caries reduction and that the favourable action of xylitol was likely to be multi factorial, but did not conclude that xylitol was anti-cariogenic.  Makinen reviewed the large amount of evidence on this topic and concluded ‘all adequately supervised clinical caries studies have yielded essentially identical results providing evidence of the cariostatic and even anti-cariogenic effect of xylitol. 

Imfeld reviewed the clinical caries studies of polyalcohols and concluded that sorbitol, mannitol, xylitol, maltitol, lactitol, hydrogenated glucose syrup and isomalt have all been proven to be non cariogenic or of extremely low cariogenicity in rat caries experiments and/or human clinical studies.  He started that claims of possible active effects of xylitol due to its bacteriostatic and/or cariostatic properties have not yet been substantiated in clinical trials.  Following publication of further studies, Tarhan concluded that the reduction in dental caries associated with xylitol consumption could be attributed mainly to xylitol not being significantly metabolized by the oral microflora, and other mechanisms, mostly saliva and plaque related.  More recently, Levine, in a briefing paper on xylitol, described xylitol as exhibiting both passive and active anti-caries properties. 

Scheie and Fejerskov agreed that all clinical studies concerning the effect of xylitol on caries development consented to its non cariogenicity.  However, they felt that claims that xylitol possessed anti caries or therapeutic effects and was superior to other polyols were still to be confirmed ‘by well designed and conducted studies from independent research groups.  Recognition of the need for independent research is an important recurring issue in the xylitol debate. This appears to have arisen since much of the research into xylitol has been carried out by one group of researchers led by Dr.K.K.Makinen.  In contrast to the conclusions of Scheie and Fejerskov mentioned above, Makinen, in an editorial published concurrently in the same journal stated that there is enough scientific evidence to argue that there indeed exists a pentitol-specific or a xylitol specific caries preventive effect that is different from that exerted by hexitols such as sorbitol. 

Very recently in the United States, Hayes reviewed the evidence for the effect of non cariogenic sweeteners on the prevention of dental caries, particularly n relation to criteria for causality consistency, strength, association, biologic plausibility, temporal sequence and dose response relationship.  She concluded that ‘Given that several of the criteria for causality are met, it is concluded that xylitol can significantly decrees the incidence of dental caries’. 

The dramatic effects of consuming small amounts of xylitol referred to by Bar above, were observed in chewing gum studies, and one of the difficulties has been to distinguish between the caries preventive effects of salivary stimulation due to chewing gum, and xylitol.  One pointer is that xylitol gum was more effective than sorbitol gum in the Belize trial.  Another approach has been to compare the effect of chewing xylitol gum with chewing an unsweetened gum base.  Two such studies have been undertaken one short term plaque study in habitual xylitol consumers showed a xylitol specific effect and the other study a 3 year community intervention trial did not, although this study did have some problems in its design which may have been reflected in the results.  Of some relevance is the Estonian xylitol trial, which compared the dental effect so xylitol in candy and chewing gum form.  Although sucking the candy stimulated salivary flow, the results suggested that the xylitol was active in caries prevention, as well as the form of the vehicle used (i.e. chewing gum or sucking candy).  The favorable properties of xylitol within plaque are likely to explain xylitol’s superior caries preventive effectiveness.  Those most likely to be of clinical relevance are : xylitol’s superior caries preventive effectiveness.  Those most likely to be of clinical relevance are ; xylitol’s non-fermentability by plaque micro-organisms, selective reduction of mutans streptococci in plague an selection within plaque of xylitol resistant mutans streptococci which appear o have reduced adherence and therefore reduced transference.  The remarkable result of the mother and child study has been explained by the reduced transmission of plaque micro-organisms from mother to child.  Only one chewing gum group (using xylitol gum) was included in this trial; it is hoped that this mother and child trial will be replicated and, if so, a clearer idea of the clinical importance of reduced transference would emerge if a sorbitol gum group were to be included in this trial. 

In summary, from the available evidence it can be concluded that ; 

· Xylitol is non-cariogenic
· Xylitol in chewing gum is anti-cariogenic as are other polyols in chewing gum

· The inhibition of mother/child transmission of cariogenic oral flora leading to reduced caries development in young children is caries preventive; and 
· The dental properties of xylitol are superior to other polyols so far investigated this is likely to be due to a combination of several specific effects of xylitol as well as the general effects of polyols in sucrose substitution and saliva stimulation. 

Xylitol exhibits dental health benefits which are superior to other polyols in all areas where polyols have been shown to have an effect.  In addition, xylitol’s specific effects on oral flora and especially on certain strains of mutans streptococci added to its caries preventive profile and give it a unique role in preventive strategies for dental health7. 
Clinical trials with sorbitol:

In the first clinical study with sorbitol, children receiving sorbitol tablets developed 48% less caries than control children that did not get tablets (Slack et al 1964).  However, frequency of intake and quantity of consumption were not reported.  In an early chewing gum study, children that used sorbitol gum 3 times daily had 10% less caries over a 2 year period compared to control children that got no chewing gum (Moller and Poulsen, 1973; Moller, 1977).  A 3-year study in Hungary revealed a 48% caries reduction in children using chocolate sweetened with sorbitol compared to children eating sucrose-sweetened chocolate (Banoczy et al 1981).  A test group of 7 to 11 year old children consuming 2 sorbitol gums per day did not develop less caries in a 2 year period than control children not receiving gums (Glalss, 1983).  The effect of chewing sorbitol gums 3 times daily after meals at school was only small compared to no gum chewing (Beiswanger et al 1998).  The effect was 8% in the total group and 11% for the children at high risk for caries.  No significant caries reductions were observed of 3 nor of 5 times daily chewing at school of a gum sweetened with 55.5% sorbitol and 4.3% xylitol and containing 2% carbamide compared to no gum chewing at school (Petersen and Razanamihaja, 1999).  A recent 3 year study performed at schools in Lithuania showed no statistically significant reduction in the increment of cavitated lesions after the use of two types of sorbitol gums compared to when no gums were delivered at schools Machiulskiene et al 2001).  When non-cavitated lesions were included in the results, a significant 27% reduction was found for one of the sorbitol gums tested.  The other sorbitol gum was not effective.  In another study, an approximately 38% caries reduction (33 when white spot lesions were included in the analysis) was observed in children that were instructed to use sorbitol gum (65% sorbitol and mannitol) after breakfast (supervised at school), lunch (supervised at school) and evening meal (unsupervised at home) compared to a group that chewed no gums after meals (Szoke et al, 2001). A 40 month study designed to measure the relative effects of chewing gums sweetened with sorbitol alone, sorbitol/xylitol mixtures and xylitol alone (Belize study) showed that originally 10 year old children chewing sorbitol pellet gums 5 times daily developed 26% fewer caries lesions compared to no-gum chewers and 37% compared to children using sugared chewing gum (Makinen et al, 1995).  In 6 year old children, chewing sorbitol pellet gum resulted in a 55% decrease in the caries increment in the primary dentition when the children wee compared to no gum users after the 2 year evaluation period (Makinen et al 1996).  When sorbitol stick gums were chewed, the reduction was 30%. 

In conclusion, most clinical trials with sorbitol sweetened gums indicate that between or after meal consumption of sorbitol sweetened chewing gum has a caries preventive effect in comparison with controls without gum use.  The effectiveness may vary between 0 and 30% for the permanent dentition. Chewing sorbitol gum may also be effective in the prevention of caries in the primary dentition.  But because of the limited number of studies, it is impossible to quantify this effect. 
Clinical Trials Comparing the Effects of Chewing Xylitol or Sorbitol Gum: 

Up till now only 4 clinical trials have attempted to compare the caries preventive effect of xylitol and sorbitol in the same setting. The results of these studies are equivocal. In the Belize study (Makinen et al, 1995) the lowest caries onsets varying from 4.6 to 7.8 lesions per 1,000  surfaces per years were observed among initially 10-year old children that chewed xylitol pellet gums 5 times daily or xylitol sticks 3 times daily.  Those children who chewed 5 sorbitol pellets a day developed 12.6 caries lesions per 1,000 surfaces per year.  These results indicate that xylitol is superior to sorbitol in reducing the risk of caries onset.  The difference should, however, be interpreted with caution. An important confounder may be the drop-out rate, which was as low as 7% in the sorbitol group, but 24 and 49% in the xylitol groups, respectively.  For 6 year olds in the Belize study (Makinen et al, 1996) the caries increments in the primary dentition were not statistically significantly different between the xylitol and sorbitol gum chewers.  The caries risks for a primary tooth surface in the xylitol pellet and sorbitol pellet gum groups were 1.8 and 2.2% per year, respectively, while in the no gum group 5% of the primary tooth surfaces developed caries.  When the children used gum sticks sweetened with either xylitol or sorbitol, 2.4 and 3.7% respectively, of the primary tooth surface developed caries within 1 year.  Hence, the pellet gums tended to perform better than the stick gums. The study groups were not completely homogeneous with regard to socio-economic factors; furthermore, the xylitol pellet gum group comprised less than half the number of children as did the other groups. 

In the Lithuanian chewing gum study with 9 to 14 year old children, the xylitol gum group (mean 3 year caries increment 8.1 DMFS) did not perform statistically significantly better than the sorbitol gum group (mean 3 year caries increment 9.0 DMFS) (Machiulskiene et al 2001).  In this study, the children in the xylitol group were slightly younger and had fewer surfaces present than children in the sorbitol group at the start of the experiment.  However, the statistical analyses were adjusted for the effects of age, gender, number of erupted surfaces and baseline DMFS values. 
In elderly individuals the effect of polyol sweetened gum and draggers on root surface caries was studies in two small groups of approximately 40 individuals each.  Approximately 15% of the subjects used gum, the others used the draggers. N the xylitol group there were 2.6 lesion onsets per 1,000 surfaces a year contrasting with onsets in the sorbitol group (Makinen et al 1996).  Potential confounders of this study were related to the fact that the individuals in the xylitol group were younger than the individuals in the sorbitol group, and the prebaseline root surface caries increments rates were lower in the sorbitol than in the xylitol group. 
In conclusion, superiority of xylitol is not supported in 2 out of the 4 studies comparing the caries-preventive effect of xylitol-and sorbitol sweetened gum directly8. 
. 
CPP- ACP
Several authors have observed an inverse association of plaque calcium and inorganic phosphate levels with caries experience (Dawes and Jenkins, 1962; Kleinberg et al, 1969; Ashley, 1975, Schamschuyla et al 1977; Shaw et al 1983).  Dawees and Jenkins (1962) have suggested that the lower susceptibility of the mandibular anterior teeth to caries is related to the higher calcium and inorganic phosphate levels in plaque taken from these teeth compared it plaque taken from other areas of the mouth. Similarly, Shaw et al (1983) found that levels of both calcium and inorganic phosphate were significantly higher in plaque taken from children with no caries experience than the corresponding levels in plaque taken from children with high caries activity.  In a longitudinal study, the plaque levels of calcium and inorganic phosphate at the commencement of the study were shown to be inversely correlated with the caries increment of male children over a two year period (Ashley, 1975). 



Dairy products (milk, milk concentrates, and cheeses) have been shown to be anticariogenic in animal and human in situ caries models (Reynolds and Johnson, 1981; Rosen et al, 1984; Harper et al, 1986, 1987 ; Krobicka et al, 1987; Silva et al, 1987, Reynolds and Black, 1987).   Krobicka et al (1987) demonstrated a topical anticariogenic effect of cheddar cheese in rats with their submandibular / sublingual glands surgically removed and parotid ducts tied. The effect could not be attributed to a change in level of infection of Streptococcus sobrinus and so was attributed to a direct chemical effect by cheese components.  Similarly, Harper et al (1986) tested the anticariogenic potential of four cheeses with different levels of fat, protein, calcium and phosphate in the rat model.  They concluded that the protective effect was best attributed to the phosphoprotein casein and calcium phosphate contents of the cheese.  A similar conclusion was reached by Silva et al (1987), using a human intra-oral caries model. These authors showed that a water extract of cheddar cheese significantly reduced enamel softening without affecting resting or minimum plaque pH values.  The cheese extract significantly increased the level of calcium in the experimental plaque, and so the authors concluded that the protective effect was associated with depression of enamel demineralization and/or enhancement of remineralization. 

Reynolds (1987) using an in situ caries model, showed that exposure of inset-enamel plaque to solutions containing tryptic peptides of casein significantly reduced enamel subsurface demineralization. The casein peptides were incorporated into the inset enamel plaqe and were associated with an increase in the plaque’s content of calcium and phosphate.  It was concluded that the tryptic peptides responsible for caseinate’s anticariogenic activity were the calcium-phosphate stabilizing casein phosphopeptides (Reynolds et al 1995).  These casein phosphopeptides (CPP) contain a cluster of phosphoseryl residues in the motif – Ser (P) – Ser (P) – Glu-Glu- which markedly increase the apparent solubility of calcium phosphate (Reeves and Latour, 1958) by stabilizing Amorphous calcium phosphate (ACP) under neutral and alkaline conditions, forming metastable solutions that are supersaturated with respect to the calcium phosphates (Holt and van Kemenade, 1989; Reynolds et al, 1995).  At 1.0% w/v, CPP stabilize 60 mmol/L CaCL2 and 36 mmol/L sodium phosphate at pH 7.0 through the formation of colloidal casein-phosphopeptide calcium-phosphate complexes (CPP-CP).  CPP-CP solutions, when applied to the molar teeth of rats twice daily, reduced caries activity of the animals, with 1.0% CPP-CP producing a 55% reduction relative to the distilled water control (Reynolds et al 1995). CPP-ACP at 0.5 to 1.0% produced a reduction in caries activity similar to that of a 500 ppm F- solution and did not significantly affect the bacterial composition of fissure plaque.  Since CPP-CP have been found to increase the levels of calcium and phosphate in plaque up to five fold in human in situ caries models and short term mouth wash studies (Reynolds, 1987, 1991) the proposed mechanism of their anticariogenicity is that they act as a calcium phosphate reservoir, buffering the activities of free calcium and phosphate ions in the plaque fluid helping to maintain a state of supersaturation with respect to enamel mineral, hereby depressing enamel demineralization and enhancing remineralization (Reynolds, 1991). 

These results therefore support the proposed anticariogenic mechanism of the CPP-CP being the incorporation of calcium phosphate into plaque.  However, the majority of the calcium phosphate stabilized by the CPP is in the form of ACP bound to the phosphopeptides (Reynolds et al 1995).  Recently, Clarkson et al (1991) suggested that the presence of soluble phosporoproteins from dentin inhibited remineralization of root caries.  The release of the soluble phosphoprotein into the remineralizing solution presumably complexed the calcium phosphate of the solution, reducing the activities of the calcium and phosphate ions such that remineralization was inhibited. 

CPP-stabilized calcium phosphate solutions can remineralize enamel subsurface lesions at rates of 1.5 to 3.9 x 10-8 mol hydroxyapatite m-2s-1.  By stabilizing calcium phosphate, the CPP facilitate the presence of high concentrations of calcium and phosphate ions and ion pairs in solution, hereby generating large-concentration gradients into the enamel subsurface lesion (Reynolds 1997)9. 
Mechanism of action: 
               Casein phosphopeptides (CPP) containing the sequence Ser(P)-Ser(P), Ser-(P)-Glu-Glu stabilize nanoclusters of amorphous calcium phosphate (ACP)in metastable solution (Reynolds, 1998; Reynolds et al 1999).  The multiple phosphoseryl residues of the CPP bind to forming nanoclusters of ACP in supersaturated solutions, preventing growth to the critical size required for phase transformations. Casein phosphopeptide amorphous calcium phosphate nanocomplexes (CPP-ACP) have been demonstrated to have anticariogenic potential in laboratory, animal, and human in situ experiments (Reynolds et al 1995, 1999; Reynolds, 1997; Rose, 2000, Shen et al 2001). The CPP-ACP reduced caries activity in specific pathogen free rats orally infected with Streptococcus sobrinus when applied to the animal’s molar teeth as a solution twice daily (Reynolds et al 1999).  Recently, Shen et al (20010 have shown that 18.8 mg and 56.4 mg of CPP-ACP in a sugar free chewing gum enhanced remineralization of enamel subsurface lesions in situ by 101% and 151% respectively, when compared with the control sugar free gum not containing CPP-ACP. The proposed anticariogenic mechanism of CPP-ACP is the incorporation of the nanocomplexes into plaque and onto the tooth surface.  The localized CPP-ACP nanocomplexes purportedly then act to buffer the free calcium anti phosphate ion activities, thereby maintaining a state of supersaturation with respect to tooth enamel, preventing enamel demineralization and promoting remineralization10.  

The benefits of having a large source of calcium and phosphate at or near the sites of possible demineralization are clear.  There can be little doubt that, when present, CPP-ACP will release calcium and inhibit demineralization, enhance remineralization, or possibly both.  However, there are two other potentially important modes of action that should be addressed.  Schupbach et al (1996) demonstrated that incorporation of CPP into the salivary pellicle substantially reduced the adhesion of mutans streptococci and suggested that this relatively selective inhibition would eventually produce a non-cariogenic plaque.  From this work, it is clear that CPP-ACP will compete with calcium for plaque calcium binding sites, and this will reduce the degree of calcium bridging between the pellicle and adhering cells and between the cells themselves, going someway to providing a mechanism to explain the findings of Schupbach et al (1996). 

Additionally, there is evidence that high extracellular free calcium concentrations may have bactericidal or bacteriostatic effects.  Kobayashi et al (1978) suggested that the ATP-dependent calcium export system may be unable to cope with the high calcium concentrations and low external pH conditions which are present during a cariogenic episode. Trobe et al, (1992) found that calcium concentrations of greater than 1 mmol/l induce streptococcal membrane permeability and partially sis.  It is possible that the ecological significance of the high calcium  inducing capacities which have been found (Rose et al 1993; Rose et al 1994) and the export of metabolically expensive lipoteichoic acid with its own considerable calcium binding capacity (Rose ad Hogg, 1995) may be a means of protecting the cell from high free calcium concentrations by sequestering a large proportion of the total available.  Hence, it is possible that by forcing the maintenance of high free calcium, CPP-ACP may have an additional anti-plaque effect. 


Each of the potential modes of action for CPP-ACP (inhibition of demineralization, enhanced remineralization, reduced adherence and bacteriostatic / bacteriocidal effects) is mirrored by similar effects from the single most useful anticaries agent, fluoride.  Given that CPP-ACP can be incorporated into foodstuffs and demonstrates none of the adverse effects of fluoride overuse (fluorosis at moderate doses and toxicity at higher doses), it is possible that this product may become an important anti-caries agent in the future. 


In summary, CPP-ACP will bind well to plaque and will thus provide a large calcium reservoir within the plaque.  Hence, application of CPP-ACP to plaque may cause a transient rise in plaque fluid (Ca2+) which may assist remineralization, and subsequently, bound CPP-ACP will form a reservoir of available calcium to combat demineralization.  Binding at lower pH is not greatly different considering that delivery will always occur at near neutral pH values.  Overall, once in place, CPP-ACP is likely to restrict the caries process4. 

CPP preparations are available commercially as topical gels with thixotropic properties (CalPep) for clinical use.  CPP products have also been developed for use as a dentifrice or mouthrinse and as topical treatments for desensitization of dentine.  Fluoride can be combined with CPP and the combination is mutually beneficial, since the fluoride can inhibit bacterial phosphatase and peptidase enzymes which can destroy the ionic binding properties of CPP3. 
CPP- ACP Chewing gum & Mouth rinses:

Caries clinical trials of sugar-free chewing gum have shown that the gum is non-cariogenic and, in fact, can have an anticariogenic effect through the stimulation of saliva (Moller and Poulsen, 1973; Glass, 1983; Kandelman and Gangnon, 1990; Makinen et al, 1995; Beiswanger et al 1998). Sugar free gum, therefore, maybe an excellent delivery vehicle of a safe and effective additive capable of promoting enamel remineralzation. 

Determine the ability of CPP-ACP in sugar free chewing gum to remineralize enamel subsurface lesions in a human in situ model.  The addition of CPP-ACP to either sorbitol or xylitol based gum resulted in a dose related increase in enamel reminerlization, with 0.19, 10.0, 18.8, and 56.4 mg of CPP-ACP producing an increase in enamel reminerlization of 9, 63, 102 and 152% respectively, relative to the control gum, independent of gum weight or type9. 


A double-blind randomized study (Lijima Y, et al 2004), crossover design with two treatments; (i) sugar-free gum containing 18.8 mg of CPP-ACP, and (ii) sugar free gum  not containing CPP-ACP as control.  Subjects wore removable palatal appliances with units of human enamel containing demineralized subsurface lesions and chewed the gum for 20 minutes 4 times per ay for 14 days. After each treatment the enamel slabs were removed and half of each lesion challenged with acid in vitro for 8 or 16 h.  The level of remineralization was determined using microradiography.  The gum containing CPP-ACP produced approximately twice the level of remineralization as the control sugar free gum. The 8 and 16 hour acid challenge of the lesions remineralized with the control gum resulted in 65.4 and 88.0% reductions, respectively, of deposited mineral, while for the CPP-ACP remineralized lesions the corresponding reductions were 03.5 and 41.8%. The acid challenge after in situ remineralization for both control and CPP-ACP treated lesions resulted in demineralization underneath the remineralized zone, indicating that the remineralized mineral was more resistant to subsequent acid challenge. The results show that sugar free gum containing CPP-ACP is superior to an equivalent gum not containing CPP-ACP in remineralization of enamel subsurface lesions in suit with mineral that is more resistant to subsequent acid challenge10. 


Compare the ability of CPP-ACP, with that of other forms of calcium, to be retained in supragingival plaque and remineralize enamel subsurface lesions in situ when delivered in a  mouth rinse or sugar free gum in randomized, double blind trials.  In the mouth rinse study, only the CPP-ACP containing mouthrinse significantly increased plaque calcium and inorganic phosphate levels and the CPP were immnolocalized to the surfaces of bacterial cells as well as the intercellular matrix.  In the chewing gum studies, the gum containing the CPP-ACP, although not containing the most calcium per piece of gum, produced the highest level of enamel remineralization independent of gum chewing frequency an duration. The CPP could be detected in plaque extracts 3 hours after subjects chewed the CPP-ACP containing gum.  The results showed that CPP-ACP containing gum. The results showed that CPP-ACP were superior to other forms of calcium in remineralizing enamel subsurface lesions10. 

 Tooth Mousse 


GC Tooth Mousse is a water based, sugar free crème containing Recaldent®  CPP-ACP (Caesin Phosphopeptide – Amorphous Calcium Phosphate).  


When CPP-ACP is applied to the tooth surfaces, it binds to biofilms, plaque, bacteria, hydroxyapatite ad surrounding soft tissue localizing bio-available calcium and phosphate. Saliva will also enhance the effectiveness of CPP-ACP and the flavour of the tooth mousse will help to stimulate saliva flow. The longer CPP-ACP is maintained in the mouth, the more effective the result. 


There is a wide range of benefits for GC Tooth Mousse.  It can be used to provide protection for teeth and to help neutralize an acidic oral environment. Additional professional applications of the mousse will be immediately following bleaching, after ultrasonic, hand scaling or root planning, after removal of orthodontic brackets, following professional tooth cleaning (P.T.C.), after application of topical fluoride and also to provide a topical coating for patients suffering from erosion, caries and conditions arising from xerostomia. 


To provide a variety of choices for individual patients, GC Tooth Mousse is available in 5 delicious flavours namely, Strawberry, Melon, Vanilla, Mint and Tutti Frutti. 


In terms of the binding properties of Tooth Mousse, CPP-ACP binds to oral soft tissues, to dental pellicle and also to plaque.  This binding elevates the salivary levels of calcium and phosphate for extended periods.  For this reason, tooth mousse works best in patients when it is applied at night before bed, since the salivary clearance rate is low during sleep.  In patients who need intensive treatment, then a twice daily application is sufficient in most individuals. It is recommended that Tooth Mousse be applied immediately after flossing and brushing with a 1000 ppm fluoride toothpaste, particularly at night before bed. 


Recaldent® CPP-ACP, the active ingredient of Tooth Mousse, is extremely effective for desensitizing, and this is due to the combination of surface effects and its ability to remineralise hard tissues. 


Studies at the University of Melbourne have demonstrated that Recaldent® CPP-ACP significantly increases the uptake of fluoride into the tooth enamel creating fluorapatite that is more resistant to acid challenge.  Thus tooth mousse is recommended for treatment of patients of both high and low caries risk. 


In patients who use no fluoride products, Recaldent® CPP-ACP will still be effective since in all patients thee are halo effects of fluoride in the diet.  CPP-ACP is able to remineralise tooth structure in the complete absence of fluoride, and this is through the formation of hydroxyapatite. 

Clinical Applications for Tooth Mousse : 

· White spot prevention / removal (during / after orthodontic bracket treatment)

· Post bleaching

· Post scaling and root planning

· Dentinal hypersensitivity

· Treatment of erosion and incipient carious lesions

· Caries prevention

· Promote fluoride uptake. 

It should not be used on patients with milk protein allergies11. 

Dicalcium phosphate dihydrate (DCPD)

Dicalcium phosphate dihydrate (DCPD/CaHPO4.2H2O) is an acidic calcium phosphate phase which can form from tooth mineral under caries like conditions (Brown et al, 1975; Davidson and Arends, 1975; Purdell Lewis et al 1979).  It has been proposed as a precursor to hydroxyapatite formation in bone (Betts et al 1979; Francis and Webb 1971), in calculus (Jensen and Dano, 1954) and in urinary calculi (Pak et al, 1971).  In the absence of fluoride, DCPD has been proposed as essential in the development of subsurface enamel lesions (Moreno and Zahradnik, 1974).  Ample evidence, therefore, exists to implicate this calcium phosphate phase in the caries process. 

The reaction of DCPD with fluoride to form fluorapatite (FAP) proceeds quite rapidly under appropriate conditions and can be a mechanism for the incorporation of permanently bound fluoride (Chow and Brown, 1975).  If high concentration fluoride solutions are used, then calcium fluoride will be the main reaction product (Chow and Brown, 1973; Wei et al 1974).  Under the acidic conditions of caries formation, the presence of calcium fluoride facilitates the conversion of DCPD to FAP with better crystaliity (Tung et al 1985).  The two step treatment regimen proposed for topical fluoridation of enamel has recently been studied in a clinical trial (Chow et al, 1981).  Unlike most topical fluoride agents, the DCPD/APF treatment showed continued fluoride uptake between the one and three month recalls.  Presumably, fluoride from the oral environment continued to react with the DCPD treated enamel. 

Laboratory studies of the two step (DCPD/APF) treatment regimen have also shown significant fluoride uptake, inhibition of lesion formation (Crall et al 1982), and continued fluoride uptake from an inorganic wash solution containing calcium phosphate, and fluoride (Crall and Bjerga, 1986).  These studies suggested to us that the use of a saturated DCPD solution may be an effective means of rematerializing the early white spot lesion. 


An advantage of the two step treatment regimen is that pre-treatment and the fluoride treatment can be individually optimized.  While this regimen was postulated to enhance fluoride uptake.  J.S.Wefel and J.D.Harless felt that saturated DCPD pre-treatments followed by low fluoride containing calcifying solutions may prove beneficial in terms for mineralization as well.  

The acidic pH of the DCPD solution may also increase diffusion pathways from the surface into the body of the lesion. This may be similar to the effect noted by Hicks and Silverstone (1984), where phosphoric acid etching of caries like lesions produced more porous, yet intact, surface zones which purportedly may facilitate subsurface remineralization. The two step treatment regimen resulted in considerable reduction in the internal pore volume within the body of the lesion12.
(-tricalcium phosphate:

It was demonstrated (Vogel et al 19998) that when an acidic gum was used to increase the solubility of a calcium phosphate additive ((-tricalcium phosphate), a substantial increase in plaque fluid and saliva calcium and phosphate could be attained in subjects who chewed the gum following a sucrose rinse.  These increases raised tooth mineral saturation in plaque fluid high enough to cancel entirely any decrease in saturation induced by the sucrose rinse.  However, with the use of a control gum following a sucrose rinse, a substantial decrease in saturation still occurred. Thus, the experimental gum appears to be more effective than a conventional gum in ameliorating a cariogenic challenge that occurred prior to gum chewing.  Large increases were also seen in this study in the total calcium and phosphate content of whole plaque. 


Previously, large increases in the amounts of these ions in the fluid phase of saliva were found in samples collected immediately after subjects chewed gums containing other soluble calcium phosphate compounds (Chow et al 1994) and recent studies have indicated a similar increase with the (-TCP additive used here.  These results suggest that the increased whole saliva calcium and phosphate following the use of experimental gum are primarily due to the formation of new salivary reservoirs rather than to the release of undisclosed particles of (-TCP, as was suggested with DCPD containing gums (Pickel and Bilotti, 1965). 


The major value of the (-TCP fortified acidic gum, in the absence of a challenge, may be the deposition of acid labile calcium and phosphate plaque deposits rather than the direct production of significant remineralization conditions.  However, it should be noted that recent studies suggest that a higher concentration of (-TCP, or the use of separate calcium and phosphate compounds, may be more efficacious in this regard than the mass fraction 2.5% (-TCP additive tested here.  Finally, although the possibility of calculus formation from topical calcium and phosphate treatments appears to be minimal (Vogel et al 1998), the effect of their continued use is not known13. 

Calcium carbonate (CaCO3)

Calcium carbonate (CaCO3) is an alkaline, buffering agent used in dentifrice as an abrasive (Forward, 1980).  It is compatible with sodium monofluorophosphate (MFP). This formulation was more effective than a silica-based (SiO2) formulation regarding the inhibition of enamel demineralization (Cury et al 2003). 


The fluoride dentifrices, either SiO2  or CaCO3  based were statistically more effective than the negative control in remineralizing enamel (p<0.05), when this surface was covered with test plaque.  However when the enamel surface was clan, only the CaCO3  based dentifrice was statistically more effective than the negative control (p<0.05). 


In the absence of test plaque, the remineralization observed with the SiO2 based MFP dentifrice did not differ statistically from the negative control, but the CaCO3  based one did.  


In conclusion, a CaCO3 / MFP based dentifrice has potential to interfere with dental caries, because it is able either to inhibit enamel demineralization (Cury et al 2003) or to enhance its remineralization14. 

Calcium Phosphate: 

Chewing gum containing calcium phosphate compounds has been shown to elevate the salivary (Pickel and Bilotti 1965) and plaque (Reynolds et al 2003) calcium and phosphate concentrations, and reduce the incidence of dental caries (Fin and Jamison, 1967; Richardson et al 1972).  


Itthagarun A et al 2005 examined the effects of chewing gums containing urea alone, urea with dicalcium phosphate, or urea with CPP-ACP complex for 20 min post-prandially on the remineralization in situ of artificial caries like lesions in enamel. 


All three of the experimental chewing gums contained urea, which is known to be easily degraded by the bacteria in plaque, leading to the formation of ammonia, which increases the pH of the plaque.  The specimens in group A that were exposed to saliva elicited by gum containing only urea exhibited no significant change in lesion depth (0.4%).  Thus, the changes observed in the specimens in groups B (6.9% decrease) and C (10.1% decrease) were clearly due to the additional presence of the dicalcium phosphate and CPP-ACP, respectively. 


The possible clinical relevance of the findings of this study is that addition of dicalcium phosphate or CPP-ACP to urea containing chewing gum may have caries preventive potential15. 

Enamelon (Calcium phosphate containing dentifrice) :

           Enamelon’s founder licensed the technology in the early 1990s from the Paffenbarger Research Center, where scientists first developed this method to apply soluble calcium phosphate to teeth. Enamelon then added fluoride, incorporated the technology into a tooth paste, and created a unique dispensing tube.  Enamelon’s duel-chamber tube contains a white tooth paste loaded with calcium and a blue one containing phosphate and fluoride. Squeezing the tube produces side by side stripes. 


You have to keep the calcium separate from the fluoride and phosphorus until you actually apply it to the teeth, says Tony Winston, formerly vice president of technology and clinical research at Enamelon. And when you do that, there are some tricks to the formulation to keep the calcium, phosphorus, and fluoride from reacting too quickly.  You don’t want it to precipitate out he second it gets into the mouth. 


In fact, some skeptics have suggested that remineralization with this technique would occur on tooth surfaces but not below, where it’s needed.  New studies in people with normal saliva and others with low saliva suggest that, in fact, Enamelon promotes remineralization in teeth. 


We have a very high risk population and have found that (Enamelon) does protect as compared to a fluoride mouth rinse, says Athena S. Papas of Tufts University School of Dental Medicine in Boston. 
             Enamelon toothpaste has also reached consumers mouths.  It’s made it into the arena of the big tooth pastes, sitting on the drug store shelf near a dozen types of similarly priced Crest and Colgate tubes.  Yet it may have trouble holding its ground. According to Enamelon, Inc’s 1999 annual report, the company is losing money and prepare dot file for bankruptcy. 

Ironically, some of the best evidence of Enamelon’s effectiveness – the tooth paste hasn’t yet earned the ADA seal of Acceptance – is emerging now16.
 Calcium Lactate: 

Calcium lactate has been demonstrated to be a potential anticaries agent in at least two animal caries studies using 1.2% (Van der Hoeven, 1985) and 2.15% (McClure, 1960) levels in the diet.  A clue to its possible mode of action can be drawn from the work of Van der Hoeven et al (1989), who found that use of a 1% calcium lactate mouth rinse 4 times a day failed to alter gross plaque accumulation, but did double plaque calcium and interestingly also phosphate levels after only one week’s usage. The authors recognized that the calcium : phosphate molar ratios, both overall and in individual samples, equaled brushite formation (CaHPO42H2O)17.
Antimicrobials

Given that specific organisms in dental plaque are the cause of dental caries, suppression or elimination of mutans streptococci is an important component of the 

Overall approach to disease prevention and control. In spite of the overall decline of caries prevalence in developed countries (Marthaler et al, 1996) caries is still a concern among certain groups of individuals.  Apparently the available fluoride therapies to not give sufficient protection to these individuals.  Therefore, additional antimicrobial therapy against mutans streptococci might be considered2. 

               Ideally, chemoprophylactic agents should not be toxic or allergenic, stain the teeth, be absorbed through the oral or gastrointestinal mucosa, and disturb the balance of the normal oral flora permitting opportunistic infections to develop or readily lead to resistance development. 

              Chemoprophylactic agents considered for application to MS elimination include classical antibiotics; cationic agents such as chlorhexidine and cetylpyridinium chloride; plant metal ions such as Zn2+ and Cu2+; anonic agents such as sodium dodecyl sulphate; and non-ionic agents such as triclosan.  These agents are generally delivered as mouth washes or tooth pastes but can also be applied in the form of gels or varnishes.  The binding of these agents to oral surfaces and their subsequent slow release (substantivitiy) prolong their inhibitory effect. 

Chlorhexidine and other chemical agents.  

   Chlorhexidine:
              . Chlorhexidine digluconate is a bis-bigu-anide with a molecular structure consisting of a hexamethylene bridge with terminal 4-chlorophenyl groups, has bacteriocidal activity against both gram-positive and gram negative bacteria.  Its effect against MS is greater than against S.sanguis and lactobacilli.  Chlorhexidine treatment has been shown to reduce MS levels for periods of four to six months.  The reappearance of MS beyond six months has been attributed to the poor penetrating ability of chlorehxidine into plaque associated with pits, fissures and approximal surfaces. 

Chlorhexidine is retained on the oral surfaces by reversible electrostatic binding to the glycoproteins (Davies 1973, Hjeljord et al. 1973). What precisely oc​curs following adsorption is still being  debated and the mode of action in plaque inhibition remains controversial. Early investigations postulated that as the Chlorhexidine concentration in the mouth drops after rinsing, the mol​ecules are released in bacteriostatic concentrations over a prolonged period of several hours (Gjermo 1975, Bonesvoll & Gjermo 1977). Lower but significant amounts are retained in plaque on the tooth surface (Bones​voll and Olsen 1974), which may interfere with bacterial adhesion by inactivating glucosyltransferase (Sheie & Kjeilen 1987) and by competing with calcium ions for retention sites (Rolla & Melsen 1975).

The idea of a bacteriostatic environ​ment evolving from the slow release of Chlorhexidine, however, has been ques​tioned by Jenkins et al. (1988) and a more recent explanation was offered by Kjaerheim et al. (1994). A stable mono-layer is formed on the tooth surfaces and the oral mucosa due to the inability of Chlorhexidine to form micelles. This might explain why Chlorhexidine, when applied solely to the tooth surfaces, does produce a plaque inhibiting effect that is comparable to that obtained when using Chlorhexidine as a mouth-rinse ( Jenkins et al. 1988).

When used in high concentrations, chlorhexidine has an immediate bactericidal ef​fect, because chlorhexidine is positively charged, it binds to various surfaces including enamel pellicle, hydroxyapatite and mucous membranes. It also binds to the negatively charged bacterial surface, mainly to phosphate groups in lipopolysaccharides and to carboxyl groups in proteins (Hugo & Longworth 1966), and disrupts bacterial cytoplasmic membranes, inducing leakage of low molecular weight components and the precipitation of cell contents (Rye & Wiseman 1966). Chlorhexidine also inhibits key metabolic enzymes such as glucosylltransferase and phosphoenolpyruvate phospotransferase and when combined with fluoride or metal ions such as Zn2+ has increased anti-cariogenic activity. This action is bactericidal, but when chlorhexidine elutes from oral surfaces at low levels its action maybe bacteriostatic.  A major part of the effectiveness of chlorhexidine is due to its substantivitiy; however, side effects of its use include discoloration of teeth and taste disturbances. 
Intermittent use of CHX to achieve selective decontamination has been a cornerstone of the management of high caries risk patients since the seminal studies of Krasse and others in Sweden in the 1970s. These principles have since been applied successfully in the management of highly caries susceptible patients.  Because mutans streptococci do not reappear in significant numbers for variable periods of three to twelve weeks, intermittent use of CHX (one to four weeks between applications) is sufficient for patients with moderate caries activity. With very high risk patients, the correct interval between applications can be determined by screening using microbiological assessments of levels of mutans streptococci in stimulated saliva.  These commercial test kits (Vivadent ; Ivoclar, Noble Park, Vic) employ a selective medium for the cultivation of mutans streptococci (mitis salivarius bactitracin medium). The counts obtained have been shown to correlate highly with clinical indicators of caries activity and to have god reliability. 


A range of CHX products is now available from supermarkets as well as pharmacies. Several CHX mouth rinse contain ethanol and the resulting mucosal irritation can reduce patient compliance.  It is preferred to use alcohol free CHX products, particualrly0.2 percent gel, which is quite acceptable in terms of taste. The application should be undertaken in the morning after tooth brushing and vigorous rinsing of any remnants of tooth paste from the mouth have been completed. As detergents and fluoride can interfere with the action of CHX, it is important to not administer CHX and fluoride simultaneously.  It should be stressed that the safety profile of CHX is very good, with limited potential for significant adverse effects even with prolonged use40.

Varnish Formulations Antimicrobial Activity : 
A. Caries prevention    
Delivering antimicrobial agents to the teeth has been one of these strat​egies. This should result in a complete elimination of S. mutans from the treated surface. If not, those bacteria surviving in enamel porosities and nar​row fissures readily participate in the re-colonization of the surface (Loesche et al. 1977). Therefore, a dental varnish with slow- or controlled-release prop​erties might succeed where -previous methods have failed (Balanyk & Sand-ham 1985). 


Based on the results from the initial ex​periments of Balanyk et al. (Balanyk et al.1983, Balanyk & Sandham 1985), the Chlprzoin® varnish was developed, containing l0% or 20% (w/v) chlorhexidine acetate (Imperial Chemical Industries, Macclesfield, England) and 20% (w/v) Sumatra benzoin polymer in ab​solute ethanol.

Schaeken &  De Haan (1989) reported their initial results with a varnish prepared by mixing 50% (w/w) Chlorhexidine di-acetate with a 5 wt% NaF varnish (Duraphat®, Woelm Pharma, Eschwege, Germany). Gradually, this varnish has been modified and commercialized as EC40® (Certichem, Nijmegen, The Netherlands), contain​ing 40% Chlorhexidine, sandarac and ethanol.

In   1990,   Huizinga   et   al.   (1990) started to report on the use of the  Cervitec® varnish (Vivadent, Schaan, Liechtenstein). It contains a solvent, ethanol/ethyl acetate (88 wt%); a polymer system, polyvinyl butyral (10 wt%) and antimicrobials, chlorhexidine (1 wt%) and thymol (1 wt%). After the solvent has evaporated, the calculated amounts of chlorhexidine and thymol in the dry varnish are about 6.7% (w/w)  (Huizinga et al. 1991) (Table 1).

Table 1 : Varnish Formulation

	Varnish
	Components
	Experimental concentrations 

	Chlozoin® 
	Chlorhexidine

Sumatra benzoin

Ethanol

Polyurethane

Methylene chloride
	10% or 20% (W/V)

	EC 40® 
	Chlorhexidine 

Sandarac

Ethanol
	10%, 20%, 25% 

33%, 40%, (W/W)

	Cervitec® 
	Chlorhexidine

Thymol

Ethanol / ethyl acetate

Polyvinyl butyral
	1 wt%

1 wt% 


Chlorhexidine Release in vitro : 
Slow-release systems in which a drug is dissolved in  a polymer vehicle,  are classified as diffusional matrix systems (Bruck 1983). These systems usually ex​hibit  first-order   release   kinetics,   in which the rate of release diminishes exponentially with time as the concentration of the drug in the core of the  matrix decreases. Since the rate of release is not constant, these kinetics are described as "sustained-release". 

However, "controlled-release" is considered to be the ideal system for drug  administration. These systems show an initial "burst" of drug release, followed by zero-order release for many days thereafter. This can be achieved with a matrix system in which the drug is pres​ent in the core in a highly saturated state, so that the rate of diffusion of the drug from the matrix is rate-limiting (Bruck 1983).

Balanyk et al. recorded a rapid re​lease of chlorhexidine from thin films of benzoin during the first 24 hours, fol​lowed by a ten fold slower, almost lin​ear, release over the next 11 to 13 days.  (Balanyk et al. 1983, Bal​anyk & Sandham 1985). Calculations revealed that 1.2 mg of chlorhexidine was released during the initial burst. At day 14, the chlorhexidine release ceased and only 3 mg of the total of 10 mg of chlorhexidine had been released. The daily chlorhexidine concentration in the buffer remained above 10 (g/ml, well I above the minimal bactericidal concen​tration (MBC) (Barry & Sabath 1974) which was 3.12 (g/ml for the tested Streptococcus mutans strain. 

For a varnish system containing 50% of chlorhexidine a high rate of chlorhexidine release occurred during the first day, followed, however, by a substantial decline within the next 3 days (Schaeken & De Haan 1989). Dur​ing this interval, 75-80% of the total amount of chlorhexidine had been re​leased. In vivo, mechanical erosion of the varnish surface may increase the duration and the amount of chlorhexidine release. The amount of released chlorhexidine was not proportional to the chlorhexidine concentration in the varnish (Schaeken et al. 1991).

Huizinga et al. (1991) tested 4 modi​fications of the Cervitec varnish system: containing thymol only, chlorhexidine only, both thymol and chlorhexidine and no agents (Huizinga et al. 1991). They found that the amount of microbial agents released from the varnish containing both agents was much larger than from varnishes containing each  agent separately. The authors estimated that only about 20% of the chlorhexidine and thymol (3.4 mg from a total of 17 mg) was released into the solution over a 3 month period. However, a concentration of about 501 (/ml was maintained constantly, which is higher than the minimal inhibitory concentration (MIC) of chlorhexidine (0.19-2 (/ml; Hennessey 1973). The authors formulated a hypothesis for the slow release routes of the antimicrobial agent. 

The first consists of release of chlorhexidine and thymol from the varnish in  saliva. Both molecules interact with salivary proteins and salivary bacteria, thus participating directly or indirectly in the reduction of the amount of plaque, of the plaque activity and of the numbers of mutans streptococci  (Schaeken et al. 1989, Petersson at al 1991). In a second way, the agents inter-act with and adhere to the pellicle pro​teins or other constituents, establishing a reservoir from which chlorhexidine can be slowly released over time. A dif​fusion-controlled penetration  of chlor​hexidine (and thymol) into tooth substances (demin and cementum) finally represents the third route.

Arends and Ruben (1993) showed that after a single 24-h varnish treatment of dentin samples a release rate of 1 (g/ cm2 dentin/day was found for a period of up to 6 months. Whether enamel can act as a local reservoir for thymol or chlorhexidine in the same way as dentin does, still has to be determined?

In vitro results
Balanyk and Sundham (1985) determined both the minimal inhibitory concen​tration (MIC) and minimal bactericidal concentration (MBC) of chlorhexidine for 10 mutans streptococci strains. They found thymol to be considerably less ef​fective against S. mutans. 

Using an agar diffusion inhibitory test (Tobias 1988), Petersson et al. (1992) tested the effect of the Cervitec varnish on pure cultures of a series of Gram-positive and Gram-negative bac​teria as well as yeasts. Their results des​ignated P. gingivalis and A. actinomycetemcomitans as most sensitive and S. sanguis and C. albicans as least sensi​tive. Thymol is considered to be respon​sible for the antimicrobial effect on S. sanguis. Both streptococcal and actinomycetes species were affected by the test varnish which may be of clinical im​portance for enamel and root surface caries reduction as had been suggested previously (Huizinga et al. 1990).

Sorvari et al. (1994) concluded from their in vitro artificial mouth model that a combined treatment with chlorhexidine and fluoride was most effective in preventing enamel softening. In a bacterial demineralization model, a var​nish containing both fluoride and chlorhexidine gave the best protection for both enamel and dentin samples (Van Loveren et al. 1996).

II. In vivo results
Using Chlorzoin, a significant reduction of 5. mutatis could be achieved both in saliva and in dental plaque (Sandham et al. 1988,1991). The proposed treatment regimen is shown in Table 3. A weekly application during 4 weeks led to an im​portant reduction of salivary mutans streptococci at an average of about 99.9 % (3 logs). However, not all subjects were brought to a situation in which S. mut​ans was below the detection limit. A mean mutans streptococci free period of 34.6 weeks (range 4-89 weeks) was re​corded for 21 subjects within a study sample of 33 subjects (Sandham et al. 1988). Plaque samples were always free of S. mutans whenever the salivary samples were negative.


When the strains of mutans strepto​cocci present in the plaque samples of 10 subjects treated with Chlorzoin (Kozai et al. 1991) were identified, it be​came clear that one strain always re​mained or became the primary detect​able strain within each individual. Loesche et al. (1977) claimed that mut​ans streptococci in protected sites could survive thorough chemotherapy and subsequently grow out of these sites to recolonize the plaque. Mutans strepto​cocci may find a safe harbour in occlusal pits and fissures, imperfect res​toration margins (Svanberg and Loesche 1977, Sandham et al. 1988) and incipi​ent caries lesions (Luoma et al. 1987, Seppa et al. 1989). Alternatively, the presence of biotypes of S. mutans which are less sensitive to chlorhexidine may explain a limited reduction, enabling an early participation of S, mutans in for​mation of a new plaque layer.

Schaeken et al. (1989) treated twelve subjects with a 50% chlorhexidine var​nish. All subjects were treated once or twice within 1 week in case they did not respond to the first application. Based on pooled plaque samples, a significant suppression of 5. mutans was found in the interdental plaque until the 4th week. Nevertheless, 5 of the 12 subjects did present detectable levels of 5. mutans within one week. The saliva samples showed S. mutans suppression for the entire experimental period (6 weeks). Again, in 5 subjects the single treatment was found to be less effective and even a second application could not prevent the return of the organism to its orig​inal level. If these results are compared with the study of Sandham et al. (1988), a stronger suppression of the salivary mutans streptococci levels was reached in the latter. This difference might be explained by a more intensive treatment in the Chlorzoin study. The subjects in the study of Schaeken et al. (1989) also showed a higher past caries experience (DMFT) and had statistically (p<0.001) higher mean salivary 5. mutans levels at baseline.

Schaeken et al. (1989) tested the ef​fect of several chlorhexidine concen​trations (10%, 20%, 40%) within the varnish and concluded that the optimal concentration for this varnish was ap​proximately 40%.

Subsequently, Schaeken et al. (1991) proved that a single application of a 40% chlorhexidine varnish with a re​duced contact time of 15 min resulted in a similar reduction of S. mutans for interproximal plaque samples. S. mut​ans suppression in the fissure plaque samples was stronger for premolars than for molars and even higher in fis​sures of premolar teeth treated twice than in fissures of premolars treated once (le & Schaeken 1993). Concurrently, a proportional increase of A. naeslundii was recorded in these plaque samples (Schaeken et al. 1996). Fissures in molar teeth might be deeper and nar​rower than fissures in premolars, which might increase the chances of mutans streptococci surviving in sites that were not reached by the varnish. This hy​pothesis is supported by data from Kozai et al. (1991).

Twetman and Petersson (1997b) recently reported that a combined treatment with a chlorhexidine - thymol and a fluoride varnish resulted in a longer effect on interdental plaque samples than a chlor​hexidine - thymol varnish alone.

A bacterial reduction in fissures with a subsequent decrease in caries inci​dence over a two-year period was re​ported for children after therapy with the chlorhexidine - thymol varnish (Bratthall et al. 1995). Comparing the size of the lesions, a higher number of large cavities were found in the un​treated teeth. Prom a 3-year clinical trial, Fennis Ie et al. (1998) concluded that a 6-monthly local application of  40% chlorheixidine varnish on the occlusal surfaces of recently erupted per​manent molars has a caries-reducing effect in a high caries risk population.

Early reappearance of micro-organisms which are less susceptible chlorhexidine   and   their  competition,   for growth-limiting substances is likely to play an important role in the inhibition Of S. mutant (Van der Hoevea et al. 1985,   Van  der   Hoeven & Gottschal 1989). Rapid return of  the   "oralis-group" streptococci and regrowth of A. aaeshutdii  subsequent   to   initial   suppression after chlorhexidine treatment is a consistent finding in most clinical studies (Schaeken et al.   1989).  Once plaque has developed without the participation of S. mutans. the established plaque can exhibit resistance against colonization by mutans   streptococci (Svanberg &  Loesche   1977).  In non-carious fissures, A. viscvsus and 5. sanguis are present in higher proportions than in carious fissures, while the reverse pattern is true for 5. mufans (Meiers et al. 1982). Evidence for this inter-relationship was found by treating gnotobiotic   rats   (Van   der   Hoeven   & Schaeken 1995). Chlorhexidine varnish treatment in rats associated with 5. mutans alone showed a regrowth to the original level within approximately   1 week. In contrast, 5. mutans remained suppressed for several weeks in rats multi- associated with other streptococci and actinomyces strains. 


Placement of fixed orthodontic appliances is normally followed by an increase in oral colonization by mutans streptococci concomitant with an elevated risk for the development of dental caries (Corbett et al. 1981, Scheie et al. 1984, Lundstrom & Krasse 1987). The application of Cervitec varnish induced a significant reduction of S. mutans in saliva over a 1-month period (Eronat & Alpoz 1994), a reduction in the  proportion  of S.   mutans in  the plaque adjacent to brackets. However, no clinical differences were found in the incidence of incipient enamel demineralization around bracket bases (Twetraan et al. 1995). Differences decreased with time, becoming statistically non-significant during the 3rd month. The authors proved an intensive treatment (3 applications within a 2-week period) to be more effective than a monthly application   during   a   3-month   period (Twetman & Pctersson I997).


Sandham et al (1992) treated 26 children scheduled for orthodontic treatment with Chlorzoin at 4 time points during the month before initiating treatment. .Treatment resulted in a decrease in salivary mutans streptococci counts after 1 week (23 subjects had non-detectable S. mutans levels) and 1 month post- treatment (22 subjects still had non-detectable 5.  mutans levels) gradually decreasing towards the end of the study. 6 months later, with 11 subjects free of detectable 5. mutans.
Conclusions
To accomplish a reservoir of chlorhexidine on the tooth surface, a single application of a highly concentrated varnish, EC40, is sufficient even with reduced contact time, whereas repeated applications and a longer retention time are required for varnishes with low chlorhexidine concentrations. Chlorzoin and Cervitec.

It has not yet been evaluated during what period of time the varnish is retained to the tooth surface and how this contact time is influenced by brushing technique, interdental cleaning devices. diet.   Clearly, the ideal in vitro conditions will not be maintained when a varnish   is   used in a clinical setting. Also, interference with chemical substances,   such   as   toothpaste   components, may not be neglected. 

In general, all three varnish systems have a similar effect on mutans streptococci in the oral flora. However, none of these varnishes could maintain a significant suppression of mutans streptococci for a period of up to 6 months.

Therefore, repeated applications are required. At present, the number of controlled clinical   trials   evaluating   the long-term effect of chlorhexidine varnish treatment on the incidence of caries is limited.

Varnishes should be considered as further options for prevention of fissure caries, possibly in combination with already   established   methods.  The   additional benefits of varnish treatment over a long-term period still have to be validated in long-term controlled clinical trials.

For patients at high risk for dental caries, varnish application might be a meaningful preventive approach.

Recommended Treatment Regimen40
	varnish
	Recommended Treatment Regimen



	chlorozion
	A single application during 4 consecutive weeks is recommended

· the dentition is cleaned 

· the therapeutic varnish is applied to all tooth surfaces by means of a cotton pellet and dental floss and is dried for 15 min

	EC 40
	

	Cervitec
	


Cetylpyridium:




Cetylpyridium chloride is a quaternary ammonium compound with similar antimicrobial activity to chlorhexidine.  However, following its adsorption to oral surfaces, it releases much faster than chlorhexidine and consequently has less sustained antibacterial activity than chlorhexidine. 

Sanguinaria extract:
                               Sanguinaria extract is a herbal preparation obtained from Sanguinaria Canadensis by alcohol extraction.  The inhibitory effect of this preparation is inferior to that of chlorhexidine since it binds so strongly to surfaces that it has relatively poor bio-availability. The bactericidal activity of the sanguinaria extract is due to interference with bacterial cell wall synthesis. 

Sodium dodecyl sulphate (SDS): 

                              Sodium dodecyl sulphate (SDS) is a detergent commonly used in tooth pastes.  It has antimicrobial activity against a variety of bacteria including MS. The inhibitory effect of SDS against plaque growth is mainly de to its antimicrobial effect; however, SDS also competes with negatively charged bacteria and pellicle binding proteins for binging sites, thus interfering with the early stages of plaque formation.  In low concentrations, SDS may inhibit the glucosyltransferase activity of MS. 

Triclosan:
                            Triclosan is a phenolic compound with broad spectrum antimicrobial activity and reasonable substantively. The antibacterial action of this agent is due to interference with cell membrane function.  Strong in vitro activity was found when triclosan was combined with pyrophosphate4.


 The agent has been incorporated into dentifrices together with a copolymer, and reductions in supragingival plaque and gingivitis have been claimed (Gaffar et al 1997). A number of caries focused RCTs with triclosan/copolymer-containing fluoride tooth pastes have been carried out in school children and adults (Hawley et al 1995; Feller et al 1996 ; Manne et al 1996).  The results clearly showed that the addition of the antibacterial agent neither compromised nor enhanced the anticaries effect of the tooth paste.  However, in a recent study from Israel, the effect of unsupervised tooth brushing with two 0.243% sodium fluoride dentifrices with and without 0.3% triclosan and 2% copolymer on coronal caries was evaluated in adults (Manne et al 2001).  The 2 year findings were significantly in four of the dentifrices with triclosan, indicating an additional anticaries effect that should be further investigated41.  

Listerine: 

                             Listerine is yet another phenolic product widely sued as a mouthwash.  The bactericidal effect of Listerine is less than that of chlorhexidine.  Side effects of its use include an unpleasant taste and burning sensation. 

Povidone Iodine:
The antibacterial properties of povidone iodine as a mucosal antiseptic in medicine are well established, but the agent is rarely utilized in dentistry.  Povidone iodine is water soluble and non irritating and exhibits no adverse effects such as discoloration and taste alterations, but iodine hypersensitivity, thyroid pathosis and pregnancy are contraindications. The efficacy of a 10% povidone iodine solution to prevent early childhood caries has recently been evaluated in a randomized double blind placebo controlled trial (Lopez et al 2002). The results showed that this topical antimicrobial therapy increased the time of ‘disease free survival’ in toddlers with high risk of early caries development41. 

Classical Antibiotics : 

                          Several researchers have explored the possible use of classical antibiotics to prevent dental caries.  Pioneers in this field were McCure and Hewitt, who showed that caries incidence and Lactobacillus acidophilus counts in rats decreased following the administration of food or drinking water supplemented with penicillin. Zander and Bibby subsequently reported that five of seven Golden Syrian hamsters whose teeth were brushed with penicillin-containing tooth pastes were completely free of caries.  Fitzgerald observed a significant reduction of dental caries in Sprague-Dawley rats given 1-ephenamine penicillin intermittently with their food; a greater level of protection was observed when the antibiotic was given continuously.  Also in this study, a reduction of caries was observed when the rats received a wide variety of other antibiotics. 


In human studies, Loe et al observed that tetracycline, vancomycin and polymyxin mouthwashes reduced the formation of gingival plaque.  Among these antibiotics, the greatest reduction as observed with tetracycline mouthwashes.  The administration of vancomycin resulted in inhibition of gram positive bacteria and caused a shift toward a gram negative plaque flora.  By contrast, polymyxin inhibited the gram negative bacteria and caused a shift toward a gram positive plaque flora.  Lobene et al reported a four times daily administration of 250 mg erythromycin as a liquid suspension (swallowed after three minutes rinsing) for seven days decreased the formation of plaque by 35 percent but did not significantly alter the proportion of streptococci or extracellular polysaccharide forming micro organisms.  Jordan and De Paola reported a 10 minute daily application of 3 percent vancomycin gel significantly decreased the numbers of S.mutans on sound teeth and in fissures of carious lesions after one week of treatment.  A corresponding reduction in their numbers on smooth or proximal surfaces was not observed.  Loesche et al reported the application of kanamycin gel twice daily for one week reduced the number of S.mutans and S.sanguis immediately after gel treatment and a 46 recent reduction of new caries was recorded 14-37 months following application of eh gel.  Maltz and Zickert observed that 1-3.2 g/day of penicillin V (taken orally as tablets) for 10 days decreased the numbers of S.mutans from 2.4 x 106  to 6.8 x 103/ml saliva.  No reduction was observed in the numbers of S.sanguis or lactobacilli. However, two days after the last administration of antibiotics, the S.mutans counts were almost the same as before treatment. 


Most of the above studies demonstrated that classical antibiotics can prevent dental caries but, in general, these antibiotics cause imbalances within the normal flora, may cause resistance development in target organisms and may also predispose to opportunistic infections.  Since dental caries is not a life threatening disease, it is recommended that therapeutically applicable antibiotics should not be used for caries prevention4. 

Bacteriocin like inhibitory substances:

  The term bacteriocin was initially sued to describe the antibacterial proteins (colicins) produced by some strains of Escherichia coli that inhibit the growth of other E.coli.  Many studies have subsequently shown that bacteriocins are produced by a  wide variety of both gram positive and gram negative bacteria.  The term bacteriocin like inhibitory substances (BLIS) was introduced to describe a variety of incompletely characterized proteinaceous inhibitors produced by gram positive bacteria. 


BLIS can be defined as bacterial peptide or protein molecules, released extracellularly, that in low concentrations are able to kill closely related bacteria by a mechanism against which the producer cell exhibits a degree of specific immunity. BLIS may inhibit sensitive bacteria by interfering with their metabolic activity, replication or viability and BLIS having activity directed against MS (anti-mutans BLIS) could potentially be used for the prevention of dental caries.  Antimutans BLIS are most commonly produced by MS but may also be produced by other gram positive bacteria.   There are several potential advantages in the sue of bacteriocins or BLIS as anticaries agents, as they appear to be non-toxic and do not have any colour or taste.  However, MS may develop resistance to these agents. 


Ikeda et al found a 59 percent reduction in dental caries was achieved when specific pathogen free rats infected with S.mutans were fed a diet containing bacteriocin C3603 (from S.mutans strain C3603).  Also, application of this bacteriocin to bovine enamel slabs inhibited caries development in these slabs, both in vitro and when they were worn as oral appliances by human volunteers.  Fukushima et al found oral rinsing with bacteriocin RM10 (from S.mutans RM10) reduced the viable count of salivary bacteria in humans.  Tsukamoto et al demonstrated that bacteriocin RM10 had the ability to induce chemotactic activity in polymorphonuclear leucocytes and monocytes.  So, in addition to its bactericidal effect, this bacteriocin appeared to also enhance the natural antibacterial defenses of the host.  Loyola-Rodriguez et al showed that bacteriocin 6223 (from S.sobrinus strain 6223), when incorporated into the drinking water of specific pathogen free rats, prevented the development of caries in animals fed a sucrose containing diet and challenged with S.mutans strain MT81484. 

CHEWING GUM

The chewing of non food items for pleasure has a long history (Cloys et al 1992).  Tree resins were chewed by the ancient Egyptians, the Mayan Indians, and the early American Indians.  The first commercial chewing gum, State of maine Pure Spruce Gum, appeared in 1848.  Interestingly, the first patent for a chewing gum was issued to a dentist Dr.W.F. Semple, Mount Vernon, Ohio, in 1869.  There are no reliable worldwide sales figures for chewing gum.  Available data suggest that the world market for chewing gum is approximately 560,000 tons, which represents approximately US $5 billion annually.  One piece of chewing gum weighs, on average, 1.5 g, and some 374 billion pieces are sold worldwide every year.  Chewing gum sales in Switzerland were 3,430 tons in 1995, i.e. 490 g per capita.  This is relatively moderate compared with the 2.5 kg per capita consumption in the USA.  The chewing gum market in Great Britain is worth approximately £80 to 100 million, 55% of it being sugar free gum.  Seventy nine percent of the chewing gums sold in Switzerland are sugar free.  70% of the consumers are teenagers, and girls chew more gum than boys.  There is no doubt that chewing gum is an important factor in confectionary and that it can be expected to have an influence on dental health (Edgar and Geddes, 1990, Toors, 1992; Itthangarun and Wei 1997; Edgar, 1998).  Chewing gum was initially sweetened with sugar, which contributed to dental caries.  Today, however, more than 50% of chewing gum sold in Europe is sweetened with sugar substitutes (Polyols).  Clinical evidence shows that sugar substituted chewing gum does not lead o caries, because the polyols do not lead to a clinically relevant production of metabolic acids in dental plaque. At the same time, however, gum chewing stimulates the flow of saliva, thus strengthening its protective properties, i.e. its buffering capacity, mineral supersaturation and cleansing, antimicrobial, and agglutinating actions. Clearly, this suggests a beneficial effect from the chewing of sugar free gum.  For over 20 years, product claims related to dental caries – such as “safe for teeth”, “does not promote tooth decay”, or “tooth-friendly” have allowed consumers to distinguish sugar substituted from sugar containing chewing gum and this labeling proved informative for the alert consumer.  More recently, however, additional market oriented and uncontrolled caries-related health claims for chewing gum have been made by various producers in leaflets\, brochures and TV commercials.  The scientific basis and clinical truth of the latter remains the subject of considerable debate, and such claims are not unanimously accepted by the dental profession.  Legislation regarding health claims for foods is not uniform in different countries and is undergoing constant change.  Thus, claims permitted or tolerated (no action taken against) in one country may be strictly forbidden in another and not allowed but tolerated in a  third.  Given this circumstance, the dental practitioner often faces questions from his/her patients, who do not know what or whom to believe. 
Composition of Chewing Gum : 

Chewing gum is made of gum base, sweetening, flavoring, and aromatic agents.  The gum base is a mixture of elastomers, natural and/or synthetic resins, fats, emulsifiers, waxes, anti-oxidants, and fillers.  Natural elastomers have been replaced today by synthetic ones such as polyisobutylene and butyl rubber.  Representative quantitative formulations for stripe and pellet chewing gum are given in the following table. 
Table : Quantitative Formulation Ranges of Sugar-Free Established Brands Chewing Gum

	Ingredients
	Sugar-free Stick Formulation (%)
	Sugar-free pellet Formulation (%)

	Sugar substitutes

Gum base

Glycerol

Coating agent

Flavors

Artificial sweeteners

Preservatives

Lecithin

Color and glazing agents
	40-60

18-30

5-20

0

<2.5

<0.3

<200 mg/kg

<.02

-
	20-40

20-35

3-10

2-5

<3

<0.3

<200 mg/kg

-

<0.35


Effects of Chewing Gum Based on the Physical Properties of the product: 
 Chewing gum has been claimed to: 
A) Remove food debris and plaque from teeth (Addy et al 1982)
B) Stimulate saliva flow (Jenkins and Edgar, 1989) and thereby

C) Raise plaque pH (Imfeld, 1977)

D) Stop demineralization / promote remineralization (Leach et al 1989)

E) Reduce gingivitis (anecdotal), and

F) Possibly have an adverse effect on the TMJ (Elman, 1965). 

 Effect of Chewing Gum in Cleaning Teeth

Several studies assessing the removal of plaque and food debris from the teeth by gum-chewing have been published.  In early space flights, chewing gum was considered in the search for an oral hygiene method.  Plaque scores were compared in 10 volunteers during a ten day test period with chewing gum only, tooth brush only, toothbrush and floss and toothbrush and water (McCall et al 1964).  No details on the number of gums and chewing times were given, but the authors concluded that chewing gum proved the least effective method for plaque removal.  The effect of daily gum chewing during 60 minutes for 4 weeks was investigated in 58 volunteers using the oral Hygiene Index (Riethe and Volk, 1972).  Some reduction of debris but little or no plaque education was found. The possible effect of chewing of xylitol – sorbitol, or sucrose containing gum on reduction of the amount of a four day old plaque was also evaluated (Ainamo et al 1979). Twenty seven volunteers refrained from oral hygiene for 4 days during 3 weeks in a row. After each test period, they chewed one piece of chewing gum every 15 minutes for 2.5 hours.  No plaque reduction was found according to the Visible Plaque Index.  In a similar study (Addy et al 1982), ten volunteers chewed sugar containing, sugar free (5 pieces/ day, 30 min each), or no chewing gum during three separate five day periods with normal hygiene.  Established plaque was reduced by gum chewing to a small extent, but not interdentally and totaling the gingival margin, where according to clinical experience, oral hygiene is most important in view of approximal caries, gingivitis, and periodontitis.  Since conventional chewing gum had proved to be ineffective in removing significant amounts of plaque, the effect of a chewing gum containing 10% of an abrasive agent, zirconium silicate (ZrSiO4) with a particle size of 0.2 – 10 (m was assessed (Kleber and Putt, 1986).  Thirty four children performed no oral hygiene for 4 days and then chewed 1 piece of chewing gum (3.2 g) containing either ZrSiO4 or a placebo.  The abrasive chewing gum reduced the area of coronal plaque on posterior teeth by 31% and plaque thickness by 25%.  The authors speculated, however, that this was only a cosmetic effect with no therapeutic relevance. The placebo chewing gum had no plaque reducing effect at all.  The ZrSiO4 containing chewing gum was later re-assessed in 20 volunteers (Anderson et al 1990).  After 2 weeks without oral hygiene, initial plaque scores (PI) were taken. The volunteers then chewed 1 piece of gum for 30 minutes and plaque scores were again measured.  Plaque reduction was determined to be 19%.  Unfortunately, no attempt has ever been made to assess whether any occlusal abrasion was produced by ZrSiO4 containing chewing gum.  It can be hypothesized, however, that the habitual chewing of gum containing abrasive particles would lead to substantial occlusal wear over the long term. 
Conclusion : 

Chewing gum per se is neither a substitute for nor an important adjunct to traditional mechanical oral hygiene. 
 Effect of Chewing Gum in Stimulating Salivary Flow:

Apart from the floor of a chewing gum that may lead to a gustatory stimulation of saliva, mastication is generally agreed to be the main reason for saliva stimulation during gum chewing. 

i) Effects of Prolonged changes of intensity of mastication – Animal studies: 


The effects of prolonged changes of intensity of mastication on salivary flow rate have been investigated in animals.  Rats fed a liquefied chow rapidly showed parotid gland atrophy (Hall and Schneyer, 1964; Johnson, 1984).  Conversely, rats fed by a very firm chow requiring vigorous chewing showed parotid gland enlargement accompanied by an increased salivary flow rate and higher concentrations of secretory proteins (Johnson and Sreebny, 1973, 1982). 
ii) Effects of Prolonged Changes of Intensity of Mastication – Human studies: 

The above findings in laboratory animals have been supported by observations in humans.  Eight subjects who existed on a liquid diet for one week had 34% less pilocarpine-stimulated parotid flow and a reduction of salivary protein and amylase concentration of 30% and 29% respectively (Hall et al 1967).  Females on a liquid diet were reported to have significantly reduced whole salivary flow rates (Johansson and Ericson, 1989).  Conversely, 66 children whose diet was modified to a firmer texture showed 40% more parotid salivary flow (DeMuriz et al 1983). 
iii) Gum-Chewing and Salivary flow rate – Human Studies : 

In a clinical study involving 73 students who chewed 4 sticks of sugar-free chewing gum per day for 8 weeks, a significant increase of unstimulated flow of whole saliva was found. The flow rate continued to be elevated for 8 weeks after the end of the study (Jenkins and Edgar, 1989). In a similar experiment, 11 volunteers chewed one sugar free chewing gum for 10 minutes every waking hour for 2 weeks.  Increased pH and buffer capacity of unstimulated whole saliva were found as well as increased flow rate, pH level, and buffer capacity of stimulated parotid saliva (Dodds et al 1991).  These findings, however, were not in agreement with those of other reports that showed no effect of sorbitol and xylitol chewing gums on salivary flow rtes (Soderling et al 1989; Aguirre Zero et al 1993). The reason for such conflicting results is not known, but might be related to the duration of chewing or the portion size of the gums used. Sugar free and sugar containing chewing gums were recently shown to stimulate salivary flow rate equally well (Dawes and Macpherson 1992; Dawes and Dong 1995).  Several studies performed in patients with salivary hypofunction showed a persistent increase of salivary flow after prolonged gum chewing (Markovic et al 1988; Abelson et al 1990; Odusola 1991; Olsson et al 1991). The mean chewing time per piece of chewing gum in the US population has been reported to be 36 min (Barabolak et al 1991).  An investigation into the effects of chewing duration and frequency on the flow rate of whole salvia reeled that both with sugar containing chewing gum and with gum base alone, salivary flow rate peaked during the first minute of chewing and then progressively decreased.  The flow rate was independent of chewing frequency within a range of 35 to 130 chewing maneuvers per minute (Dong et al 1995).  The influence of sample size (weight) of chewing gum on saliva flow was assessed by means of gums weighing from 1 to 9 g. The 1 g piece led to a four fold, the 9 g piece to a 13 fold increase in salivary flow (Rosenhek et al 1993).  Obviously the size of a piece of chewing gum can have a significant influence on salivary flow rate. 
Conclusion: Gum chewing per se is a potent stimulant of salivary flow rate. 

 Gum Chewing & Plaque pH:

It is generally accepted that saliva ahs a major effect in controlling plaque pH, and that stimulation of saliva by foods affects their acidogenic potential (Edgar and Higham 1996).  Stimulated saliva has an increased bicarbonate concentration and therefore increased acid buffering capacity in dental plaque while concurrently promoting clearance of fermentable substrate and providing more urea for base production. 

A vast (beyond the scope of this review) number of studies performed in man and using plaque sampling, contact electrode, and in dwelling electrode techniques has established beyond any doubt that low plaque pH values after the intake of fermentable carbohydrates can be re-elevated by the chewing of substances such as Paraffin or chewing gum, because salivary flow rate is stimulated.  In general, sugar-free chewing gum is more effective than sugar containing chewing gum (Imfeld, 1977; Maiwald et al, 1982; Jensen 1986; Yankell and Emling 1988; 1989; Higham and Edgar 1989; Jensen and Wefel 1989; Par et al 1990; Lee and Schachtele 1992; Manning and Edgar, 1993; Macpherson and Dawes 1993; Dibbin et al 1995; Imfeld et al, 1995; Gopinath et al 1997). 
Conclusion: Gum chewing per se is effective in raising plaque pH. 

 Chewing gum & Remineralization  

Stimulated saliva is known to promote remineralization of early caries lesions due to its mineral super saturation with respect to dental hard tissue. Several studies have shown that the chewing of sugar substituted gum after meals and snacks promoted in situ remineralization of experimental caries like lesions in human and bovine enamel specimens which were mounted in the oral cavities of volunteers (Kashket et al 1989; Leach et al 1989; Creanor et al 1992; Manning et al 1992). When sucrose containing chewing gum was used, however, remineralization was either not significant (Creanor et al 1992) or was found only when these gums were chewed for more than 20 minutes after meals (Manning and Egar, 1992; Hall et al 1995). 

Conclusion: The chewing of sugar free gums after meals and snacks can promote remineralization of enamel. 
Chewing Gum & Reduce Gingivitis 


The increased antimicrobial protein concentration of stimulated saliva has anecdotally been claimed to be instrumental in educing gingivitis.  To the author’s knowledge, no clinical evidence of adverse or beneficial effects of gum chewing per se on gingivitis has been provided in the literature.  As reported above, gum chewing does not reduce plaque along the gingival margin or between the teeth. 

Gum Chewing & Tempromandibular Joint disturbance:

The literature above this question is extremely sparse. Anecdotal case reports have described reversible adverse effects of prolonged gum chewing on the TMJ, with soreness sand clicking, muscle pain, and earache (Elman, 1965). An in vivo study of possible associations between chewing gum and fatigue and pains of the jaw muscles in adult volunteers showed no evidence supporting the hypothesis that chewing gum could be incriminated as the cause of myofacial pain or dysfunction (Christensen et al 1996). 
Effects of Chewing Gum Based on Ingredients: 

The physical properties of the gum base involved in the effects of chewing gum described so far are characteristic of chewing gum in general.  Based on different ingredients, one can however, distinguish two product categories having different potential benefits.  On the one hand, there are the so called “fun and pleasure gums’ sugar based or sugar free and on the other hand, there are products that in analogy to the modern term “functional food”, might be called “functional chewing gums’ such as medicated chewing gums or chewing gums containing ingredients claimed to be healthy for one reason or the other. 
FUN AND PLEASURE CHEWING GUM: 

i) Sugar Containing Chewing Gum and Dental Caries: 

In situ tests with sugar containing chewing gums weighing from 1 to 9 g per piece showed that, regardless of the original weight, it took from 18 to 20 minutes for all sugar from the product to be released into oral fluid.  However, a positive linear relationship between the size of chewing gum and sugar concentration of oral fluid was found for the first few minutes of chewing. During 15 to 20 minutes of chewing, the sucrose concentration of oral fluid averaged between 4.4 mM (1 g gum piece) and 35.5 mM (9 g gum piece) (Rosenhek et al (1993).  Obviously sugar containing chewing gum provides conditions conductive to the incidence of dental caries. 

Only a few studies have been performed to compare the caries incidence in volunteers chewing sucrose-containing chewing gum with that in controls not chewing any gum. While earlier studies (Volker, 1948; Toto et al 1960) did not report an increased caries incidence with sugar containing chewing gum, a 36% higher caries increment in children who had consumed 2 pieces of sugar containing  chewing gum per day for 2 years when compared with matched controls who had not chewed ay gum has been reported (Glass 1981).  Another study reported a 24% higher DMFS increment in a group of sucrose gum chewers than in the no gum control group, although dose and duration of the test were not reported (Baron, 1981).  More precise data were provided by a dose response type of study on the cariogenicity of sugar contain gin chewing gum consumed during a one year period.  Caries incidence assessed clinically and radiographically in 50 volunteers increased in parallel with the daily gum consumption. The group of volunteers chewing 2 pieces per day experienced an increase in DMFS of 2.4, the group chewing 3 or 4 pieces per day had an increase in DMFS of 3.2 and the group chewing 5 or 6 pieces per day had an increase in DMFS of 6.8 after one year (Rekla, 1989). A 40 month cohort study performed in children between 1989 and 1993 (Makinen et al 1995) showed that the group of children who had chewed 5 pieces of sugar containing chewing gum per day had a 30% higher increase in DMFS than the matched no-gum control group.  These direct proofs of the cariogenicity of sucrose containing chewing gums are corroborated by additional studies that compared the effect of sugared gum with that of sugar free, sorbitol or xylitol containing chewing gum.  Thus, children who chewed 5 pieces of sucrose containing chewing gum per day for 30 months experienced 16 to 36% more caries (depending n surfaces counted) than those who chewed sugar free chewing gum (Finn and Jamieson 1967).   Eighty two percent less caries incidence was reported in adults who had chewed approximately 5 pieces of xylitol containing chewing gum per day of 12 months, compared with the controls who chewed sucrose containing chewing gums (Scheinin et al 1975).  In the above mentioned 40 month cohort study (Makinen et al 1995), the children who chewed from 3 to 5 pieces per day of various xylitol, sorbitol, or mixtures of the latter containing chewing gums were reported to have 44 to 93% less caries increment than those who chewed sugar containing chewing gum during the same period. 

Several clinical studies have assessed the effect of the chewing of sugar containing chewing gum on dental plaque sucrose gum was always associated with enhanced plaque growth when compared with sugar free chewing gum.  Higher plaque weights were found in subjects after 3 days of chewing of sucrose gum when compared with different amounts of xylitol containing chewing gum (Mouton et al 1975).  Plaque index was reported to have increased after only3 hours of continuous chewing of sugar containing gum (Ainamo et al 1977), and higher plaque index values were found after 3 days of sucrose gum chewing (5 pieces per day) than after equal chewing of cylitol containing chewing gum (Pluss, 1978).  Higher plaque weight and sucrose activity were found in subjects after 3 hours of continuous chewing of sucrose gum (Birkhed et al 1983), and a comparison of the effects of 4 weeks of chewing of either sorbitol or sucrose containing chewing gum (5 x 2 pieces per ay) revealed a high increase in S.mutans counts in the sucrose gum group compared with the sorbitol gum group (Soderling et al 1989). 

Numerous recordings by means of intraoral plaque pH telemetry have shown low plaque pH values during and after the chewing of sucrose containing chewing gum, in spite of the masticatory stimulation of saliva 9Rugg Gunn et al 1978; Imflet 1983). 

In contrast to the above findings, its proposed that once the transient effects of the sucrose within the gum have been overcome, elevated salivary bicarbonate levels will increase the local pH, saturating the local environment once again with respect to tooth mineral.  Concentration gradients will be established between the fluid at the surface of the lesion and that within the deeper layers of the lesion.  The lesion body has the largest pore volume and, therefore the greatest internal surface area.  Subsequent ion transfer down a concentration gradient would make this the probable site for the greatest mineral deposition to occur. An additional reason for crystal growth within the body of the lesion is not only surface area, but exposed kink sites, screw dislocations and partially demineralized crystals.  These would be more reactive substrates than well-formed crystals in the surface zone and could aid in producing a probable site for mineral deposition. 

           Twice daily fluoride dentifrice exposure may result in the formation of  phosphate and protein contaminated calcium fluoride at the enamel surface (Fejerskov et al 1981; Featherstone and Ten Cate, 1988; Bruun and Givskov 1991). Access to the deeper portion of the lesion can only be achieved if the surface layer is cleared of precipitated debris.  This may well be achieved y a decreased pH at eh enamel /plaque fluid interfaces as a result of exposure to fermentable carbohydrate.  A decreased pH is likely to result in unsaturation of fluid in the local environment with respect to tooth mineral. 


Clinical caries trials with sucrose-sweetened chewing gums have shown mixed results.  Slack et al (1972) repotted no increase in caries with 5 times per day sugar gum chewing, while Glass (1981) reported increased caries with as little as twice daily gum chewing.  Results from in situ and plaque pH studies suggest that possible reasons for these different clinical results might be ; duration of chewing timing of chewing relative to eating and the fluoride background. 


We can speculate that sugar sweetened gum chewing for a time period sufficient to extract the sugars, when the plaque is already acidified and in a background of adequate fluoride exposure, may prove to be beneficial. Short duration chewing between meals, in a low fluoride background, is more likely to be consistent with Glass’s (1981) findings 39, 29. 
Sugar Substituted Chewing Gum and Dental Caries: 


Also called glycitols, polyalcohols, or polyols.  The most widely used sugar substitutes are sorbitol, mannitol, xylitol, maltitol, lactitol, hydrogenated starch hydrolysate, and isomalt.  All these polyalcohols have been proven to be non cariogenic or extremely poorly cariogenic in rat caries experimentation, and some of them also in human clinical caries studies. They have also all been shown, by plaque pH telemetry, to be non acidogenic or hypo acidogenic (Imfelt, 1983). Two working definitions for the caries preventive properties of sugar substitutes have been proposed (Imfeld, 1993); a sugar substitute that into at all, or only poorly or extremely slowly, fermented by oral micro organisms, while concurrently replacing sugar in the diet, can be said to mirror the effect of sugar restriction. This was called a “Passive” caries-preventive property.  If, on the other hand, a sugar substitute would do more – e.g. disturb bacterial metabolism, adhesion, or growth, thus inhibiting plaque accumulation or if it would act as a catalyst for remineralization, etc, this would be termed an “active” caries preventive property.  In a literature review on clinical caries studies performed with polyalcohols (Imfeld, 1994), it was concluded that all of the above mentioned polyols have passive caries preventive properties by replacing fermentable sugars and reducing the total cariogenic load of the diet.  No active cariostatic properties of any single polyol, however, were soundly substantiated in humans to date, although accumulating data are making it seem more likely in the case of xylitol. 
Conclusion : Sugar substituted chewing is non cariogenic or safe for teeth.  No active cariostatic properties, however, have been unequivocally established thus far for sugar substituted chewing gum.

FUNCTIONAL CHEWING GUM : 

i) Mechanical Chewing Gum :


Although the first medicated chewing gum, Aspergum®, was introduced in the USA as early as 1924, the great potential of chewing gum as a Galenic form for drug delivery has gone nearly unnoticed to date.  Chewing gum is listed as a dosage form in pharmaceutical guidelines but not as a standard in any pharmacopoeia. 


Controlling drug release is a major concern in the production of medicinal chewing gum.   The main determinants of release are consumer related (i.e. chewing time), drug related (i.e. aqueous solubility), and process-related (i.e. gum composition).  Since a great many drugs are lipophilic and bind to the gum base, their release is slow and incomplete.  Methods to increase the rate and extent of release include the addition of buffering agents, the coating of drug with hydrophilic gum, the use of solubilizing agents and the incorporation of drugs into eh gum by solid dispersion.  On the other hand, drugs with high aqueous solubility are relapsed rapidly, and a reduced or sustained release is attempted by binding such drugs to an ion exchange resin, by educing particle size of the drug and by various coating and embedding techniques.  Chewing gum as a drug delivery system ahs recently been reviewed (Rassing, 1994). 

The advantages of chewing gum as a carrier for drugs are obvious.  Chewing gum can be used without water, at any time, and every where.  Product stability is good, because the incorporated therapeutic agents are protected from oxygen, light and water. Chewing gum can produce both local effects in the mouth (local delivery) and systemic effects after the active agents have been swallowed or (preferably) after they have been absorbed through the oral mucosa.  The latter is of special interest with respect to bioavailability, since it avoids metabolism of the drug in the gastrointestinal tract and the so called liver first pass effect, because oral veins drain into the vena cava. 

Examples of the use of medicinal chewing gum for local delivery of therapeutic agents are gums containing sulfonamides against infections of the oral cavity and adjacent reigns (tonsillitis, pharyngitis), neomycin-gramicidin as analgiesc and antibiotic agents, and miconazole and nystatin to fight candidiasis. Sulfonamide containing chewing gum provided bacteriostatic salivary dug concentrations for 1 to 1.5 h (Pfeiffer and Holland, 1945).  In a clinical trial in HIV patients, miconazole containing chewing gum proved as effective as a commercial gel preparation (Rindum et al 1993). 

Examples of systemic drug delivery attempted by mucosal absorption to avoid the liver first pass effect are chewing gums marketed to assist patients in smoking cessation, such as Tabmint®  containing silver acetate or Nicorette®  containing nicotine (Nebot et al 1990; Osterdahl, 1990; Johnson et al 1992). 


Examples of the sue of medicinal chewing gum for systemic delivery of therapeutic agents by intestinal absorption are the trademarks Aspergum®  containing acetylsalicylic acid.  Travvell®  and Superpep® containing dimenhydrinate against travel illness, or Endekay®  containing vitamin C.  The rate of absorption of acetylsalicylic acid as measured in urine concentrations was faster with Aspergum®  than with tablets (Woodford and Lesko, 1981), probably due to some mucosal absorption. 

Tests have also been reported with chewing gum containing the antihypertonic verapamil and the morphine agonist methadone.  More recently, alternative medicine has prompted the incorporation of agents such as ginsend, ginkgo, propolis, guarana, etc, into chewing gum.   

A representative list of medicinal chewing gums sold worldwide is given in the following Table. 
Table : Medicinal Chewing Gum Sold Worldwide

	Trademark ™
	Active substance
	Aim
	Commercially available in..

	Aspergum
	Aspirin
	Pain relief
	North America

	Nicorette


	Nicotine


	Smoking cessation


	World wide



	Nicotinelle
	Nicotine
	Smoking cessation
	Western Europe, Australia,  Newzealand

	Travvell
	Dimenhydrinate
	Travel illness
	Italy, Switzerland

	Superpep
	Dimenhydrinate
	Travel illness
	Germany, Switzerland

	Chooz
	Calcium carbonate
	Stomach acid neutralization
	USA

	Endeay vitamin C
	Vitamin C
	General Health
	Middle East, United Kingdom 

	Stamil Vitamin C
	Vitamin C
	General Health
	Australia

	Source Vitamin C
	Vitamin C
	General Health
	USA

	Brain
	DHA & CCE
	Enhanced brain activity
	Japan

	Stay Alert
	Caffeine
	Alertness
	USA

	Café Coffee
	Caffeine
	Alertness
	Japan

	Buzz Gum
	Guarana
	Alertness
	United Kingdom

	Go Gum
	Guarana
	Alertness
	Australia

	Chroma Slim
	CR
	Diet
	USA


ii) Dental Chewing Gum:

Chewing gum as a local drug delivery system for various dental therapeutic agents has been repeatedly studied, and a few dental products have been registered and are marketed in various countries. 
Chlorhexidine Containing Chewing Gum: 


Chlorhexidine containing chewing gum has been explored for the treatment of gingivitis, periodontitis, and infections in the oral cavity or throat.  The in vivo release of chlorhexidine acetate from chewing gum was 40% after 5 minutes and approximately 65% after 15 minutes of chewing (Ainamo and Etemadzadeh, 1987).  This finding promised a longer oral presence of CHX than after rinsing with a CHX mouth wash.  Several plaque studies in humans have since been performed with CHX-containing chewing gum.  Two pieces of chewing gum, each containing 5 mg of CHX acetate, chewed 5 times daily were found to inhibit plaque growth on the teeth completely (Ainamo and Etemadzadeh, 1987).  This finding promised a longer oral presence of HCX than after rinsing with a CHX mouth wash.  Several plaque studies in humans have since been performed with CHX containing chewing gum.  Two pieces of chewing gum, each containing 5 mg of CHX acetate, chewed 5 times daily were found to inhibit plaque growth on the teeth completely (Ainamo and Etemadzadeh, 1987).  In a five day clinical study comparing the antiplaque effects of (i) daily chewing of 2 x 2 pieces of CHX gum (5 mg CHX per gum), (ii) two daily rinses with 10 mL of Hibitane® mouthwash (0.2% CHX gluconate), and (iii) chewing gum base with neither CHx nor any sweetening agent, the CHX containing chewing gum inhibited plaque growth 9PI, wet weight, and area %) as effectively as did the Hibitane® rinses (Ainamo et al, 1990). The plaque growth retarding properties of CHX-containing chewing gum were significantly better than those of sorbitol and xylitol containing chewing gums (Tellefsen et al 1996).  A comparison of 50 volunteers who chewed 2 x 2 pieces of CHX containing chewing gum (5 mg CHX per gum) with 50 subjects who chewed a placebo gum and 50 persons who rinsed twice daily with 10 mL of a 0.2% CHX solution for 1 minute during 4 and 8 week revealed that the plague and bleeding scores in the CHX chewing gum group were equal to those of the CHX-rinse group and significantly lower than those of the placebo group. Further, staining intensity was significantly lower after 8 weeks use of CHX-containing chewing gum than after 8 weeks use of CHX-containing rinsing solution (Smith et al 1996).  The latter finding was corroborated in a six week clinical trial that showed that the use of sugar free chewing gum after rinsing with CHX did not diminish the therapeutic effect f the CHX, but controlled some of the staining effect (Yankell and Emling 1997). The use of chewing gum containing both CHX and xylitol by a group of elderly patients with salivary hypofunction led to significant reductions in the number of salivary S.mutans, lactobacilli, and yeasts (Simons et al 1997).  No chlrohexidine containing chewing gum is commercially available at present. CHX gum is, however, registered in several European countries, and a product will soon be launched. 
Indications for the use of CHX-containing Chewing Gum : 


The proven efficacy and the advantages of CHX containing chewing gum over CHX rinses – i.e. less bitter taste, better oral distribution, less staining, longer oral presence, and convenience of intake – clearly make CHX containing chewing gum a valid choice for persons with a high caries activity, especially for oligosialic (hyposalivary) and xerostomic people.  CHX containing gum is further indicated for patients undergoing periodontal therapy, e.g. in initial therapy following scaling and in the maintenance phase, when oral hygiene proves insufficient CHX gum should also be chewed by persons temporarily unable to perform mechanical oral hygiene for whatever reason. 
Enzyme containing chewing gum : 

An attempt to increase salivary mineral saturation by the use of chewing gums containing monocalcium phosphate monohydrate (MCPM) and an equimolar mixture of tetracalcium phosphate (TTCP) with dicalcium phosphate anhydrous (DCPA) was made (Chow et al 1994).  Both chewing gums, but especially the latter, significantly increased salivary mineral supersaturation with respect to hydroxyapatite. Two clinical studies performed with dicalcium phosphate dehydrate (DCPD) containing chewing gum showed a significant reduction in dental caries in the DCPD-gum group when compared with the control group (Finn and Jamieson, 1967; Richardson et al 1972).  It appears that bicarbonate is able to penetrate interproximal plaque.  Immediate increases in plaque pH have been shown in subjects rinsing with a sodium bicarbonate solution (Imfeld, 1983) or taking a bicarbonate containing lozenge (Nilner et al 1991) after prior plaque acidification by a sucrose rinse. The addition of sodium bicarbonate to a sorbitol containing chewing gum markedly enhance its capacity to cause and maintain recovery of plaque pH (Igarashi et al 198). Detailed in vitro studies have shown that salivary film velocity is more important in pH recovery of thin plaque layers, while bicarbonate availability is more important in thick plaque layers (Macpherson et al 1991). 

The incorporation of inorganic neutralizing agents into chewing gum has become very popular.  Admixtures used are mono, di, and tetracalcium phosphate, diammonium phosphate, potassium phosphate and sodium bicarbonate. Commercial examples of such chewing gums are given in  following table. 

Carbamide in Chewing Gum: 

A more elegant way to enhance intraplaque acid neutralization, than the use of inorganic salts, is the incorporation of carbamide (Urea) into sugar free chewing gum.  In contrast to the above mentioned inorganic chemical approach, this might be called an organic biochemical approach.  Using the enzyme urease, some oral bacteria readily hydrolyze both naturally occurring salivary urea and dietary urea, thus producing ammonia (NH3) and carbon dioxide (CO2).  This leads to a raise of plaque pH, Ureolytic activity has been found in saliva (Hine and O’Donnell, 1943), salivary sediment (Biswas and Kleinberg, 1971; Sissons et al 1985), dental plaque (Frostell, 1960, 1962, Von Schmidt, 1972), and calculus (Frostell, 1962). 

The importance of salivary urea was acknowledged long ago (Grove and Grove, 1934, 1935) and the powerful pH raising effect of intra oral urea application described (Stephan, 1940).  It was consequently proposed to incorporate carbamide into sweets and other products containing fermentable carbohydrates as a caries preventive measure (Frostell and Ericson, 1963). After detailed in situ studies of the effects of urea on plaque pH (Kleinberg, 1967; Frostell 1967, 1969, 1971) the role of bacterial urease was indirectly shown by the application of a urease inhibitor in vivo, whereupon the pH fell in both plaque and oral fluid (Haassell, 1972). A significant correlation of high salivary urea concentration and low caries activity has been illustrate din patients with chronic renal failure. These patients with elevated blood urea nitrogen and consequently higher salivary urea concentration  have a reduced caries incidence (Mueller et a 1983; Peterson et al 1985).  Significantly higher levels of bases, like polyamines and ammonia, in resting plaque were found in a group of caries-resistant adults when compared with a matched control group (Naini and Mandel 1989).  In addition, the levels of free argine  and lysine in stimulated parotid saliva from caries free adults have been fun to be significantly higher than those from individuals with a history of dental caries (Van Wuyckhuyse et al 1995).  In vivo plaque pH telemetry revealed that rinses with a urea solution were more effective in raising plaque pH than rinses with a sodium bicarbonate solution (Imfeld, 1983). Although higher pH values were recorded while subjects rinsed with the latter, plaque pH immediately fell again after they expectorated the rinsing solution.  In contrast, after the urea solution was expectorated, plaque pH continued to rise due to ongoing ureolysis.  Extensive laboratory tests using artificial dental plaque cultured from salivary bacteria in an “artificial mouth” showed that urea induced high pH plaques at the inner (toward the tooth) plaque layers are able to persist for many hours, and that the magnitude of the pH rise depends more on the urea concentration than on the total amount applied (Sissons et al, 1994). 

Frequent use of urea containing chewing gum has been claimed to prevent the progression of erosion (Imfeld, 1989) and to be beneficial for hyposalivary and xerostomic patients (Imfeld, 1984; Bjornstrom et al 1990; Aagaard et al 1992).  With telemetric, microtouch, and plaque sampling methods, pronounced pH recovery of dental plaque was recorded in vivo when urea containing sugar free chewing gums were chewed after prior sucrose intake (Imfeld et al 1995; Gopinath et al 1997). Carbamide containing chewing gum is marketed under the trade names V6®, Dirol ®, and Endekay®. 
Indications for the use of carbamide containing chewing gum :

Persons with high caries activity; patients suffering from reduced salivary flow; after \regurgitation in persons suffering from anorexia nervosa, bulimia, or gastroesophageal reflux; patients with dietary erosions of dental hard tissue; after consumption of acid-containing foods; after carbohydrate containing snacks if there is no possibility for mechanical oral hygiene.
 Table: Dental Chewing Gum Sold Worldwide*

	Trademark™
	Active Substance
	Aim
	Commercially Available in…

	Fludent/Flux
	NaF
	Caries reduction (enamel resistance)
	Sweden, Norway, Finland 

	Fluogum
	NaF
	Caries reduction (enamel resistance)
	Switzerland, Belgium, France, Spain, Germany

	Fluorette
	NaF
	Caries reduction (enamel resistance)
	Denmark, Norway, Spain

	Sensodyne Fluor
	NaF
	Caries reduction (enamel resistance)
	Germany, Austria

	Lacalut fluor
	NaF
	Caries reduction (enamel resistance)
	Germany, Switzerland

	Biotene
	Lactoperoxidase, glucose oxidase
	Caries reduction (Plaque resistance) 
	Switzerland, Belgium, USA

	V6
	Carbamide
	Caries reduction (plaque acid neutralization)
	Western Europe, USA, Australia, New Zealand

	Dirol
	Carbamide
	Caries reduction (plaque acid neutralization)
	Central East Europe

	Endekay
	Carbamide
	Caries reduction (plaque acid neutralization)
	United Kingdom, Middle East

	Boots Dental Gum
	Dicalcium phosphate
	Caries reduction (plaque acid neutralization)
	United Kingdom

	SorBits/BenBits
	Bicarbonate
	Caries reduction (plaque acid neutralization)
	Denmark, Sweden, Netherlands, Belgium, Norway

	Candida
	Calcium monophosphate
	Caries reduction (plaque acid neutralization)
	Switzerland

	Dental Care
	Bicarbonate, calcium carbonate
	Caries reduction (plaque acid neutralization)
	USA

	Oral B
	Bicarbonate
	Caries reduction (plaque acid neutralization)
	United Kingdom, Germany, Denmark

	Arm and Hammer Dental
	Bicarbonate
	Caries reduction (plaque acid neutralization)
	USA

	Trident Advantage
	Bicarbonate
	Caries reduction (plaque acid neutralization)
	USA

	Youtuel
	Papain
	Tooth whitening
	South America, Spain, Greece, Finland, United Kingdom, Middle East

	Ice White
	Bicarbonate
	Tooth whitening
	Slovenia, Ireland

	Zenser Dental Health 
	Zinc acetate 

Zinc, ‘Q10, Bicarbonate,  chlorophyll
	Fresh breath

Fresh breath / gum health 
	Latvia, Estonia

USA



	Discus dental
	Zinc
	Fresh breath 
	USA

	Breath RX
	Zinc chloride
	Fresh breath
	USA, Canada, South America 

	Clorets
	Copper chlorophyllin
	Fresh breath
	Orient 

	p.t. under reformulation
	Chlorhexidine
	Antimicrobial
	Denmark 


Conclusion:

Patients should be strongly discouraged from chewing sugar-containing gum, because it has definitely been proven to be cariogenic. 

Sugar substituted chewing gum, however, can be consumed as a pleasurable product without any risk of caries if the labeled claims are scientifically proven. Such claims include “safe for teeth”, “tooth friendly”, “does not promote tooth decay” and the “Happy tooth” logo which under a license agreement with the Tooth friendly Sweets International Association may be printed on products that are tested and approved as safe for teeth (Imfeld and Guggenheim 1991, Bar 1994). To ensure that dental claims are truthful, the food regulatory authorities of Switzerland and of the Untied States have explicitly defined the criteria for such claims.  In Switzerland, since 1969, the Federal Office of Heath accepts the claim “tooth friendly” for sugar free foods if it is shown by expert opinion that they possess this property (Swiss Food Ordinance, 1995).  Such expert opinions must be based on the results of in vivo plaque pH tests of the products by means of an indwelling interproximal pH electrode.  A pH value of 5.7 is considered to be the critical threshold.  The US Food and Drug Administration (FDA) issued a regulation for the claim “does not promote tooth decay” in 1996.  This claim may be high lightened on food labels of sugar free products containing one or several polyols.  If the food contains fermentable carbohydrates, it is a further requirement that this food does not depress plaque pH below 5.7 by bacterial fermentation either during consumption or up to 30 minutes after consumption, as measured by a plaque pH test with an indwelling electrode (FDA, 1996).  In both the regulation and the supplementary information, the FDA affirms that it would apply a plaque pH telemetry test (Imfled, 1983).  If there was uncertainty about the justification of this claim.

Clearly, sugar free chewing gum has no relevant mechanical tooth cleaning effect, but the saliva stimulated by mastication will effectively dissolve and remove soluble fermentable substrate from the oral cavity, raise plaque pH, and promote remineralization.  Thus, the chewing of tooth friendly chewing gum after meals and carbohydrate containing snacks is strongly recommended if no mechanical oral hygiene can e performed.  The admixture of mineral salts to chewing gum formulations aimed at enhancing the pH raising effect of chewing gum has been proven less effective than the incorporation of carbamide for the same purpose.  Carbamide containing chewing gum can be consumed for pleasure alone, but it is also specifically recommended for persons with high caries activity, especially in connection with hyposalivation and in patients with active tooth erosion (Imfeld, 1996).  

Where indicated, fluoride and CHX containing chewing gums are very valuable preventive measures, and the use of chewing gum as  drug delivery system will certainly become more important in the future mineral. 
Sodium bicarbonate:

Sodium bicarbonate has a profound alkalinizing effect on saliva, and is a useful adjunct to chewing gum.  Indeed, in patients who cannot use chewing gum, a bicarbonate mouth rinse is an effective substitute.  A bicarbonate mouth rinse can be used to ; 

i) Increase salivary pH and buffer capacity, and thus facilitate mineralization in patients with caries or dental erosion. 

ii) Suppress the overgrowth of aciduric micro-organisms, particularly cariogenic mutans streptococci; 

iii) Improve or normalize taste function in subjects with xerostomia-related taste dysfunction; and

iv) Neutralize acid and prevent erosion caused by episodes of prolonged exposure to weak acids 9for example, wine tasting) or short term exposure to strong acids (for example, reflux or vomiting). 

Bicarbonate rinse can be prepared by patients at home, by dissolving one teaspoon of sodium bicarbonate (‘baking soda”) in a tumbler of water.  Because tap water is not sterile, any unused mouth rinse should be discarded at the end of the day.  Patients should be instructed to rinse vigorously but not to swallow the solution.  Accidental ingestion of bicarbonate solution will lead to the production of carbon dioxide in the stomach due to the reaction with gastric hydrochloric acid and discomfort will occur from gastric distension 

Polymers:

                 A number of polymers which have previously been tested for their applicability as thickening agents in saliva substitutes were studied in vitro for their caries-protective properties. 
                These were: polyacrylic acid, carboyxymethylcellulose, xanthan gum, guar gum, hydroxyethylcellulose and porcine gastric mucin. 
                The polymers were tested for their effects on (1) growth of hydroxyapatite crystals in a supersaturated calcium phosphate solution, (2) dissolution of hydroxyapatite crystals in 50 mM acetic acid, pH 5.2 and (3) demineralization and remineralization of bovine enamel in a pH cycling model.
                Growth of hydroxapatite crystals was strongly inhibited by polyacrylic acid and carboxymethylcellulose at very low concentrations (0.005% w/v).  Other polymers displayed lower inhibition of hydroxyapatite crystal growth.  Hydroxyapatite dissolution was inhibited by all polymers except hydroxymethylcellulose and xanthan gum.  This occurred both in the presence of the polymers as well as after a 30 minutes preincubation.  In the pH cycling experiment, bovine enamel specimens with preformed lesions were alternately exposed to a demineralization buffer and a remineralization buffer containing the polymers hydroxyethyl cellulose, carboxymethylcellulose, xnathan gum, polyacrylic acid, or porcine gastric mucin.  A remineralization buffer containing 1 ppm NaF was used as a positive control.  Under the experimental conditions, the control experiment without additives resulted in a  net mineral loss (30.6 (mol Ca/cm2  after 14 days of pH cycling).  In the presence of 1 ppm NaF, a small mineral gain was observed (8.6 (mol/cm2).  All polymers largely inhibited further demineralization (91.2 – 12.3 (mol/cm2) except polyacrylic acid which, because of its high calcium-binding capacity, caused demineralization, especially in the remineralization buffer (17.1 (mol/cm2).   In conclusion, polymers tested in this study, except the polyacrylic acid, reduced the demineralization of enamel in vitro.  The precise mechanism of the protective effect is not clear but it is speculated that formation of an adsorbed polymer layer on the hydroxyapatite or enamel surface may provide protection against acidic attacks29. 

Smart Materials
A smart material (Anusavice, 1998) is one that inhibits or decreases the secondary caries activity adjacent to a restoration by the release of one or more components of the material. 
             The most well known example is the decrease of demineralization and/or increase of remineralization of the tooth tissues by a leakage of fluoride ions (tenCate and van Duinen, 1997; Heinte, 1999 ; Karantakis et al 2000).  A second example is the release of antibacterial substances, which can interfere with the cariogenic flora (Noboru et al 2001). The third approach applies a novel ion-releasing principle, which is used in the IRCR (Schiffner, 1999)37
ACP-filled methacrylate composites:

Establishing the appropriate milieu for promoting the remineralization of early enamel lesions is an important consideration in the control of dental caries.  For instance, a major factor contributing to the cariostatic efficacy of fluoride, in addition to its bactericidal effects, is its ability to accelerate the replacement of mineral lost from the lesions, in part, by shifting solution thermodynamic driving forces toward the formation of less soluble fluorhydroxyapatite (Ten Cate, 1990; Ten Cate and Featherstone, 199). Fluoride, however, is not the only means whereby more favorable reminerlizing milieus can be created.  Mineral growth can also be stimulated by increasing solution calcium phosphate concentrations within the lesion to levels consistently above those that exists in ambient oral fluids. 

               Chemical studies (Antonucci et al 1994; Skrtic et al 1994) suggest that amorphous calcium phosphate (ACP) appropriately formulated with polymeric resins and applied as a sealant to tooth surfaces maybe an effective agent for establishing such intralesion ion concentrations. ACP is a noncrystalline calcium phosphate with an approximate compositional formula of Ca3(PO4)2 3H2O (Eanes et al 1965).  Its solution solubility enables ACP to release supersaturating levels of CA2+  and phosphate (PO4) ions in proportions favorable for hydroxyapatite (HAP) formation (Meyer and Eanes, 1978). When stabilized with ions such as pyrophosphate (P2O7) (Termine et al 1970). ACP can sustain these supersaturated conditions over extended periods of time. Taking advantage of these solution properties, visible light cured disks of composites of P2O74  stabilized ACP and methacrylate resins were fabricated that, when immersed in buffered saline solutions, released sufficient Ca2+  and PO4  for the solutions to become highly supersaturated with respect to HAP (Skrtic et al, 1995).  The solutions, moreover, remained stable at these elevated supersaturations until seeded with exogenous HA crystals, whereupon rapid precipitation occurred. 


The average mineral recovery of tooth specimens treated with ACP-filled methacrylate composites under static remineralization conditions was found to be considerably greater than recoveries where apatite or silica filled composites were used. This finding indicates that a major part of the remineralization resulted from migration and redeposition of ions from the ACP and not from the immersion solution. This remineralization was comparable with or greater than the in vitro remineralization of subsurface bovine enamel lesions treated with remineralizing solutions containing different levels of fluoride. 


The difference in net remineralization of the bovine enamel lesions observed with the static (RS) and dynamic (RS+DS) treatments indicates that the teeth were not totally sealed from external solution influences by the polymerized composite. The permeability of the rein matrix to water, necessary to facilitate the release of ACP filler Ca2+  and PO4  ions and their transport to the composite surface.  


P2O74 inhibits mineralization both in vitro and in vivo by suppressing HAP nucleation and growth via a kink site poisoning mechanism (Meyer, 1984).  Earlier synthetic studies (Antonucci et al 1994; Skrtic et al 1994, 1995) indicated that P2O74  was not released from the composite into solution. 

            Tested composites in vitro for their efficacy to remineralize artificially formed caries like lesion in extracted bovine incisors.  Single 120 (m thick sagittal tooth sections were placed in holders that exposed only the carious enamel surface.  The exposed surfaces were coated with a 1 mm to 1.5 mm thick layer of the composite containing, by mass, 40% apatite, silica, or P2O74  stabilized ACP and 60% photo activated resin comprised of Bis-GMA, TEGDMA, HEMA and ZrM. The photocured composite coated sections were immersed either in a remineralizing solution for 4 weeks at 37oC (static model) or cyclically immersed in demineralizing 90.5 h) and remineralizing solutions (11.5 h) for 2 weeks (dynamic model).  Quantitative digital image analysis of matched 102 (m x 220 (m areas from contact microradiographs taken of the sections before and after immersion showed that lesions coated with ACP-filled composites fractionally recovered 71% (33% of their lost mineral compared with 14% ( 13% for apatite controls in eh static model and 38% (16% compared with –6% ( 24% in the dynamic model. The results suggest that sealants based on ACP-filled methacrylate composites have the potential to remineralize carious enamel lesions30.  
  CPP – ACP incorporated Glass Ionomer Cement 



Glass ionomer cements (GICs) are water based, tooth colored and chemically adhesive materials used in dentistry was bases and restorations.  Microleakage around restorations remains a significant problem which can lead to caries of the underlying tooth tissues (Pachuta and Meiers, 1995).  However, GICs are ion-releasing materials, and the incorporation into and slow release of fluoride ions from the cement provides a significant anticariogenic property (Forss, 1993). 

       Mazzaoui SA et al 2003, carried out a study  to determine the effect of incorporating CPP-ACP into self-cured glass ionomer cement (GIC).  Incorporation of 1.56% w/w/ CPP-ACP into the GIC significantly increased microtensile bond strength (33%) and compressive strength (23%) and significantly enhanced the release of calcium, phosphate, and fluoride ions at neutral and acidic pH. MALDI mass spectrometry also showed casein phosphopeptides from the CPP-ACP nanocomplexes to be released. The release of CPP-ACP and fluoride from the CPP-ACP containing GIC was associated with enhanced protection of the adjacent dentin during acid challenge in vitro. 


Significantly more inorganic phosphate was also released from the CPP-ACP containing GIC at both pH values (5.0 and 6.9) than from the control GIC, consistent with the addition of the stabilized amorphous calcium phosphate. Calcium ions were cannot detected at neutral pH with either GIC, and were detected with the CPP-ACP containing GIC only at  acid pH.  It is likely that a low level of calcium ion release at natural pH from the CPP-ACP containing GIC did occur, since CPP, Pi and F release at this pH was detected.  However, this level of calcium release was below the detection limit of the analytical method.  Fuji IX is a non calcium containing GIC in which calcium ions have been replaced by strontium ions (Wilson and McLean, 1988). Calcium is an ion not easily leachable from GIC once the cement has set (Matsuya et al 1984), due to its rapid binding, in an insoluble form, to the polyacrylic and matrix (Crisp et al 1976).  Elution of calcium, when it does occur, has been attributed to acid erosion of the cement matrix (Matsuya et al 1984; Forss 1993).  The CPP-ACP nanoparticles may have been physically encapsulated into the set GIC, as has been found with unreacted glass particles (Matsuya et al 1984), and therefore released as the acid eroded the cement in the acidic buffer.  The acid catalyzed release of the CPP-ACP nanoparticles from the GIC is consistent with the protection of the adjacent dentin observed during acid challenge. 


In conclusion, the results of this study suggest that the 1.56% CPP-ACP containing GIC might be a superior restorative / base with an improved anticariogenic potential31.  

HYDROXYL ION-RELEASING COMPOSITE:


A posterior composite resin has recently been developed which, apart from conventional glass particles, also contains additional alkaline, calcium silicate glass fillers. As a consequence, both fluoride and calcium ions are released. After contact with water, hydroxyl ions are formed on the surface of the material.  Hydroxyl ions may neutralize part of the organic acids produced by the cariogenic bacteria.  It has been shown in vitro that hydroxyl and calcium ions are released for 160 days (Salz 1997) and hydroxyl ions from aged restorations were still present after 2 years (Heintze, 1999). 


IRCR contains alkaline glass filler particle’s a calcium silicate glass, which after contt with water release hydroxyl ions on the surface of the material into the acidic environment.  Hydroyl ions neutralize to a certain extent the organic acids produced by the plaque bacteria 9Heintze, 1999).  Besides the release of hydroxyl ions, the IRCR can also release calcium and fluoride ions and enable the material to act as a reservoir for providing ions to prevent demineralization near the restoration (Kraft and Hoyer, 1999). The neutralizing capacity of the IRCR in saliva contiguous to the restorative material has recently been shown by measuring pH of saliva over the occlusal surface of the material when sued for class I restorations during a 2 month period (Chacko and Lakshminaryanan 2001).   A promising neutralizing capacity of dental plaque was observed following the sucrose challenge. During the whole time interval, a significantly higher plaque pH was observed in the plaque covering IRCR surfaces compared to that on enamel and non-ion-releasing composite (CR) surfaces.  A similar effect was observed at 15 and 34 months, which means that the neutralizing capacity of the material was rather stable during aging (Persson A et al 2005).  The CR, which contains conventional glass fillers, like almost all marketed composite resins, showed the lowest minimal pH and highest pH decrease at all time points. The resin matrix pats of the IRCR and CR are quite similar.  The alkaline filler in the evaluated IRCR can therefore be considered as the source of the neutralizing effect of plaque pH, both the differences found at baseline and following the intake of fermentable carbohydrates.  One may speculate whether the hydroxyl ions released from the alkaline filler neutralize acids formed by the cariogenic bacteria. 


Heintze (1999) reported in vitro a cumulative release of hydroxyl ions from the IRCR at 37oC of 70 pg/cm2  after 21 days in various buffer solutions. The hydroxyl ion concentrations necessary to neutralize plaque pH fall, as reported by Shellis and Dibbdin (1988), indicated that the release of hydroxyl ions reported by Heintze (1999) is inadequate to account for the pH differences observed in this study.  However, the hydroxyl ion release was clearly higher while the IRCR was immersed in a more acidic buffer solution and very low in the neutral one (Heintze, 1999).  Salz (1997) reported that telemetric pH measurements of 5 day old plaque on IRCR and CR restorations showed a neutralizing effect of the ion releasing material.  No age related difference regarding the neutralizing effect of the restoration was found in the present study. The data related to the 15 and 34 month old restorations suggests a continuing ion release during aging. The high correlation for the data of the enamel surfaces retrieved at 15 and 34 months also indicate a reliability of the measurement method used as well as a stability of the individual oral ecosystem. 


The release of hydroxyl ions is not, like the fluoride release from glass ionomer cement, dependent on recharging, but on hydrolytic degradation of the alkaline filler (van Dijken, 2002).  Polymers and residual monomers can degrade either by oxidation or hydrolysis. The hardness of the CR has been found to be severely reduced with increased water exposure time (Yap et al 2002). A larger degradation layer has been noticed for IRCR compared to other commercial Cr after conditioning in different chemical agents when used as food stimulators (Yap et al, 2001). Significantly softer surfaces have been observed after storage in artificial saliva, water, citric acid, lactic acid and ethanol water solution. Another study showed that IRCR released significantly greater amounts of methacrylic acid by hydrolysis in water compared to other CR (Yap et al 2000).  It is suggested that the more open structure o the IRCR increases water diffusion and the chemical softening makes the filler more susceptible to hydrolytic degeneration, resulting in a high and continuous ion release (Yap et al 2002). 


Few clinical evaluations have studied the long term performance of ion-releasing material.  An in vitro study described the efficacy of the IRCR in preventing secondary caries in a microbial artificial mouth model (Fontana et al 1999).  No secondary caries was observed in a  3 year follow up of class II cavities (van Dijken 2002), including individuals with a high caries risk.  This suggests a caries preventive effect by the material as indicated by the present study. 


Conclusion: the hydroxyl ion releasing composite resin counters the plaque pH fall and maintains it at levels where a lesser demineralization can occur37. 

Metals: 


A whole range of metals has been investigated in many different types of tests, and the findings are summarized in Table.4.  The models covered are animals caries subdivided into diet and topical treatments; in situ studies; the ability to reduce plaque acid; and human data, subdivided into topical treatment and epidemiologic studies.  A “(” represents a positive effect and “x” a nil or negative effect.  From this survey, any metals could have anticaries potential.  Aluminium, copper and iron have the most positive information to support them, although each would probably have organoleptic problems if used in oral care products as simple salts. Additionally, it must be recognized that toxicity of many of these metals (e.g. aluminium, molybdenum, barium and copper) would restrict the concentration at which they could safely used. 

MISCELLANEOUS AGENTS: 

Miscellaneous Agents Shown to Have Activity in Animal Caries Studies

	Diet Inclusion
	Topical Treatment

	Glyceryl Monolaurate 

Monolaurin

Nonanoic acid

Lysine phosphate

Propolis

Bacteriocins


	Urea Peroxide

Sodium lauryl sulphate 



  Additionally, one agent, citrate, has shown activity in plaque cid clinical trials.  Citrate is an interesting agent in that it might be expected to interfere with parts of the enzyme systems which produce acids in plaque, e.g. phosphofructokinase (Duke et al 1988).  In a study of drinks with various citrate levels (Jackson et al (1987), citrate appears to interfere with plaque acid production with increasing concentration upto approximately a 2.0% level, above which the acidity increases. This latter effect is ascribed to the citrate solution (pH5), reaching a level at which it contributes to the pH reading itself to a greater extent than it inhibits plaque acidogenicity. 

OZONE THERAPY: 

Ozone therapy is a new method for the treatment of caries that is marked as treatment that acts by destroying the cariogenic bacteria. 
New Method for Treating Caries : 

Within the past few years, ozone therapy has been launched as a new method for treating caries. 


Ozone gas is naturally formed in the atmosphere, when ultraviolet radiation forces atmospheric Oxygen to temporarily re-combine in groups of three atoms, as an energized form of oxygen (O3).


Ozone gas is unstable and has the unique feature of decomposing to a harmless, non-toxic, environmentally essential and safe material (oxygen), only 40 minutes following its production, depending upon its temperature and media in which it is bound. 

              Ozone is an extremely strong oxidant that oxidises nearly all metals to the highest oxidation stage.  Ozone reacts with numerous inorganic and organic compounds.  It bleaches dyes and kills bacteria.  Among other things, ozone is used to purify drinking water and water in dental equipment and for sterilizing instruments for medical use. For many years, ozone has been used to treat infections (O3 bagging).  Ozone destroys the bacterial cell membrane, where after the bacteria die.  As bacteria cause caries, it was natural to investigate whether ozone could be used to treat caries. 
Heal Ozone® is a CE labeled apparatus for clinical ozone therapy of caries.  HealOzone, which has been developed by Curozone Inc, Canada and is distributed by KaVo Dental Ltd., converts oxygen to ozone.  The ozone is thereafter led to a hand piece fitted with a silicone cup.  Differently shaped silicone cups are available that correspond to the form of various teeth and their surfaces.  This ensures close contact between the silicone cup and the carious area of the tooth so that the ozone does not escape. The ozone is led through the silicone cup over the tooth for a minimum of 10 seconds.  The ozone in the silicone cup is collected again and reconverted to oxygen by the apparatus.  Ozone treatment of the caries lesion is completed after 2-3 minutes. Thereafter a solution containing 2% sodium fluoride and 5% xylitol is applied to promote healing (remineralization) of the caries lesion. 
Use in Denmark : 


According to KaVo (DK), HealOzone has only been tested by a small number of dentists in Denmark.  In other EU countries such as Germany and England, HealOzone is already in use in many private dental practices.
       Ozone Therapy in the Practice : 

· Carious enamel and dentine is ozone – permeable!

· Ozone deactivates 99% of the bacteria

· Acids from bacteria are thus largely neutralized

· Reductant fluid neutralizes the residual acids and supplies minerals and fluorides. 

· A neutral medium enriched with minerals is now available

· Minerals can also be added using a patient kit. 

· Remineralization process in 4-12 weeks. 

Clinical Procedure: 

1. Cleaning: 


We recommend thoroughly cleaning the tooth surface – with KaVO PROPHYflex – at the beginning of the treatment. 

2. Measurement: 


To check the success during a recall appointment, measure the affected tooth using KaVO DIAGNOdent.  Choose a shorter or longer ozone treatment depending on the severity of the findings. 

3. Treatment: 


Depending on the finding, apply a controlled amount of ozone with KaVO HealOzone to the diseased area. The treatment time can be freely chosen between 10 and 40 seconds. 

3. Reductant Fluid: 


Promotes the immediate remineralization of the tooth and also eliminates any ozone residues present. 
Evidence: 


Ozone has been used to treat established carious lesions of various stages, but has not been used for prevention.  


A number of studies have investigated the effect of ozone on caries. A recent Cochrane Review identified 3 randomized controlled trials (RCTs) and a further 42 conference papers, abstracts and posters, etc (from an unknown number of studies).  Only the three RCTs were included; the remaining articles were excluded for reasons such as lack of blinding, randomization or controls, less than six months follow up or a lack of investigation of extracted teeth.  Two of the three RCTs included in the analysis investigated the effect of ozone therapy on crown lesions, while the third investigated the effect on root lesions. The Cochrane Review concluded that these trials provide no evidence that the application of ozone arrests or reverses the decay process. 


A further two studies concerning the effect of ozone therapy on carious root lesions have been published. 


One of these studies demonstrated a significant reduction in the number of bacteria in ozone treated lesions compared with placebo treated lesions immediately after the treatment.  The study showed that 20 second of ozone therapy resulted in harder dentine in 81% of the ozone treated teeth, while 10 seconds of ozone therapy resulted in harder dentine in just 22% of the ozone treated teeth (Baysan A et al 2004). This indicates that the number of bacteria in carious root lesions is considerably reduced by ozone therapy, and that the lesions clinically change to stages in which progression of the caries can be considered to have ceased. 

The objective of the other trial (Holmes J 2003) was to assess the effect of ozone therapy in combination with the daily use of rematerializing products.  The control period was up to 18 months, and the patients were recalled for examination and repeat treatment after 3, 6, 12 and 18 months. The trial showed that 69-100% of the ozone treated lesions (duration of treatment 40 seconds) became softer.  In the placebo group only 1% of the caries lesions became harder, while 4-37% became softer (worsening). The regained hardness of the dental tissue could indicate that caries can be arrested.  The change could also be partly attributable to the uptake of minerals from the saliva, the daily influence of remineralization products or the effect of the solution applied after the ozone treatment, but this is uncertain.  It is also unclear to what extent the caries had been removed by the subjects themselves through tooth brushing between examinations. 

Neither of the studies determined the degree of caries prior to initiation of treatment (baseline).  Whether the ozone treated lesions remineralise is not sufficiently clarified. Neither is it clear whether one or two ozone treatments are sufficient to arrest future progression of the lesion, although the preliminary results seem to indicate that ozone treatment should be repeated at regular intervals.  In these studies the patients did not report any adverse sided effects of the treatments. 


Ozone therapy is a non-operative treatment and should also be compared with other non-operative treatments for controlling caries.  In the two above mentioned trials the ozone therapy was use to treat root caries, which is normally treated both nonoperatively and operatively depending on to what extent and how rapidly the patient develops caries, the stage of progression and the location of the caries lesion on the tooth.  Lesions that are difficult to access such as those between two teeth will not be amenable to ozone treatment, as the silicone cup cannot penetrate into the gap.  Thus ozone therapy of caries is only suitable for easily accessible surfaces where the caries can also be removed with a tooth brush or other non operative procedures. 

Ongoing Studies: 

The School of Dentistry, University of Copenhagen, is currently conducting a randomized trial of the efficacy of ozone therapy in preventing caries, and whether the effect lasts for a long time.  The results can be expected in 2-3 years.  Among other things, the trial will investigate whether the effect is attributable to the ozone treatment per se, the solutions applied after treatment or to a combination of both. 
Costs: 


This cost should be compared with the cost of other non operative procedures such as the patient brushing away the caries attack himself or also having it brushed away by a professional, possibly in combination with mechanical and/or chemical plaque removal and fluoride treatment.  Such a comparison of cost should be based on long term studies. 

No health economics analyses comparing ozone therapy with traditional treatment have been found. 
Implementation: 


At the present time, evidence for the efficacy of the treatment is lacking. There is a need to document an effect over and above that provided by ordinary tooth brushing before it is possible to determine whether ozone therapy can be included in the repertoire of dental care methods.  If an effect of ozone therapy on dental caries can be demonstrated it might be possible to use the method in dental care as a supplement to home dental care and professional tooth cleaning / brushing. 

There is no evidence that ozone therapy offers any advantage compared with current preventive measures such as regular tooth brushing, rinsing with fluoride or fissure sealing. 
LASERS
Since the development of a ruby crystal laser in 1960 by Maiman, different lasers have been studied for use in dentistry. Many studies were performed to examine the effects of lasers on hard dental substrates with several different applications. Stern and Sognnaes carried out the first study, which demonstrated that dental enamel exposure to ruby laser irradiation increased its acid resistance. Thus, initially, this kind of laser technology was used to remove carious enamel and dentin. Subsequently, lasers of various types were introduced, and the number of potential applications in dentistry increased27.
Laser principles and definition of terms27 : 
The word 'laser' is an acronym for Light Amplifica​tion by Stimulated Emission of Radiation. Lasers are devices that generate or amplify light and cover radiation at wavelengths ranging from infrared range to ultraviolet and even soft X-ray range. In general, a laser device consists of: (1) a laser medium like atoms, molecules, ions or semicon​ductor crystals; (2) a pumping process to excite these atoms (molecules, etc.) into higher energy levels; and (3) an optical resonator (laser cavity) that is composed of suitable optical feedback elements that allow the beam of radiation to pass through the laser medium. In laser therapy several factors related to exposure need to be understood and considered.

· Wavelength is the distance between two successive wave crests (curved tops or ridges of an oscillating wave).
· Watt is a metric unit of measurement of the intensity of power that gives rise to the pro​duction of energy at the rate of 1 J/s.
· Joule is a measurement of energy that is equivalent to 0.239 cal.
· Energy density is the total amount of energy per unit surface area and is expressed in joules per square centimeter (J/cm2).
· Hertz is a measure of frequency. 

The US Food and Drug Administration approved in 1997 the use of an Er:YAG laser for caries removal and cavity preparation  in teeth.  This was the first approval in the United States for laser use on dental hard tissues. A second Er:YAG laser and an Er:YSGG laser have been cleared for similar hard tissue use.  Other hard tissue uses are likely to be approved in the future, including the use of lasers for the inhibition of progression of dental caries25.
 The following are brief descriptions of the available laser devices that have dental hard tissue applications. The laser is named according to its active medium, wavelength, delivery system, emission modes, tissue absorption and clinical applications26. 

Argon:


Argon lasers have an active medium of argon gas that is fiberoptically delivered in continuous wave and gated pulse modes.  This laser has two emission wavelengths, and both are visible to the human eye : 488 nm, which is blue in color, and 514 nm, which is blue green. 


Both wavelengths are not well absorbed in dental hard tissues and are poorly absorbed in water. 

Nd:YAG : 


Nd:YAG has a solid active medium, a crystal of yttrium-aluminium-garnet doped with neodymium, and is fiberoptically delivered in a free running pulsed mode, used most often in contact with the tissue.  It was the first are designed exclusively for dentistry, and it is the laser with the largest market share.  It has expensive published scientific research for dental applications.  The emission wavelength is 1064 nm, in the near-infrared invisible nonionizing part of the spectrum.  It is highly absorbed by pigmented tissue and is about 10,000 times more absorbed by water than an argon laser.

CO2 :


The CO2  laser is a gas-active medium laser that must be delivered through a hollow tube-like wave guide in continuous or gated pulse mode. The wave length of 10,600 nm, or 10.6 (, places it at the end of the mid infrared invisible nonionizing portion of the spectrum.  It is well absorbed by water, second only to the Er series of lasers.  It has the highest absorption in hydroxyapatite of any dental laser.   


The CO2 laser cannot be delivered in an optic fiber. Instead, a hollow wave guide with a hand piece is used.  The laser energy is conducted through the wave-guide and is focused onto the surgical site in a non contact fashion.  The loss of tactile sensation is a disadvantage for the surgeon.

 The following summarizes the rationale behind this potential application. 

Mechanism of Inhibition of Caries Progression 28,26: 
       Several mechanisms may contribute to laser induced caries resistance, including ; 

a. Physical changes achieved by melting the surface through partial fusion and recrystallization of the enamel prisms making it less permeable for the subsequent diffusion of ions into and from the enamel. 

b. Chemical alteration in the composition of mineral phases with loss of carbonate, water and organic substances from the enamel causing the formation of microspaces. 

c. Microscpaces created in the mineral structure provide a means for trapping calcium, phosphate and fluoride ions released during demineralization, causing them to act as sites for reprecipitation.  During demineralization dissolution of mineral occurs with mobilization of calcium phosphate and fluoride ions for the affected dentin. As the mineral phases are released from deeper layers of the dentin and cementum reprecipitation in the more superficial layers occurs and the surface remains intact.  If a microsieve network is established by laser irradiation, mineral phases released from the deeper layers of dentin and cementum may become trapped in this network and impede lesion formation and progression. 

d. Decreased permeability to acids due to protein denaturation and swelling, within enamel pores resulting in caries inhibition. 

During the last 35 years, several studies, using different kinds of lasers, have demonstrated the potential of laser pre-treatment of enamel or tooth roots in inhibiting subsequent artificial caries-like lesions in the laboratory.  However, the wave​lengths (() of the Argon lasers (( = 488-514 nm) and Nd:YAG lasers (( = 1064 nm) seem to fail to be effectively absorbed by enamel. On the other hand, studies have been carried out to evaluate the effect of CO2 laser on enamel and dentin structures, showing its absorption by dental tissues to be high.This laser was developed in 1964 by Patel et al, and it seems to be the most appropriate for preventing dental caries.  

Laser characteristics : 
A carbon dioxide laser is one of the most popular and useful sources of coherent electromagnetic waves in the infrared spectrum. This is due to the several ways in which the laser operates (high voltage power supply in continuous wave (cw) or pulsed operation; emission of laser lines in regular, hot or sequential vibrational bands of CO2 laser molecules) and the several orders of magnitude range of possible laser powers (from milliwatts to GigaWatts) that permit laser application in science, medicine and technology.  This laser uses a mixture of CO2, N2 and He, with CO2 being the active laser medium (molecules that will collide with nitrogen molecules and will give out energy). Carbon dioxide lasers present over a hundred different emission laser lines with wavelengths ranging from 9 to 11 (m. The most powerful laser lines are centered at 9.3, 9.6, 10.3 and 10.6 (m, respectively. The 10.6 (m laser line is the strongest one, and most of the commercially available medical CO2 lasers operate only at this wavelength. However, this kind of laser can be adapted to operate at the other wavelengths by various dispersive and non-dispersive methods and suppli​ers such as prisms, gratings (tool of choice when there is a need to separate light of different  wavelengths with high resolution) and windows.

For dentistry applications, all of the CO2 lasers work in a non-contact mode and can be operated in cw, or pulsed beam. The most important par​ameter in the way light affects the tissue is the laser line wavelength, but power and time exposure are also important.  The development of hollow waveguide technology with tubes of small diameter, a very short focal distance and tiny hand pieces, put an end to the problems of laser radiation transmission and access to difficult areas of the mouth, as well as preventing accidental irradiation of non-target tissues

The most efficient CO2 laser for hard tissue is the TEA laser. The name TEA is an acronym for transversely excited atmospheric pressure laser. This CO2 gas laser uses a transverse flow of gas and operates at higher pressures than other gas lasers, generally  near atmospheric pressure. The laser is operated in a  pulsed regime of a few Hz of repetition rate and pulses of 0.1 – 0.2 (s duration. 

Laser-tissue interactions : 
Laser energy (power x time) interacts with target substances according to the individual wave​lengths. The different wavelengths have several degrees of relative absorption into the various components of hard and soft tissues. Laser-tissue interaction is also controlled by other irradiation parameters such as continuous or pulsed emission, repetition rate, pulse duration, pulse energy, beam size and delivery method, spatial and temporal characteristics of the laser beam, and optical properties of the substrate. Earlier researches and new observations have provided parameters on which scientists and dentists can base the choice of appropriate wavelengths and other laser conditions to perform the desired tasks.  When delivered to the target tissue site, the laser light can be:

· Reflected: It happens when the laser light reflects off of a surface in a direct or diffuse fashion.
· Absorbed: The laser energy interacts with the atoms in the target tissue and is generally converted to heat.
· Transmitted: The energy travels directly through tissue, causing no effect. It passes into under​lying tissue.
· Scattered: The laser energy spreads out into a larger area. If the light is scattered, it is no longer a coherent beam and it is not delivered where needed.
To prevent dental caries, the laser light must alter the composition or solubility of the dental substrate and the energy must be strongly absorbed and efficiently converted to heat without damage to underlying or surrounding tissues. Therefore, knowledge of the absorption ((a) and scattering ((2) coefficients related to the energy absorbed per length unit) for diverse dental tissues is relevant. These coefficients have been determined and are given values with units of reciprocal centimeters (cm-1). For materials with high absorption, (a>100cm2, the laser energy is absorbed within 100 (m of the surface and con​verted to heat.  Energy transport into the tissue is primarily due to heat conduction away from this surface, and light scattering is insignificant. This  condition is representative of the interaction between dental hard substrates and CO2 lasers.

Dental enamel and dentin have weak absorption in the visible (400-700 nm) and near-infrared (1064 nm) spectrum. Thus, the majority of the earliest studies that were carried out using near infrared or visible light lasers often applied very high irradiation intensities (>l07W/cm2) to gen​erate the desired effects. The high energies used as well as the high transmission of these tissues in the visible and near infrared spectrum would be expected to result in subsurface damage to the pulp.

On the other hand, regions and wavelengths where absorption is high correspond to specific components in the tissue. This condition is repre​sentative of the interaction between tooth sub​strates and CO2 lasers. 
Table 1: Approximate absorption and scattering coefficients and reflectance 

for dental enamel and dentin
	CO2 wavelength ((m2 )
	Absorption coefficient

(cm-1)
	Scattering Coefficient (cm-1)
	Reflectance (%)

	
	Enamel
	Dentin
	Enamel
	Dentin
	Enamel
	Dentin

	9.3
	5500
	5000
	Insignificant
	Insignificant
	37.7
	8.6

	9.6
	8000
	6500
	Insignificant
	Insignificant
	49.4
	16.7

	10.3
	1125
	1200
	Insignificant
	Insignificant
	15.8
	10.3

	10.6
	825
	800
	Insignificant
	Insignificant
	13.2
	8.8


Carbon dioxide laser energy weakens rapidly in most tissues because it is absorbed by water  regardless of tissue color.  It is well absorbed by all biological tissues. This means that it is highly absorbed in oral mucosa, which is more than 90% water. For dental enamel, the absorption coeffi​cient is extremely high at 9.6 (m. This is due to the fact that the carbon dioxide laser produces radi​ation in the infrared region that coincides closely with some of the apatite absorption bands, mainly phosphate and carbonate group absorption bands.  Conventional CO2 lasers used in medicine and dentistry emit light at 10.6 (m, which is also strongly absorbed by the mineral. However, the absorption of the wavelengths 9.3 and 9.6 (m is an order of magnitude higher than that for the conventional 10.6 (m CO2 laser. The implications are that if there is an application that requires efficient and short heating of the mineral, (like for dental caries prevention using laser technology) 9.3 and 9.6 (m would be the preferred wave​lengths. To produce similar caries-inhibitory effects using a 9.6 and 10.6 (m, a 14-fold increase in the energy density is necessary when the second wavelength is used.
In most studies using the cw CO2 lasers, typical interaction times of 50 ms to 2 s were used. These interaction times are much longer than the thermal relaxation time of enamel (necessary time for cooling of the substrate), which is 100 (s. The axial thermal relaxation time (Tr) of enamel was calculated to be approximately 60 (s for a 10 (m thermal gradient length and absorption coefficient of 1000 cm2. For those long interaction times, a large fraction of the absorbed laser energy is conducted away from the enamel surface into the interior of the tooth during the laser radiation, resulting in inefficient surface heating and possible pulp damage. In this way, the use of cw CO2 laser irradiation for caries prevention is normally less effective and more dangerous than the use of pulsed CO2 lasers.
Thus, pulsed lasers provide a way of increasing the peak power density while keeping the pulse energy density at low levels (hundreds of mJ/cm2), thereby minimizing the cumulative energy depo​sition. This means that changes such as fusion, melting, carbonate loss and re-crystallization of enamel crystals can be confined to a thin surface region without affecting the underlying dentin or pulp. The energy deposited at pulse durations shorter than Tr is 'thermally confined' to a thin layer at the enamel surface. On the other hand, pulse durations much longer than Tr result in ablation, which is not a desirable laser effect when caries prevention is intended.
With respect to the optimum number of pulses, Kantorowitz et al.17 found that the best inhibitory effect of a TEA CO2 laser on caries-like lesion development was obtained when 25 pulses of 0.1 -  0.2 (s were used.
In a separate study, considerable surface damage following laser irradiation over 200 (J/pulse at a 9.6 (m wavelength was observed by scanning electron microscopy (SEM). The surface damage apparently was detrimental and provided less resistance to the acid challenge.  This pattern is consistent with the view that there is a point at which a further increase in the energy density of pulses significantly reduces the inhibition of caries progression. In the same way, an increase in the number of pulses can also induce an undesirable cumulative energy deposition, a consequent temperature elevation and possible pulp damage.
In conclusion, in order to prevent dental caries it  is more appropriate to use 9.6 (m CO2 lasers, with pulsed operation, low energies (hundreds of (J) and pulses of l00 (s or less. The total energy deposition would be of the order of a few Joules. These conditions are normally obtained with TEA CO2 lasers working at a low Hz repetition rate, pulses of 0.1 -0.2 (s and GigaWatts peak powers. Another alternative, not yet explored, is the use of waveguide CO2 lasers, operating at high repetition rates (kHz), and pulses in the 100 (s duration and low peak powers (100 W). The advantage would be simplification of the technology and low cost of this system compared to the TEA CO2 laser system, which has a more complex configuration. TEA lasers present a different source of supply and optic cavity and due to these differences it is more expensive and difficult to operate. 
CO2 laser in dental caries prevention : 
Carbon dioxide, Nd:YAG, Ho:YAG and Argon lasers  have become more popular among dentists after being approved by the Food and Drug Administration for use on soft-tissue.  The Er:YAG laser I was the first laser which was approved by FDA for  limited hard-tissue procedures in 1997. One  potential application of dental lasers is preventive  laser treatment of dental hard substrates to  increase their resistance to caries. The role of CO2 lasers in dental caries prevention has been explored since the 1960s. These studies used different types of CO2 lasers: cw and pulsed lasers. Research on the effects of CO2 lasers have focused on increasing the  resistance to caries by reducing the rate of subsurface enamel and dentin demineralization. Furthermore, some studies have   combined   the   effects   of   lasers   with fluoride.  A compilation of the main studies, which were performed to measure the CO2 laser preventive effect on enamel with or without fluoride, is presented in Table 2. This table also gives the wavelengths and energy density used, which showed the greatest percentage of caries inhibition. For any procedure using lasers, the optical interactions between the laser light and enamel or dentin must be thoroughly understood to ensure a safe and effective treatment. However, the mechanisms of caries inhibition remain unclear. 

Table 2 : Wavelength, energy dentistry and percentage inhibition of enamel caries by CO2  laser in combination or not in combination with fluoride

	Author
	Year
	Wavelength
	Beam
	Energy density

(J/cm2)
	With fluoride
	Percentage Inhibition

	Nelson et al
	1986
	9.3
	Pulsed
	50
	No
	50

	Nelson et al
	1987
	9.3
	Pulsed
	50
	No
	50

	Kantorowitz et al
	1998
	10.6
	Pulsed
	12 per pulse
	No
	87

	Featherstone et al
	1998
	9.6
	Pulsed
	2.5 per pulse
	No
	70

	Phan et al
	1999
	9.6
	Pulsed
	1 per pulse
	Yes
	87

	Young et al
	2000
	9.6
	Pulsed
	6.1
	No
	50

	Hsu et al
	2000
	10.6
	Pulsed
	0.3 per pulse
	No
	98

	Hsu et al
	2001
	10.6
	Pulsed
	0.3 per pulse
	Yes
	98

	Nobre dos Santos et al
	2001
	9.6
	Pulsed
	1.5
	Yes
	76


Effect of CO2 Laser on Enamel:  
A variety of explanations have been given for alteration of the dental enamel acid reactivity rate| by treatment with CO2 laser irradiation.

One explanation focused on the decrease in enamel permeability to chemical agents caused by physical fusion of the enamel surface microstructure. However, this hypothesis seems to be unlikely, since the only study that has performed! permeability experiments was carried out by Borggreven et al. and they found that laser irradiation increased the permeability of enamel  rather than decreasing it. These authors suggested that the reported resistance of lased enamel to subsurface demineralization might be due to chemical changes, such as the loss of organic) matter and carbonate.
Another explanation has focused on the combination of reduced enamel permeability with al reduced solubility with melting, fusion and re-crystallization of enamel crystallites, sealing the enamel surface. In addition, a less soluble compost (tetracalcium diphosphate monoxide) was identified as being a component of the melting surface and this layer presented reduced carbonate content. On the other hand, a cross-sectional transmission electron microscopy examination revealed that the melting of the enamel surface was not homogeneous and usually occurred in limited areas.  Therefore, it seems that surface melting and fusion are not necessary to increase enamel resistance to demineralization, which weakens this theory.
Stern et al.,  Ferreira et al. and Kantola carried out studies utilizing cw CO2 lasers and' demonstrated ultra-structural crystallographic effects, such as apatite crystals with a different shape and larger size, and loss of prismatic structure. The authors suggested that these effects could be responsible for the increased enamel acid resistance.
Fowler and Kuroda found that the laser treat​ment at temperatures ranging from 100 to 650°C may convert acid phosphate to pyrophosphate to-inhibit demineralization, since Christoffersen reported that pyrophosphate reduced the hydroxyapatite dissolution rate. Besides, the water content decreased and an overall reduction in total carbonate (CO2/3) content occurred. Another temperature range tested by these researchers (650-1100°C) caused modifications in tooth enamel, which could increase or decrease the solubility depending on the Ca/P ratio and the resultant amounts of alpha-tricalcium phosphate and beta-tricalcium phosphate formed. However, treatments using temperatures over 1100°C formed products that are expected to increase solubility in those regions that contain considerable amounts of these products.
In the same way, after producing artificial caries-like lesions in human enamel specimens heated at temperatures ranging from 100 to 600°C, Sato showed that those samples heated at temperatures below 300°C had shallower caries lesions and a lower amount of dissolved calcium than enamel heated at temperatures ranging from 350 to 600°C. Additionally, a temperature increase above 400°C led to formation of pores in the enamel.
Yamamoto et al proposed a different model to explain the increase of the dental enamel resist​ance. The authors described a decrease in the apparent solubility of enamel after heat treatment to temperatures higher than 1200°C. The decrease in solubility was attributed to the change in the rate of the dissolution kinetics due to the change from the more accessible dissolution site of hydroxyapatite (HAP) to a less reactive site of heat-treated apatite. The dissolution of synthetic apatites is explained by a model in which the dissolution behavior is governed by two types of dissolution sites (site Nos 1 and 2). Site No. 1 has an ion activity product (IAP) of around 10 and site No. 2 an IAP of 10. These lAPs represent the threshold IAP above which dissolution from a determined site will not occur. The reader should note that the word 'site' refers to dissolution rates which correspond to the IAP (based on hydroxyapatite stoichimetry). Heat-treated HAP has shown to possess only dissolution site No. 2, which is less soluble, while dissolution of the non-heated HAP is dominated by the more labile site No. 1.  Therefore, it can be speculated that heating HAP would provide a greater acid resistance. However, the dissolution studies estimate the acid resistance of the enamel surface by determining the dissolved calcium content, a phenomenon that takes place in the enamel surface and the caries process occurs also in the enamel subsurface. This fact may partly explain why the reduced dissolution rate obtained by CO2 laser irradiation of dental enamel is higher than the caries inhibition effect observed when irradiated enamel is submitted to a cariogenic challenge. In addition, a recent study carried out by Tsai et al showed that laser-treated enamel by a CO2 laser tended to be more resistant to an acid challenge to a depth about 54 (m. Thus, the effect of laser irradiation is limited to the tooth surface area.
Another explanation to the caries preventive effect of the CO2 laser is carbonate loss, which is a soluble mineral that is lost from the carbonated apatite tooth mineral during specific laser irradiation. The reduced carbonate content could decrease demineralization of the substrate, because of a poorer fit of carbonate in the lattice, generating a less stable and more acid-soluble apatite phase.
Finally, the organic matrix in enamel has been shown to reduce enamel demineralization during an acid attack. The laser irradiation effect, using very low energy density (0.3 J/cm2) may heat enamel to a temperature lower than 400°C. This effect can cause a partial decomposition of the| organic matrix and could lead to a blockage of the inter- and intraprismatic spaces. Consequently, ion diffusion in enamel is compromised resulting in the reduction of enamel demineralization. This theory disagrees with the inorganic block theory, which advocates the melting of hydroxyapatite to block  the enamel diffusion pathway.
Therefore, it is possible to conclude that further studies are necessary to clarify the action mechanisms of lasers, which have a caries preventive effect, on dental enamel. 
Effect of CO2 laser on dentin: 
Since Kantola showed that laser irradiation could be used to increase the dentin mineral content by preferential removal of the inherent water and protein, researchers have evaluated the susceptibility of dentin modified by various lasers systems to artificial caries-like lesion formation. However, a limited number of articles have been published concerning the changes in dentin irradiated by a CO2 laser.
Dentin has a much higher content of water and protein than enamel, decreasing the contribution of the mineral phase and emphasizing the role of  water and protein in the light absorption. Like enamel, dentin absorption is low in the visible region, but the tissue scatters more than! enamel, which may have negative conse​quences such as subsurface vaporization, cracking  and pulpal necrosis.
In dentin, the exact reasons for the caries lesion inhibition by laser treatments are also unknown. However, some hypotheses have been proposed. Kantola suggested the first theory that investi​gated crystallographic changes in lased dentin by a cw CO2 laser and showed that re-crystallization occurred due to laser irradiation. Simultaneously, growth in the crystal size of the crystallites was observed, and dentin of a low order of crystallinity, structurally changed in such a way as to closely resemble the crystalline structure of the hydro​xyapatite of normal enamel. On the other hand, no investigation was performed in this study to verify the effects of the crystal growth on dentin resistance to demineralization.
Another action mechanism was proposed by  Nelson et al who showed that fusion and melting occurred in the root dentin surface lased with a CO2 laser at ( = 9.3 (m; these alterations were related to a caries-like lesion inhibition up to 50% with 50 J/cm2 density energy. However, recent studies carried out by this research group have shown that the suitable energy densities for caries prevention in enamel should be lower than those used in this study.  Since dentin is more sensitive to laser irradiation than enamel, the incident energy would be even lower.
Nammour et al found good caries inhibition results in irradiated dentin. The authors used a cw CO2 laser at ( = 10.(m operating at very high intensities and showed a sealed layer at the dentin surface, which delayed the diffusion of acid to the underlying sound dentin and reduced the extent of the caries lesion to a significant degree. However, in this study, laser irradiation did not completely seal the dentinal tubule lumen, thus allowing acid to diffuse through the large surface of the cracks created during the irradiation process. In addition, the energy density used was the same as that applied for caries removal, which is not appropriate for using in caries prevention, since ablation typically occurred with the first few laser pulses.
In another experiment, which used atomic analyses, the calcium (Ca) and phosphorus (P) contents of the dentin surfaces increased signifi​cantly after low-level laser irradiation, but the ratio of Ca to P was not altered and remained almost at the same level as the control (non-irradiated). The authors suggested that not only re-crystallization, but also an increase of inorganic content occurred in the laser-irradiated dentin surface, and this might be related to the increased resistance to demineralization.
Gonzalez et al and Kimura et al found conflicting results when they studied the CO2 laser effect on human dentin. The first study showed by SEM that the CO2 laser effect with a wavelength of 10.6 (m (2W, 10 J, 0.2s, 25 pulses) varied from charring, cratering, poring, fissuring, fracturing and cracking up to melting. It was also found that the dentinal tubules were not sealed. On the other hand, Kimura et al observed no craters or cracks, but documented many small molten and re-hardened particles on the sample surface. Some small cracks were seen in the subsurface layer, and the authors suggested that laser irradiation, using a ( = 9.3 (m and low energy density, affect the dentin surface minimally (less than 20 (m) and would be less likely to cause thermal dental pulp damage. However, these studies are not suitable for determining the optimum laser parameters for caries inhibition in dentin, because they did not investigate the effect of laser irradiation on the dentin acid resistance.
In conclusion, dentin is a less mineralized substrate than enamel and presents different characteristics. In order to modify dentin positively, the energy density necessary seems to be lower than that used for enamel. However, even the beneficial effect of dentin irradiation is not well established and its irradiation parameters still have to be determined.
CO2 laser and fluoride on caries prevention:
The decline in dental caries over the last few decades has been attributed to the widespread use of fluoride. Furthermore, there is consensus that the main effect of fluoride is to interfere physically and chemically with caries development by redu​cing demineralization and enhancing remineralization of dental enamel. Nevertheless, the fluoride effect is partial, since it cannot completely block dental caries development. Thus, the combined effects of laser and fluoride have been investigated in order to develop more effective procedures for caries prevention and control. Some of these investigations were carried out using CO2 lasers.
In 1991, Featherstone et al observed that low energy laser treatment coupled with fluoride treatment entirely inhibited subsequent lesion progression in a pH-cycling model. The combination of laser irradiation and topical fluoride application decreased the enamel demineralization more than either fluoride treatment or laser treatment alone. In this study, fluoride was applied after the irradiation.
Tagomori and Morioka suggested that laser-modified enamel has an enhanced uptake of acidulated phosphate fluoride and that this fluoride uptake was greater when laser treatment was performed before the fluoride treatment. This could decrease enamel demineralization by reten​tion of fluoride. Other authors in agreement with this hypothesis are Hossain et al These studies suggested that the combination of CO2 laser irradiation with NaF solution was more effective in preventing dental caries than CO2 laser irradiation alone. In addition, they suggested that the reten​tion of fluoride solution may also influence the caries inhibition effect and that laser irradiation might prolong the retention of fluoride in the enamel or dentin microstructures by increasing their adhesion to the underlying surface, keeping the effect for a longer time.
Fox et al proposed a different theory for the efficiency of this combination of CO2 laser and fluoride. These authors treated sound enamel with cw (= 10.6 (m radiation followed by treatment of fluoride or dodecylamine HCl or ethane-1-hydroxyl-1, 1-diphosphonic acid and observed a significant synergism between laser treatment and these chemical dissolution rate inhibitors. It was hypothe​sized that thermal treatment with lasers converts the carbonated hydroxyapatite of tooth enamel to a less soluble mineral, and chemical inhibitors work by a common ion effect of the fluorapatitic surface, which is more effective on the less soluble laser-modified enamel. In the same way, Meurman et al showed that it is possible to transform HAP crystals to fluorapatite (FAR) crystals instantaneously in the presence of fluoride using a CO2 laser, and the threshold energy density needed was 38 J/cm2. In this work, there was no investigation about the acid dissolution of the end product, because the researchers assumed that FAR is more resistant to acid attack than HAP. Additionally, the energy density used to transform HAP to FAR was very high.
Hsu et al tested the combined effects of CO2 laser (( = 10.6 (m) irradiation and solution fluoride ion on enamel demineralization. The authors found that lased enamel had an increased acid-resistance with increasing laser energy density and, at the highest energy density of 170 J/cm2, there was little or no lesion development in the fluoride-free dissolution medium. In the presence of fluoride, there was only modest caries development in the unlased enamel and, at an energy density 50% lower (85 J/cm2) than the highest energy density used without fluoride, the enamel surface was found to be completely protected. Although, the combi​nation of the methods resulted in a lower energy density being used, the effective energy density used could still be considered as being high.
Phan et al proposed that the mechanism for FAR transformation is as follows. During the fluoride gel treatment, fluoride ions diffuse through the pores between the enamel rods to deposit and form an F-veneer layer covering all the enamel rods. Following the CO2 laser (( = 9.6 (m) irradiation, this thin F-veneer layer, along with a few additional outer micrometer of enamel surface were ther​mally melted and recrystallized to rearrange themselves into a new structure, the FAR mineral. This study found that the dissolution rates showed some synergistic benefits from combining fluoride and laser treatment, and that the concentrations of fluoride content incorporated into enamel struc​ture is much higher when demineralized enamel is irradiated than when sound enamel is irradiated.
Hsu et al. investigated the interaction among CO2 laser irradiation, fluoride and the organic matrix on the human enamel demineralization. A microradiograph analysis performed after a pH-cycling procedure indicated that the combined fluoride-laser treatment led to 98.3 and 95.1% reductions in mineral loss for enamel with and without an organic matrix, respectively, when compared to sound enamel. It was demonstrated that the reduced effect (74%) of laser irradiation on enamel without an organic matrix could be com​pensated by the presence of fluoride during laser  irradiation.
Another recent work revealed that the combi​nation of a new ( = 9.6 (m TEA CO2 laser and acidulated phosphate fluoride produced a signifi​cant protective effect against caries progression and caries development in smooth surfaces. This research tested the ideal fluoride application time, before or after laser treatment. The best result was obtained when the fluoride was used before irradiation at an energy density of 1.5 J/cm2 per pulse.
It can be seen that there is no consensus with regard to whether the fluoride treatment should be performed before or after laser irradiation. How​ever, all experiments associating CO2 laser irradiation and fluoride treatment showed better results in caries prevention when compared to one single treatment. Therefore, such 'combination therapy' may be clinically effective while, at the same time, involving only moderate daily doses of both fluoride and low energy levels of laser irradiation. 
Conclusions: 
· Irradiation of dental enamel by specific wave​lengths and energy densities of CO2 laser alters the hydroxyapatite crystals reducing the acid reactivity of the mineral;
· CO2 laser irradiation in combination with fluoride treatment is more effective in inhibiting caries-like lesions than CO2 laser irradiation or fluoride alone;
· When a CO2 laser and fluoride are combined, it is  possible to reduce laser energy density and  fluoride levels;
· If this C02 laser technology becomes available at a reasonable cost and the results can be applied  in clinical practice, there is a promising future for this laser in caries prevention.
EPILOGUE

Although caries prevalence has declined during the past five decades, primarily as a result of fluoride use, there is still along way to go in eliminating the disease from the general population. Diagnostic techniques available to date detect the disease t a stage when restorative treatment often is needed. 


However, as a result of current research in the areas of remineralization therapy, early caries detection and risk assessment, the tools of improved diagnosis and treatment of early lesions will be available. 


In addition to mass marketed advanced tooth pastes, mouth rinses and therapeutic chewing gums, dentists will have available remineralizing products that can be applied in the office or prescribed for at home use.  With the new diagnostic techniques and remineralizing therapies, dentistry in the 21st century will focus on limiting the need for restorative treatment. 


Diagnosis, preventive interventions and conservative mineralizing therapies still will require regular dental visits by patients.  While the number of restorations and other invasive treatments surely will be reduced. 


Treatment of early lesions with remineralizing therapy will require follow up visits so that dentists can evaluate patients responses and modify treatment according to their progress. 
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