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Chapterr VI 

Plaquee metabolic activity in narrow grooves 

Partt of this Chapter has been published or is accepted for publication as: 

ZAURA-ARITEE E AND TEN CATE JM (2001). Studies on the dental plaque biofilm. 
In:: Biofilm community interactions: Chance or necessity? Gilbert P, Allison D. 
Bradingg M, Verran J. Walker J, editors. Cardiff: BioLine, pp. 153-162. 

ZAURA-ARITEE E AND TEN CATE JM (2002). Dental plaque as a biofilm. Effects of 
nutrientss on plaque pH and dentin demineralization. Accepted for publication in 
CariesCaries Research. 
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.. . . Plaque metabolic activity 

INTRODUCTION N 

Dentall  plaque at retention sites, although studied in detail regarding its microbial 
compositionn and ultra structure, represents an ecological habitat with limited 
knowledgee available about its metabolic activity. One approach to assess this 
activityy is to measure plaque pH response to fermentable substrates. Existing data 
onn pH measurements in situ were generated either by telemetric monitoring at the 
basee of retention sites (Igarashi et at, 1989. 1990) where no separate assessment 
off  various plaque layers is possible, or with touch-electrodes (for review: Harper 
etet aL, 1986). In the latter case electrode repositioning and depth are not 
controlled,, and the large tip size (about 0.1 mm in diameter) limits the 
applicabilityy of these electrodes in deep and narrow sites. Such problems can be 
overcomee by a microsensor approach that allows in vitro monitoring of pH 
changess on a microscale throughout the depth of narrow plaque-filled grooves 
(Zaura-Aritee et AT/., 2002). 

Thee aims of the pilot experiments described in this chapter were to assess 
metabolicc activity in subsequent layers of in situ-grown plaque. More 
specifically,, we measured pH response to urea of glucose-exposed plaque 
(Experimentt 1), determined pH response to glucose and urea at the bottom of the 
retentionn site (Experiment 2). and studied the effect of various dietary regimens 
duringg the in situ period on plaque response to glucose and on demineralization 
off  dentin (Experiment 3). 

MATERIALSS AND METHODS 

Specimenss and in situ conditions 

Twoo types of specimens were prepared (Figure 1) from 6-mm diameter discs. In 

1.2-mrnn thick specimens, three 0.2-mm wide and 0.8-mm deep grooves were cut 

inn the outer surface of the disc (specimens type I). In thinner specimens (0.8 mm) 

twoo 0.2-mm wide grooves were cut from the side of the disc halfway through the 

disc,, and the disc was placed in a Teflon holder and fixed with wax. This resulted 

inn type II specimens with 0.8-mm deep dentin grooves with removable Teflon 

bottom. . 
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Chapterr VI 

Forr experiment I. type I specimens were made of bovine dentin, bovine enamel 

andd polyacrylate. The discs were fixed to removable appliances that were worn 

forr 7 days by 5 healthy volunteers. The dentition and appliance were brushed 

withh fluoride containing toothpaste twice a day. while care was taken not to brush 

overr the specimens. 

Forr experiment 2. in three subjects -- selected from those participating in 

Experimentt I - a type II dentin specimen was fixed to the appliance next to the 

otherr specimens. During the in situ period the entrance of the groove (Fig. 2 Left 

panel,, sites IA and IIA) in both types of specimens was exposed to the oral 

cavity.. After the intra-oral period, the holder was carefully removed from the 

bottomm of type II specimen; specimen was inverted and fixed to a clean holder. 

Thiss way site IIA was closed and site I1B (bottom of the groove) was opened 

(Fig.. 2 Right panel) for glucose and urea applications. 

(SUU Q © 
Typee I specimen Teflon holder jvpe || specimen 

Figur ee 1. Preparation of two types of specimens (details in the text). 

Forr experiment 3, one healthy volunteer with no signs of active caries or 

periodontall  disease, but with moderate previous caries experience (FS = 27) and 

highh salivary mutans streptococci counts (2.2 X 10 ciii/mL saliva), wore the 

appliancee with type I dentin specimens for three 7-day periods with specific 

conditionss for plaque growth. 

"Duringg period I the appliance was removed 8 x5 min/day with one flange 

off  the appliance kept in a vial with tap water (named "Saliva*  growth condition, 

ass saliva was the main nutrient source for plaque growth), while the other flange 

wass kept in 10% sucrose water solution ("Sugar"). Care was taken to have all 

foodd and drink intake while the appliance was kept in the respective solutions 

extra-orally.. and to rinse the mouth with water prior to reinserting the appliance. 
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Plaquee metabolic activity 

Periodd II consisted of a 'special diet*  ("Cookie'): 1 meal (dinner) for 5 

minutess and 7 x5 minutes consumption of cookies (Liga. full-grain cookies with 

raisins,, containing 37 g sugar. 35 g starch/100 g) throughout a day resulting in 8 x 

5-minutee intakes/day. 

Periodd III involved the subject's 'regular diet' (named 'Regular'), usually 

consistingg of 2 meals (breakfast and dinner) and 5-6 snacks (including fresh 

fruits,, sandwiches, coffee) throughout a day. 

Fromm each growth condition 3 samples were obtained. 

Afterr the 7-day in situ periods, subjects were asked to refrain from any food or 

drinkk intake (or extra-oral exposure to sucrose in experiment 3) for at least 2 hrs 

beforee removal of the specimens. 

InIn situ period Ex-vivo pH measurements 

SALIVAA SUBSTRATE 

Figur ee 2. Orientation of grooves during in situ plaque formation period (Left panel) and 

duringg ex-vivo pH measurements (Right panel). Type II specimens were inverted after in situ 

period. . 

pHH measurements 

Specimenss were placed in a flow-through reactor with 50 mL 'Outside' buffer- 1 

mMM KH :P04 (pH 7) TOT ex-vivo pH measurements. 

Thee pH-measurements were performed as described previously (Chapter 

V)) with H-selective ionophore micro-electrodes in a XYZ-computer controlled 

setup.. Electrodes were calibrated in standard pH 4 and pH 7 buffers against the 

Ag/AgCII  reference electrode before and after experiments. 

Measurementt cycles were as follows: the sensor potential was recorded at 

10-//IT)) intervals from the bottom of the groove ('Home' position) until 0.3-0.6 

mmm above the specimen in the "Outside' buffer after which the micro-electrode 
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wass returned to the 'Home* position. Depending on the total distance and the 

timee between cycles, each cycle lasted between 2.5 and 5 minutes. 

Thee outline of the experiments is shown in Table 1. 

Tabl ee 1. Outline of the experiments. 

Experimentt 1 Experimentt 2 Experimentt 3 

Specimens s 
(Fig-1) ) 

Numberr of subjects 

InIn situ conditions 

Typee I specimens Type II 
inn dentin, enamel, specimens in 

polyacrylatee dentin 

5 5 

'Regular' ' 

3 3 

'Regular' ' 

Typee I specimens in 
dentin n 

11 x 'Regular' & 3 x 
'Special' ' 

Ex-vivoEx-vivo procedures 

1.. Resting pH 
measurements s 

2.. 10 yL 10% glucose 
forr 2 minutes** 

Typee II 
specimen n 

invertedd (Fig. 2) 

pHH measurements 
duringg 60 minutes 

4.. 10 /JL 0.25 M urea 
forr 2 minutes** 

5.. pH measurements 
duringg 30 minutes 

6.. TMR of dentin 
specimens s 

ex-vivoex-vivo steps described and results presented in Chapter V and Zaura-Arite et al., 
2002. . 
*** 'Outside' buffer was removed before, and refilled after two-minute application of 
substrate. . 
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-- . . Plaque metabolic activity 

Assessmentt of mineral loss 

Forr quantitative mineral loss analysis (experiment 3). the dentin specimens were 
sectioned,, radiographed and analyzed according to the transversal 
microradiographyy (TMR) procedure (Lagerweij et ai., 1994; van Strijp et al„ 

1995).. To assess mineral distribution along the depth of the groove, integrated 
minerall  loss (IML) was determined for four 100- m̂ wide scans on both walls of 
thee grooves at increasing depth: 0-100 /ym from the surface of the specimen; 150-
2500 jum from the surface; 350-450 //m from the surface, and at the deepest 
possiblee scan position in the groove (about 650-750 //m). 

RESULTS S 

Experimentt 1: Plaque pH neutralizing by urea metabolism 
Thee first part of this study with the assessment of the effects of three substrata -

dentin,, enamel and polyacrylate - on plaque pH-response to glucose, as well as 

demineralizationn of dentin specimens is described elsewhere (Chapter V). 

Followingg urea application, a pH increase was observed in all cases. An example 

off  a spatial and temporal pH profile before and after 0.25 M urea application to a 

plaque-filledd dentin groove is shown in Figure 3A. There were no differences 

foundd among substrata in post-urea pH values (Table 2), while maximum pH 

increasee (ApH) was significantly higher in polyacrylate grooves. Response at the 

entrancee differed from the bottom of the same groove with faster pH rise (median 

66 min vs. 10 min) and larger maximum pH (pH 8.1 vs. pH 7.6), and with lower 

pHH 30 minutes after urea exposure (pH 6.9 vs. pH 7.2). 

Experimentt 2: Assessment of metabolic activity at the bottom of retention site 
Figuree 3 shows an example of the plaque pH response to glucose and urea 
applicationn by depth and by time in type I (Fig. 3A) and type II specimens (Fig. 
3B).. Table 3 shows pH in both types of specimens at sites IA and I1B, 
respectively. . 

Thee increase in [FT] following glucose application at site IIB was 1-20% 
(averagee 8%) of the [FT] increase at site IA. Following urea application, the 
decreasee in [FT] at site IIB was 24-88% (average 50%) of the decrease observed 
att site IA. 
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Plaquee metabolic activity 

Tabl ee 2. Plaque pH before and after the application of urea. 

Substratum3 3 

Dentin n 

Enamel l 

Polyacrylate e 

Dentin n 

Enamel l 

Polyacrylate e 

Dentin n 

Enamel l 

Polyacrylate e 

Dentin n 

Enamel l 

Polyacrylate e 

Dentin n 

Enamel l 

Polyacrylate e 

'Entrance'" " 

Rangee Median 

pHH before urea (60 min 

6.0-6.88 6.4k 

5.7-6.77 6.0k 

5.6-6.33 6.1' 

Maximumm pH after urea 

7.3-9.00 8.2k 

6.9-8.88 8.3k 

7.0-9.00 7.8' 

'Bottom'6 6 

Rangee Median 

afterr glucose) 

6.1-7.2 2 

5.7-7.4 4 

5.4-6.4 4 

exposure e 

6.7-8.6 6 

6.5-8.6 6 

6.8-9.0 0 

Maximumm ApH after urea exposure 

1.2-3.00 1.6k 

0.7-3.11 2.0k 

0.8-2.99 2.0k 

Timee (min) to reach the 

3-133 3k 

3-144 6k 

3-255 7.5k 

pHH 30 min after urea 

6.5-7.44 6.9k 

6.3-7.22 6.9k 

6.5-7.55 6.9k 

0.6-2.1 1 

0.4-2.7 7 

0.9-3.3 3 

exposure e 

6.5k k 

6.3kl l 

5.8m m 

7.6k k 

7.6k k 

7.9k k 

1.0k k 

0.9k k 

1.9' ' 

'Entrance' ' 

vs.vs. 'Bottom'0 

p=0.005 5 

p=0.009 9 

p=0.016 6 

p=0.002 2 

p=0.019 9 

p=0.398 8 

p=0.001 1 

p=0.006 6 

p=0.609 9 

maximumm pH after urea exposure 

2-24 4 

6-22 2 

5-24 4 

6.6-7.7 7 

6.3-7.9 9 

6.2-7.9 9 

7.5k k 

11k k 

13.5k k 

7.3k k 

7.2k k 

7.5k k 

p=0.002 2 

p=0.003 3 

p=0.022 2 

p=0.028 8 

p=0.011 1 

p=0.022 2 

aa dentin N=14, enamel N=13, polyacrylate N=12 samples 
bb 0.2 mm depth into the groove 
00 0.7 mm depth into the groove 
dd Wilcoxon Signed Ranks Test 
Wmm different letters show significantly different (Mann Whitney test, p<0.01) values 

perper parameter among substrata at the given depth in the groove 

Figur ee 3. Example of in situ-grown plaque pH response to glucose and urea application by 

timee and by depth into the groove in (A) type I specimen and (B) type II specimen which was 

invertedd after the in situ period resulting in the 'bottom' (site IIB) of the plaque-filled groove 

beingg the first to be exposed to applied solutions. Arrows indicate 2-minute exposures to 10 

jL/LL of glucose and urea, respectively. White dashed line marks the entrance of the groove. 
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Tabl ee 3. Effect of glucose and urea 

Plaquee conditions 

Restingg pH 

Post-glucosee minimum pH 

Maximumm pH drop 

600 minutes post-glucose pH 

Post-ureaa maximum pH 

Maximumm pH increase 

300 minutes post-urea pH 

*Typee 1 N= 13, Type II N = 3 

applicationn on plaque 

Typee I specimen* 

Sitee IA 

6.0-7.33 (6.6) 

4.9-6.00 (5.4) 

0.9-1.5(1.2) ) 

6.0-6.88 (6.3) 

7.6-9.0(8.5) ) 

1.2-3.0(2.0) ) 

6.5-7.44 (6.9) 

pHH (range, median) response. 

Typee II specimen* 

Sitee IIB 

6.6-7.11 (6.8) 

6.3-6.88 (6.4) 

0.2-0.44 (0.3) 

6.5-6.6(6.6) ) 

7.0-7.77 (7.4) 

0.4-1.11 (0.9) 

6.7-7.0(6.8) ) 

Experimentt 3: Effects of dietary regimens on plaque pH and dentin 

demineralization n 

Stereomicroscopicc plaque inspection revealed completely filled grooves after 

'Regular'' and 'Cookie' penods, while 'Sugar'-period plaque had some distinct 

holes.. 'Saliva' plaque was the least confluent, although there were sites where 

plaquee occupied the whole width (0.2 mm) of the groove. These particular sites 

weree selected for pH-measurements. 

Typicall  examples of pH profiles from each plaque growth period are 

shownn in Figure 4. 'Sugar1. 'Cookie' and 'Regular' plaque profiles were similar, 

withh resting pH around 6.7 near the entrance, and around 6.9 near the bottom of 

thee groove. The response to sugar challenge involved fast (within 4-8 minutes) 

pH-dropp to pH 5.3-5.5 at the entrance of the groove, and to about pH 6 near the 

bottomm of the groove. The increase of pH started within 6-14 minutes. 

'' plaque differed markedly. First, resting pH was about pH 7 near 

thee entrance and above pH 7 (7.2-7.4) near the bottom of the groove. Second, the 

responsee to sugar challenge was slower but lasted longer. Minimum pH was 

obtainedd only after 30 minutes (pH 5.6-5.8). Also, the shape of the profiles 

differedd from the other groups. Instead of the minimum pH being localized near 

thee entrance of the groove, it was measured at about 0.5-mm depth into the 

groove. . 

82 2 



OO CD 

^ ^ 
ra ra 
u . . 

co o 
o o 
0 0 

< i i 

b b 
t o o 

T3 3 
CU U 

O)) Q-

fc fc 

M M 

m m 
o o 

, , 
< < 
1 1 

h h 
b b 

o o 

F F 
c c 
LVI I 

1 1 f f 1 1 

E E 

E E 
r r 

O O 

1 1 

1 1 

o o 
CD D 
CN N 

<D D 

n; ; 
T3 3 

CD D 

ra ra 

F F 
o o 
o o 
m m 
— — 0 0 

"O O 
Cl) ) 

_ J J 

co o 
ra ra 
0 0 
E E 
co o 
CD D 

;, , o o 

o. . 
0 0 
O O 

" O O 
ra ra 
ra ra 

0] ] 

P P 
0 0 

T T 
Q. . 

C C 
CO O 
0 0 

F F 
ra ra 
X X 
<D D 
ra ra 
o o 
Q. . 

\-\-
0 0 

2 2 

LL L 

CJ J 

O O 

CD D 

'—' ' 
c c 
32 2 

ra ra 

>. . 
r r 
O O 
co o 
ra ra 

> > 
ra ra 
co o 

< < 
CO O 

. g g 

f ) ) 
i i u u 
O O 

tO tO 

c; ; 
* *

ra ra 

h--

J J 

0 0 

ra ra 
co o 
0 0 

ra ra 
0 0 

Ui i 
T-, , 
0 0 

~ ~ 
0 0 
ra ra 
ra-ra-

ra ra 
Q. . 
0 0 

~ ~ 
£ £ 
— — 

O O 

ra ra 

<S) <S) 

o o 
ra ra 

co o 
CD D 

m m 
"O O 
ra ra 
ra ra 

c/) ) 

0 0 
ra ra 

CM M 

ra ra 

> > o o 
> > 
ra ra 

Cl) ) 
TJ J 

*̂_ _ 03 3 
ra ra 
co o 

n n 

ra ra 
0 0 

ra ra 

£ £ 
0 0 
ra ra 
0 0 

ra ra 

>

"O O 
ra ra 
E E 

U) ) 

en n 
CU U 

.se e 
0 0 

O O 

0 0 

5 5 
w w 
*—-* * y^ ^ 



Chapterr VI 

Theree were distinct differences in mineral loss alter "Regular' "Cookie*  periods 

comparedd to 'Saliva'/'Sugar' periods. Examples o\' microradiographs trom 

'Sugar""  and "Cookie" periods are shown in Figure 5A-B. No or small lesions 

couldd be discerned in dentin specimens from 'Saliva1, and "Sugar" periods, in 

contrastt to 'Regular" and 'Cookie" period samples (Figure 6), where mineral loss 

upp to 600 and 500 vol%  um. respectively, was measured. 

Figur ee 5. Examples of microradiographs from dentin specimens after 7 days in situ when either (A) 10% 

sucrosee was applied to the samples 8 x 5 min/day, or (B) sweet cookies 7x5 min/day plus one meal/day 

weree consumed, showing distinct lesions along the walls of the groove. Bar indicates 0.1 mm. 

500 0 

„ 4 0 0 0 

E E 

xx  30 0 
; : : 

"5 5 
~~ 20 0 
i i 

100 0 

0 0 

^0-100p m m 

150-2500 \im 

00 pm 

S**  650-750 pm 

'Saliva'' 'Suaar 'Cookie' ' 

7-dayy in situ regimen 

Figur ee 6. Effects of in situ regimen on average integrated mineral loss (IML, vol% x um) at 

fourr depths in the groove. Averaged data were obtained from two sections per sample and 

bothh walls of the groove, and three samples per group. Bars indicate standard deviations. 
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Plaquee metabolic activity 

DISCUSSION N 

Too summarize the findings of the described pilot experiments, we observed that: 

1)) The outer 0.2-0.3 mm of the retention site plaque had high metabolic 

activityy for glucose and urea. 

2)) Maximum pH reached after the urea challenge was similar in all samples, 

irrespectivee of the pre-urea pH, which was the lowest in polyacrylate 

specimens. . 

3)) Within 30 minutes after exposure to urea, plaque pH in the outer plaque 

layerss decreased from alkaline to or below pH 7. 

4)) Inner plaque layers (bottom of the retention site) compared to outer plaque 

showedd low glucose metabolizing activity, while it had moderate urease 

activity. . 

5)) Plaque grew under conditions where saliva was the only nutrient. 

6)) Resting plaque pH was neutral to slightly basic in plaque grown only on 
saliva,, while frequent exposures to sugar or starch- and sugar-rich diet 
resultedd in slightly acidic plaque. 

7)) Glucose metabolism was slow in the plaque grown with saliva as the only 
nutrient. . 

8)) Frequent sugar dipping resulted in metabolically active plaque, but did not 
promotee lesions that could be observed with TMR. 

9)) Metabolically active plaque and distinct lesions along the walls of the 
groovess were obtained after consumption of diets rich in carbohydrates and 
starch. . 

Urea,, present in all salivary gland secretions at concentrations approximately the 

samee as serum (3-10 mM), is rapidly hydrolyzed to ammonia and C02 by 

bacteriall  ureases (Burne and Marquis, 2000). There is evidence that expression of 

bacteriall  ureases is regulated by environmental conditions (Mobley et al., 1995). 

Att neutral pH urease expression is almost completely repressed, while in acidic 

conditionss it is rapidly induced (Chen and Burne, 1996). In Experiment 1, a fast 

pH-risee of glucose-exposed plaque following urea application was observed in 

sampless from all three substrata and in all subjects. Although pH rose to similar 

maximumm pH values among substrata, the highest neutralizing effect (maximum 
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ApH)) was observed at the bottom of pofyacrylate grooves where the lowest pre-

ureaa pH was measured. Whether this could be attributed to differences in urease-

expressionn due to different pre-urea pH, or simply to the limit for maximum pH-

risee that could be reached within any plaque sample, remains to be determined. 

Currentlyy urea is added to commercial products such as chewing gum. and 

itt is claimed, though not proven (Machiulskiene et a!.. 2001) to be caries-

protective.. In this respect, a finding worthwhile for further investigation was the 

observationn of a pH-decrease from highly alkaline to a pH below 7 within 30 

minutess after area application. This occurred near the entrance of the groove that 

wass continuously bathed in the pH 7 'Outside' buffer. This raises the question: 

wouldd urea-induced pH-neutralization re-activate the residual glucose 

metabolism? ? 

Fromm caries histological and morphological studies, as well as from intra-oral 

studiess using our dentin groove model, it is known that mineral dissolution is 

predominantt at the entrance of narrow plaque retention sites (Lagerweij et al., 

1997).. By using plaque telemetry it was demonstrated that the acidogenic 

responsee to sucrose at the bottom of artificial fissures decreased with increasing 

plaquee age (Igarashi et al. 1990). The authors suggested that maturing fissure 

plaquess either provide an increasingly greater barrier for carbohydrate diffusion 

orr fail to metabolize the substrate to acid at the bottom of the fissure. Similarly to 

thesee authors, we could, given the experimental design, not distinguish in our 

previouss study on plaque pH-microprofiling in narrow grooves (Chapter V) 

betweenn the effect of limited glucose availability (substrate concentration 

gradient)) during the experiment and a gradient in plaque metabolic activity. 

Too answer this question, the type II specimens were designed (Experiment 

2).. This allowed direct application of substrate to plaque at the 'bottom' of the 

groove.. Thus we were able to show that 7-day old retention site plaque indeed 

hadd low glucose metabolic activity in the deeper plaque layers. In biofilms, 

concentrationn gradients of substrates result in physiological gradients throughout 

thee complex microbial community (Marsh, 2000). The only study on dental 

plaquee metabolic activity gradients in depth was a brief report by Geddes 

(Geddes.. 1977). where in .v////-grown smooth surface plaque was collected on a 

semi-permeablee membrane fixed to enamel. Undisturbed outer (saliva) and inner 

(enamel)) surfaces of 3-, 5- and 7-day-old plaque were simultaneously exposed to 
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glucosee in a double-chamber reactor. Assessment of organic acids released at 

bothh sides of plaque showed that in older plaque (7 days) the inner layers 

producedd less acid than the outer plaque surface. These findings, together with 

ourr present observations demonstrate the significance of the biofllm-approach to 

dentall  plaque studies. In this respect, our 'bottom-less' groove specimen might be 

suitablee for plaque diffusion studies. Up to now most research is done on 

artificiall  models where batch culture grown micro-organisms are immobilized 

(Assinderr et al., 1998), or where natural plaque is collected and put into a 

diffusionn cell (Dibdin 1984). The latter procedure disturbs the biofilm structure 

andd therefore does not take into account the effects of biofilm properties on 

difrusion/reactionn related phenomena in plaque. 

Itt has been shown (in vitro) that for the predominant species of supragingival 

plaquee saliva is a sufficient source of nutrients {de Jong et al., 1986). Studies on 

tubee ted individuals (Littleton et al, 1967), as well as studies on monkeys 

(Beightonn and Hayday, 1986; Beighton et al., 1986) have also demonstrated that 

externall  carbohydrate availability is not a necessary requirement for plaque 

growth.. Such plaque, however, did show lower acidogenicity when compared to 

thee plaque of orally fed individuals (Littleton et al., 1967). This is in agreement 

withh our findings from the 'Saliva' period (Experiment 3). 

Lesionss develop if the balance of the re-/demineralization equilibrium is 

shiftedd towards demineralization for extended periods. Frequent sugar dipping 

didd not promote lesions along the walls of the dentin grooves. This suggests fast 

clearancee of residual sucrose and metabolites out of the plaque-filled grooves 

rightt after the appliance was returned to the oral cavity. 

AA recent study on sugar clearance in saliva (Luke et #/., 1999) 

demonstratedd fast sucrose clearance following an intra-oral rinse, while 

carbohydratee residues from bread, chocolate bars and bananas were present in the 

mouthh even 1 hr after ingestion. This might explain why in our experiment more 

'realistic'' conditions with respect to cariogenicity were obtained in the two 'bulk' 

foodd periods - 'Regular' and 'Cookie'. Although the acidogenicity (judged from 

pHH profiles) was comparable to 'Sugar' plaque, one week of in situ frequent 

exposuress to bread and/or cookies resulted in distinct lesions along the walls of 

thee dentin grooves. This suggests that food retention to oral surfaces, including 

particlee entrapment in the grooves during the present study contributed to much 
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longerr low pH periods than brief exposure to a sucrose solution, and 

consequentlyy resulted in dentin demineralization. This assumption is strengthened 

byy various studies indicating the relationship between bioavailable starches and 

dentall  caries (review by Lingström el aL. 2000). These authors suggested that 

starch,, besides being a source of fermentable sugar for plaque micro-organisms, 

mightt be a "co-ca^iogen,' and promote the retention of sugar to the teeth. 

Inn conclusion, these experiments demonstrated that with pH-microprofiling 

questionss concerning metabolic activity gradients in plaque biofilm could be 

addressed.. We showed that metabolic activity of the retention site plaque differed 

throughoutt the groove, and depended on nutrient availability during plaque 

growthh in situ. Plaque growth conditions had an effect on plaque acidogenicity, 

butt high acidogenicity did not necessarily result in demineralization, suggesting 

thatt food retentiveness rather than sugar content was the determining factor for 

thee formation of caries-like lesions. However, it is premature to generalize these 

conclusions.. The results of the present pilot experiments exemplify the 

importancee to study dental plaque as a biofilm and indicate the potential for full-

scalee future studies. 
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