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The cariogenic dental biofilm: good, bad 
or just something to control?§

Abstract: This paper discusses the role of dental biofilm and adjunctive 
therapies in the management of dental caries. Dental biofilm is a site of 
bacterial proliferation and growth, in addition to being a location of acid 
production. It also serves as a reservoir for calcium exchange between the 
tooth and saliva. The salivary pellicle, a protein-rich biofilm layer, regu-
lates the reaction between tooth surface, saliva and erosive acids. The 
protective effects of this pellicle on enamel are well established. However, 
understanding the effects of the pellicle/biofilm interaction in protecting 
dentin from erosive conditions requires further research. Saliva interacts 
with the biofilm, and is important in reducing the cariogenic effects of 
dental plaque as acidogenic bacteria consume fermentable carbohydrates 
producing acids that may result in tooth demineralization. Adequate 
supplies of healthy saliva can provide ingredients for successful remin-
eralization. Strategies for managing the cariogenic biofilm are discussed 
with emphasis on the effectiveness of over-the-counter (OTC) products. 
However, since many toothpaste components have been altered recently, 
new clinical trials may be required for true validation of product effec-
tiveness. A new generation of calcium-based remineralizing technologies 
may offer the ability to reverse the effects of demineralization. Neverthe-
less, remineralization is a microscopic subsurface phenomenon, and it 
will not macroscopically replace tooth structure lost in a cavitated lesion. 
Optimal management of cavitations requires early detection. This, cou-
pled with advances in adhesive restorative materials and microsurgical 
technique, will allow the tooth to be restored with minimal destruction 
to nearby healthy tissue.
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Introduction
The role of the dental biofilm has long been im-

plicated in the development of caries. Miller1 (1890) 
proposed a two step process whereby mixed bac-
teria, when exposed to fermentable carbohydrates, 
produced acids which, in a second step, acted on 
tooth structure to dissolve hydroxyapatite and re-
lease free calcium and phosphates. Plaque accumu-
lation, subsequent production of acids within the 
plaque in response to a glucose exposure and subse-
quent recovery of the plaque pH was demonstrated 
by Stephan (1940, 1944).2,3 The introduction of di-
etary carbohydrates, even in thin layers of plaque, 
resulted in significant production of acid. The ex-
tent of the pH drop and the longevity of that drop 
are heavily regulated by saliva and salivary compo-
nents.2-5 This process of acid production is widely 
accepted in the demineralization of tooth structure 
(enamel and dentin) and the subsequent develop-
ment of caries-generated tooth cavitation.

Dental plaque is a diverse community found on 
the tooth surface embedded in a matrix of polymers 
of bacterial and salivary origin.6 Marsh, Bradshaw7 
(1995) describes the process of developing a mature 
biofilm as:

The formation of a conditioning film (acquired 1.	
pellicle) on the tooth surface;
the interaction between salivary bacteria and the 2.	
acquired pellicle (non-specific, followed by pri-
mary colonizers);
the attachment of secondary colonizers to the 3.	
primary colonizers;
the development of horizontal and vertical strati-4.	
fication;
the growth and formation of a climax commu-5.	
nity.
Kleinberg8 (1987) demonstrated in vivo that 

the formation of bacterial plaque actually starts at 
a considerably more mature phase than described 
above. He demonstrated that the very minor hard-
to-clean surface defects on the tooth actually serve 
as the starting points for the repopulation of the 
tooth with a mature plaque. A plaque initially in-
fected with Streptococcus mutans (only one of the 
bacteria capable of generating an acidic shift in the 
biofilm) in an infant or young child9 may be shifted 

to one that is primarily acid-tolerant simply by the 
ongoing exposure to the acid environment.10 The 
oral bacteria present in the biofilm, if acidogenic in 
nature, clearly have the ability to generate the acids 
needed to demineralize tooth structure in response 
to a fermentable carbohydrate challenge. If allowed 
to mature even for short periods of time, the biofilm 
develops the ability to sustain this acid generation. 

The biofilm, related to dental caries, functions 
in several ways. It is a site of bacterial proliferation 
and growth, as described above, a location of acid/
base regulation at the tooth surface, and a reservoir 
for calcium ion exchange between the tooth and the 
saliva. 

Hannig et al.11 (2003) demonstrated that pellicle 
formation, even as early as 2 hours, imparts signifi-
cant resistance to enamel demineralization. In earli-
er studies specifically designed to investigate pellicle, 
not plaque, Hannig, Balz12 (1999) demonstrated that 
a pellicle less than 24 hours in age demonstrated 
marked protective qualities on enamel when chal-
lenged by erosive acids. They also noted that short 
term exposure to phosphoric or citric acid could 
completely remove the protective pellicle. Later on, 
Hannig et al.11 (2003) demonstrated that a salivary 
pellicle only 3 minutes old conferred protection to 
enamel against citric acid attack. They demonstrat-
ed that the pellicle is 20-500 nm thick within the 
first two hours of exposure to saliva, depending on 
location, and is resistant to removal by a toothbrush 
(without toothpaste) and masticatory forces. The 
protein-rich biofilm layer, salivary pellicle, is the 
interface that regulates the reaction between tooth 
surface, saliva and erosive acids. The protective ef-
fects of the pellicle on enamel appear to be well es-
tablished by multiple research groups. Unfortunate-
ly the effects of the pellicle on dentin have had only 
limited research. Hara et al.13 (2006) demonstrated 
that a two-hour pellicle offered little resistance to 
erosive challenge on dentin. They asserted that the 
lower protective quality of pellicle on dentin may be 
due to the fact that a) dentin is more soluble than 
enamel and b) the pellicle could not resist the acid 
attack. It was speculated that greater protection of 
dentin could be expected if the pellicle was allowed 
to mature for more than two hours. The pellicle/
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biofilm interaction in protecting dentin from erosive 
challenges requires further investigation. The ability 
of the biofilm to neutralize acid attack as well as to 
initiate and support remineralization of the dentin 
surface appears to be a critical step in determining if 
it demineralizes. 

The effects of saliva on the risk of developing 
dental caries are dramatic when there is significant 
loss of secretion resulting from development of xero-
stomia, either by disease, radiation therapy or use of 
any of nearly 1,000 drugs that have hyposalivation 
side effects.14 Saliva is critical to the protection of 
the teeth against the acidic pH changes that result in 
dental plaque when its bacteria degrade fermentable 
carbohydrates.2 Adequate amounts of healthy saliva 
supply all the necessary ingredients for successful 
remineralization, and the lack of it severely handi-
caps the natural repair process. Bicarbonate, phos-
phate, urea, amino acids and peptides collectively 
work to buffer or neutralize the pH of the plaque 
present on teeth.15 In some instances, salivary amino 
acids and peptides containing arginine are utilized 
to raise the pH of dental plaque16 by favoring the 
growth of base forming bacteria. The flow, distribu-
tion throughout the mouth and the general dilution 
properties of saliva also act to cleanse the mouth of 
adherent food, bacteria and their nutrients. The rap-
id clearance of carbohydrates protects against caries 
lesion development. Furthermore, the calcium and 
phosphate ions in saliva protect the teeth from acid 
dissolution and help with remineralization as well, 
when this occurs.17

In 1944, Stephan carried out a classic study in 
which he showed that the pH fall in response to a 
standard sugar rinse was lower in caries active in-
dividuals than in those in whom caries activity was 
less or zero. Multiple studies in animals, humans 
and model systems have demonstrated that saliva 
plays a major role in dental caries prevention.18,19

The plaque, saliva and tooth 
chemistry of demineralization 
and remineralization

Stephan (1944) suggested a critical pH for enam-
el, below which the enamel would dissolve. There 
needs to be sufficient acid production to develop a 

plaque that is undersaturated with respect to cal-
cium and phosphates. Saliva provides calcium and 
phosphate that help prevent the dissolution of tooth 
enamel in the form of calcium and phosphate ions 
as well as a calcium phosphate carbohydrate protein 
complex named salivary precipitin.20 The presence 
of these calcium and phosphate complexes prevents 
the dissolution of enamel in mildly acidic environ-
ments. In fact, in neutral to slightly basic environ-
ments these calcium and phosphate complexes may 
actually push calcium into the tooth surface (or pre-
cipitate in the form of calculus) (Figure 1). At the 
enamel surface, small chain acids produced by bac-
teria (e.g. formic, lactic, acetic, and propionic acids) 
enter the porous enamel via small diffusion channels 
that allow tiny molecules and ions to diffuse into 
the subsurface, demineralizing the surface.22 Solu-
bilized calcium and phosphate move to the tooth 
surface in response to the acid challenge and con-
centration gradient. As long as the tooth surface is 
in an acid environment that is undersaturated with 
respect to calcium and phosphate, the tooth will 
dissolve. The demineralization at the tooth surface 
layer is reduced because of the accumulation of cal-
cium and phosphate ions at the tooth surface both 
from plaque, as described above, and from the tooth 
structure below. This results in surface stability or 
remineralization as the tooth is buffered to neutral-
ity. In cariogenic conditions such as ongoing expo-
sure to fermentable carbohydrates, acid production 
continues and acid diffuses into an ever increas-
ingly accessible enamel subsurface resulting in the 
demineralizing of enamel crystals and the release of 
carbonate, calcium, phosphate, etc into the biofilm 
and eventually into the saliva, resulting in a loss of 
mineral from the tooth. The acid pH generated by 
the microbial metabolism is neutralized by saliva in 
several ways. In the simplest form, saliva dilutes and 
washes the acids away (though this may also act to 
remove mineralized material). Saliva contains bicar-
bonate which can directly buffer the acids. Another 
mechanism of neutralizing acids is present. As the 
plaque is a mixed culture containing many bacte-
ria, an increased amount of saliva serves to bring 
the plaque other nutrients such as the amino acid 
arginine and urea. Both of these compounds serve 
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as substrates for bacteria that create base as a meta-
bolic byproduct. The biofilm is rich in arginolytic 
bacteria that produce base in response to the expo-
sure to saliva, helping neutralize the acid produced. 

It is noteworthy that if the enamel surface re-
mains intact, bacteria have no way of invading the 
dentin because these enamel diffusion channels are 
very small, making it impossible for the much larger 
bacteria to diffuse into the tooth (even though a ra-
diograph may reveal significant enamel density loss). 
Thus, chemical remineralization therapies rather 
than surgical intervention are indicated when there 
is an intact enamel surface.23 In addition, evidence 
suggests that these non-cavitated lesions can also be 
managed in occlusal surfaces by sealing them from 
the environment.24,25 Once the surface is significant-
ly cavitated, it is no longer practical to rely on rem-
ineralization as a viable clinical treatment option. 
Remineralization is a microscopic subsurface phe-
nomenon and will not macroscopically replace the 
tooth structure of a cavitation. At this point, surgi-
cal restoration is indicated. Careful early detection 
of cavitations can result in less invasive surgical-
mechanical treatments. Thus, if restoration is nec-
essary, such early detection coupled with advances 
in adhesive restorative materials and microsurgical 
technique will allow the tooth to be restored with 

minimal destruction to nearby hard tissue that is 
still healthy.26

Strategies for managing a 
cariogenic biofilm

The management of a cariogenic biofilm may 
be looked at in several ways. Three strategies have 
dominated the history of modern dentistry: a) 
Plaque elimination/reduction by home care, b) fer-
mentable carbohydrate reduction or elimination and 
c) introduction of fluoride to reduce caries. Combi-
nations of these strategies have been responsible for 
substantial reductions in dental caries rates, but not 
for the elimination of caries. Oral hygiene education 
has been demonstrated to reduce bacterial counts, 
but not reduce the bacterial burden by clinically 
significant amounts.27 Plaque elimination by tooth 
brushing has been well documented. The question 
arises as to whether powered tooth brushing reduc-
es plaque more than manual tooth brushing. When 
evaluating the effectiveness of homecare programs 
several strategies must be discussed. The two most 
common homecare strategies are brushing and floss-
ing. The use of the toothbrush is clearly effective at 
removing plaque, but studies comparing powered 
and manual toothbrushes fail to show significant 
clinical differences. A Cochrane review found that 
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only small improvements were found in plaque ac-
cumulation with oscillating powered brushes over 
manual brushes.28 No conclusions were made relat-
ed to their effectiveness related to the management 
of dental caries. A review of the literature related to 
flossing and dental caries revealed that self-flossing 
failed to reveal effectiveness in caries reduction.29 It 
must be remembered that when reviewing studies re-
lated to tooth brushing effectiveness and caries, it is 
difficult to separate out the effect of multiple tooth 
brushings with fluoride toothpastes which have been 
demonstrated to reduce caries rates.

The effectiveness of over-the-counter tooth-
pastes is without question. The incremental reduc-
tion in caries is increased both with the concentra-
tion of fluoride in the toothpaste, the frequency of 
use and the baseline caries rates in the patients when 
toothpaste is introduced.30 These products have un-
dergone major clinical evaluation in the past, but in 
recent history, many of the toothpaste components 
have been altered. Though many laboratory studies 
have been performed on the products, the addition 
of new components should raise concerns that new 
clinical trials are required to allow continued vali-
dation of the products’ effectiveness. Adjunctive flu-
oride therapy in the presence of fluoride toothpaste 
has demonstrated effectiveness, though only by a 
small increment.31

Anti-microbial therapies
The concept of reducing plaque utilizing anti-

microbial agents seems like a reasonable strategy. 
Stannous fluoride and amine fluoride as well as nu-
merous metallic ions have demonstrated antimicro-
bial effectiveness.32,33 Tin, zinc, copper and others 
have demonstrated anti-microbial effects, but none 
have demonstrated anti-caries effectiveness. Essen-
tial oils, a mixture of thymol, eucalyptol, methyl 
salicylate and menthol have been demonstrated to 
be effective in preventing the build-up of supra-gin-
gival plaque and gingivitis,34,35 but have not dem-
onstrated effectiveness in the reduction of caries le-
sions. Triclosan has also demonstrated effectiveness 
in reducing plaque and gingivitis, but has also failed 
to produce reductions in caries.36 Chlorhexidine, a 
bisguanide, is a broad spectrum antimicrobial that 

functions by disturbing the cell membrane of bacte-
ria. Studies have demonstrated that chlorhexidine, 
administered frequently enough and in high enough 
doses, can reduce the Streptococcus mutans bio-
burden in the mouth.37 Unfortunately, clinical stud-
ies focusing on actual caries reductions have been 
equivocal.

Calcium based remineralizing 
therapeutic approaches

Remineralization of the tooth is not a new con-
cept. Calcium products have been recommended 
for decades with in vitro data demonstrating con-
striction of exposed tubules when treated with 
Ca(OH)2.

38 The problem with surface application 
of Ca(OH)2 was its ease of solubility in the oral en-
vironment. Since that time, multiple calcium based 
desensitizing solutions have emerged. In the early 
1990’s an amorphous calcium phosphate (ACP) 
based product became commercially available. The 
dentifrice contained sodium fluoride, calcium salts 
and phosphate salts (calcium separated from the 
phosphate and fluoride by a plastic divider in the 
tube to prevent interaction). In an eight week clini-
cal trial, the product was shown to reduce sensitivi-
ty equivalent to any of the medicinal based products 
available at the time.39 The ACP technology has re-
cently been incorporated in a commercially available 
sodium bicarbonate containing toothpaste, prophy-
laxis pastes and varnish products.

In the late 90’s, a new calcium based reminer-
alizing product was introduced demonstrating suc-
cessful desensitization both as a toothpaste and as a 
prophylaxis paste. This product is an arginine bicar-
bonate/calcium carbonate compound (Cavistat™, 
Ortek Therapeutics, Garden City, NY, USA) that 
can be incorporated into multiple delivery platforms 
to assist in mineralization. Its mechanism of action 
has been described as follows: “The highly soluble 
arginine bicarbonate component surrounds, or is 
surrounded by, particles of poorly soluble calcium 
carbonate component, and because of the adhesive 
qualities of this composition, forms a paste-like plug 
that not only fills but also adheres to the dentinal 
tubule walls. Because of its alkalinity, the arginine 
bicarbonate/calcium carbonate also reacts with the 
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calcium and phosphate ions of the dentinal fluid to 
make the plug chemically contiguous with the den-
tinal walls….”.40 The clinical longevity of this ob-
turation was demonstrated in a clinical trial after a 
single prophylaxis treatment with a paste contain-
ing arginine bicarbonate/calcium carbonate. Sixty 
percent of the teeth remained totally asymptomatic 
to air and 77.4%, totally asymptomatic to scratch. 
Of the teeth not rendered totally asymptomatic with 
the single treatment, most experienced marked im-
provement in symptoms.41 Clinical trials involving 
the twice-daily self-application of the toothpaste 
containing arginine bicarbonate/calcium carbonate 
achieved similar results. These same products are 
being utilized in anti-caries products. Two recent 
studies, one double-blind placebo controlled study 
utilizing a chewable mint and the other, a cohort-
controlled study of a Cavistat™ containing tooth-
paste, demonstrated reduction in new decayed, miss-
ing or filled surfaces (DMFS) as well as reversals of 
early lesions.42,43 

Again, in the late 90’s, another calcium based 
remineralizing technology became available. This 
product addressed the delivery system problem of 
stabilizing amorphous calcium phosphate under 
neutral or alkaline conditions increasing the plaque’s 
content of calcium and phosphate44 by the incorpo-
ration of a casein phospho-peptide with amorphous 

calcium phosphate (CPP-ACP). This product, in a 
series of in situ studies, has demonstrated the ability 
to remineralize enamel that was previously deminer-
alized.45 The effectiveness of the CPP-ACP product 
in reducing dentin hypersensitivity was demonstrat-
ed utilizing a toothpaste delivery system.46 A recent 
double-blind clinical study investigated, using digital 
bitewing radiography, the progression and regres-
sion of approximal caries in 2,720 adolescent sub-
jects chewing a sugar-free gum containing CPP-ACP 
over a 24-month study period. Caries progression or 
regression was analyzed, and for subjects chewing 
the CPP-ACP gum the odds of a surface experienc-
ing caries progression were 18% less.47

Conclusions
The principles of caries risk assessment should 

be applied to all patients. Adjunctive anti-caries 
agents should be recommended commensurate with 
the caries risk. Home care, fluoride toothpaste and 
fermentable carbohydrate reduction have been the 
mainstays of clinical practice for the better part of 
the last half century. Despite these recommenda-
tions, wide spread public fluoridation and improved 
dental care, dental caries remains a pandemic con-
dition. Adjunctive therapies are necessary and even 
greater research must be done on these products.
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