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Introduction n 

Inn this chapter, the rationale behind the work presented in this thesis will be 

described.. First, the clinical relevance to study plaque stagnation sites will be 

addressed.. Next, a brief overview on microbial ecology linked to caries 

susceptibilityy of these sites will be given. Then, the term 'biofilm' will be 

introduced,, since dental plaque, like most micro-organisms in nature, exists 

associatedd with a surface. The importance of studying plaque as a biofilm and 

practicall  ways to do so will be discussed. And, finally, the model used in this 

thesiss to simulate and study plaque stagnation sites will be described, followed by 

ann outline of thee thesis. 

Moree than 100 years ago, Miller proposed his chemoparasitic theory for dental 

cariess etiology (Miller, 1890): oral bacteria metabolize dietary carbohydrates, and 

thee acids produced dissolve the tooth mineral. Over the years our understanding 

off  the caries process has deepened but has not essentially changed. Caries is 

describedd as a multifactorial, site-specific, and dynamic process that is modified 

byy protective factors, such as saliva, fluoride and time (Zero, 1999). 

Sincee fluoridated dentifrices were introduced in 1970-ies, epidemiological 

surveyss from developed countries reveal similar patterns: the extent and severity 

off  frank cavitations have diminished and the disease prevalence and incidence 

havee declined (Fejerskov and Baelum, 1998). This change is credited primarily to 

thee caries inhibitory effects of fluoride, although the increase in individual 

awarenesss of the importance of maintaining good oral health should not be 

underestimatedd (Burt, 1998). 

Thee major anti-caries effect of fluoride resides in its ability to promote 

ree mineralization of early carious lesions, while it has comparatively little effect 

onn caries etiology (ten Cate and van Loveren, 1999), as is reflected in the present 

dayy caries distribution. Most lesions are found in pits and fissures, and in 

approximall  surfaces (Table 1). These are plaque stagnation sites, limited in 

salivaryy access and shielded from oral hygiene procedures, which together allows 

ann undisturbed and prolonged contact between plaque and tooth surface. 

Alsoo secondary caries, found in 20-60% of the restorations scheduled for 

replacement,, most often occurs at less-accessible areas - cervical and approximal 

marginss of restorations where plaque accumulates (Fontana and Gonzalez-Cabezas. 
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2000;; Mjór and Toffenetti, 2000). 

Thus,, although caries is not as ubiquitous as a few decades ago, it still 

affectss a significant segment of the population (Table 1). where it occurs mainly 

att plaque stagnation sites. 

Tablee 1. Caries prevalence in 5- to 23-yr-old Dutch individuals, insured by the National Sick 
Fund. . 

Pitss and 
fissures s 

Approximal l 

Freee smooth 
enamel l 

Cariess free 
individualss (%) 

dmfs5-yrr j DMFS11-yr 

19877 1993 1999 1987 1993 1999 

1.44 1.2 1.6 

1.77 1,3 1.8 

0,77 0,5 0.6 

511 55 51 

2.11 1.1 1.2 

0.44 0.3 0.2 

0.22 0.0 0.0 

388 53 55 

DMFSS 17-yr 

19877 1993 1999 

7,33 4.8 3.8 

3.55 2.2 1.8 

0.77 0.3 0.2 

88 19 21 

DMFSS 23-yr 

19877 1993 1999 

13.11 9.2 6.9 

12.77 6.4 5.0 

2.88 1.3 0.9 

11 6 11 

Adaptedd from Kalsbeek et a/., 1989; Kalsbeek et ai, 1999 

Plaquee stagnation sites - discrete ecological habitats 
Fromm elaborate microbiological culture studies it is known that fissure plaque is 

predominatedd by a gram-positive flora, mainly streptococci and rods (Theilade et 

a/.,a/., 1974, 1978, 1982). In approximal plaque, streptococci are present in high 

numbers,, while gram-positive rods (esp. Actinomyces spp.) frequently dominate 

thesee sites (Bowden et al., 1975). In marginal defects of restorations, although the 

typee of restorative material may qualitatively influence the microflora, both 

streptococcii  and lactobacilli are the predominant isolates (Fontana and Gonzalez-

Cabezas,, 2000). 

Dentall  plaque microflora, once established at a site, remains relatively 

stablee over time (Marsh, 1989). An important physiological factor able to 

modulatee the microflora is the local pH. Frequent and prolonged lowr pH periods 

mayy select aciduric and acidogenic micro-organisms (Bradshaw et al., 1989), 

resultingg in an ecological shift from a healthy to a pathogenic flora (Marsh, 

1994),, which promotes dental caries. The micro-organisms generally associated 

withh caries are mutans streptococci and lactobacilli (Hamilton, 2000), although 

ann increasing number of studies emphasize the role of other aciduric species, e.g.. 
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acidogenicc non-mutans streptococci and actinomyces (van Ruyven et al„  2000; 

revieww by van Houte, 1994). 

Relatingg caries activity with specific micro-organisms is a difficult task, 

sincee discrete ecological conditions are present even within a single habitat. A 

studyy dealing with the microflora on approximal surfaces (Babaahmady et ai, 

1997)) has revealed local variations within the defined subsites - below, close or 

awayy from the contact point -, in the proportions of the respective species. 

Plaquee below the contact area had the greatest diversity of species with the 

highestt isolation frequencies of anaerobic, acidogenic, aciduric and saccharolytic 

bacteria.. This subsite corresponds with the location of the initial white spot 

lesionss in approximal enamel (Thylstrup and Fejerskov, 1994). 

Thee relation of fissure morphology with plaque structure and caries was 

analyzedd with microradiography and transmission electron microscopy (TEM) in 

eruptingg third molars (Ekstrand and Bjarndal, 1997). The results showed that the 

entrancee of narrow fissures was more prone to caries, and that these sites were 

associatedd with higher proportions of vital micro-organisms than the deeper parts. 

Thiss supported the findings from stepwise sampling of carious fissure plaque 

(Meierss and Schachtele, 1984): about two/thirds of the total cultivable flora was 

obtainedd from the upper 0.5 mm of the fissures and only 3% were cultured from 

thee depth beyond 1 mm. 

Ass fissure plaque is dependent on nutrients available from the entrance of 

thee fissure, finding early signs of caries at the fissure entrance rather than within 

thee fissure proper ("Nyvad and Fejerskov, 1994) seems only logical: most acids 

wil ll  be produced at the sites with the highest access to fermentable carbohydrates. 

However,, data on plaque metabolic activity and on diffusion throughout fissures 

aree lacking. 

Ass mentioned before, acids are essential for the caries process to occur, 

Thee extent of the plaque pH drop following exposure to carbohydrates has been 

linkedd to caries activity of an individual (Stephan, 1944), as well as to site 

specificityy of caries: lowr pH periods in fissures and interdental spaces last longer 

thann on smooth surfaces (Schachtele and Jensen, 1982; Lingström et ai, 1993). 

Sloww clearance of carbohydrates (Luke et ai, 1999) and acids from these 

stagnationn areas is the most probable reason for these differences, although 

detailedd knowledge {e.g., on clearance patterns) is missing due to difficulties in 

assessingg plaque at stagnation sites. 
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Dentall plaque as a biofilm 
Too persist in the oral cavity, micro-organisms have to attach and grow on 

surfaces,, since any substance in saliva, including micro-organisms, is halved 

withinn 2 minutes by unstimulated salivary flow and within seconds by stimulated 

floww (Carlsson, 2000). An interesting observation in this respect is, that most 

micro-organismss in nature are associated with surfaces (Costerton et al., 1995). 

Too describe the communities of matrix-enclosed micro-organisms, attached to a 

surface,, the term 'biofilm" is used (Marsh, 2000). 

Attachmentt to the surfaces, as well as close proximity of multiple species 

andd the presence of extra-cellular matrix results in a multi-cellular system with a 

heterogeneouss structure and a variety of functions. This system is able to resist 

severee environmental shocks {i.e. pH fluctuations in dental plaque, antimicrobial 

treatments)) and to maintain its homeostasis (reviews by Stickler. 1999; Watnick 

andd Kolter, 2000; Mah and (TToole, 2001). Properties of biofilms do not result 

fromfrom consolidation of individual properties of biofilm constituting bacteria, nor 

doo they follow those of planktonic cells that have adhered to a surface. As 

indicatedd in Table 2, the biofilm mode of growth results in unique properties. 

Tablee 2. Summary of general properties of a biofilm 

Protectionn from host defenses and predators 

Protectionn from desiccation 

Protectionn from antimicrobial agents 

 Surface-associated phenotype 

 Slow growth rate 

 Poor penetration 

 Inactivation/neutralization 

Novell gene expression and phenotype 

Persistencee in flowing systems 

Spatiall and environmental heterogeneity 

Spatiall organization facilitating metabolic interactions 

Elevatedd concentration of nutrients 

Cell-to-celll communications 

Adaptedd from Marsh, 2000 
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Mechanicall  removal from the substratum onto which the biofilm had 
formedd or disruption of a three-dimensional structure will intervene with the 
abovee mentioned properties. Therefore, direct or in situ observations are crucial 
inn biofilm research (Costerton et al., 1999). Confocal laser scanning microscopy 
(CLSMJJ has shown its applicability due to the relative ease of sample 
preparation,, together with the advantages of this technique - the possibility to 
examinee wet, undisturbed samples in situ (on the substratum on which the biofilm 
wass grown), and three-dimensional visualization (review by Lawrence and Neu, 
1999). . 

Onlyy recently, dental plaque was recognized as a biofilm (Novak, 1997; 
Newmann and Wilson, 1999), This led to the first confocal microscopy studies on 
dentall  plaque, showing that plaque grown intra-orally on in situ appliances, has 
ann open structure (Wood et at., 2000) just like many other biofilms in nature, and 
thatt the structure of in vitro grown plaque was influenced by nutrient availability 
(Prattene/a/.,, 2000). 

Anotherr in situ method employed in biofilm research is the microsensor 
technique.. Although invasive, it was shown to be the best choice in direct 
concentrationn measurements inside biofilms, mats and sediments (de Beer, 2000). 
Highlyy localized measurements are possible due to the micrometer scale sensing 
tipp and three-dimensional micro-scale positioning and controlling of the sensor. 
Combiningg the CLSM and microsensor techniques allowed investigators to relate 
thee community structure with the metabolic functions of the respective 
populationss when nitrifying biofilms were assessed with specific oligonucleotide 
probess and microsensors (Schramm et al., 1996; Okabe et al., 1999; review by 
Amannn and Kiihl , 1998). So far microsensors had not been applied to dental 
plaquee biofilms. 

Objectivee of the thesis 
Difficultiess in accessing and studying natural stagnation sites for dental plaque 

havee encouraged the development of various in situ models (Igarashi et al., 1989; 

Dijkmann and Arends, 1992; Robinson et al., 1997). Recently our group 

developedd a simple retention site model that involves bovine dentin discs into 

whichh grooves of various dimensions are cut. Mineral changes can be assessed 

quantitativelyy by transversal microradiography (TMR) throughout the depth of 

thee groove. Both, in vitro (Lagerweij et al., 1996a) and intra-oral (Lagerweij et 
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ai,ai, 1996b, 1997) studies have shown that lesions follow the natural 

demineralizationn pattern observed in fissures and marginal gaps - with the 

highestt mineral loss at the entrance of the grooves. The usefulness of the model 

forr the assessment of caries-preventive measures was demonstrated in an intra-

orall  study on the de- and remineralization effects of fluoridated toothpaste 

(Lagerweijj  et ai. 1996b). Maximum anti-caries effects were observed at the 

entrancee of the grooves, while with decreasing groove width the beneficial effects 

off  a fluoride dentifrice decreased. The advantage of the intra-oral groove model is 

thatt plaque accumulated in the grooves can be assessed directly without 

disturbingg its bio film-properties, while questions like plaque recalcitrance to 

chlorhexidine,, spatial metabolic activity, and interactions with the groove 

substratumm are addressed. 

Thee overall aim of this thesis was to increase our knowledge of the 

chemicall  and biological processes occurring in areas with plaque stagnation. 

Suchh knowledge may be rationally used to develop schemes to decrease the 

cariess susceptibility of these caries prone sites. 

Outlinee of the thesis 
Inn Chapter II the effects of high fluoride concentrations on in vitro 

demineralizationn of dentin grooves were assessed by transversal 

microradiographyy (TMR). 

Inn Chapter III the effects of dentin pretreatment with fluoride- and 

chlorhexidine-containingg varnishes on the proportions of cultured plaque mutans 

streptococcii  and lactobacilli and on dentin demineralization after a 3-wk intra-

orall  period were assessed. 

Inn Chapter IV the structure and vitality of undisturbed and chlorhexidine-treated 

dentall  biofilm grown in dentin grooves was assessed directly with confbcal laser 

scanningg microscopy (CLSM). The bactericidal effects of chlorhexidine were 

quantifiedd with image analysis. 

Inn Chapter V the effects of groove solubility were assessed on temporal and 

spatiall  plaque pH microprofiles. Dentin demineralization after a 1-wk intra-oral 

periodd was quantified by TMR and correlated with the plaque pH profiles. 
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Inn Chapter VI the glucose and urea metabolism in plaque-filled grooves was 

assessedd by pH-microprofiling, and the effects of dietary regimens on plaque 

cariogenicityy were studied by combining plaque pH measurements and TMR. 
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