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The Caries Balance: The Basis for Caries Management by Risk Assessment

John D. B. Featherstonea
	Abstract

ABSTRACT: 
Dental caries progression or reversal depends upon the balance between demineralization and remineralization. The 'Caries Balance' is determined by the relative weight of the sums of pathological factors and protective factors. Minimally invasive dentistry aims at the least possible removal of enamel or dentin, including reducing pathological factors and enhancing remineralization to avoid any removal of hard tissues. A structured caries risk assessment should be carried out based upon the concept of the caries balance. Following the risk assessment a treatment plan is devised which leads to the control of dental caries for the patient. The balance between pathological and preventive factors can be swung in the direction of caries intervention and prevention by the active role of the dentist and his/her auxiliary staff.

Much is now understood about the mechanism of dental caries. We have known for a long time that demineralization of enamel, dentin or cementum is caused by organic acids that are generated by so-called acidogenic bacteria in the plaque when these bacteria feed upon fermentable carbohydrates (Silverstone, 1973; Featherstone, 2000; Loesche, 1986). The natural repair process is remineralization, which occurs when the pH rises again and calcium and phosphate from saliva together with fluoride enter the subsurface region of the lesion and form a new veneer on the existing crystal remnants in the lesion (Ten Cate and Featherstone, 1991). This veneer is less soluble than the original mineral and resists further acid attacks. The key to improved dental health for all is now for the dental profession to embrace this knowledge and put it into practice in the real world, to inhibit caries formation and progression, and to enhance the natural repair process.
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MINIMALLY INVASIVE DENTISTRY

The basic principle of minimally invasive dentistry is to preserve as much of the natural tooth structure as possible while at the same time encouraging remineralization of early lesions to inhibit further progression. Maintaining a balance between pathological and protective factors is the key to success and the oral health of the patient (Featherstone, 1999, 2003). Physically restoring the tooth to function follows a caries risk assessment for the individual and should be part of a treatment plan based upon the level of risk for future caries.

THE CARIES BALANCE CONCEPT

The caries balance concept is one that the dental profession must embrace in order to deliver caries prevention and intervention effectively in modern dental practice (Featherstone, 1999, 2000, 2003; Featherstone et al, 2003). Every time we look in the mouth of an individual to assess their present and likely future status we can use this concept to guide our investigation and our decision making. The concept is illustrated in Fig. 1 and has been described in detail previously (Featherstone, 1999, 2000, 2003; Featherstone et al, 2003).
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	Fig 1  Schematic representation of the caries balance. Adapted from Featherstone, 1999, with permission of the publishers.


Pathological factors that include 1) cariogenic bacteria, 2) frequent ingestion of fermentable carbohydrates, and 3) salivary dysfunction drive the caries process towards demineralization. Protective factors that include 1) salivary components, 2) fluoride and remineralization, and 3) antibacterial therapy drive the caries process towards remineralization.

Effective caries management revolves around these principles. In the case of high caries risk individuals the bacterial infection must receive antibacterial therapy at the same time that remineralization is being enhanced. It may also be desirable to conduct a dietary check and give advice to reduce the frequency of fermentable carbohydrate ingestion. All this must be done in conjunction with restorative dentistry, if needed, using minimally invasive techniques in order to preserve as much of the existing sound tooth structure as possible.

PATHOLOGICAL FACTORS

1) Cariogenic bacteria. Any bacteria in the dental plaque that produce acids (so-called acidogenic) must be considered cariogenic. Laboratory studies have shown that subsurface carious lesions can be formed with the weak organic acids produced by the bacteria in the mouth. For example, studies have shown that combinations of acetic and lactic acid are more damaging than lactic acid alone (Featherstone and Rodgers, 1981). This means that combinations of species such as S. mutans, S. sobrinus (the mutans streptococci group) and the lactobacilli species all contribute to caries progression, perhaps even more than just additively (Featherstone, 2000). Other acid-producing species have been identified and will also add to the acid challenge. Several bacterial species are also aciduric, that is they can live in acid, which adds to their virulence (Loesche, 1986). Attempts to deal with the bacterial challenge must target more than one species.

2) Fermentable carbohydrates. The frequent ingestion of fermentable carbohydrates is well known as a necessary pathological factor for caries initiation and progression. The carbohydrates involved are sucrose, glucose, fructose, cooked starch and potentially any carbohydrate that any of the acidogenic species can metabolize (Mundorff et al, 1990). If frequent carbohydrate ingestion is established then dietary advice to reduce frequency and/or substitute with non-cariogenic sweeteners such as xylitol is important to reduce this pathological factor.

3) Salivary dysfunction. Saliva and its components are essential to the maintenance of oral health. Markedly reduced saliva flow, and consequently reduced delivery of all the beneficial components of saliva immediately places a person at high risk for caries progression, as spelled out below under protective factors (Mandel, 1989). Stimulated flow rate is a crude but effective indicator of salivary dysfunction that can be due to medications, radiation therapy to the head and neck for cancer, or metabolic diseases. A stimulated flow rate of less than 0.7 ml/minute is generally considered to be an indicator of reduced salivary function. Normal flow rate is 1–4 ml/minute.

PROTECTIVE FACTORS

1) Saliva components and flow. Saliva flow helps to flush carbohydrates from the plaque, while at the same time providing buffers against the plaque derived acids; proteins and lipids that to form the protective pellicle; proteins to maintain calcium and phosphate in a supersaturated state; antibacterial proteins; immunoglobulins; and as a carrier of fluoride to the plaque fluid (Mandel, 1989; Lamkin and Oppenheim, 1993).

2) Fluoride from extrinsic sources, and calcium and phosphate from saliva. Fluoride from extrinsic sources, such as fluoride dental products, inhibits demineralization if present at the crystal surface at the time of acid challenge. Fluoride, calcium and phosphate together provide the key ingredients for remineralization, the natural repair process for the early carious lesion. Remineralized enamel or dentin is more resistant to subsequent acid challenges as described in detail elsewhere (Featherstone, 2000; Ten Cate and Featherstone, 1991; Featherstone, 1999).

3) Antibacterial therapy. While saliva naturally provides some antibacterial therapy this is insufficient if the pathological factors outweigh the protective factors. In cases where the bacterial challenge is high and the person is at medium or high risk for future caries then additional antibacterial treatment is necessary to allow fluoride and remineralization to balance the challenge. Chlorhexidine can effectively reduce mutans streptococci (S. mutans and S. sobrinus) levels in the plaque biofilm, but is much less effective against the lactobacilli species (Krasse, 1988). Xylitol is a non-cariogenic sweetener and also interferes with bacterial adherence and transmission (Soderling et al, 2000). Iodine shows some promise as an alternative antibacterial (Lopez and Berkowitz, 2002). New therapies are under development and we expect to see improved antibacterials available against cariogenic bacteria in the near future. Immunization against caries also falls into this category but at the time of writing no products proven to work in humans are available. Similarly replacement therapy is still in the development stages (Hillman et al, 2000).

The above three pathological factors and three protective factors are not exclusive, but are the most important factors in assessing future caries risk and identifying why a person has caries or can be expected to have caries. Additional things such as tooth morphology, oral hygiene, sealant application, etc. can be added as subtle variants.

REMINERALIZATION AS A THERAPEUTIC MEASURE

Carious lesions can be remineralized prior to cavitation. Even after cavitation remineralization is possible, but then the open lesion still harbors cariogenic bacteria. Remineralization requires remnants of the original enamel or dentin crystals to be present in the early lesion as seeds for new mineral growth (Featherstone, 2000; Ten Cate and Featherstone, 1991; Featherstone, 1999). Calcium and phosphate from the saliva diffuse into the lesion, together with fluoride and a new 'veneer' or coating grows on the partially demineralized crystal surface. Fluoride speeds up this process and the new mineral is orders of magnitude less soluble than the original mineral. Fig. 2 shows the process schematically. Enamel and dentin mineral is a highly substituted form of hydroxyapatite (Nelson et al, 1983; Nelson and Featherstone, 1982; LeGeros, 1991). The major impurity when the mineral is originally formed is carbonate which substitutes in enamel at about 3% by weight and in dentin at about 5% (Nelson et al, 1983; Nelson and Featherstone, 1982; LeGeros, 1991). These substitutions create sites in the crystal where acid can readily dissolve calcium and phosphate. During remineralization the carbonate is excluded and the new crystal surface is somewhere between hydroxyapatite and fluorapatite, both of which are very much less soluble than the original carbonated hydroxyapatite. This phenomenon occurs in the human mouth, and is the natural repair process for the early lesion (Featherstone, 2000, 1999). Remineralization can be encouraged by the use of fluoride products applied in the dental office (foams, gels, glass ionomers, fluoride-releasing varnishes or sealants); fluoride in dental products used in the home (toothpaste, mouthrinse); and fluoride in the drinking water. As stated above if the acid-producing bacterial challenge is too high, then the fluoride effect is overcome, the caries balance (Fig. 1) tips towards the pathological side and demineralization i.e. caries wins.
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	Fig 2  Schematic representation of remineralization. The new mineral veneer on the remineralized crystals has much increased acid resistance compared to the original enamel or dentin mineral. Adapted from Featherstone 1999, with permission of the publishers.


THE CARIES BALANCE AS THE BASIS FOR CARIES MANAGEMENT

Minimally invasive caries management has the ideal outcome of preserving as much of the existing tooth structure as possible, controlling the bacterial infection and swinging the caries balance toward remineralization and the prevention of future formation of cavities. Every individual patient is different but can be dealt with under the overall umbrella of the principles laid out above. Firstly, caries lesions should be detected early enough so that their formation, prior to cavitation, can be reversed or arrested rather than restored. New techniques are becoming available that enable this to be done more accurately and effectively. Better tools will be available in the near future. Secondly, the individual caries risk of the patient should be assessed by examination, questionnaire, and biological testing. Thirdly, a treatment plan which involves enhancement of remineralization, reduction of the bacterial challenge and monitoring of the patient's progress should be put in place. Fourthly, as part of the treatment plan existing cavities should be restored by filling with appropriate materials while conserving tooth structure (Featherstone, 2003; Featherstone et al, 2003).

In this way we can enhance the natural repair mechanism provided by saliva, deal with the bacteria challenge, chemically reverse or arrest caries, and provide the patient with a better chance of healthy teeth in the future.

CARIES RISK ASSESSMENT AND CARIES MANAGEMENT

Numerous attempts have been made over the decades to come up with effective and proven methods of caries risk assessment. Conferences have been held on this topic and until recently complicated methods were proposed, with no definitive follow-through as to the real effectiveness of such measures. However, with the many details known of the caries process, and the concept of the caries balance laid out above, it is now possible to come up with a simple set of guidelines for effective caries risk assessment as part of caries management. Several such plans have recently been introduced around the world. A recent conference held in California produced caries risk assessment procedures and two straightforward one page forms, which can be used in dental practice. One form is for children 0 through 5 years of age and the second form is for children 6 years of age and older as well as for adults. The review papers that led to the development of these procedures can be read by visiting the website, www.cdafoundation.org/journal. The reader is referred to the February and March 2003 publications of the California Dental Association Journal at this website to download the forms and the consensus document that briefly describes the use of the forms (Featherstone, 2003; Featherstone et al, 2003).

First, a caries examination is conducted, and then the questions on the form are answered with a simple yes or no. This can be done in a few minutes. The clinician then assesses from the number of pathological factors and preventive factors whether the patient is in balance or not. This decision then forms the basis for whether or not to do a bacterial test, whether or not to apply office fluoride treatment, and which restorations are needed. The patient leaves the office with written instructions (a second form) for home-use preventive therapy and is recalled depending on the low or high risk status for subsequent continuing caries risk assessment and therapy to control the disease and reverse it by remineralization. The reader is referred to the above-mentioned publications at the website and to Featherstone and co-workers, consensus statement 2003, for details of these procedures. Step by step examples have also been provided in a recent publication (Featherstone, 2004).

ADDITIONAL PATIENT RECOMMENDATIONS

A few specific patient recommendations are worthy of highlighting here:

Daily Oral Hygiene
All patients regardless of risk level should be recommended to brush twice daily with an effective fluoride toothpaste/dentifrice. Not only will this reduce the plaque level in the mouth, most importantly it will provide therapeutic levels of fluoride to the mouth on a regular daily basis. Fluoride is retained in the mouth for several hours subsequent to brushing with a fluoride toothpaste and application twice daily is an effective therapeutic measure (Zero et al, 1992).

Additional Fluoride
For moderate and high risk patients, additional fluoride should be recommended depending upon on the assessment of the likelihood of compliance for adults as well as children. Fluoride rinses that can be purchased over the counter containing 0.05% sodium fluoride are very effective if used twice daily in addition to a fluoride toothpaste (O'Reilly and Featherstone, 1987). For high risk patients, a brush-on gel or dentifrice with a high concentration of fluoride content such as 5,000 part per million should be prescribed. There are also fluoride lozenges available that can be sucked by adults to provide therapeutic levels of fluoride in the mouth which enhance remineralization. The latter product is especially useful for xerostomic patients.

Chewing Gum
The use of chewing gum can be recommended for high risk patients, especially those with low saliva flow. The use of chewing gum will stimulate the saliva and thereby enhance remineralization. Chewing gum or mints that do not contain fermentable carbohydrates (sugar free) should be recommended. Some contain Xylitol which also has antibacterial effects. In some countries these xylitol containing products are readily available and should be recommended.

Antibacterial Rinse
In the case of high risk patients who have medium to high levels of either mutans streptococci or lactobacilli, or both, they should be placed on an antibacterial rinse. Currently the most effective antibacterial rinse is Chlorhexidine Gluconate (0.12 or 0.2%). In some countries this is also available as a high concentration gel. We currently recommend the rinse as a once daily application with ten milliliters for one minute at bedtime for one week. This should be repeated for one week every month for up to six months and then a further bacterial test would be done. Staining is possible with these products, but if used for only one week monthly, staining should be a minimal issue. Compliance is also a major issue with this product, which is why we recommend one week at a time and repeating monthly rather than two weeks every three months, as recommended generally in the literature. New antibacterials are expected to be available in the very near future and at that time their use will be recommended.

CONCLUSION

The caries balance concept as outlined here can be used to rapidly assess the reasons that a patient presents with caries, as the basis for caries risk assessment for the future, and as the underlying rationale for a successful anti-caries treatment plan.
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