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1. 

Detection Limit of Fluoride-sensitive Electrode Reconsidered by Multi-center Study 

W. Buchallaa,b*, K. Beckera,b, H. Neuratha, M. J. Buijse, T. Imfeldb, A. Lussic, L. 

Stösserd, J. M. ten Catee, T. Attina,b

*wolfgang.buchalla@zzmk.unizh.ch; aUniversity of Göttingen, Germany; bUniversity 

of Zürich, Switzerland; cUniversity of Berne, Switzerland; dUniversity of Jena, 

Germany; eACTA, Amsterdam, The Netherlands 

The fluoride sensitive electrode (FSE) is widely used for fluoride quantification in 

solutions. Although measurements of low fluoride concentrations are known to be 

unreliable, these are often reported. The aim of this multi-center laboratory study was 

to determine the lower limit of reliable fluoride measurements in solutions using FSE 

methodology. 

Six laboratories from Germany, Switzerland and The Netherlands agreed to 

participate. Each group received 5 mL of 7 standard fluoride solutions (0-16 µmol/L 

corresponding to 0-0.3 ppm) and 18 test solutions with fluoride content unknown to 

the participants, comprising 6 different concentrations. The solutions were provided 

and the data collected and analysed by the Pharmacological-Toxicological Service 

Center, Göttingen University, which institute did not participate. The solutions 

comprised NaF, pure water, and 1/11 part per volume TISAB III. The participants 

were asked to measure the fluoride content of the test solutions up to three times 

with the FSE. Additionally, one participant determined the fluoride content by gas 

chromatography. To be valid the method had to fulfil two criteria: 1) Only values 

higher than the blank FSE mean + 3 standard deviation of the blank were considered 

different from the blank. 2) An interassay-variation of < 20%. FSE means/ interassay-

variation for the test solutions with 0.00 (blank), 0.30, 0.80, 1.60, 3.00, and 7.00 

µmol/L were 0.90/82, 0.64/54, 1.12/46, 1.64/20, 3.07/17, and 6.77µmol/L/9%. An 

interassay-variation of 20% or less was achieved for fluoride content higher than 1.6 

µmol/L. FSE mean + 3 x standard deviation of the blank was 3.1 µmol/L. The 

performance of the gas chromatography was not superior to the FSE. It is concluded 

that the validity of the FSE is limited to fluoride concentrations higher than 3 µmol/L 

(0.06 ppm) fluoride in solution.  
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2. 

Standard Fluoride Analytical Methods Development: Fluoride Analysis of Bone by 

Diffusion Techniques 

A.E. Soto-Rojasa*, J.A. Curyb, J. Heilmanc, S.M. Levyc, Y. Lid, A. Maguiree, J. 

Marginedaf, E.A. Martinez-Miera, E. Mcsweeneyg, D. O’Mullaneg, P. Phantumvanith, 

G.K. Stookeya, A. Villai, J.S. Wefelc, G.M. Whitfordj, D.T. Zeroa , W. Zhangd and V. 

Zohourie

*arsoto@iupui.edu; aIndiana University, USA; bState University of Campinas, BR; 
cUniversity of Iowa, USA; dLoma Linda University, USA; eUniversity of Newcastle, 

UK; fAutonomous University of Barcelona, SP, gUniversity Dental School, Cork, IR; 
hThammasat University, TH; iUniversity of Chile, CH; jMedical College of Georgia, 

USA. 

This study was performed as part of a larger investigation that is developing 

standardized methods for fluoride (F) analysis. The objective was to assess 

methodologies used for fluoride analyses of hard tissues using bone. Fifteen (0.4 g) 

samples (ashed and pulverized bone from a femur of a 40-year-old healthy male) 

were sent to 9 laboratories. The F content of the samples was analyzed by each 

laboratory and its own methodology. One laboratory assessed the effect of additional 

pulverization while another determined the ideal weight to be used. Methods and 

techniques used by each laboratory were all different. The average (± SD) F content 

of samples was 1670 ± 212 μg/g F. The fluoride content of the samples for each 

laboratory were 1570 ± 217, 1760 ± 248, 1740 ± 377, 1530 ± 145, 1580 ± 250, 1630 

± 234, 1620 ± 247, 1870 ± 349 and 1750 ± 226 μg F/g. Statistical analysis of plots of 

results for each sample showed large variations. Results showed that within a single 

sample and a single methodology there were large variations. Additional 

pulverization resulted in no significant difference; the average was 1590 ± 239 vs. 

1610 ± 274 μg/g F when pulverized. The ideal weight was determined to be 5 to 8 

mg. The variation was as large among the different laboratories as within the same 

laboratory with different samples, indicating that the variation was due to the type of 

sample. In conclusion, the results showed no agreement in methodology or 

technique to measure F in hard tissue and large variations even within the same 

sample. Further studies are needed to determine a simple, economic and more 

accurate method to measure F in hard tissues. Supported by NIH grant R21 DE 

15716-1. 
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3. 

Drop Technique: Controlling the Amount of Fluoride Dentifrice Used by Young 

Children 

F. V. Vilhena*, H. M. Silva, S. H. C. Sales-Peres, M. L. Caldana, M. A. R. Buzalaf 

*fabianovilhena@yahoo.com.br; Bauru Dental School, University of São Paulo, Brazil 

This study evaluated the amount of dentifrice applied to the toothbrush by school 

children using liquid dentifrice (drop technique) or toothpaste. 178 4-8-year-old 

school children from 2 cities in Brazil (Bauru and Bariri) participated in this 2-leg 

crossover study. Children from Bauru received training regarding toothbrushing 

techniques and use of dentifrice before data collection, while those from Bariri did 

not. In each phase, the amount of toothpaste (Sorriso, Colgate) or liquid dentifrice 

(Dentics, Poli Products) applied by the children to the toothbrush was measured 

(portable analytical balance). The toothbrush was weighed (± 0.01 g) and the 

children were requested to load the toothbrush with the amount of dentifrice they 

normally used. The final weight of the toothbrush plus dentifrice was recorded. This 

procedure was repeated three times. Data were tested by analysis of covariance 

(Ancova) and linear regression (p < 0.05). The mean (± SD) amounts of toothpaste 

and liquid dentifrice applied to the toothbrushes were 0.41 ± 0.20 and 0.15 ± 0.06 g, 

respectively, for children from Bauru. For children from Bariri they were 0.48 ± 0.24 

and 0.14 ± 0.05 g, respectively. The amount of toothpaste applied was significantly 

higher than the amount of liquid dentifrice for both cities. Children from Bariri applied 

a significantly higher amount of toothpaste to the toothbrush, when compared to 

those from Bauru, but the same was not found for the liquid dentifrice. A significant 

positive correlation between the amount of toothpaste applied and the age of the 

children was verified. The same was not found for the liquid dentifrice. Thus, the use 

of the “drop technique” reduced and standardized the amount of dentifrice applied to 

the toothbrush, and could reduce the risk of dental fluorosis for young children. 

Supported by CAPES. 
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4. 

Concentrations of Fluoride in Whole Saliva after Toothbrushing with 1450 ppm and 

5000 ppm Fluoride Toothpaste: A Pilot Study 

K.R. Ekstrand* 

*Kim@odont.ku.dk; Department of Cariology and Endodontics, School of Dentistry, 

University of Copenhagen, Denmark 

This study aimed to compare the F concentration in whole saliva after brushing with a 

1450 ppm and a 5000 ppm F toothpaste. 1450 ppm F toothpaste (Colgate; Karies 

kontrol; MFP ≡ ca. 1000 ppm F; NaF ≡ ca. 450 ppm F) was given to 10 dental 

students, who were instructed to brush with it the same evening and the next 

morning and evening. The following morning they came to the laboratory without 

having eaten, drunk or brushed their teeth. Initially, a saliva sample (SS) was 

collected (control). They then started to brush using 0.6 g toothpaste. After 1 min, 

another SS was collected. The total brushing time was 2.5 min followed by 5 s mouth 

rinsing. Each participant then provided a total of 7 SS; just after brushing, after 5 min, 

30 min, 1, 3, 6, and 9 h and just before bedtime. A standardized breakfast/meal, 

including 1 glass of water, was served between the 5 and 30 min SS, just after the 3 

h SS and just after the 6 h SS. A similar procedure was followed for the 5000 ppm F 

toothpaste which was conducted a week later. [F] in the SS was measured directly 

(specific F-electrode) after adding TISAB III, pH 5.2. There were no differences (sign 

test) in [F] in the control SS (median values for 1450 ppm 0.013 ppm; 5000 ppm 

0.019 ppm; P > 0.05), but during toothbrushing (median values 110 ppm; 650 ppm), 

just after (32 ppm; 105.5 ppm), 5 min (6 ppm; 28 ppm), 30 min (0.083 ppm; 0.42 

ppm), 1 h (0.047 ppm; 0.23 ppm), 3 h (0.013 ppm; 0.05 ppm) and 6 h (0.012 ppm; 

0.02 ppm) after, there was a significantly higher [F] in saliva after use of 5000 ppm 

versus 1450 ppm F toothpaste (P-values all = 0.02). To conclude, [F] in whole saliva 

was significantly higher after use of 5000 ppm F toothpaste than after 1450 ppm F 

toothpaste up to 6 h after use. The clinical significance of this remains to be 

investigated.  
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5. 

Effects of NaF and Amine Fluoride on Enolase and ATPase Activity of Fluoride-

sensitive and Fluoride-resistant Streptococcus mutans Strains 

C. van Loveren*, MA. Hoogenkamp 

*c.van.loveren@acta.nl; Department of Cariology Endodontology Pedodontology, 

Academic Centre for Dentistry Amsterdam (ACTA), The Netherlands 

Two important enzymes of the carbohydrate metabolism of oral bacteria - enolase 

and ATPase - are sensitive to fluoride. The aim of the present experiments was to 

study in vitro the effects of NaF and various amine fluorides on the activity these 

enzymes in a fluoride-sensitive (C180-2) and a fluoride-resistant (C180-2 WTFR) 

Streptococcus mutans strain. Since oral hygiene products are normally used 

intermittently, preincubation experiments were designed instead of experiments with 

fluoride constantly present. Permeabilized cells of the fluoride-sensitive and the 

fluoride-resistant S. mutans strain were preincubated at pH 7 or 4 with NaF, the 

amine fluorides, Olaflur, Oleaflur, Dectaflur, or their amine chloride controls. After the 

preincubation the enolase activity and ATPase activity of the cells were assessed. 

When the preincubations were performed at pH 7 the enolases were more inhibited 

by NaF than by Olaflur. The results suggested that the amine part of either the 

fluoride (Olaflur) or chloride control stimulated enolase activity. By preincubations at 

pH 4 enolase activity of the fluoride-sensitive strain was completely inactivated, but 

the enolase of the fluoride-resistant strain was still active and could be further 

inhibited by fluoride. Again the results suggested that the amine parts of the 

molecules had protective or stimulating effects on enolase. ATPase activity of either 

strain was not reduced when NaF was in the preincubation mixture at pH 4, but was 

so when preincubated with amine fluorides or chlorides. ATPase of the fluoride-

sensitive strain was equally sensitive to amine fluorides as to amine chlorides, while 

the resistant strain was more inhibited by the fluorides than by the chlorides. It is 

concluded that the amine compounds inhibited ATPase activity more effectively than 

NaF, but not the enolase activity. 
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6. 

On Calcium Fluoride Formation on Enamel 

G. Rölla*, A. Young, E. Saxegaard, G. Jonski 

*grolla@odont.uio.no; Faculty of Dentistry, University of Oslo, Oslo, Norway 

There exists a controversy concerning the role of calcium fluoride deposited on 

enamel during fluoride treatments. Some authors maintain that such calcium fluoride 

can protect enamel surfaces from erosive acids, whereas others claim that calcium 

fluoride is soluble in such acids. We have shown that calcium fluoride formed on 

enamel at neutral pH after exposure to 0.5 mol/L aqueous NaF for 24 h was unable 

to protect the enamel against 0.1 mol/L citric acid for 30 min, whereas a similarly 

treated enamel (0.5 mol/L aqueous hydrofluoric acid for 10 min with a pH of 3), did 

protect the enamel almost completely. The aim of this abstract was to discuss these 

results. It is suggested that the difference in dissolution rates may depend on the 

nature of the phosphate contaminations found in calcium fluorides formed on enamel. 

These phosphate contaminations originate from the enamel and are probably in the 

form of calcium phosphates. More acid-soluble phosphates are available on the 

enamel surface at pH 7, than at pH 3. These are dibasic/monobasic phosphates, and 

monobasic phosphate/phosphoric acid, respectively. It is also suggested that 

undissociated HF which is the major component of hydrofluoric acid at pH 3, may 

have an important role in calcium fluoride formation as previously shown [Larsen and 

Jensen: Caries Res 1986;20:56-64]. It is thought that HF can probably get closer to 

the intercrystalline regions on the enamel due to its uncharged state, than the 

charged species of fluoride. The use of NaF in acidic fluoride solutions may be 

unfortunate in this respect, as Na inhibits the formation of HF due to its extremely 

high affinity for fluorine. 
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7. 

A SEM and TOF-SIMS Study of CaF2-like Precipitates after In Vitro and In Situ 

Fluoridation 

A. Cismaka, S. Stieglerb, A. Kiesowa, M. Petzolda*, T. Wirthb, H.-G. Schallerc

*pe@iwmh.fhg.de; aFraunhofer-Institut für Werkstoffmechanik, Halle (Saale), 

Germany; bBundesanstalt für Materialforschung und -prüfung, Berlin, Germany; 
cUniversitätspoliklinik für Zahnerhaltungskunde und Parodontologie der Martin-

Luther-Universität Halle-Wittenberg, Germany 

The aim of the present study was to investigate CaF2 deposition on the tooth surface 

under in vitro and in situ fluoridation conditions using SEM/EDX. In addition, the 

potential of TOF-SIMS (Time-of-Flight Secondary Ion Mass Spectroscopy) for CaF2 

detection was investigated. Dental enamel samples from 3rd human molars were 

treated in vitro with three fluoride solutions and seven dentifrices in i) distilled water; 

ii) saliva solution. Three enamel samples with natural surface were used for each 

treatment. In addition, 14 volunteers each carried four enamel specimens with natural 

and four specimens with polished surface in intra-oral devices for four weeks. These 

samples were treated with different commercial amine- and sodium fluoride-

containing dentifrices under normal dental hygiene conditions. For the in vitro 

specimens, the intensity of CaF2 precipitation was studied by SEM as a function of 

treatment time, fluoride concentration, and the dentifrice applied. All samples treated 

with amine- or sodium fluoride containing solutions and the respective dentifrices 

showed precipitation of CaF2 even after short treatment times (3-10 min), even in the 

presence of saliva. Precipitation of globular particles was also indicated by SEM for 

four samples treated in situ with AmF-containing dentifrices. However, a clear 

assessment and identification as CaF2 by EDX was not possible because of the 

small precipitate size and remnant organic films. Therefore, TOF-SIMS was 

evaluated as an alternative CaF2 detection method. For the samples treated in vitro, 

a close correlation to the SEM/EDX results was found. For the samples treated in situ 

a low-intensity CaF2 TOF-SIMS signal was also detected. Comprehensive 

interpretation of these first results was not possible during this study but requires 

more systematic investigations of methodology with respect to dental materials. 

However, TOF-SIMS with its high sensitivity seems to be a potential method for 

further investigations. Supported by GABA International AG Münchenstein, 

Switzerland. 
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8. 

Fluoride Uptake of Bovine Enamel from Amine Fluorides of Different Aliphatic Chain 

Length under Equal pH Conditions 

L. Stösser*, N. Kiel, R. Heinrich-Weltzien 

*Lutz.Stoesser@med.uni-jena.de; Department of Preventive Dentistry, University of 

Jena, Germany 

The aim of this study was to measure the uptake of fluoride by enamel from solutions 

containing amine fluorides of different aliphatic chain length and to compare it to the 

effect of a sodium fluoride solution: all with 1500 ppm F and equal pH (4.3). Crowns 

of bovine incisors (10 per group) were exposed to the F solutions for 10 min. The 

amine fluorides were represented by synthetically produced diamine hydrofluorides 

with increasing aliphatic chain (C , C , C ). Before and after F treatment the 

enamel crowns were covered with Scotch tape to create a window for biopsy (1.5-1.7 

mm ). After 24 h under rinsing with deionized water the biopsy was performed by 

treating the enamel with 3 µL perchloric acid (1.0 M) for 10 s followed by washing 

twice with 6 µl Na-acetate (1 mol/L, pH 5.5). Enamel sampling was repeated twice and 

on two neighbouring areas (n = 20 values) to determine the concentration profile of 

fluoride within the depth of enamel. Fluoride was determined using a F electrode and 

the amount of dissolved enamel was estimated by determination of calcium by 

atomic adsorption spectroscopy. Fluoride uptake was assessed using t-tests and 

multiple test of variance. Fluoride uptake in the outermost enamel layer (3.6-3.8 

µm) after treatment with the different compounds was as follows: steraflur (C ) 760 

ppm, cetaflur (C ) 550 ppm, myraflur (C ). 

14 16 18
 

2

18

16 14 300 ppm and NaF 250 ppm. lt was 

concluded that under the same acidic conditions long-chain compounds show higher 

fluoridation potential than NaF. Furthermore, the capacity of amine fluoride to 

facilitate enamel F uptake is influenced by the length of the aliphatic chain. 

Supported by GABA International AG, Switzerland. 
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9. 

Comparison of Fluoride Uptake and Retention from of Amine Fluoride Solution and 

Fluoride Varnish on In Situ Induced Initial Caries Lesions 

C. Zantnera*, J. Weißa, K. Neumannb, A. M. Kielbassaa

*catharina.zantner@charite.de; aDept. of Operative Dentistry and Periodontology, 

Campus Benjamin Franklin, University School of Dental Medicine; bDepartment of 

Medical Informatics, Biometry, and Epidemiology, Campus Mitte, Charité - 

Universitätsmedizin Berlin, Berlin, Germany 

The aim of this randomized, single-blind, cross-over, in situ study was to compare the 

fluoride uptake and retention from amine fluoride solution (AmF: elmex fluid; 1% F) 

and NaF varnish (FV: Duraphat; 2.3% F) on initial caries lesions induced in situ. Two 

cylindrical human enamel specimens (3 mm diameter) were prepared from each of 

192 teeth. Four specimens from separate teeth were randomly inserted into both 

buccal aspects of 24 intraoral appliances (recessed 1 mm below the surface), which 

were worn by panelists with normal salivary flow rates day and night for six weeks 

after randomized fluoridation, while the other specimen of each tooth was not 

fluoridated and served as control. The samples were not brushed during the in situ 

period and plaque was allowed to grow. During meals, the appliances were stored in 

10% sucrose solution. After 10 h, 2, 4, and 6 weeks KOH-soluble fluoride (KOHF) 

was measured and subsequently the specimens were abraded (30, 60, 90 µm) for 

measurement of bound fluoride. The differences for KOHF and bound fluoride were 

higher after application of AF solution (KOHF 1.9 ± 0.6 µg/cm2; 30 µm 1410 ± 285 

µg/cm3; 60 µm 1130 ± 309 µg/cm3; 90 µm 1340 ± 313 µg/cm3) compared to FV 
(KOHF 1.3 ± 0.5 µg/cm2; 30 µm 602 ± 237 µg/cm3, 60 µm 502 ± 247 µg/cm3, 90 µm 

451 ± 259 µg/cm3). The values for the controls were significantly different from the in 

situ specimens at all times (p < 0.05).There were no significant differences between 

AmF and FV with respect to either KOHF or bound fluoride (p > 0.05; t-test). 
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10. 

In Vitro Fluoride Availability and Enamel Fluoride Uptake from Commercial Sodium 

Fluoride Toothpastes 

C.S. Newbya*, K.S. Pricea, J.E. Creetha, G.D. Reesa and B.R. Schemehornb

*craig.s.newby@gsk.com; aGlaxoSmithKline Consumer Healthcare, St George’s 

Avenue, Weybridge, Surrey, KT13 0DE, UK; bIndiana University School of Dentistry, 

Oral Health Research Institute, 415 Lansing Street, Indianapolis, Indiana 46202, 

USA. 

Anti-caries activity in vivo has been positively correlated with in vitro determinations 

of free-fluoride availability and enamel fluoride uptake (EFU) from sodium fluoride 

toothpastes. The aim of the present study was to determine the in vitro availability of 

free-fluoride and EFU of a new sodium fluoride (NaF) toothpaste. Comparison with a 

number of commercially available NaF toothpastes was also made. A variety of NaF 

pastes containing fluoride at ca. 1100 ppm were purchased from US supermarkets or 

manufactured by GSK. Free-fluoride availability was determined using ion 

chromatography from slurries of 1 part toothpaste plus 3 parts deionised water. EFU 

studies were based on method #40 described in the US Food and Drug 

Administration testing procedures. Whilst all toothpastes had similar levels of 

available fluoride (849 - 997 ppm), product performance in the EFU studies was 

markedly different. Thus EFU values for the test dentifrice, for a high abrasivity 

whitening dentifrice, for a regular anti-caries dentifrice and for a phosphate-buffered 

anti-sensitivity dentifrice were 1865, 1462, 1079 and 781 ppm respectively (p < 0.05 

in all cases). The addition of pH-adjusted orthophosphate to the otherwise matched 

test dentifrice formulation reduced the EFU from 1865 to 1280 ppm. The in vitro 

performance of the present test formulation was confirmed in a second EFU study 

that yield EFU values of 1972, 1496, 1191 and 758 ppm for the test dentifrice, for a 

whitening dentifrice, an anti-caries dentifrice and a sensitivity-reducing dentifrice 

respectively (p < 0.05). The present studies clearly demonstrate the importance of 

formulation effects on dentifrice performance in an in vitro EFU model, even where 

such differences have no significant impact on free-fluoride availability. 
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11. 

Fluoride Uptake in and on Deciduous Enamel from Glass Ionomer Cement under 

Different Fluoride Regimens 

U. Schiffner*, J. Jensen, H. Kleinen, S. Effenberger 

*schiffner@uke.uni-hamburg.de; University of Hamburg Dental School, Germany 

Fluoride release from glass ionomer cements (GIC) is one reason to choose these 

materials to restore deciduous teeth. ‘Recharging’ of GIC by topical fluoride is said to 

enhance the GIC fluoride effect. As the significance of this recharging is unclear, the 

aim of the study was to compare the fluoride uptake by deciduous enamel with or 

without fluoridation of adjacent GIC samples. From each of 30 exfoliated deciduous 

molars two enamel samples were cut. One sample served as control to examine 

fluoride uptake, while the other was brought next to a standardized GIC sample 

(Ketac fil) into a vessel with 2.5 mL regularly changed artificial saliva. The specimens 

were divided into 3 groups. After formation of a pellicle with human whole saliva, 

Group A was not fluoridated, while Groups B (only the GIC sample) and C (both the 

GIC and the enamel) received 100 ppm NaF solution for 3 min twice a day. After 28 

days, loosely bound and structurally incorporated fluoride were determined and 

statistically compared (Wilcoxon- and U-test). Loosely bound fluoride increased by 

0.06 ± 0.21 µg/cm² in Group A, by 0.23 ± 0.27 µg/cm² in Group B, and by 0.49 ± 0.45 

µg/cm² in Group C. The difference between Groups B and C was not significant (p = 

0.112). The uptakes of structurally bound fluoride were 706 ± 425 ppm (Group A), 

281 ± 705 ppm (Group B), and 1050 ± 1050 ppm (Group C) and did not differ 

significantly between groups. These values show significantly elevated fluoride 

concentrations at the surface and within enamel as a response to topical fluoridation 

but no indirect effect due to ‘recharging’ the GIC samples. It can be concluded that 

the fluoridation of GIC does not contribute to a useful increase of fluoride 

concentration in and on adjacent deciduous enamel.  
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12. 

Estimation of the Fluoride Intake from Diet of 2-6-year-old Children Using the Food 

Frequency Questionnaire 

F. M. Levya*, A. P. B. Miziarab, S. T. Philippib, M. A.. R. Buzalafa

mbuzalaf@fob.usp.br; aBauru Dental School, University of São Paulo, Brazil; bFaculty 

of Public Health, University of São Paulo, Brazil 

This study identified foods and beverages most commonly consumed by Brazilian 

children at the age of risk of dental fluorosis, and also estimated the daily fluoride 

intake from diet, using a semi-quantitative food frequency questionnaire (FFQ). The 

questionnaire was previously validated through application to 75 2-6-year-old 

Brazilian children and then administered to 379 children, living in an optimally 

fluoridated community in Brazil. Each food item was rated as to the frequency of 

consumption, from never (score of 1) to two or more times/day (score 7). Estimated 

daily fluoride intake from the foods and beverages was calculated, using data from 

the US Department of Agriculture, as well as data obtained from analysis of Brazilian 

food and beverage items. Among the 68 food and beverage items, the most 

consumed (one or more times/day) were rice, bean, ready-to-drink milk and water 

from public supply (scores 6-7). Bread, butter, powdered chocolate and sugar were 

consumed from 2 to 4 times/week (score 5). The following items were consumed 

once per week (score 4): tomato, banana, apple/pear, beef, chicken, egg, yogurt, soft 

drinks, biscuits, pasta and powdered juices. The estimated daily fluoride intake of the 

children was 0.375 mg. The water from the public supply contributed 32% of the total 

estimated daily fluoride intake from diet. These data are quite similar to estimations 

obtained from duplicate diets of children from the same community and with a similar 

age [Buzalaf et al: Caries Res 2005;39:313-314]. Thus, the FFQ may be a good 

alternative for estimating the fluoride intake from diet at this age range and seems to 

have a potential for use in broad epidemiological surveys. Partially supported by 

CAPES. 
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13. 

Fluoride Intake and Excretion of Pre-school Children Receiving Different Methods of 

Systemic Fluoride 

M.A.R Buzalafa*, M.H.C. Rodriguesa, A.L. Leitea, F.C. Sampaiob, A. Aranac, R.S. 

Villenac

*mbuzalaf@fob.usp.br; aBauru Dental School, University of São Paulo, Brazil; 
bParaíba Federal University, Brazil; cPeruvian University Cayetano Heredia, Lima, 

Peru 

This study compared the fluoride intake from diet and dentifrice, as well as 24-hour 

urinary F excretion of children receiving systemic F from different sources: artificially 

fluoridated water (A: Brazil, 0.6-0.8 mg/L F); naturally fluoridated water (B: Brazil, 0.6-

0.9 mg/L F); fluoridated salt (C: Peru, 180-200 mg/kg F); and fluoridated milk (D: 

Peru, 250 mL milk containing 1.0 mg/L F). Children (n = 21-26) aged 4-6 years old 

participated in each community. A non-fluoridated (< 0.1 mg/L F) Brazilian 

community (E) was evaluated as control (n = 24). The F intakes of the children from 

diet were monitored by the duplicate plate method, with respect to different dietary 

constituents (water, other liquids and solids). F ingested from dentifrice was 

determined by simulated toothbrushings. 24-hour urinary F excretion was also 

evaluated. F was analyzed by electrode, after hexamethyldisiloxane-facilitated 

diffusion or after buffering with TISAB. Data were tested by Kruskall-Wallis and 

Dunn’s post hoc tests and linear regression (α = 0.05). Mean (± SD) total F intakes 

(mg/kg b.w./day) were 0.071 ± 0.036a,c, 0.109 ± 0.051a,b, 0.091 ± 0.043a,d,e, 0.122 ± 

0.066b,d and 0.061 ± 0.044c,e for Groups A, B, C, D and E, respectively. F intakes 

from diet were 0.042 ± 0.012a, 0.058 ± 0.016a,d, 0.049 ± 0.024a,e, 0.060 ± 0.012b,d,e 

and 0.009 ± 0.005c, respectively. The main dietary source for A and B was water and 

for C, D and E was the solids. Mean F intake from dentifrice ranged between 0.029 

(A) and 0.062 (D) mg/kg b.w./day and was not significantly different among the 

communities. Mean (±SD) 24-h urinary F excretion (mg) was 0.693 ± 0.198a, 0.907 ± 

0.427a, 0.808 ± 0.305a, 0.680 ± 0.200a and 0.484 ± 0.340b for Groups A, B, C, D and 

E, respectively. There was a significant correlation between daily F intake from diet 

and urinary F excretion (r = 0.436, p < 0.0001). The results indicate that the total F 

intake of children must be taken into account before a systemic method of 

fluoridation is implemented. Supported by The Borrow Foundation. 
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Fluoride Pharmacokinetics Following Ingestion of Water Containing Different Fluoride 

Compounds 

G.M. Whitford*a, M.A.R. Buzalafb, F.C. Sampaioc, C.S. Pintob, A.G. Mariab, V.E.S. 

Cardosob

*gwhitfor@mail.mcg.edu; aMedical College of Georgia, Augusta, GA, USA; bBauru 

Dental School, University of São Paulo, Brazil; cHealth Science Center, Federal 

University of Paraiba, Brazil 

Fluoride in drinking water may be present naturally or added using one of several 

chemical compounds. This study was done to compare the pharmacokinetics of 

fluoride after ingestion of naturally fluoridated water or water fluoridated with NaF or 

Na2SiF6. Ten healthy young adults participated in this study after having fasted 

overnight. On three different days five subjects ingested 500 mL of the three kinds of 

water containing 0.67 ppm fluoride while the water ingested by the others contained 

5.45 ppm. Blood samples were collected at baseline and at 20 min, 40 min, 1.0, 1.5, 

2.0, 3.0, 4.0, 5.0 and 6.0 h after ingestion. The calcium concentrations of the 

solutions were < 20 ppm. Plasma was collected and analyzed with the electrode after 

overnight HMDS-facilitated diffusion. The variables measured were the net maximum 

concentration (Cmax, baseline subtracted), time to Cmax (Tmax) and the area under the 

time-concentration curve (AUC). The results were analyzed using repeated 

measures ANOVA (α = 0.05). Average Tmax values ranged from 0.67 to 0.93 h after 

the low dose and from 0.67 to 0.75 h after the high dose. Average Cmax values 

ranged from 0.53 to 0.61 µmol/L after the low dose and from 6.17 to 7.07 µmol/L 

after the high dose. Average AUC values ranged from 1.01 to 1.08 µmol·h·L-1 after 

the low dose and from 13.3 to 14.0 µmol·h·L-1 after the high dose. There were no 

significant differences for any of the three variables for either dose. The results of this 

study suggest that pharmacokinetic parameters of fluoride are not affected by the 

chemical compound used to fluoridate water nor are they affected by whether the 

fluoride is present naturally or artificially. Supported by FAPESP. 
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Dietary Calcium and Fractional Urinary Excretion of Fluoride in 6-year-olds in 

Fluoridated and Non-fluoridated Areas 

A. Maguire, F.V. Zohouri*, P.J. Moynihan 

*vida.zohoori@ncl.ac.uk; University of Newcastle, Newcastle-upon-Tyne, U.K. 

When fluoride is taken with foods containing appreciable amounts of polyvalent 

cations such as calcium, the degree of fluoride absorption from the gastro-intestinal 

tract may be reduced. However, there are limited data on the impact of dietary 

calcium on fluoride absorption and retention in young children. The aim of this study 

was to investigate the relationship between fractional urinary excretion of fluoride 

(FUEF) and calcium intake in 33 children aged 6, who had lived continuously in 

fluoridated or low-fluoride areas of north-east England. Dietary intakes of calcium and 

fluoride were measured using a 3-day dietary diary. Total daily fluoride intake (TDFI) 

was estimated from fluoride ingestion from diet and during toothbrushing. 24-hour 

urinary fluoride excretion (UFE) was also measured. FUEF(%) was estimated as: 

100(UFE/TDFI). Pearson’s correlation was used to investigate the relationship 

between FUEF and calcium intake. Twenty-nine children completed all aspects of the 

study. The mean TDFI was 0.82 ± 0.70 mg/day and the mean calcium intake was 

844 ± 260 mg/day. The mean FUEF was 41% ± 30%. Pearson’s correlation 

coefficient for the FUEF(%) against dietary calcium (mg/day) was +0.02 (p = 0.9). In 

conclusion, no significant relationship was found between calcium intake and the 

proportion of ingested fluoride which was excreted in the 6-year-olds studied. 

Supported by a grant from The Borrow Foundation 
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Urinary Fluoride Excretion after Milk and Tea Consumption in Young Adults 

M. Székelya*, Z. Fazakasb, V. Balogh-Sămărghiţanb, J. Bánóczyc

*mszekely@rdslink.ro; aDepartment of Propedeutics and Dental Materials, University 

of Targu-Mures, Romania; bDepartment of Biochemistry, University of Targu-Mures, 

Romania; cDepartment of Oral Biology, Semmelweis University of Budapest, 

Hungary 

The aim of this study was to assess the urinary fluoride (F) excretion under 

customary diet and controlled F intake conditions in young adults. The study 

comprised 36 subjects (mean age 20.6 ± 2.8) living in the city of Targu-Mures, 

Romania, where tea drinking is part of the daily diet and the F content of the tap 

water is low (0.12 ppm F). The fluoride was administered in milk together with or 

without tea consumption. Our experiment was divided into three phases of two weeks 

during which the subjects drank daily: Phase I 200 mL tea (2.11 mg F/L); Phase II 

200 mL tea and 200 mL fluoridated milk (5 mg F/L) and Phase III. 200 mL fluoridated 

milk (5 mg F/L). Urine sampling during 24 h was conducted and the fluoride was 

analyzed using a fluoride electrode with a fluoride meter. The mean values for the 

daily urinary fluoride excretion were: at baseline 0.297 ± 0.101 mg F, after Phase I 

0.451 ± 0.111 mg F, Phase II. 0.757 ± 0.162 mg F and Phase III 0.603 ± 0.168 mg F, 

respectively. Statistical analysis by ANOVA and Student’s t-test revealed highly 

significant differences between the phases (p < 0.0001). The apparent bioavailability 

of F from the fluoridated milk, administered together with or without tea consumption, 

was calculated from the 24 h urinary fluoride excretion data. Our in vivo experiment 

suggested a slight decrease in F bioavailability for fluoridated milk (86.8%) and also 

for fluoridated milk consumed with tea (90.4%) compared with the F bioavailability of 

tea. The results appear to indicate that milk is an appropriate vehicle for F 

supplementation on a community basis even in heavy tea drinking adults. Supported 

by The Borrow Foundation. 
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Urinary Fluoride Excretion and Related Factors in 4-6 year old Children, Esfahan, 

Iran 

Sh. Mortazavia* , F. S. Bonakdara , H. Poormoghaddasb

*sh_mortazavi@dnt.mui.ac.ir; aDental School, bSchool of Public Health, Esfahan 

University of Medical Sciences, Iran 

For each society before any intervention in fluoride exposure, the amount of fluoride 

intake should be monitored carefully so, with the aim of estimating daily fluoride 

intake in preschool children in the city of Esfahan, Iran, with 0.15-0.2 ppm fluoride in 

the drinking water, urinary fluoride excretion (UFE) was calculated in 81 4-6-year-old 

children through the supervised urine sampling method. Nocturnal urine sample 

collection was under parental supervision and daytime urine sampling was under 

trained kindergartens personal supervision. Urine pH, volume and fluoride 

concentration, as well as demographic variables (height and weight) and caries 

activity (dmft) were assessed. The mean fluoride excretion was 10.7 μg F/h (SD 5.1). 

ANOVA test showed a significant relation between Body Mass Index, urine pH and 

UFE (p = 0.025, p = 0.032 respectively, α = 0.05) but no relation was found between 

urinary flow rate and UFE (p = 0.053). Subjects were divided into three groups based 

on their caries activity in the mouth but no relation was found between dental caries 

prevalence and urinary fluoride excretion.To estimate daily fluoride intake, the 

percentage fractional urinary UFE (FUFE) in populations with same fluoride ion 

concentration in drinking water was used. As a result it seems that (1) the fluoride 

intake in children in city of Esfahan is very low and (2) since the amount of fluoride 

excreted through urine is under the influence of a number of different variables, it is 

necessary to use the specific FUFE for each society. 
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Jury Photographic Assessment of Fluorosis in Swedish Children from Naturally 

Fluoridated Kungsbacka, and Non-fluoridated Halmstad 

D.I. Conwaya*, K.W. Stephena, W.H. Gilmourb, L.G. Peterssonc, L.M.D. Macphersona

*d.conway@dental.gla.ac.uk; aUniversity of Glasgow Dental School, Glasgow, U.K.; 
bDepartment of Community-based Sciences, University of Glasgow, U.K.; 
cCommunity and Preventive Dentistry Division, Central County Hospital, Halmstad, 

Sweden 

The aim was to undertake a blind fluorosis assessment of Swedish children aged 7-9 

years from naturally water-fluoridated (1 ppm) Kunsgbacka (F) and non-fluoridated 

Halmstad (NF). Following clinical and photographic examination of 1336 subjects 

(791 F; 545 NF ) fluorosis was assessed blind to F-exposure in a random sample of 

250 35-mm slides by four dental and two lay 'jurors', alongside a now-established UK 

'bench-mark' mildly-mottled (TFI 2) fluorosis comparator slide, judged in previous 

studies to be aesthetically borderline. In addition, by parental questionnaire, 

information was sought concerning their child's F-supplement and F-dentifrice usage 

histories, and socio-economic status. 'Jury' mottling assessment (with 10% repeats) 

of projected slides resulted in >2 out of 6 jurors giving positive scores for fluorosis 

presence in 34.4% of NF, and 65.2% of F pupils (p < 0.001). However, at a level of 

fluorosis of aesthetic concern, similar majority agreements were seen in only 3.8% 

(NF) and 18.8% (F) pupils (p < 0.001), although they unanimously scored only 

thirteen F and two N-F children as having aesthetically unacceptable fluorosed teeth 

(p < 0.001). Finally, in ordinal logistic regression modelling, water [F] remained the 

significant factor (p < 0.001) for fluorosis of aesthetic concern when taking into 

account fluoride supplement and dentifrice use, toothbrushing behaviour and socio-

economic factors. In conclusion, levels of fluorosis of aesthetic concern in children 

exposed to both F and NF waters were low but were higher in F than in NF pupils. 

Further work is required to determine the ‘public’ perception of fluorosis, as lay 

photographically-based scoring has been shown recently to be influenced by the 

extent to which facial features are included [Edwards et al.: Community Dent Oral 

Epidemiol 2005,33:298-306].  
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Ranking of Developmental Defects by Students in Further Education Colleges in 

Fluoridated and Non-fluoridated Communities 

J.A. Tavenerª*, H. Worthingtonª, R. Ellwoodª 

*JtNW20204@blueyonder.co.uk; Dental Health Unit ,Manchester, U.K. 

This study investigated differences in aesthetic ranking of enamel defects by young 

adults in areas with (n = 93: mean age 17.31) and without (n = 112: mean age 16.91) 

fluoride in the drinking water. 51.5% of participants were female in the fluoridated site 

and 66.1% in the non-fluoridated site. Students ranked 16 computer-generated 

images of anterior teeth exhibiting enamel opacities. Opacity-free teeth of differing 

levels of whiteness were also included. Students indicated their satisfaction with the 

appearance of each image using a four point scale of very satisfied, satisfied, 

dissatisfied or very dissatisfied. Ranking order of images in both study populations 

was the same but there was found to be a statistically significant difference (p = 

0.003) in the ranking of the image depicting more severe fluorosis (TF 4). This image 

was ranked more favourably by subjects residing in the fluoridated area. Images of 

fluorosis TF1-4 were ranked more favourably than those depicting demarcated 

opacities but less favourably than teeth that were Vita shade B1 or whiter. The 

appearance of images representing fluorosis TF scores 1-4 were found to be very 

satisfactory or satisfactory by 97.85%, 82.80%, 72.04%, and 70.97% respectively in 

the fluoridated cohort and 97.32%, 78.57%, 73.32%, and 61.61% non-fluoridated. 

The base image was considered to be very satisfactory or satisfactory by 29% of 

students in the fluoridated areas and 36.6% in the non-fluoridated areas. The results 

suggest that whiteness is an important indicator for satisfaction with the appearance 

of teeth. They suggest that as fluorosis makes teeth appear whiter they may be 

preferable to darker (non fluorotic) teeth in this study population. Residence in a 

fluoridated area may be associated with a change in dental aesthetic perception. 
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Prevalence and Severity of Dental Fluorosis in 12-18 year-old Schoolchildren in 

Sogamoso, Colombia 

L.F. Gamboaa*, C. Valdiviesoa, F. Gilb, J. Casasc

*luis.gamboa@javeriana.edu.co; aPontificia Universidad Javeriana Dental School, 

Bogotá, Colombia; bPontificia Universidad Javeriana Medical School, Bogotá, 

Colombia; cPontificia Universidad Javeriana Science School, Bogotá, Colombia. 

The purpose of this study was to determine the prevalence and severity of dental 

fluorosis in 12-18 year-old schoolchildren. A secondary aim was to investigate if there 

was an association between the presence of dental fluorosis and the children’s area 

of residence, namely urban/rural. The town of Sogamoso is supplied with water from 

a neighbouring lake (Tota) in which the fluoride concentration is 0.42 mg/l. 

Furthermore, Colombia has had fluoridated salt since 1989 (180-220 mg F/kg salt). 

602 children from six schools were assessed (372 urban and 270 rural). Clinical 

examinations were made under field conditions, recording dental fluorosis on buccal 

surfaces of all teeth using the Thylstrup-Fejerskov Index (TFI). The three examiners 

were trained and calibrated (kappa for inter-examiner agreement, tested after 

calibration and before the trial > 0.80). The prevalence of dental fluorosis was 74%, 

without significant difference between the urban (70%) and rural (78%) areas (Chi-

square test; P = 0.057). A mild dental fluorosis prevailed, with a prevalence of TF 

scores 1, 2 and 3 of 21.5%, 29.4% and 16.4% for the urban areas and of 19.2%, 

35.7% and 11.4% for the rural areas respectively. It is concluded that there is a high 

prevalence of mild dental fluorosis in this population, which constitutes a public 

health problem. 

mailto:N/A
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Application of Percolation Theory to Human Tooth Enamel Electrical Conductivities at 

Different Stages of Caries  

P. Losa*, N. B. Pittsa,b, C. Longbottoma,b 

*przemek.los@idmos.com; aIDMoS Dental Systems Ltd, Dundee, U.K.; bUniversity of 

Dundee Centre for Clinical Innovations, U.K. 

The aim of the study was to apply a theory widely used in composite electrolyte 

modelling (percolation theory) to electrical conductivities of teeth enamel at different 

stages of the caries process in enamel. The approach considers tooth enamel as a 

composite electrolyte in which there is a mineral and low conductive matrix, with the 

pores filled with conductive physiological liquid. Electrical conductivities and SEM 

images were assessed. Enormous changes in the dc electrical conductivities of the 

components of human tooth enamel were seen, e.g.: for 0.9% NaCl in water at 37˚C, 

whole blood at 37˚C, bone, human enamel: 2.0 S/m, 0.7 S/m, 0.01 S/m, 0.005 S/m 

respectively. Scanning electron micrographs of human enamel show that pores of 

sound enamel have regular structure with very low numbers of bridges between the 

pores. Images of carious enamel show increased porosity, but also a very large 

number of inter-pore bridges. According to percolation theory, when the volume of 

conductive filler fraction reaches a critical value (so-called percolation threshold), an 

infinite conductive cluster is formed and, consequently, the composite becomes 

conductive. As the filler concentration increases from percolation threshold to the 

filling limit, the conductivity increases rapidly over several orders of magnitude. Below 

the threshold, the conductivity change is negligible. In fact, very high differences 

among the dc conductivities were observed experimentally at different stages of 

caries. E.g. mean values for Rdc for approximal sound enamel, lesion, and carious 

cavities were: 68 MOhm, 5.9 MOhm, and 321 kOhm, respectively [Huysmans et al.: J 

Dent Res 1996;75:1871-1878]. It is concluded that the high sensitivity and specificity 

for caries detection observed from AC Impedance measurements can be explained 

by composite electrolytes percolation theory. Supported by IDMoS  
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Quantitative Analysis of Mineral Content in Enamel using Laboratory and 

Synchrotron Microtomography and Microhardness Analysis 

A.E.M. Vieiraa*, F.L. Brighentia, E. Rodriguesa, A.C.B. Delbema, K.T. Sassakia, M.L. 

Cannonb, S.R. Stockc, X. Xiaod, F. DeCarlod

*aemvieira@uol.com.br; aSão Paulo State University – UNESP, Araçatuba - SP, 

Brazil; bChildren’s Memorial Medical Center, Chicago, USA; cNorthwestern 

University, Chicago, USA; d XOR, Advanced Photon Source, Argonne National 

Laboratory, Argonne, USA 

Laboratory and synchrotron microtomography are tools to quantify the mineralization 

of dental tissues as well as microhardness analysis, since they provide adequate 

precision and contrast sensitivity. This study evaluates laboratory and synchrotron 

microtomography and microhardness analysis for quantifying the mineral content of 

enamel. Fifty enamel blocks were submitted individually for 5 days to a pH-cycling 

model at 37ºC and remained in the remineralizing solution for 2 days [Vieira et al.: 

Caries Res 2005;39:514-520]. The blocks were treated twice daily for 1 min with NaF 

dentifrices (placebo, 275, 550, 1100 µg/g F and a commercial 1100 µg/g F paste) 

diluted in deionized water. Surface microhardness changes (%SMH) and mineral 

loss (∆Z) were then calculated. Laboratory and synchrotron microtomography were 

also used to measure total mineral lost (LMM and SMM, respectively). Pearson’s 

correlation (α = 0.05) was used to determine the relationship between different 

methods of analysis and dose-response between treatments. Dentifrice fluoride 

concentration was correlated with %SMH and ∆Z (p < 0.05). There were significant 

positive relationships between: LMM and SMM; LMM and ∆Z; SMM and ∆Z; LMM 

and SMM. Significant negative relationships were found for: %SMH and. LMM; 

%SMH and SMM; %SMH and ∆Z. Therefore, the three mineral quantification 

techniques provide adequate precision for studying the bovine enamel-pH-cycling 

demineralization/remineralization model. Synchrotron microtomography provided the 

best spatial resolution and contrast sensitivity for quantifying mineral gradients.  
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Monitoring Demineralization in an Artificial Caries Model using Raman Spectroscopy 

and Optical Coherence Tomography: A Pilot Study. 

L.-P. Choo-Smitha,b*, R. Zhub, C.C.S. Dongb, A. Koa, M. Hewkoa, B. Cleghornc, M.G. 

Sowaa 

*Lin-Ping.Choo-Smith@nrc-cnrc.gc.ca. aNational Research Council Canada, 

Winnipeg, Canada; bUniversity of Manitoba, Winnipeg, Canada; cDalhousie 

University, Halifax, Canada 

Polarized Raman spectroscopy (P-RS) and optical coherence tomography (OCT) are 

being developed for detecting and monitoring tooth surface demineralization-

remineralization. The aim of our pilot study was to evaluate whether OCT and P-RS 

are useful for monitoring the development of incipient carious lesions. Experimental 

and control windows were created on each approximal surface of four extracted 

caries-free human pre-molars. All other tooth surfaces were covered with acid-

resistant varnish and the teeth subjected to a pH cycling demineralization regime for 

20 days. Control windows were covered with acid-resistant tape to prevent exposure 

while in solution. Triplicate measurements of OCT images and Raman spectra were 

obtained from control and experimental windows at 0, 5, 10, 15 and 20 days of pH 

cycling. Per time point, one tooth was removed from the study for microradiography 

analyses. Visual inspection revealed the formation of white spot lesions on 

experimental windows over time. OCT imaging demonstrated progressive increase in 

light back-scattering intensity with mean differences (control minus experimental) in 

lesion depths of 5.3 ± 6.0 µm at day 0, 100.1 ± 7.6 µm at day 10 and 129.2 ± 6.9 µm 

by day 20 in demineralization solution. Similarly, by calculating the Raman 

depolarization ratio of the main hydroxyapatite peak, the experimental windows 

displayed growing ratios of 0.11 ± 0.03 at day 0, 0.47 ± 0.09 at day 10 and 0.64 ± 

0.03 by day 20 of the study. In contrast, no significant changes were observed in 

measurements obtained from control windows. This study suggests that OCT is able 

to detect incipient carious lesions and provide a measure of the lesion depth while P-

RS offers a means to quantitate tooth surface demineralization. These methods have 

potential for longitudinal monitoring of caries development. Funded by the Canadian 

Institutes of Health Research. 
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Reproducibilities of In Vitro Measurements of Fissure Caries by Two Laser 

Fluorescence Devices 

J. Kühnisch*, K. Bücher, R. Hickel 

*jkuehn@dent.med.uni-muenchen.de; Department of Conservative Dentistry, 

Ludwig-Maximilians-University of Munich, Germany 

A previous study [Kühnisch et al.: J Oral Rehab 2004;31:895-899] had shown limited 

results of the reproducibility for the DIAGNOdent 2095 (DD2095, KaVo, Biberach, 

Germany). Further, as the new DIAGNOdent Pen (DDPen) is commercially available, 

this in vitro study aimed to (re)assess the intra- and inter-device reproducibility of 

both laser fluorescence instruments on occlusal caries sites. Altogether 241 occlusal 

sites of 90 carefully cleaned extracted molars with non-cavitated lesions were 

investigated twice by four examiners with the DD2095 and the DDPen according to 

manufacturer’s instructions. Intra- and inter-device reproducibilities were assessed by 

calculating Lin’s concordance correlation coefficient (CCC) and the range of the 95% 

limits of agreement by Bland and Altman. A good intra-device reproducibility was 

found for both devices (DD2095: CCC 0.89, range 42.3; DDPen: CCC 0.88, range 

49.3). The direct comparison indicated significant lower mean values of the DD2095 

in comparison to the DDPen; the difference amounted to nearly four DIAGNOdent 

units. The inter-device reproducibility had to be proved as good for all 

measurements, too (CCC 0.82, range 53.7). When the DIAGNOdent values were 

categorized according to the treatment related cut-off limits an inferior reproducibility 

was found in the interval of 15-30 (CCC 0.19, range 21.7). Better results were 

registered for the intervals <15 (CCC 0.47, range 16.3) and > 30 (CCC 0.66, range 

76.4). The results show that the overall reproducibility is good but both devices have 

an inferior reproducibility in the clinically important interval of 15-30. Because of the 

significant greater mean values of the DDPen, previous treatment recommendations 

for the DD2095 cannot be applied automatically to the new laser fluorescence 

device. 



27 

25. 

The Use of Quantitative Light-induced Fluorescence (QLF) for the Assessment of 

Chemically Demineralized Dentine 

M.H. van der Veena,b*, E. de Josselin de Jonga

*m.vd.veen@inspektor.nl; aInspektor Research Systems bv, Amsterdam, bAcademic 

Centre for Dentistry Amsterdam, The Netherlands 

QLF is clinically used for coronal and root caries lesions. Fluorescence loss has been 

correlated with mineral loss in vitro in demineralized enamel as well as natural 

enamel lesions. Fluorescence loss in natural root caries lesions has been correlated 

with lesion depth. Research assessing the use of QLF for the assessment of in vitro 

de- and re-mineralization in dentine has been sparse and inconclusive. Aim was to 

assess if QLF can be used to measure in vitro demineralized dentine lesions. 32 

bovine dentine specimens, diameter 6 mm, were assessed with QLF for fluorescence 

loss (ΔF [%]) to determine the sound fluorescence radiance values. Specimens were 

divided into 4 groups stratified for sound fluorescence radiance values. Specimens 

were covered with varnish leaving a 2-mm wide strip exposed. 8 specimens per 

group were demineralized in methylcellulose gel covered with lactic acid at pH 5.0 for 

2, 3, 4 or 5 weeks. Specimens were analyzed both wet and dried (10 min on bench-

top) for fluorescence loss using QLF, then sectioned and analyzed with TMR for 

integrated mineral loss (IML). We found no correlation between wet ΔF and 

demineralization time or IML. Average dry ΔF values for 2,3,4,5 weeks 

demineralization were 5.9 ± 2.5%, 6.4 ± 2.9%, 7.9 ± 2.0%, 8.6 ± 3.1% and the 

corresponding IML values were 3581 ± 708, 5445 ± 787, 7004 ± 1154, 9185 0177 

1143 vol%.µm, respectively. The correlation (r = 0.48) between dry ΔF values and 

IML was weak. More importantly, with QLF some lesions appeared darker, some 

brighter, and lesions were never seen as clearly as viewed in normal white light. 

Therefore QLF is not suitable for assessment of in vitro demineralized dentine.  
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A Compacted Hydroxyapatite Powder Model for Study of Physicochemical Changes 

in Demineralization 

R.M. Wilson, A. Boyde, S.E.P. Dowker*, J.C. Elliott, G.R. Davis, P. Anderson 

*s.e.p.dowker@qmul.ac.uk; Institute of Dentistry, Queen Mary, University of London, 

UK. 

The aim was to investigate a compacted hydroxyapatite powder system as a model 

for study of demineralization. Hydroxylapatite Captal®R (Plasma Biotal Ltd., 

Tideswell, U.K.) powder (Baseline) was pressed into a pellet (10 mm diameter) at 

one end of a PMMA sleeve, by a PMMA piston retained in place during 

experimentation. The pellet’s external surface was capped with a porous polyethene 

disc. Six pellets were demineralized in acid buffer (200 mL sodium acetate/acetic 

acid, ~0.1 mol L-1, pH 4.5) for ∼70 days with two-weekly buffer replacement. X-ray 

microtomographic images were made at 2-15 day intervals. Three pellets showed 

only erosion, three pellets exhibited a variable degree of subsurface 

demineralization. In the latter, mass loss and increase in lesion depth with time were 

approximately linear. Each pellet was finally dissected to provide samples 

(Dissected) at 5 increasing depths through its demineralized zone. XRD with Rietveld 

structure analysis and FTIR showed no definitive differences among Dissected 

samples, hence no clear evidence for a change in composition or apatite structure of 

the undissolved mineral at different depths within the lesions. However there were 

subtle differences between Baseline and Dissected. FTIR showed intermediate 

change for a sample of Baseline wetted with deionized water and allowed to dry 

(Wetted). Polarised light microscopy and SEM showed that both Wetted and 

Dissected samples included a second phase of very thin platy crystals, probably 

brushite or octacalcium phosphate, absent from Baseline. Variability in the patterns 

of demineralization is attributed to variations in pellet production. In conclusion, this 

compacted powder model allows both longitudinal study of mineral loss in 3 

dimensions during demineralization and retrieval of samples for analysis. The value 

of microscopy for detection of additional phases is demonstrated. Supported by St 

Bartholomew's and The Royal London Hospital Charitable Foundation (Grant No. RAB 

03/PJ/18). 
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Comparison of Bovine and Human Enamel Specimens in a Profile Hardness pH 

Cycling Model 

G.K. Stookey, M. Izu, B.R. Schemehorn* 

*schemehorn@therametric.com; Therametric Technologies Inc., Indiana University 

Emerging Technologies Center, Indianapolis, USA 

The aim was to determine if our model could replicate the model of Delbem et al. 

[Caries Res 2005;39:320] by showing a 7-day fluoride dose response and to 

determine if bovine enamel would give similar responses to human enamel. 30 

bovine and 15 human enamel specimens (5/group) were selected, mounted on 

acrylic rods, and ground and polished using standard methods. Lesion formation 

used the acetic acid model of ten Cate et al. [Caries Res 1988;22:20-26] for 6 h. 

Treatments were aqueous 1:3 dentifrice slurries of 0, 250 and 1100 ppm F (NaF) 

dentifrices. The daily cycling regimen was two 1-min fluoride treatments separated by 

6 h acid challenge and 18 h remineralization. Three bovine enamel groups (0, 250 

and 1100 ppm F) were treated for 7 days while 3 bovine and 3 human groups were 

treated for 14 days. After completing the treatments, specimens were sectioned and 

polished. Lesion depth was determined via light microscopy. ΔZ values were 

determined via profile microhardness analysis [White and Featherstone: Caries Res 

1987;21:502-512]. The group means were compared via one-way ANOVA. After 14 

days of pH cycling treatments, both types of enamel specimen showed a dose 

response by significantly separating the treatments (placebo, 250 and 1100) via 

lesion depth (human 47 > 34 > 25 µm; bovine 46 > 34 > 25 µm) and via ΔZ (human 

2072 > 1553 > 830; bovine 2137 > 1483 > 891). In no case were results for bovine 

enamel significantly different from those with human enamel. After only 7 days, we 

were not able to demonstrate a complete dose response with either lesion depth or 

ΔZ (0 = 250 < 1100).In conclusion, bovine enamel is an acceptable replacement for 

human enamel in remin/demin cycling models. With our model, 7 days may not be 

adequate to determine smaller differences among treatments. 
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Influence of Storage and Grinding on Demineralization of Bovine Enamel 

A.S. Riebena*, J. Baumeistera, K. Neumannb, A.M. Kielbassaa

*alexandra.rieben@charite.de; aDept. of Operative Dentistry and Periodontology, 

University School of Dental Medicine, Campus Benjamin Franklin, Charité - 

Universitätsmedizin Berlin, Germany; bInstitute for Medical Informatics, Biometrics 

and Epidemiology, Campus Mitte, Charité - Universitätsmedizin Berlin, Germany 

In many cases, it is not possible to use teeth in experiments immediately after 

extraction, making storage necessary. Furthermore, specimens obtained from 

extracted teeth are often ground flat in order to facilitate handling. Therefore, this 

study aimed to evaluate the influence of various storage media and grinding on 

demineralization of bovine enamel in vitro. 100 freshly extracted and carefully 

cleaned bovine incisors were divided randomly into five groups and stored 

immediately after extraction in five different solutions [0.9% NaCl; Accustain 10% 

Formalin Solution (Sigma-Aldrich, Steinheim, Germany); 70% isopropanol, 3% H2O2; 

0.1% thymol] at room temperature. After ten months, a cylindrical enamel block was 

obtained from each incisor. Additionally, 20 blocks from freshly extracted bovine 

teeth were prepared (control). The specimens were embedded in epoxy resin, 

ground flat (mean 121 µm, SD 43 µm) and partly covered with nail varnish. After 

demineralization in Buskes` solution (pH 5; 7 d), lesion depth (LD) and mineral loss 

(ΔZ) were evaluated from microradiographs of thin sections (110 µm) by a dedicated 

software package (TMR 1.24) and analyzed by using GLM (α = 0.01, Bonferroni). 

Enamel stored in various media showed slightly different LDs and mineral loss in the 

demineralized area, when compared with enamel obtained from freshly extracted 

teeth (control) [LD: mean 98.73 (SD 22.42) µm; ΔZ: 2120.78 (507.74) vol%.µm], but 

this was not statistically significant. Furthermore, the amount ground off to flatten the 

specimens did not have any significant influence on demineralization. It is concluded 

that neither storage in these media nor grinding seem to have any significant impact 

on demineralization of bovine enamel. 
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Comparison of Two Methods of Detecting Demineralised Enamel Lesions after 

Orthodontic Treatment 

A.A. Adeyemi*, G. Komarov, N. Pender, S.M Higham 

*A.A.Adeyemi@liverpool.ac.uk; School of Dental Studies, University of Liverpool, 

U.K. 

The aims of this study were: (1) to determine the prevalence of early-demineralised 

enamel lesions (white spots) in patients following fixed appliance orthodontic 

treatment; (2) to compare the detection of white spots by quantitative light-induced 

fluorescence (QLF) and digital imaging. Patients were recruited after debond. Digital 

photographs and QLF images were taken of the upper and lower anterior teeth 

(canine to canine) as part of a larger clinical trial on remineralisation of teeth. Two 

examiners each independently viewed the QLF and digital images; the number of 

demineralised teeth per patient was noted. 186 patients (63% females, 33% males; 

age 12.5-51.4) debonded and willing to take part in the study were screened. In 141 

patients (median age 16.5) demineralised lesions were detected by QLF whilst in 45 

(median age 17.3) no lesions were detected. Digital and QLF images from 109 

patients were analysed, but 32 were excluded because of poor digital image quality 

in addition to the 45 without lesions (77 in total). QLF detected significantly more 

spots than digital imaging (p < 0.001; paired t-test). Lesion frequency was 

categorised as 1-2 (Low) and >2 (High). QLF significantly detected more patients in 

High (74.3%) than digital imaging for Examiners 1 (52.3%) and 2 (35.8%) (χ2, p = 

0.001, p < 0.001). The Kappa score for QLF was 0.93 while digital imaging had a 

score of 0.50, indicating that inter-examiner agreement was better for QLF. QLF is a 

useful, non-invasive, non-destructive technique in the detection of early 

demineralisation. It is more effective in detection of demineralised lesions than digital 

imaging for smooth-surface lesions associated with orthodontic brackets.  
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Influence of Arch-wire Ligation Methods on Demineralization around Orthodontic 

Brackets  

B.T. Amaechi*, J.H. Park, P.T. Gakunga 

*amaechi@uthscsa.edu; University of Texas Health Sciences Center at San Antonio, 

USA

Occurrence of white spot lesions due to plaque accumulation around orthodontic 

brackets during and after orthodontic treatment has been a matter of concern to both 

patients and practitioners. Apart from the patients’ oral hygiene habits, plaque 

retention in the orthodontic patient has been attributed to several factors including the 

method of ligation of the arch wire into the brackets. The aim of the present study 

was to determine the effect of different ligation methods on white spot formation 

around orthodontic brackets, by comparing the degree of demineralization around the 

brackets following exposure to a cariogenic biofilm model. Three enamel blocks (ca. 

5.0 mm2) were cut from each of 45 extracted human teeth and assigned randomly to 

3 experimental groups (15 blocks/group): self-ligating Speed brackets (A), Edgewise 

brackets without (B) and with (C) elastomeric rings. The brackets were bonded to 

their respective blocks using Transbond XT light-cure adhesive paste. The bracket-

bearing blocks were attached to a cylinder within a two-organism (Streptoccocus 

mutans and Lactobacillus acidophilus) continuous flow culture biofilm model 

simulating the oral conditions (artificial mouth system). Following 5 weeks of 

exposure in an artificial mouth system, demineralization around the brackets was 

quantified using transverse microradiography to determine the lesion parameters of 

mineral loss (∆Z) and lesion depth. Data were analyzed statistically using ANOVA 

and Duncan multiple comparison (α = 0.05) for inter-group comparison of 

demineralization level. No statistically significant differences were observed in mean 

∆Z among the groups. However, the mean ∆Z (vol%.µm) among the groups could be 

ranked as follows: C (8710 ± 2460) > A (7440 ± 2220) > B (7340 ± 2400). A similar 

trend was observed with lesion depth (µm) with the following ranking; C (300 ± 52) > 

A (263 ± 65) > B(258 ± 41). Orthodontic brackets ligated with elastomeric rings 

tended to encourage more demineralization than their non-ligated or self-ligating 

counterparts. 
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In Vitro Demineralization after Bleaching with Two 10% Carbamide Peroxide 

Products 

Y.E. Rothuijzen, M.J. Buijs*, J.P. van Amerongen, C. van Loveren  

*m.buijs@acta.nl; Department of Cariology Endodontology Pedodntology, Academic 

Centre for Dentistry Amsterdam (ACTA), Amsterdam,The Netherlands 

Morphological changes of, and loss of calcium from, enamel surfaces have been 

reported after treatment with bleaching agents. Therefore, acid diffusion and thereby 

demineralization may be enhanced in bleached enamel surfaces. Two bleaching 

systems, both containing 10% carbamide peroxide, were tested: (A) a neutral 

fluoride-containing product (0.11% fluoride in 0.5% KNO3, pH 6.7) and (B) an acidic, 

fluoride-free product (pH 5.2). Ten bovine enamel specimens were bleached in 10 

cycles of 8 h, with each product. Between cycles, the specimens were stored in 

demineralized water. 10 control specimens were stored in demineralized water 

throughout the whole experiment. All experiments were carried out at 37ºC. On 

average 0.45 g Product A and 0.53 g Product B was applied on 22 mm2 specimen. 

After the bleaching periods, the specimens were incubated for 4 days in 5 mL 

demineralization solution (1.5 mmol/L Ca, 0.9 mmol/L P, 50 mmol/L acetate, pH 4.8) 

at 37ºC. Calcium release was measured daily and at the end lesion formation was 

assessed by TMR. The average cumulative calcium losses from the specimens were 

109 ± 21.1, 1.9 ± 2.1, and 102 ± 8.1 µmol/cm² for the control, Product A and Product 

B specimens, respectively. Lesion depth (µm) and Δz (vol%µm) values were 

respectively 88 ± 18 and 2838 ± 647 for the control specimens, 6.6 ± 0.16 and 185 ± 

57 for the Product A, and 89 ± 12 and 3400 ± 358 for the Product B specimens. In 

vitro bleaching with a neutral, fluoride-containing bleaching product (0.11% F), but 

without intermittent remineralization periods, protected enamel for subsequent 

demineralization while bleaching with an acidic, fluoride-free product did not. 
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Complex Glycans Inhibit Biofilm-induced Enamel Demineralization  

R. Seemann*, H. Hochhold, T. Kersten, A. Kage 

*rainer.seemann@charite.de; Charité – Universitätsmedizin Berlin, Germany  

The colonization of teeth by cariogenic Streptococcus mutans involves the interaction 

of bacterial lectin-like adhesins with the carbohydrate portion of glycoconjugates 

immobilized on the tooth surface. In vivo and in vitro studies show that soluble 

glycans in secretions can prevent infections suggesting the existence of a 

carbohydrate-based first line of defense. In animal studies, the application of 

sufficient amounts of soluble glycan mixtures in drinking water led to a significant 

caries reduction. Therefore, the aim of this study was to investigate whether the 

application of glycan-mixtures characterized by their in vitro binding activities against 

known lectins could effectively inhibit enamel demineralization induced by an in vitro 

biofilm. 120 polished bovine enamel specimens were divided into 3 groups (Test 1, 

Test 2, Control) and were exposed to a cariogenic S. mutans biofilm (ATCC 25175) 

in an in vitro caries model. All specimens received an hourly repeating treatment 

regime of a nutrient solution, artificial saliva and 10% sucrose. Test 1 additionally 

received a solution containig glycans with a low binding activity, Test 2 received a 

solution containing glycans with a more than 50-fold higher binding activity against 

peanut agglutinin (PNA). The Control group additionally received water. After 14 days 

the demineralization depth was assessed on serial sections using a confocal laser 

scanning microscope. The mean demineralization depths (µm) ± SD were 173 ± 29 

for the Control, 182 ± 39 for Test 1 and 152 ± 34 for Test 2. The mean 

demineralization depth was statistically significantly lower for Test 2 than for Test 1 

and the Control (ANOVA, p < 0.05). In conclusion, a continuously repeated 

application of a glycan mixture with a high binding activity against known lectins 

significantly inhibits biofilm-induced demineralization. Supported by GABA 

International. 
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Repeated Application of Statherin-based Peptide Enhances Reduction in HAp 

Demineralisation Rate During Artificial Caries 

J. Kosoric*, P. Anderson, M.P. Hector 

*j.kosoric@qmul.ac.uk; Institute of Dentistry, Queen Mary, University of London, UK.  

There is increasing interest in minimally invasive approaches to prevent the 

continued demineralisation of dental hard tissues as an alternative to surgical 

intervention in the management of teeth damaged by caries or erosion. The aim of 

this study was to measure the enhanced effect of repeated applications of StN21 (a 

peptide based on the N-terminal 21 residues of the salivary protein statherin) in 

reducing mineral loss in simulated carious and erosive conditions. StN21 was 

synthesised using Fmoc solid state synthesis. Hydroxyapatite (HAp) pellets were cut 

into 5x5x2 mm blocks and covered with acid-resistant varnish, leaving one surface 

exposed, and immersed in StN21 solution (1.88.10-4 mol.L-1) for 3 min. The pellets 

were then placed in scanning microradiography (SMR) cells. Demineralising solution 

(0.1 mol.L-1 acetic acid, pH 4.5) was circulated (0.4 mL.min) for 3 weeks. Five 

samples were exposed to further twice-daily 3 min immersions in StN21 solution. 

Changes in mineral mass were measured using SMR for 28 days. HAp pellets 

coated with StN21 for one 3-min period only showed a 17% decrease in rate of 

mineral loss compared to a non-coated control. Samples exposed to repeated 

applications of StN21 peptide showed a 45% decrease in demineralisation rate. 

Repeated applications of StN21 resulted in a significantly reduced rate of mineral 

loss in HAp samples maintained under demineralising conditions. These in vitro data 

strongly suggest that there is value in investigating the use of StN21 in vivo for the 

prevention and early treatment of dental caries and enamel erosion as part of further 

development of the minimally invasive approach to the management of enamel 

caries and erosion. Supported by The Wellcome Trust 
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Influence of Salivary Proteins and Fluoride on Enamel Lesion Remineralization In 

Vitro 

H. Fujikawaa,b*, A. Uchiyamaa, S. Nakashimaa,c, T. Ujiiea

*hfujika@lion.co.jp; aOral Care Research Laboratories, Lion Corporation, Japan; 
bGraduate School of Dental Science, Kyushu University, Japan; cFaculty of Dental 

Science, Kyushu University, Japan 

Some salivary proteins have been considered to have substantial influence on 

induction of and growth of calcium phosphate. However little is known about 

influence of salivary proteins on enamel lesion remineralization. Aim of this study was 

to investigate the influence of salivary proteins on the rate and nature of 

remineralization of enamel lesion with and without presence of fluid fluoride by QLF 

and Micro-CT system. Paraffin-stimulated whole saliva from 6 subjects was 

centrifuged and the supernatant was dialyzed in a 1000 MWCO dialysis tube against 

phosphate buffer (5 mM NaH2PO4, 0.02% NaN3; pH 6.9), then against a 

remineralizing solution* (1 mM CaCl2, 3 mM KH2PO4, 100 mM acetate, 100 mM NaCl, 

0.02% NaN3; pH 6.3). Artificial subsurface lesions of human enamel were 

remineralized for 28 days in 4 remineralizing solutions (Group A: remineralizing 

solution, Group B: A + dialyzed saliva, Group C: A + 1 ppm F, Group D: A + dialyzed 

saliva + 1 ppm F). The lesions of each group had equivalent initial mineral losses (ΔF 

= -36.3 ± 2.0). ΔF data after remineralization were analyzed by two way-ANOVA (n = 

10/group). Result indicated that the remineralization rate was smaller in Group B (ΔF 

= -29.9 ± 2.1) than A (ΔF = -25.1 ± 4.1) (P < 0.01). However when fluoride was 

present, the rate was greater in Group D (ΔF = -22.6 ± 4.3) than C (ΔF = -31.6 ± 3.3) 

(P < 0.01). Micro-CT images indicated mineral deposition onto the enamel surface 

and a less remineralized lesion body in Group C. The results indicate that salivary 

proteins had an inhibitory influence on lesion remineralization, but together with 

fluoride the proteins played an important role in maintaining remineralization by 

retarding undesired mineral deposition onto lesion surfaces.  
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The Influence of Saliva Substitutes on Demineralization of Tooth Enamel In Vitro 

O. Mustafa, S. Beeckman*, P.Bottenberg 

*sabeeckm@vub.ac.be; Dental School, Vrije Universiteit Brussel, Brussels, Belgium 

Saliva substitutes are being used by a variety of patients suffering from xerostomia. 

Although xerostomia is more common in elderly people, not all of these patients are 

totally edentulous. The aim of this experiment was to test the in vitro demineralization 

protection capacities of 3 different commercially available saliva substitutes [biotene 

(pH 4.7 ± 0.1), gelclair (7.0 ± 0.6), and salinum (pH 7.3 ± 0.3)] on demineralization of 

tooth enamel in a pH cycling experiment. 12 ground and polished samples of enamel 

per group were placed in an artificial oral cavity model. They were irrigated by a 

steady flow of saliva substitutes. Enamel samples were subjected to saliva 

substitutes for eight 10-hour cycles and during these cycles,a lactic acid buffer of pH 

5.0 was used at 0, 3, 5 and 8 h to simulate the pH drop similar to that which occurs 

during meals. Knoop hardness (at a load of 0.49 N) was applied before and after 

these tests to measure the hardness of enamel samples and thus the protective 

effects against demineralization of each saliva substitute. The results showed a 

substantial decrease in enamel surface hardness in the low-pH product (41.9 ± 0.9 to 

174.9 ± 21.8; p < 0.001) and minor decreases in the other two. The product with pH 

of 7.3 had the highest protective effect (41.2 ± 0.6 to 46.7 ± 6.0; p > 0.05), followed 

by the product with pH 7.0 (42.2 ± 0.8 to 61.4 ± 8.9; p < 0.05). It is concluded that 

saliva substitutes with a low initial pH should not be used by dentate subjects 

suffering from xerostomia.
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Penetration of Experimental Low-viscosity Resins into Enamel Lesions In Vitro 

H. Meyer-Lueckela*, S. Parisa, H. Cölfenb, R. Tolla, A. M. Kielbassaa
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To prevent enamel lesions from further demineralisation a complete and 

homogeneous penetration of low viscous resins (‘infiltrants’) should be accomplished, 

if possible. With commercially available adhesives this goal might not be achieved 

because of their penetration capabilities. Thus, the aim of this in vitro study was to 

compare the penetration quotients (PQ = penetration depth/lesion depth) of twelve 

experimental ‘infiltrants’ with an adhesive (Excite, Vivadent). From bovine incisors 

143 enamel specimens were prepared, embedded in epoxy resin and polished. The 

specimens were partially covered with nail varnish (control) and the resulting four 

windows were demineralised for 50 days (pH 4.95, 37°C). After demineralisation 

three of the four windows were etched with 37% phosphoric acid for 5 s. Each of the 

12 materials [ratios: 75:25, 50:50, 25:75 and 0:100 percent of bisphenol-glycidyl-

methacrylate (BisGMA) and triethyleneglycol-dimethacrylate (TEGDMA) mixed with 

three concentrations of ethanol (0, 10 and 20%)] as well as the adhesive were 

applied onto the lesions (n = 11). After removing excessive material the resins were 

light cured for 30 s. Specimens were cut perpendicular to their surfaces and thin 

sections were studied using confocal microscopy (CLSM) as well as 

microradiography (TMR). Mean lesion depths (SD) were 291 (41) µm with CLSM and 

297 (43) µm with TMR (Pearson correlation: 0.592). Mineral loss was calculated at 

10,700 (2,923) vol%×µm. Compared to the adhesive the PQ’s were significantly 

increased for the three ‘infiltrants’ based on TEGDMA (100%) as well as for those 

containing BisGMA (25%), TEGDMA (75%) and ethanol (p < 0.05; ANOVA). The 

infiltrant based on TEGDMA without ethanol penetrated the lesions homogeneously 

and might therefore be superior in inhibiting further demineralisation compared to the 

other composites used. 
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Infiltration of Natural Caries with an Adhesive after Etching with Phosphoric and 

Hydrochloric Acid Gel 

S. Paris*, H. Meyer-Lueckel, J. Heinrich, A. M. Kielbassa 
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University School of Dental Medicine, Campus Benjamin Franklin, Charité - 

Universitätsmedizin Berlin, Germany 

The infiltration of subsurface lesions with light curing resins could lead to an arrest of 

lesion progression even in a cariogenic environment. However, resin penetration into 

the lesion body is often hampered by a higher mineralized surface layer. Acid etching 

may reduce the surface layer and therefore accelerate resin penetration. The aim of 

the present study was to evaluate the penetration of a conventional adhesive into 

natural enamel caries after pretreatment with two different etching gels in vitro. 

Extracted human molars and premolars showing proximal white spots were cut 

across the lesions perpendicular to the surface and graded according to their 

macroscopic lesion depth C1-C3. After varnishing the cut surfaces, corresponding 

lesion halves (n = 10) were etched for 120 s using either 37% phosphoric acid gel 

(H3PO4) or 15% hydrochloric acid gel (HCl). In a control group (CTR) no etching was 

performed (n = 10). The lesions were dried and an adhesive (Excite; Vivadent), 

labeled with a red fluorescent dye (TRITC) was applied for 5 min. Subsequently, 

excess material was removed and the resin was light cured. Specimens were 

immersed in a green fluorescent dye solution (Sodium Fluorescein) and observed 

using confocal microscopy. In the CTR group no resin penetration could be 

observed. Mean penetration depth (SD) in the HCl group [58 (37) µm] was 

significantly increased compared to the H3PO4 group [18 (11) µm] (p < 0.001; 

Wilcoxon). No significant differences in penetration depth could be found at the 

various lesion depths C1-C3 (p > 0.05; Kruskal-Wallis). It can be concluded that 

etching with 15% hydrochloric acid gel seems to be more suitable than 37% 

phosphoric acid gel as a pretreatment for subsurface lesions intended for infiltration. 
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Fluoride Varnishes: Anticariogenic Action of an Experimental Coat In Vitro 

F.L. Brighentia*, F.A.L. Oliveiraa, K.T. Sassakia, M.A.R. Buzalafb, J.P. Pessana, J.M. 

ten Catec, A.C.B. Delbema

*ferbrighenti@terra.com.br; aUNESP – São Paulo State University, Araçatuba, Brazil; 

bUniversity of São Paulo, Bauru, Brazil; cAcademic Center for Dentistry Amsterdam, 

The Netherlands 

The effectiveness of fluoride varnishes has been demonstrated in many studies. The 

contact time between the varnish and the enamel surface is important to the efficacy 

of this preventive measure. Thus, methods of reducing fluoride loss to saliva could 

improve its anticariogenic action. The aim of this study was to evaluate the effect of 

an experimental coat of fluoride-free varnish on the anticariogenic action of fluoride 

varnishes. Bovine enamel blocks were selected according to surface microhardness 

and randomized into 5 groups (n = 24): placebo, Duraphat; Duraphat with coat, 

Duofluorid and Duofluorid with coat. Twelve blocks from each group were used to 

analyze the calcium fluoride formed in enamel immediately after the treatment. The 

other twelve blocks were submitted to pH cycling for 7 days [Vieira et al: Caries Res 

2005;39:514-520]. The varnishes were kept on the enamel during 6 h. Next, 

percentage change of surface microhardness (%SMHC) and mineral loss (∆Z) were 

calculated. The CaF2 retained and the fluoride present in pH cycling solutions were 

also measured. The use of the coat did not decrease %SMHC (ANOVA) or ∆Z 

(Kruskal-Wallis), but all fluoride varnishes showed better results compared to the 

placebo. The values for CaF2 formed were higher than those for CaF2 retained 

(unpaired Student t-test). There was a trend for the concentration of F in the solutions 

to decrease at the end of pH cycling (Kruskal-Wallis). Although the experimental coat 

increased the formation of CaF2 on enamel surface, it did not improve significantly 

the anticariogenic action of fluoride varnishes. Supported by FAPESP (Grant 

#04/00538-1). 
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A Formulation to Mimic the Human Salivary Protein Buffering System 

A. Lamanda*, A. Lussi 
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Pediatric Dentistry, University of Bern, Switzerland 

One of the many biological functions of human saliva is to keep the intra-oral pH at a 

constant level. This salivary feature is of utmost importance to oral health and the 

integrity of teeth. Saliva contains three buffer systems providing pH stabilization: the 

bicarbonate, phosphate and protein systems. Unlike for the first two, the 

constituent(s) and mode of action of the latter are unknown, mainly because of the 

complexity and interference with the other two buffering systems. This study was 

thus designed to simulate and quantify the action of the protein buffer system by a 

simple synthetic and straightforward strategy. The synthetic approach had the 

advantage that all buffering components were assessable individually for comparison 

with human saliva. A solution containing 5 mM di-hydrogen phosphate and 10 mM 

hydrogen carbonate, 10 µM amyloglucosidase from the fungus Aspergillus niger and 

340 µM lysozyme from hen egg white was used to simulate the salivary protein 

buffering system. Lysozyme exhibited 57% and amyloglucosidase 35% sequence 

homology with their salivary counterparts. Monotonic acid/base titration showed two 

almost congruent titration curves of saliva and the protein formulation with a slight 

difference in acidic buffering power of 10 µM H+. In human resting saliva the protein 

buffering system contributed 35% of the total acidic and 48% of the basic buffering 

power compared to 31% and 43% in the protein formulation. Our investigation 

showed that the salivary protein system has 3 buffering optima at pH 4.4, 5 and 6.5 

whereas the synthetic protein buffer formulation has two at pH 4.4 and 6.5. It is 

concluded that the protein formulation under study is able to mimic the performance 

of the acidic and a part of the basic salivary protein buffering system.  
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Validation of a Colorimetric Calcium Assay for Short Time Erosion Analysis 

K. Beckera,b*, V.E. Yankeu Ngalenea, C. Hanniga, T. Attina,b 

*klaus.becker@med.uni-goettingen.de; aUniversity of Göttingen, Germany; 
bUniversity of Zurich, Switzerland 

Aim of the study was the quantification of enamel erosion by colorimetric 

determination of calcium and the comparison of this method with current physical 

procedures. Plano-parallel polished enamel surfaces were used for all experiments. 

Areas of 4.5 mm2 were isolated with tape. Erosion of those areas was induced by 

treating with HCl (100 µL, pH 2.0, 2.3 or 2.6).The acid was continuously stirred using 

a pipette tip. 1) Short erosion (5-60 s): Every 5 s a sample of 5 µL was taken to 

analyse the dissolved Ca with Arsenazo-III-reaction (colorimetric assay, 650 nm). 2) 

Long erosion (240 s): Every 15 s the acid was changed and analysed. The mineral 

loss was calculated by measuring impression depth changes of a Knoop diamond 

and by stylus profilometry. These calculated values were compared with the 

dissolved Ca measured by the Arsenazo-III-method. Enamel dissolution could be 

calculated by the Ca contents determined in the acid samples. Dissolution of Ca 

showed a linear correlation with time (r > 0.995) and pH of the acid used. The Ca 

contents correlated with the impression depths of a Knoop diamond during the first 

30 s (r = 0.82), which showed high coefficients of variation of about 80% after 15 s 

acid contact. Profilometrically measured enamel loss during 60-240 s erosion time 

correlated with the dissolved mineral calculated by Ca determination (r > 0.94). 

Reproducibility, linearity and accuracy of the Ca determination were better than the 

results obtained with Knoop diamond indentation and profilometry. In conclusion, 

quantification of dissolved enamel in 5 µL fractions by Ca detection with the 

colorimetric assay was linear in the range of 5-30 s acid contact. For short time 

erosion this method is superior to diamond indentation and profilometry. 
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Erosive Effect of Acidic Drinks and Acids on Bovine Enamel In Vitro 
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High consumption of soft drinks and fruit juices, eating disorders and gastric reflux 

are known to be important factors in the etiology of dental erosions. The aim of this 

study was to investigate the erosive effect of three acid beverages, two acidic 

components of these drinks and HCl (gastric juice). Bovine anterior teeth were 

sectioned to obtain four pieces (specimens) large enough to locate a circular enamel 

window (4 mm diameter). Nail varnish was used to block out the surrounding tooth 

substance. Seventy two specimens were randomly divided into six groups: cola drink 

(pH 2.6), orange juice (pH 3.9), grapefruit juice (pH 3.4), phosphoric acid (adjusted to 

same pH as cola), citric acid (adjusted to same pH as grapefruit juice) and 0.01 M 

HCl (pH 2.1). Each specimen was subsequently subjected to 3 mL of the different 

drinks/acids stepwise for 4+4+4 min. Then the drinks/acids were analysed for 

calcium by atomic absorption spectroscopy. Another 12 specimens were ground flat 

before exposure to HCl to compare with the unground, natural enamel surfaces. Ca 

release (µg/mm2) was highest for orange juice (mean 64.8 ± 2.20 SD) and lowest for 

citric acid group (4.37 ± 1.93). Ca release for cola, grapefruit juice, phosphoric acid 

and HCl was 9.24 ± 1.43, 30.3 ± 4.08, 25.0 ± 1.60 and 49.4 ± 8.29 respectively. 

There were significant differences (p < 0.05) between all the groups. There was no 

difference in Ca release for ground and unground enamel surfaces. Although the pH 

was nearly the same for citric acid and the 2 juices, the Ca release varied greatly. 

When comparing a cola drink with phosphoric acid with the same pH, the Ca release 

was highest in the pure acid. These results support the concept that pH alone is an 

unreliable factor in classifying the erosive potential of acidic beverages. 
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Effect of Acidic Beverages and Microorganisms on Enamel of Deciduous or Wisdom 

Teeth In Vitro 

A. Callawaya*, B. Willershausena, T.C. Dietricha, H. Duschnerb, H. Götzb

*callaway@uni-mainz.de; aDepartment of Restorative Dentistry, Johannes Gutenberg 

University, Mainz, Germany; bApplied Structure and Microanalysis Medical Faculty, 

Johannes Gutenberg University, Mainz, Germany 

The objective of this in vitro study was to investigate erosive changes, which acidic 

beverages or microbial metabolites, alone or in combination, might exert on enamel 

of teeth from the first or second dentition. Impacted, surgically removed wisdom teeth 

from young patients, or deciduous teeth, extracted for orthodontic reasons, were 

used. The dental crowns of teeth were cut into up to five slices, fixed in 12-well plates 

so that an average enamel area of 16 mm2 (deciduous teeth) or 20 mm2 (wisdom 

teeth) was exposed. The dental slices were either incubated with an acidic beverage 

(cola, apple juice) for up to 48 h at 37oC, or with Schaedler broth, freshly inoculated 

with S. mutans 10449. Then enamel samples were incubated either first with an 

acidic beverage (24 h) and then with the streptococcus (24 h) (n = 6) or vice versa. 

The control samples were incubated in saline for 48 h. After incubation, the amounts 

of released calcium were determined colorimetrically, and the values were adjusted 

to an average particle size of 20 mm2. The samples were also examined by CLSM. 

The incubation of the enamel slices with acidic beverages or with the streptococcus 

caused a time- and substrate-dependent release of calcium. After a 24 h incubation 

the following amounts of calcium were released (mean value ± SD, mg/20 mm2) from 

the primary dentition: cola 0.35 ± 0.06; apple juice 0.46 ± 0.02; S. mutans 0.085 ± 

0.005, and from the secondary dentition: cola 0.19 ± 0.04; apple juice 0.34 ± 0.08; S. 

mutans 0.043 ± 0.021. Incubation of the dental slices first with acidic beverages and 

then with bacteria caused a statistically significant greater calcium release in teeth 

from both dentitions (p = 0.02). Bacterial acid production can be especially harmful 

for the enamel surfaces regardless of the type of dentition, if erosive changes caused 

by acidic beverages are already present.  
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Hydroxyapatite Dissolution as a Function of Calcium and Phosphate Concentration 

and Degree of Saturation 

S.B. Jones, C.A. Hemingway, M.E. Barbour* 

*m.e.barbour@bris.ac.uk; Department of Oral and Dental Science, University of 

Bristol, U.K. 

The aim of this study was to investigate the relationship between hydroxyapatite 

dissolution rate, calcium and inorganic phosphorus concentrations, and degree of 

saturation with respect to hydroxyapatite (SHA), in acidic solutions. A number of 

reports have described hydroxyapatite and enamel dissolution rates as a function of 

SHA, but earlier preliminary results from our laboratory indicated that SHA is not in 

itself a sufficient parameter to predict dissolution rate, and that individual [Ca] and [Pi] 

are also important factors. The data presented here represent a thorough 

investigation of this relationship. Dissolution of compressed hydroxyapatite discs was 

monitored in real time using a pH-stat system. The data over a 30 min period were 

slightly curved so were fitted to polynomials and initial rates calculated. Fits to 

quadratic and cubic polynomials were compared. Groups of solutions were prepared 

with equal pH (3.0, 3.5) and SHA (0.035, 0.075), but different [Ca] and [Pi] (over the 

range 1-120 mM). Dissolution rate was, as expected, negatively correlated with pH 

and SHA. In solutions with equal SHA and pH, dissolution rate was lower in solutions 

with higher [Ca] and lower [Pi]. For example, for solutions pH 3.0, and SHA 0.035, 

dissolution rate with [Ca] 2 mM and [Pi] 40 mM was 2.5x greater than that with [Ca] 

19 mM and [Pi] 1 mM. For pH 3 and SHA 0.075, dissolution rate with [Ca] 6 mM and 

[Pi] 115 mM was 6x greater than that with [Ca] 30 mM and [Pi] 6 mM. We intend to 

use these data to suggest modifications to literature models of hydroxyapatite 

dissolution. These data have significance for dental erosion processes, since calcium 

and phosphate modification is a common method to reduce the erosive potential of 

drinks and foods.  
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In Vitro Effect of Simulated Gastric Juice on Erosive Demineralisation and Organic 

Components in Dentine 

N. Schlueter*, C. Ganss, M. Merz, J. Klimek 

*nadine.schlueter@dentist.med.uni-giessen.de; Department of Operative and 

Preventive Dentistry, Dental Clinic, Justus-Liebig-University, Giessen, Germany  

In dentine, erosive demineralisation results in the exposure of organic matrix. The 

enzymic removal of this matrix leads to a faster progression of mineral loss. Erosive 

lesions in patients with eating disorders therefore could be intensified by gastric 

enzymes (e.g. pepsin). Aim of this in vitro study was to investigate whether pepsin 

can degrade the collagenous structures and affects the progression of erosive 

mineral loss. From human third molars circular dentine specimens with a defined 

area of 10.6 mm² and a thickness of 750 µm were prepared and randomly divided 

into two groups of 25. Samples were subjected to a cyclic de- and remineralisation 

procedure for five days. For demineralisation (6x5 min per day), an HCl-NaCl solution 

(pH 1.6) was used in the control group, in the treatment group the solution 

additionally contained 750 µg/ml pepsin. The degradation of collagen was quantified 

with hydroxyproline analysis and mineral content was determined 

microradiographically after each day. High amounts of hydroxyproline could be 

detected in the treatment group initially (day 1: 2040 ± 868 ng/ml), which decreased 

significantly (day 5: 990 ± 1060 ng/ml, p ≤ 0.001). In the control group no 

hydroxyproline was detectable. On day 1 mineral loss was significantly higher in the 

treatment group (53.2 ± 25.1 µm vs. 28.0 ± 16.1 µm, p ≤ 0.001), but in the following 

days it was similar to the control group (n.s.). Pepsin was capable of degrading and 

modifying demineralised collagen. Under the conditions used, however, the organic 

layer was not completely removed, and this could explain the lack of effect on erosive 

mineral loss in advanced in vitro erosions. 
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Microhardness of in Situ Formed Erosive Lesions in Human and Bovine Enamel 

C.P. Turssi, D.C.F. Messias*, S.A.M. Corona, M.C. Serra 

*cturssi@yahoo.com; School of Dentistry of Ribeirão Preto, University of São Paulo, 

Brazil  

Due to the uncertainties in estimating to what extent bovine enamel reflects the 

human counterpart in erosion investigations, this randomized 2 x 2 crossover pilot 

study was undertaken to ascertain whether in an intraoral erosion model the 

micrhardness of bovine enamel would be similar to that of human enamel. Two 

treatments were imbibition of orange juice (pH 3.74) or mineral water (negative 

control, pH 6.10). After a two day lead-in period for their first randomly assigned 

treatment leg, six volunteers wore a palatal removable appliance carrying two human 

and two bovine ethylene oxide sterilized enamel specimens from 8 a.m. to 5 p.m., for 

a 10-day treatment period. The subjects imbibed the allocated drink as 250 ml 

volumes 4 times per day when the drink was sipped, under supervision, over a 10 

min period. At the end of the first treatment phase, the specimens were removed for 

analysis, and the subjects started a washout period of 2 days prior to their second 

treatment phase. A new set of human and bovine enamel specimens were mounted 

in the appliance and participants imbibed the alternative drink. The samples were 

assessed for Knoop microhardness number (KHN, 25 g, 30 s). Two-way ANOVA (α 

= 0.05) indicated no difference between the microhardness values recorded for 

human and bovine enamel [KHN = 355 (89) and 300 (79), respectively; p = 0.133]. 

There was difference between the microhardness of the enamel samples as a 

function of the different drinks (p = 0.0001), with orange juice resulting in significantly 

more softening [KHN = 267 (70)] than mineral water [KHN = 387 (54)]. Bovine 

enamel seems to be a suitable substitute for human enamel in intraoral erosion 

models. Supported by FAPESP (grant# 05/01515-8). 
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Impact of the Acid Flow Rate on Dentin Erosion  

A. Wieganda,b*, A. Stockb, R. Attinb, C. Wernerc, T. Attina,b 

*annette.wiegand@zzmk.unizh.ch; aClinic for Preventive Dentistry, Periodontology 

and Cariology, University of Zürich, Switzerland, bDept. of Conservative and 

Preventive Dentistry and Periodontology and cDept. of Medical Statistics, University 

of Göttingen, Germany 

The study aimed to evaluate the erosive effects of acids flowing with different 

velocities on dentin previously pre-treated with distilled water or human saliva. 

Bovine dentin surfaces were submitted to 10 min demineralisation with hydrochloric 

or citric acid (pH 2.3, 37°C) in an artificial mouth at flow rates of 3, 2.25, 1.5, 0.75 or 

0.15 mL/min or in 30 mL of the respective acid without movement (16 specimens per 

subgroup). Prior to demineralisation, half the specimens of each group were either 

pre-treated with distilled water or human saliva for 120 min. After 2, 5 and 10 min 

demineralisation, profilometric traces of dentin loss were performed perpendicular to 

the direction of acid flow at three sites 500 μm apart. The first profile was taken at a 

distance of 1.5 mm from the acid starting to flow over the sample. Thus, median 

dentin loss at each site was calculated and statistically analysed by five-way ANOVA. 

Dentin loss increased with increasing acid flow rate and demineralisation time and 

was higher for demineralisation with citric acid compared to hydrochloric acid. For 

given flow rates of 0.15 to 3 mL/min, dentin loss was highest for the first profile and 

decreased for the second and third profiles. For all groups, no significant differences 

of dentin loss were observed between specimens pre-treated with distilled water or 

human saliva. Both duration of demineralisation and acid flow rate but not pre-

treatment with distilled water or saliva influenced the extent of dentin erosion. 
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Studying Erosion using a pH-stat System 

R. P. Shellis*, M. Addy 

*r.p.shellis@bris.ac.uk. Bristol University Dental School, Bristol, U.K. 

The aim was to develop pH-stat methods for investigating erosion, using compressed 

hydroxyapatite (HA) discs or polished slices of human enamel and dentine. 

Dissolution rates in citric acid at two concentrations (0.3%, 1.0% w/v) and two pH 

values (2.45, 3.9) were measured at 36oC at fixed stirring rate, and normalised to 

surface area (10-25, 25-81 and 114 mm2 for enamel, dentine and HA respectively). 

For enamel and HA, dissolution rate was stirring rate-dependent but constant at 

steady state, so was measured from the slope of the linear titration curve. Dentine 

dissolution decelerated with time, following a saturating exponential (r2 > 0.99), so 

the initial rate was calculated as a measure of dissolution rate. The rate constant for 

dentine dissolution did not vary significantly (mean 0.019 ± 0.004 min-1). Coefficients 

of variation (n = 3) were: at pH 2.45, 3% for HA and about 20% for enamel and 

dentine; at pH 3.9, 32% for HA and about 40% for enamel and dentine. Relative 

dissolution rates were: at pH 2.45, enamel > HA ≈ dentine; at pH 3.9, dentine > 

enamel > HA. At both acid concentrations, increasing the pH from 2.45 to 3.9 

reduced dissolution rate of HA and enamel by 93-95%, but reduced that of dentine by 

only 67%. Acid concentration had no statistically significant effect on dissolution rate 

for any substrate. The results show that, although dissolution of HA and enamel is 

diffusion-controlled, under well-stirred conditions there is efficient exchange of H+ and 

mineral ions between solution and dissolving surface, whereas the layer of 

demineralized collagen formed at the surface of dentine progressively reduces the H+ 

concentration and undersaturation, and hence dissolution rate, at the advancing 

front.  
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A Multifactorial Analysis of Risk Factors Associated with Dental Erosive Wear: A 

Case-Control Study 

H. El Aidi*, J. Mulder, G.J. Truin 

*H.ElAidi@dent.umcn.nl; Radboud University, Nijmegen, The Netherlands 

In a case-control study (n = 259, 11-12 year-old children) the relationships between 

erosive wear and gender, social background, nationality, dietary pattern, plaque, 

saliva flow rate, saliva pH, articulation and bite force was studied. The children (149 

boys and 110 girls) were clinically examined at school in The Hague, The 

Netherlands. Prior to clinical examination the children completed a 24-hour recall 

dietary questionnaire. Erosive tooth wear was assessed by criteria described by 

Rijkom et al. [Caries Res 2002;36:147-154]. A case was defined as a child with 

erosive wear in the outer part of the enamel on at least two tooth surfaces (score 1) 

and/or one or more erosive wear laesions in the deeper part of the enamel or into the 

dentine (score 2 and 3). The study consisted of 61 cases and 198 controls. None of 

the cases had erosive wear lesions into the dentine. 11% of the children were cases 

based on score 2 and 89% on score 1. Multiple logistic regression analysis showed a 

borderline significant (p = 0.049) effect for saliva pH on erosive tooth wear. The odds 

ratio for saliva pH in the multiple regression analysis was 0.35 (95% CI 0.12, 1.00). 

All the other risk factors were found non-significant. The protocol of the study was 

approved by the research ethics committee of Radboud University (CEOM: No 2003-

7) 
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Association of Vomiting after Drinking and the Number of Daily Tooth Brushings with 

Dental Erosion  

H-D. Kima*, B-H. Jina, D-I. Paika, A. Ismailb

*hyundkim@snu.ac.kr; aSchool of Dentistry, Seoul National University, Korea; 
bSchool of Dentistry, University of Michigan, Ann Arbor, USA 

This study aimed to evaluate the association between the frequency of vomiting after 

drinking (Vomiting), the number of daily tooth brushing (NTB) and dental erosion. A 

cross-sectional study was designed. Three dentists surveyed 870 workers who 

agreed to participate by a written consent. Modified ten Bruggen Cate criteria [Kim et 

al.: J Public Health Dent 2003;63:244-249] were used for dental erosion on each 

tooth surface. Vomiting and NTB were traced by self-administered questionnaires. 

Logistic regression models for erosion (Overall erosion with G1-5, Severe erosion 

G3-5) were used to evaluate the adjusted odds ratio (AOR) of Vomiting and NTB for 

erosion controlling for age, gender and acids exposure. The interaction term between 

Vomiting and NTB was also assessed. The prevalence of workers with dental erosion 

was 53.2% and that of workers with the history of vomiting was 45.9%. The mean 

NTB was 2.4 (0.7 of SD). AOR for overall erosion between occasional vomiting and 

non-vomiting was 1.7 (95% CI 1.1,2.7. Comparing to non-vomiting, the association of 

occasional vomiting with severe erosion was AOR of 2.7 (95% CI 1.3,5.8) and that of 

frequent vomiting showed AOR of 2.9 (95% CI 1.0,8.4). Additional NTB increased an 

association with overall erosion by 1.4 times (AOR 1.4; 95% CI 1.3,5.8). The 

interaction term between between Vomiting and NTB was not significant. In 

conclusion, the present study showed a clear association between vomiting after 

drinking, NTB and dental erosion. For attenuating dental erosion, the habit of 

vomiting after drinking should be controlled and less abrasive toothbrushing methods 

should be recommended. Supported by a grant from the OSHRI, Ministry of Labor, 

Korea (850-20030008). 
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A Clinical Model for Evaluating Fluoride Treatment of Erosion-like Lesions 

A. Young*, P.S. Thrane, E. Saxegaard, G. Jonski, G. Rölla 

*alixr@odont.uio.no; Faculty of Dentistry, University of Oslo, Oslo, Norway 

Dental erosion is an increasingly important clinical problem and treatment of serious 

cases often both difficult and expensive. Prevention and treatment involving fluoride 

application in various forms have been studied both in vitro and in situ. The present 

in vivo model was developed to examine the effect of fluoride on erosion-like lesions. 

Results are presented for two fluoride toothpastes. Four healthy anterior teeth in 

each subject (n = 20) with intact pellicle were exposed to 100 or 10 mmool/L citric 

acid applied using a peristaltic pump (5 mL, 7 mL/min) and the acid collected in a test 

tube before and after application of the respective toothpastes (etch I and etch II). 

Toothpastes (neutral 0.15% NaF and acidic 0.4% SnF2) were applied to the labial 

surfaces with a soft brush (4 x 1min) with gentle water rinsing between applications. 

Each subject had one pair of teeth treated with each of the test toothpastes. Enamel 

solubility was examined by assessment of calcium content (ppm) in the citric acid 

applied before and after the treatment with toothpaste. A paired t-test compared the 

effect of each F-toothpaste for each acid concentration. SnF2 toothpaste significantly 

reduced the solubility of teeth in 10 mmol/L acid in vivo by 20% (p < 0.05). There was 

no significant effect of SnF2 with the stronger acid (5% solubility reduction, p = 

0.367). NaF toothpaste provided no protection from either of the acid concentrations 

(etch II > etch I, p < 0.001). Conclusion: This model promises the possibility for 

studying the effect of preventive treatment measures for dental erosion. SnF2 

toothpaste is significantly more effective than NaF in preventing loss of enamel due 

to acid attack. 
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C. Ganss*, N. Schlüter, P. Schattenberg, J. Klimek 
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In contrast to caries, enamel erosion is a surface controlled process requiring 

approaches which make the enamel surface less prone to erosive dissolution. 

Therefore, in the case of erosion, fluoridation has a different aim and function, and 

the type of fluoride compound might play an important role. Aim of this study was to 

evaluate whether the efficacy of fluoride in preventing erosion progression depends 

on the fluoride compound. Human enamel samples (20 per group) were immersed in 

0.05 M citric acid (pH 2.3) for 2 min 6 times daily. After each erosion procedure, 

samples were treated with the test solutions for 2 min. All samples were stored 

between treatments in a remineralisation solution. Test solutions were: SnF2 (250 

ppm F, 818 ppm Sn; pH 3.5), NaF (250 ppm F; pH 3.5), SnCl2 (814 ppm Sn; pH 2.6), 

aminefluoride (AmF) (250 ppm F; pH 3.6), AmF/SnF2 (meridol, 250 ppm F, 409 ppm 

Sn; pH 4.2), AmF/NaF (elmex, 250 ppm F; pH 4.3). In the control group no 

fluoridation was performed. The mineral status was monitored by longitudinal 

microradiography. The highest erosive mineral loss was found in the control group 

(48.0 ± 17.1 µm). Mineral loss was nearly completely inhibited by AmF/SnF2 (5.7 ± 

25.1 µm; p ≤ 0.001) and SnF2 (3.8 ± 14.4 µm; p ≤ 0.001) treatments. Groups treated 

with SnCl2 (17.6 ± 19.5 µm; p ≤ 0.001) and NaF (13.2 ± 21.7 µm; p ≤ 0.001) showed 

a decrease of erosive mineral loss. AmF (41.6 ± 16.0 µm; n.s.) and AmF/NaF (27.7 ± 

28.4 µm; p = 0.051) treatments did not have any effect on erosion progression. The 

results indicate considerable differences between the fluoride compounds tested in 

their effects on erosion progression. Treatment with solutions containing SnF2 was 

most effective. Supported by GABA International  
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Erosive Wear Inhibition by Fluoride Varnish: An In Situ Study 

A. Vieira*, D.H.J. Jager, J.L. Ruben, M.C.D.N.J.M. Huysmans 

*a.vieira@med.umcg.nl; University of Groningen, The Netherlands 

Fluoride products with a mechanical protective component, such as fluoride varnish, 

present an advantage in the inhibition of wear progression in vitro. The objective of 

the study was to investigate the effect of fluoride varnish (FV) in the prevention of 

wear due to erosion and combined erosion and toothbrush abrasion in situ. Eleven 

volunteers wore for 3 weeks, during working hours, appliances containing 2 control 

and 2 FV-treated human enamel samples. Erosion took place extraorally 3 times a 

day (5 min) in the soft drink Sprite. At the end of each experimental day one control 

and one FV sample (C-er+abr and FV-er+abr) were brushed (5 s) with fluoridated 

dentrifice. The remaining control and FV sample (C-er and FV-er) were left 

unbrushed. Enamel volume loss was quantified by optical profilometry at day 5, 10 

and 15. In order to compare the different groups, the volume loss was normalized for 

the average surface area of the samples (1.43 × 107 μm2). A statistically significant 

progression in enamel loss was found for the C-er, C-er+abr and FV-er+abr groups 

(p < 0.001, p < 0.001 and p = 0.001, respectively) but not for the FV-er group (p = 

0.053). The values of cumulative normalized volume loss (× 108 μm3) at day 15 were: 

C-er 5.53 ± 2.14; C-er+abr 5.70 ± 2.07; FV-er 0.79 ± 0.67 and FV-er+abr 2.76 ± 1.35. 

The FV-er and FV-er+abr groups showed significantly lower volume loss than the C-

er group (p < 0.001 and p = 0.005, respectively) and the C-er+abr group (p < 0.001 

and p = 0.002, respectively). The results indicated that fluoride varnish was effective 

in reducing wear caused by erosion and combined erosion and abrasion. 
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Evaluation of the Effect of Fluoride Dentifrice on Dental Erosion Subjected or not to 

Abrasion 

C.C.R. Martinhona*, A.C. Magalhãesb, D. Riosb, A.C.B. Delbema, M.A.R. Buzalafb, 

M.A.A.M. Machadob  
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Brazil; bBauru Dental School, University of São Paulo, Brazil. 

This in situ/ex vivo study assessed the effect of residual fluoride from dentifrice, 

present in saliva, on enamel subjected to erosion, and the residual and immediate 

effects of fluoride dentifrice on enamel subjected to erosion plus abrasion. Ten 

volunteers took part in this crossover study performed in two phases. They wore 

acrylic palatal appliances containing 6 human enamel blocks arranged in two rows: 

erosion (Group 1) or erosion plus abrasion (Group 2). The dentifrice was used to 

brush the volunteers’ teeth and the specimens subjected to abrasion. In phases A 

and B the dentifrices used had the same formulation (Crest), except for the absence 

or presence of fluoride, respectively. Thus, the groups studied were: G1A – erosion; 

G2A - erosion/abrasion with placebo; G1B - erosion with residual fluoride and G2B - 

erosion/abrasion with fluoride dentifrice. The blocks were subjected to erosion by 

immersion of the appliances in a cola drink for 5 min, 4 times a day. Then, no 

treatment was performed in one row, whereas the other row was brushed and the 

appliance was replaced into the mouth. Enamel alterations were determined using 

profilometry and microhardness (%SMHC) tests. Data were tested using ANOVA and 

Tukey´s post hoc test (p<0.05). The mean wear values (µm, ± SD) were: G1A 3.63 ± 

1.54a; G2A 6.84 ± 1.72b; G1B 3.54 ±0.90a; G2B 5.38 ± 1.21c. The mean %SMHC 

values were: G1A 89.6 ± 4.7a; G2A 54.6 ± 16.2b; G1B 87.3 ± 4.0b; G2B 45.7 ± 6.8b. 

The residual fluoride from dentifrice had little to no effect on enamel erosion. When 

erosion was subjected to abrasion, the presence of fluoride reduced the wear, but 

fluoride had no significant effect in the %SMHC. 
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The Abrasivity and Stain Removal Performance of a New Anti-hypersensitivity 

Dentifrice 

J.E. Creeth*, C.S. Newby, K.S. Price, M.A. Wicks 

*jonathan.e.creeth@gsk.com; GlaxoSmithKline Consumer Healthcare, Weybridge, 
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A new dentifrice has been developed to reduce dentinal hypersensitivity, and also to 

control tooth stain whilst having minimum abrasivity towards tooth surfaces 

threatened by dietary acid challenge. It incorporates potassium nitrate to treat 

dentinal hypersensitivity, and a high-efficiency cleaning silica to control tooth stain 

whilst maintaining a low tooth surface abrasivity. This study investigated the 

abrasivity and cleaning performance of this formulation. Dentine and enamel 

abrasivities were measured using standard protocols, and using a modified protocol 

in which enamel was pre-treated for 30 min with 1% citric acid, pH 3.8, to simulate 

dietary acid challenge. The abrasivities [RDA 34.3 ± 1.5; REA 2.58 ± 0.06 (mean ± 

SE)] were lower than for marketed controls. This low relative abrasivity was 

maintained when enamel was pretreated with acid: the pre-treatment exaggerated 

the difference between the test product and a conventional anti-caries dentifrice 

(ΔREA 2.46 for sound enamel; ΔREA 3.58 for pretreated enamel). Stain removal 

performance was investigated using the Pellicle Cleaning Ratio (PCR) and Natural 

Extrinsic Stain Removal (NESR) methods. The PCR test value was 46.1 ± 4.4. In the 

NESR test (previously shown to give better clinical correlation than the PCR), the test 

product gave superior stain removal performance compared to a multi-functional 

dentifrice (p = 0.0005) and a conventional non-sensitivity formulation (p = 0.001) of 

higher RDA, and similar performance to a sensitivity-reducing dentifrice. Potassium 

nitrate significantly improved the stain removal performance of dentifrices in this 

assay (p < 0.05). These studies have shown that the test product has both low 

relative abrasivity even after a dietary acid challenge, and high relative tooth stain 

removal performance in vitro, due in part to a previously unreported stain removal 

benefit from potassium nitrate. 
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In Vitro Microhardness Studies on a New Desensitising Toothpaste

C.E. Fowler*, R. Willson, G.D. Rees 

*christabel.x.fowler@GSK.com; GlaxoSmithKline, Weybridge, U.K.

The aim of this investigation was to evaluate the utility of a new desensitising 

toothpaste to inhibit human enamel surface softening by a dietary acid, and promote 

rehardening of erosive lesions. In the softening study, sound enamel was pre-treated 

with one of four toothpaste slurries for 2 min, before exposure to 1.0% w/v citric acid, 

pH 3.8, for a total of 30 min. The surface microhardness (SHM) was determined at 

baseline and at 10-min intervals during the demineralisation phase. In the 

rehardening study, erosive lesions were prepared by exposure of specimens to 1.0% 

w/v citric acid, pH 3.8, for 30 min. After 2 min treatment with toothpaste slurry, lesion 

repair was monitored by SMH after 4, 24 and 48 h incubation in an artificial saliva. 

The artificial saliva was modified by the addition of an aliquot of toothpaste slurry, in 

order to mimic in vivo carryover of the formulation. The new prototype formulation 

conferred statistically superior inhibition of enamel softening compared to two 

commercially available toothpaste controls, and a fluoride-free placebo after 20 and 

30 min exposure. In the remineralisation study, erosive lesions treated with the new 

toothpaste exhibited statistically superior rehardening compared to lesions treated 

using the two commercial toothpaste controls after 24 and 48 h incubation in the 

artificial saliva. A rehardening study was also conducted using a series of prototype 

toothpastes containing increasing fluoride levels; a clear fluoride dose-response was 

observed. The present microhardness studies clearly demonstrate that fluoride 

toothpastes help protect sound enamel from acid-mediated surface softening, and 

promote rehardening of erosive lesions in vitro. The prototype formulation exhibited 

statistically superior performance compared to the commercial and placebo controls. 
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Surface Microhardness Changes and Enamel Fluoride Uptake in a 20-Day In Vitro 

Cycling Erosion Model 

G.D. Reesa*, C.S. Newbya, J.E. Creetha, and B.R. Schemehornb

*gareth.d.rees@gsk.com; aGlaxoSmithKline Consumer Healthcare, St George’s 

Avenue, Weybridge, Surrey, KT13 0DE, UK; bIndiana University School of Dentistry, 

Oral Health Research Institute, 415 Lansing Street, Indianapolis, Indiana 46202, 

USA. 

The purpose of this study was to evaluate the ability of a new fluoride-containing 

toothpaste to protect surface-softened enamel against further erosive challenge in an 

in vitro cycling model. The daily cycling regimen comprised: 3 x 2 min treatments 

immersions in a toothpaste slurry; 5 x 2 min erosive challenges using 1% citric acid 

pH 3.8; and remineralization in a mixture of pooled human saliva and mucin-

containing artificial saliva. Surface microhardness [SMH, as Vickers hardness 

numbers (VHN)] was measured at baseline, 10 and 20 days. The fluoride content 

was determined at 20 days by acid biopsy. SMH for the test dentifrice (1150 ppm 

NaF) was statistically greater (p < 0.05) than for an anti-caries dentifrice (1100 ppm 

NaF) or a fluoride-free placebo at both 10 days (VHN 280 vs. 256 vs. 217 

respectively) and 20 days (VHN 270 vs. 246 vs. 241). The fluoride content of 

specimens treated with this test dentifrice was significantly higher than for either an 

anti-caries dentifrice or placebo (479 vs. 337 vs. 284 µgF/cm3). In a second study, 

SMH for a second test dentifrice (1450 ppm NaF) was statistically greater than for a 

sensitivity-reducing dentifrice (SRD; 1450 ppm amineF) or placebo at 10 days (VHN 

279 vs. 252 vs. 217). Both fluoride products were significantly superior to placebo at 

20 days (VHN 270 vs. 266 vs. 214). The fluoride content following treatment with the 

second test dentifrice was significantly higher than for the SRD, which was 

significantly higher than placebo (569 vs. 440 vs. 284 µgF/cm3). This study confirmed 

that fluoride toothpastes can increase protection of dental enamel against an erosive 

challenge in vitro. The increased protection measured as microhardness correlated 

with increased fluoride uptake. 
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Evaluation of a Test Dentifrice Using an In Situ Erosion Remineralization Model 

D.T. Zero a*, A.T. Haraa, S.A. Kellya, C. González-Cabezasa, G.J. Eckertb, A.P. 

Barlowc, S. Masonc 

*dzero@iupui.edu; aIndiana University School of Dentistry; bIndiana University School 

of Medicine, Indianapolis, USA; cGlaxoSmithKline, Weybridge, U.K. 

The study involved the use of an in situ remineralization model to evaluate the ability 

of a test dentifrice to enhance remineralization of enamel that was previously 

subjected to an in vitro dietary erosion challenge. Thirteen subjects completed a 

single-blind (to specimen analyst) cross-over design with four randomly assigned 

dentifrice treatments: placebo dentifrice (0 ppm F, PD); dose response control 

dentifrice (250 ppm F, DD), clinically tested fluoride dentifrice (1100 ppm F, FD); test 

dentifrice (1150 ppm F + 5% KNO3, TD). Each subject wore a palatal appliance 

holding eight bovine enamel blocks that were previous exposed for 25 min to an in 

vitro erosive challenge with grapefruit juice. Surface microhardness (SMH) was 

determined prior to the erosive challenge (baseline), after the in vitro erosive 

challenge, after in situ remineralization, and after a second in vitro erosive challenge. 

Statistical analyses included ANOVA and pair-wise comparisons between 

treatments, testing at a 5% significance level. The mean % SMH recovery (SD) was 

20.4 (7.7) for PD; 27.4 (5.9) for DD; 29.5 (8.9) for FD; 33.4 (6.7) for TD. The mean % 

net erosion resistance (SD) was - 57.7 (10.8) for PD; -41.3 (11.6) for DD; -28.7 (9.7) 

for FD; -23.6 (7.3) for TD. For % SMH recovery, PD was significantly lower than the 

other products, DD was significantly lower than TD, and FD was not significantly 

different from DD or TD. For % net erosion resistance, PD was significantly lower 

than the other products, DD was significantly lower than FD and TD, and FD and TD 

were not significantly different. In conclusion, a fluoride dentifrice with potassium 

nitrate was shown to enhance the remineralization of enamel previously subjected to 

an erosion challenge.  
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Dentin Remineralization by Simulated Saliva Formulations with Different Calcium and 

Phosphate Concentrations 

A.T. Hara*, R.L. Karlinsey, D.T. Zero  

*ahara@iupui.edu; Oral Health Research Institute, Department of Preventive and 

Community Dentistry, Indiana University School of Dentistry, Indianapolis, USA 

The understanding of the dentin remineralization process and the ability to reproduce 

it in vitro are essential to the development of preventive and therapeutic measures. 

This study investigated how simulated saliva formulations with different degrees of 

supersaturation with respect to hydroxyapatite (pKS: 58.6) and different Ca/P ratios 

may affect the remineralization of eroded dentin, over the time. Slabs of bovine root 

dentin (5x5x2 mm) were flattened and polished and randomly divided into 5 groups of 

8, according to the type of saliva formulation (Ca/P ratio, mM Ca:mM P, pIHA): A 0.3, 

1.11:3.7, 58.1; B 0.3, 1.45:5, 55.9; C 1.6, 1.5:0.9, 60.5; D 1.6, 2:1.25, 58.4 and E 1.6, 

3.2:2, 55.1. The solutions were buffered with 0.1 M Tris and adjusted to pH 7.0. Two 

windows (5x1 mm) were delimited on the dentin surface with nail varnish. They were 

randomly demineralized by exposure to 1% citric acid (pH 2.3) for 30 or 60 min and 

then immersed in the respective simulated saliva formulations for 3, 7 and 14 days, 

at 37oC. Solutions were renewed every 24 h. Sections containing both demineralized 

areas were cut before (baseline) and after the remineralization periods. Mineral 

content (ΔZ) of the demineralized areas (30 and 60 min) was quantified by transverse 

microradiography and independently analyzed. ANOVA and regression analyses (α = 

0.05) showed, irrespective of the demineralization time, that the solutions B and E 

were effective in remineralizing dentin. This effect increased throughout the 

remineralization times and was significantly higher for B. It can be concluded that 

dentin remineralization could be mimicked in vitro and that this process was 

influenced by the degree of saturation and Ca/P ratio of the simulated saliva 

formulation. 
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Ten-year Follow-up – Predictors for Caries Incidence  

C. Heyduck*, C. Meller, C. Splieth 

*heyduck@uni-greifswald.de; Department of Preventive and Pediatric Dentistry, 

Ernst-Moritz-Arndt University, Greifswald, Germany 

Because of the caries decline, caries prevalence is more polarized. In order to 

allocate resources for prevention properly, valid predictors for caries incidence are 

needed. Thus, the aim of this study was to record caries prevalence in pupils in 

Greifswald/Germany in the preschool examination and the final school year (10th 

grade) and to assess which parameters during preschool examination (dmft/dmfs, 

treatment need, ds) correlate with caries increment. In 1994/95, 521 of all 950 

children taking part in the compulsory pre-school examination (age 5-6, F 246, M 

275) were examined by one calibrated dentist according to the WHO criteria 

(dmft/dmfs, ds).In 2005, 534 tenth graders in all schools were re-examined, of whom 

170 matched with the initial examination in 1994/95 and who were used for the 

statistical analyses. In these 170 children, the mean caries prevalence was 4.2 ± 3.9 

dmft, 8.7 ± 9.9 dmfs, 5.8 ± 8.3 ds and 0.1 ± 0.6 DMFS in 1994/95, and 4.0 ± 3.7 dmft, 

8.2 ± 9.7 dmfs, 5.3 ± 8.2 ds and 0.15 ± 0.7 DMFS for the drop-out children. In 2005, 

the 170 tenth-graders (mean age 16.5 ± 0.4) had a mean DMFS of 5.1 ± 6.7 (DS 

0.54; FS 4.21; MS 0.35), while the other tenth-graders (mean age 16.9 ± 0.6) showed 

a statistically higher DMFS of 6.6 ± 8.8 (Mann-Whitney-U-Test; p < 0.001). The 

caries increment in the permanent dentition correlated highly with caries in the 

deciduous dentition (dmft/dmfs, ds) at the preschool exam (Spearman correlation 

coefficients with dmft 0.35, dmfs 0.35, ds 0.25; p < 0.001). This study shows that in 

spite of the caries decline in the permanent dentition, caries in the deciduous 

dentition determined caries increment in the permanent dentition. To date, effective 

preventive strategies have not been implemented to compensate this. 
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Two-year Follow-up of Dental Caries, Saliva and Oral Hygiene in Diabetic Children 

J. Siudikienea*, V. Machiulskienea, B. Nyvadb, J. Tenovuoc, I. Nedzelskienea

*jolanta.siudikiene@med.kmu.lt; aFaculty of Odontology, Kaunas University of 

Medicine, Kaunas, Lithuania; bFaculty of Health Sciences, University of Aarhus, 

Denmark; cInstitute of Dentistry, University of Turku, Finland 

This study evaluated caries increments and changes in saliva and oral hygiene in 

diabetic children during a two-year period. A total of 63 10-15-year-old diabetics and 

their age- and sex-matched non-diabetic pairs were examined for caries [Nyvad et 

al.: Caries Res 1999;33:252-260] and oral hygiene status (OHI-S index) [Greene and 

Vermillion: J Am Dent Assoc 1964;68:7-13]. Resting and paraffin-stimulated saliva 

was analysed for flow rates, buffer effect, mutans streptococci, lactobacilli, yeasts, 

total IgA, IgG, protein, albumin, amylase and glucose levels. The two-year mean 

DMFS increments were similar in the diabetics and in the controls (11.5 and 10.1, 

respectively), but the increase of active non-cavitated lesions was more pronounced 

in the diabetics (mean increment 2.19 vs -0.10; p < 0.05). Unstimulated and 

stimulated salivary flow rates remained lower in the diabetics compared to the 

controls over the study period (p < 0.05). Higher baseline salivary buffer effect 

among non-diabetics levelled off in two years because of the decreasing number of 

non-diabetics with high salivary buffering. The baseline counts of lactobacilli and 

mutans streptococci were similar and remained unchanged in the groups whereas 

the salivary IgA, IgG, protein and glucose levels were higher in the diabetics than in 

the controls after two years. Yeasts were more frequent in the diabetics at baseline, 

but decreased in this group during the two years. The higher increase of the mean 

OHI-S (dental debris and calculus) in the diabetics than in the controls (0.46 vs 0.23; 

p < 0.001) was due to the calculus component . The results suggest that diabetic 

children are characterised by an increased caries lesion activity, lower salivary flow 

rates, increased levels of salivary immunoglobulins and salivary glucose, as well as 

by increased dental calculus accumulation. Supported by an ORCA Consultancy and 

by Masterfoods, France. 
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Value of Bitewing Radiographs for a Clinical Trial in a Low Caries Population 

G.G. Adams*, D.L. Bailey, C.E. Tsao, M.V. Morgan 

*g.adams@unimelb.edu.au; School of Dental Science, The University of Melbourne, 

Australia  

The aim of this study was to determine if bitewing radiographs provided additional 

diagnostic yield for occlusal and approximal dental caries when compared to clinical 

examinations using visual and tactile criteria. Visual-tactile and radiographic 

examinations were conducted at the beginning and the end of a large two-year caries 

clinical trial on children aged between 11.5 and 13.5 at baseline. The visual-tactile 

caries examination was performed by one of two trial dentists (DLB or CET) using an 

illuminated dental mirror, a dental explorer and compressed air. Caries detection 

followed Radike’s clinical criteria. The clinical examination was supplemented by two 

standardized digital bitewing radiographs taken using a digital X-ray system. All 

radiographs were scored by a single dentist (CET) over a seven month period in 

2005. These radiographs were assessed for dental caries at both the enamel and 

dentine level for approximal surfaces and at the dentine level for occlusal surfaces. 

Visual-tactile and radiographic examinations were conducted on 2709 and 1900 

children at the beginning and the end of the clinical trial, respectively. 1.8% and 4.0% 

of approximal surfaces were carious at the baseline and final examinations, 

respectively. The majority of approximal lesions were detected radiographically; only 

22% and 16% of all diagnosed approximal lesions were detected clinically at the 

baseline and final examinations, respectively. 72% and 85% of all diagnosed occlusal 

lesions were detected clinically at the baseline and final examinations, respectively. 

Using only a visual-tactile clinical examination is likely to severely underestimate the 

prevalence of approximal caries lesions. Augmentation of the clinical examination by 

bitewing radiography is essential in caries trials, especially in low caries risk 

populations. Supported by Cadbury Schweppes, Science and Technology. 
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Standardisation of Digital Bitewing Radiographs during a Clinical Caries Trial 

D.L. Bailey*, G.G. Adams, C.E. Tsao, M.V. Morgan 

*dlbailey@unimelb.edu.au; School of Dental Science, University of Melbourne, 

Australia 

The aim was to describe and appraise the method by which digital bitewing 

radiographs were standardised during a large-scale caries clinical trial. 2720 subjects 

were recruited into a two-year clinical trial designed to test the anticariogenicity of a 

novel caries-preventive agent. Protocol required taking standardised digital bitewing 

radiographs at baseline and 24 months. The radiographs were taken on site in a 

dedicated mobile dental van by two trained dental personnel. The procedure involved 

the use of an aiming device, graduated struts and identical sensor holders. Subject, 

strut, sensor holder and intraoral landmark details were recorded and used to 

replicate conditions between baseline and final radiographs. Prior to reading, 

radiographs were contrast corrected using a histogram equalisation technique. All 

radiographs were read by one clinician (calibrated against a gold-standard: a 

previously standardised experienced clinician) in a dedicated room with controlled 

light levels and monitor settings. A custom-designed database provided for a split 

screen interface to allow image reading and data entry, and generated repeat 

radiographs for examiner reliability estimations. Caries progression scores were 

subsequently calculated using a transition matrix. Complete data were available for 

1906 subjects with a total of 88922 interproximal surfaces. Of these surfaces 10802 

(or 12.1%) were classified as having unreadable overlaps. Intraexaminer reliability for 

the radiography reading procedure was excellent (kappa = 0.94). The percentage of 

overlaps achieved from our standardised method fell well within the reported range of 

frequency of overlaps (4-39%). This is particularly impressive as many of the 

subjects were still in the mixed dentition stage. The results highlight the importance 

of a standardised procedure if loss of clinical information in trials of this nature is to 

be minimised. Supported by Cadbury Schweppes, Science and Technology 
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Impact of Caries Prevention Implementation Strategies: A Cluster Randomised 

Clinical Trial in Dental Primary Care 

J. Clarksona*, D. Bonettia, G. Maclennanb, C. Ramsayb, A. Scottc,C. Tilleya, S. Turnera

s.turner@chs.dundee.ac.uk; aDHSRU, University of Dundee, U.K.; bHSRU, University 

of Aberdeen, UK; cMelbourne Institute of Applied Economic and Social Research, 

Australia 

The aim was to evaluate the impact of two strategies on the implementation of an 

evidence-based caries preventive treatment for children. Preventive fissure sealants 

(PFS) to treat children at high caries risk remain under-utilised, despite strong 

evidence of efficacy. Improved prevention could help reduce oral health inequalities, 

as there is a strong and persistent caries-deprivation link. The study design was a 

four-arm cluster randomised trial in dental practices across Scotland. NHS Scotland 

Practitioner Services Division’s database was used to sample General Dental 

Practitioners (GDPs) in more deprived areas. The Fee group were offered a fee for 

each PFS placed; the Education group were invited to a workshop on evidence-

based practice; the Both group were offered fee plus workshop; the Control group 

were offered neither. The main outcome measure was the proportion of 12-14-year-

olds receiving PFS on second permanent molars, based on a sample of 25 children 

seen by each GDP. Recruitment, retention and uptake of interventions were good: 

53% (149/284) of GDPs were recruited in 2003; 89% (133) returned data on 2,833 

children in 2005; 55/73 (73%) attended workshops, and 48/76 (63%) claimed for 

PFS. Taking account of baseline differences, GDPs offered a fee placed 10% more 

PFS by study end than other GDPs in the study. One third of children seen by these 

GDPs had second permanent molars treated with PFS. The education intervention 

had no statistically significant impact on this outcome. In conclusion, adjusting the fee 

structure to promote preventive care is likely to change clinical behaviour 

significantly, resulting in improved child dental health. Education and audit in 

preventive care may reinforce the impact of such a change. 
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An Assessment after 10 Years of a Community-based Fissure Sealant Programme in 

Dublin 

D. Sagheria*, J. McLoughlina, J. J. Clarksona, T. Dammaschkeb

*sagherid@tcd.ie; aDublin Dental School and Hospital, Trinity College, Ireland; 
bUniversity of Münster, Dental School and Hospital, Germany 

The aim of this cross-sectional study was to report on the presence of fissure 

sealants on permanent molar teeth in 12-year old schoolchildren in Dublin. A trained 

and calibrated dentist examined a representative, random sample of 12-year-old 

children under standardized conditions. The presence of fissure sealants on 

permanent molar teeth was recorded using WHO criteria. Medical card ownership, as 

a surrogate for disadvantage, and social class, were recorded by use of a 

questionnaire. 332 children (77% response) were examined. The data revealed a 

social gradient in the presence of at least one fissure sealant on the permanent molar 

teeth. Stratification of the sample according to medical card status revealed that 

approximately 10% more children in the group of medical card holders (i.e. social 

disadvantage background) had no fissure sealants present on their permanent molar 

teeth. Fisher’s exact test was used to examine the association between the absence 

of fissure sealants and at least one fissure sealant on permanent molar teeth 

between the two groups and was considered to be statistically significant (p = 0.040). 

In conclusion, this study demonstrated a social gradient in the presence of fissure 

sealants on permanent molars teeth in 12-year old schoolchildren in the Dublin and 

the need to develop and implement a comprehensive health promotion strategy 

which combines a high-risk approach in the application of fissure sealants and a 

wider population-based health promotion strategy. In view of the increasing trend 

towards the production of evidence-based clinical guidelines, further research is 

required to determine the reasons for difficulties in their implementation in order to 

achieve high levels of compliance and subsequently high quality oral care. 
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A Three Year Clinical Evaluation of Two Different Fissure Sealants 

B. Kargul*, I. Tanboga, N. Gulman  

*bkargul@marmara.edu.tr;. Department of Pediatric Dentistry, Marmara University, 

Istanbul, Turkey 

The aim of the study was to compare a colored resin based fluoride fissure sealant 

(CS: Delton FS+; Dentsply DeTrey, Konstanz, Germany) with a resin-based color-

changing fissure sealant (CCS: Helioseal Clear Chroma; Ivoclar Vivadent, Schaan, 

Liechtenstein) in their retention and caries-prevention capabilities in children. 122 

sealants were placed on all 4 caries-free unsealed first permanent molars of 31 

children aged 6-9, using a split-mouth experimental design by a pediatric dentist 

according to the manufacturers’instructions. Teeth were evaluated at 3 month 

intervals for 36 months when a preventive program, including topical fluoride 

application, was applied. The differences in total retention rates for 36 months 

between CS (30.4%) and CCS (10.8%) were statistically significant (p < 0.05). No 

caries was detected at 6 months in any sealed teeth. The proportion of caries-free 

mandibular teeth sealed with CS were 96.0%, 92.6% and 87.0% at 12, 24 and 36 

months respectively and 86.0%, 84.0%, and 81.8% respectively for CCS. The 

proportions of caries-free maxillary teeth were similar, the rates being 93.3%, 88.9% 

and 87.0% for CS and 90.6%, 89.3% and 79.2% for CCS respectively. Although CS 

showed significantly better retention rates than CCS for the evaluation periods, there 

were no statistically significant differences between CS (90.7%) and CCS (80.4%) 

with respect to caries-preventing ability for 36 months (p > 0.05). The use of 

photochromic agents in HCC might be correlated with the decreased sealant 

retention. The retention rate becomes a major point of concern in tests of the clinical 

performance of a fissure sealant material. The findings of the present study 

suggested that a clear resin-based fissure sealant and a colored resin-based sealant, 

which is also F-releasing, could be used satisfactorily for caries prevention as colored 

materials. 
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Cost-effectiveness of a Long-term Dental Health Education Programme for the 

Prevention of Early Childhood Caries 

M.B. Kowash, K.J. Toumba, M.E.J. Curzon* 

*curzongalphay@aol.com. Dept. Paediatric dentistry, Leeds Dental Institute, Leeds, 

England 

The aim was to evaluate the benefit-cost and cost-effectiveness of a long-term dental 

health education (DHE) programme to prevention early childhood caries (ECC) 

through home visits. The data collected over a three year period in a DHE 

programme, previously reported by us [Kowash et al.: Br Dent J. 2000;188:201] for 

infants aged 8 months at start, were analysed for benefit/cost (B/C) and cost 

effectiveness (C/E). Dental caries indicies for dmft and dmfs were used. Costs were 

based on British National Health Service fees for treating children by general dental 

practitioners and salaries for Community Dental Officers in the Community Dental 

Services in the UK. Comparisons were made for B/C and C/E with results from a 

clinical trial of a slow releasing fluoride device (SRFD), community water fluoridation 

(CMF) and a school based fissure sealant programme (FSP) using the hypothetical 

community of Niessen and Douglass,[J Pub Hlth Dent. 1984;44:156]. The cavities, as 

ECC, saved over the three year period indicated a cost benefit ratio for the DHE of 

5.21 compared with SRFD of 4.17; CWF of 1.15 and FSP of 0.42. The C/E results 

were 1.92, 2.40, 8.66 and 23.74 respectively. In conclusion, the dental health 

education programme of home visits with mothers of young infants to prevent early 

childhood caries and starting at 8 months of age gave better benefit/costs and 

costs/effectiveness ratios than other preventive programmes. 
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Dental Health Inequalities and Fluoride Rinsing. Evaluation using the 2004/2005 

NDIP in Lothian, Scotland 

C. Jonesa*, K. Levinb, R. Naysmitha, C. Thomsona, G. Toppingb, C. Wighta

*colwyn.jones@lhb.scot.nhs.uk; aNHS, Lothian, Edinburgh, U.K.; bDHRSU, Dundee, 

U.K. 

Using results from the 2004/05 National Dental Inspection Programme of Primary 7 

children in Lothian, Scotland, we aimed to assess the effect of fortnightly 

mouthrinsing with 0.2% fluoride solution during their P2 to P7 school life (6-11 years 

of age). A random sample of children allowed collection of caries prevalence data, 

residential postcode and involvement in a fluoride-rinsing programme. Postcode 

sectors were stratified by Carstairs Deprivation Category (DepCat) to control for 

socio-economic status. 1337 children were included, average age of 11.4 years; 674 

were non-rinsers and 609 had caries experience. Subjects were allocated to DepCat 

by residential postcode which showed rinsing was targeted at the most deprived 

areas in Lothian (linear chi square; p < 0.001). Fluoride mouthrinsing did not produce 

a statistically significant difference in mean DMFT before or after controlling for 

deprivation. When only those with DMFT were modelled, the relative risk of an 

additional DMFT amongst rinsers was significantly lower than that of non-rinsers (RR 

0.75, 95% CI 0.64,0.88), adjusting for age, sex, deprivation and the number of sealed 

teeth. Fissure sealants were significantly associated with less decay. Postcode 

sectors were successful in targeting rinsing to the most deprived communities. 

Evaluation of fluoride mouthrinsing using the NDIP system did not produce a 

statistically significant difference. Lower DMFT amongst those with DMFT > 0 was 

significantly associated with rinsing, but to ascertain causality a randomised 

controlled trial would have to be carried out. Evaluation of rinsing programmes should 

follow accepted research standards. 
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Differential Diagnosis of Dental Caries, Dental Fluorosis and Localized Opacities of 

Non-Fluoride Origin 

B. Nyvad*a, V. Machiulskieneb, O. Fejerskova, V. Baeluma 

*nyvad@odont.au.dk; aUniversity of Aarhus, Denmark; bKaunas University of 

Medicine, Lithuania 

Non-cavitated enamel caries lesions may be difficult to distinguish from other types of 

enamel opacities. All opaque lesions reflect an increased pore volume in the enamel 

and may arise pre- or post-eruptively. Various modes of classification have been 

proposed, some of which are purely descriptive, while others are based on etiological 

considerations. The aim of this study was to explore differential diagnostic aspects of 

early caries lesions versus enamel opacities of fluoride and non-fluoride origin. The 

data originated from an epidemiological study of the prevalence of dental caries and 

dental fluorosis among 300 12-15-year-old children in Lithuania who were life-long 

residents in regions with 1 ppm F or 0.3 ppm F in the drinking water (150 children in 

each region). Dental caries [Nyvad et al: Caries Res 1999;33:252-260]; dental 

fluorosis [Thylstrup and Fejerskov: Community Dent Oral Epidemiol 1978;6:315-328] 

and developmental defects of non-fluoride origin [Fejerskov et al.: Dental Fluorosis. 

Munksgaard 1988,56-59] were recorded on all permanent surfaces/teeth. Recordings 

were repeated after 2 weeks. Digital photographs of representative teeth with various 

enamel anomalies were obtained from 37 children. The results showed that it is 

possible to obtain reliable recordings of opaque enamel lesions of fluoride and non-

fluoride origin (caries κ 0.79; fluorosis κ 0.76; opacities κ 0.69) using an etiological 

diagnostic approach. The differential diagnostic criteria applied in this study were 

refined with respect to characteristics that proved discriminatory in a clinical 

examination. In addition to etiological aspects the intra-oral distribution of lesions is a 

major decisive factor in the differential diagnostic process. Furthermore, clinical 

descriptors such as surface features, demarcation characteristics, and surface 

location may add significant information to the differential diagnosis of opaque 

enamel lesions. Supported by Colgate-Palmolive, USA. 
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Dental Caries, Dental Fluorosis and Non-fluoride Defects in Children Exposed to 

Different Water Fluoride Levels 

V. Machiulskienea*, B. Nyvadb, V. Baelumb, O. Fejerskovb 

*vita@med.kmu.lt; aFaculty of Odontology, Kaunas University of Medicine, Lithuania; 
bFaculty of Health Sciences, University of Aarhus, Denmark. 

Caries lesion activity in response to long-term exposure to fluoride in the drinking 

water has to the best of our knowledge not previously been investigated. The study 

aim was to describe the pattern of dental caries, dental fluorosis and developmental 

defects of non-fluoride origin in Lithuanian children born and raised in regions with 

1.0 ppm and 0.3 ppm water fluoride levels, respectively. A total of 300 12-14-year-

olds (150 in each region) participated in the study. All permanent surfaces/teeth were 

examined for caries [Nyvad et al: Caries Res 1999;33:252-260], dental fluorosis 

[Thylstrup and Fejerskov: Community Dent Oral Epidemiol 1978;6:315-328], and 

non-fluoride developmental defects [Fejerskov et al: Dental fluorosis. Munksgaard 

1988;56-59]. The caries prevalence of the study population was 100%. The mean 

DMFS did not differ between ‘1.0 ppm F’ and ‘0.3 ppm F’ groups (21.4 and 22.8, 

respectively). However, more inactive lesions and fewer fillings were found in the ‘1.0 

ppm F’ than in the ‘0.3 ppm F’ group (mean difference, 95% CI for inactive lesions 

1.18, [0.25;2.11]; and for fillings -2.80, [-3.67;-1.95]). These differences could not be 

attributed to differences in dental treatment accessibility. The prevalences of dental 

fluorosis were 45% and 21%, of non-fluoride opacities 8% and 19%, and of 

hypoplasia 12% and 16%, in the ‘1.0 ppm F’ and ‘0.3 ppm F’ group, respectively. 

Higher caries levels were noted in children with no fluorosis compared to those with 

fluorosis recorded (mean difference 4.88, 95% CI [1.79;7.97]). The results lend 

support to the hypothesis that fluoride promotes lesion arrest rather than inhibits 

initiation of new lesions. There was no critical threshold for fluoride intake below 

which an effect on dental enamel could not be observed. Supported by Colgate-

Palmolive, USA 
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Efficacy of Semi-annual Topical Fluoride Application in Schoolchildren 

C.H. Splieth*a, C. Heyducka, C. Mellera

*splieth@uni-greifswald.de; aDepartment of Preventive and Pediatric Dentistry, 

University of Greifswald, Germany 

Fluorides were the most important factor for the caries decline in children and 

adolescents. The aim of this observational study, begun in 2000, was to assess the 

effect of semi-annual topical fluoride application in schoolchildren. Because of limited 

resources, only 334 of all first and second grade schoolchildren (6-8 yrs old; 0.32 ± 

1.02 DMFS) in Greifswald received semi-annual application with amine fluoride (AF) 

solution (elmex® fluid, GABA) while the remaining 442 children served as control 

group (0.36 ± 1.15 DMFS). In 2002 and 2004, 230 and 349 of these children were re-

examined according to WHO criteria by one calibrated examiner (DMFT/S). The 

parents filled out questionnaires on additional fluoride use, which were summarized 

as fluoride scores. In the drop-out analysis, a selection bias between the drop-out, 

fluoride and control group regarding age, baseline caries prevalence, additional 

fluoride use and sealants was excluded. During the whole study, no unwanted side-

effects were recorded with the use of AF fluid. The caries increment was almost 

identical in the intervention and control groups (0.81 ± 1.74; 0.78 ± 1.81 DMFS) with 

72% and 69% of the children showing no caries increment. As earlier studies with 

semi-annual topical fluoride applications with AF fluid showed significant caries 

reductions [Brambilla et al.: Int J Paediatr Dent 1997;7:9-14], the effect of only two 

applications of AF might have been masked by the high background fluoride use 

which was expressed by relatively high mean values of the fluoride scores (1.40 ± 

0.6; control: 1.33 ± 0.6). This indicates the regular use of fluoride toothpaste and at 

least 1-2 additional fluoride sources without a polarisation within the sample. Further 

studies should examine the effect of semi-annual topical fluoride applications after 

the caries decline in general. Sponsored by GABA. 
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Pulpal Responses to Sealing Caries into Primary Molars: 2 Year Results of a Clinical 

Trial 

N.P.T. Innes*, D.J.P. Evans, D.R. Stirrups 

*n.p.innes@dundee.ac.uk; aUniversity of Dundee Dental School, UK 

The concept of sealing caries beneath restorations, to create an unfavourable 

environmental niche for cariogenic bacteria, has been of interest for over 30 years. 

Altering the environment can slow, arrest or even reverse the progress of caries. The 

Hall technique is a novel use of preformed metal crowns (PMCs) to seal caries into 

primary molars. The crowns are cemented with no local analgesia, tooth preparation 

or caries removal at all. The aim was to compare clinical outcomes of the Hall 

technique with those of conventional restorations for carious primary molars in 

general dental practice (GDP), using pulpal symptoms and pathology as outcome 

measures. The study was a GDP-based, split mouth, randomised control clinical trial 

(132 children, aged 3–10), comparing conventional restorations (control) with the Hall 

technique (intervention), in carious primary molars with lesions matched clinically and 

radiographically. Dentists used their preferred restorative option for each individual 

control tooth. A PMC (3M/ESPE) was cemented onto the study tooth with glass-

ionomer luting cement (Aquacem, 3M/ESPE) using the Hall technique. The teeth 

were followed up clinically and radiographically for 2 years. 94% of patients were 

available for follow up at 2 years. For pulpal health, the Hall technique outperformed 

the conventional fillings in terms of a) irreversible pulpitis/loss of vitality/abscess 

formation (control 14, Hall 2; p < 0.01), and b) pain (control 6, Hall 1). In conclusion, 

sealing caries into primary molars using a PMC cemented with a glass-ionomer 

cement would appear to significantly slow progress of the caries, and to show a more 

favourable outcome in terms of pulpal health than the standard restorative 

techniques being carried out in GDP in Scotland. Supported by CSO Scottish 

Executive and 3M/ESPE. 
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Longevity of Hall Technique Crowns Compared with Conventional Restorations for 

Primary Molars; 2 Year Results 

D.J.P. Evans*, N.P.T. Innes, D.R. Stirrups 

*d.j.p.evans@dundee.ac.uk; University of Dundee Dental School, UK 

Scottish children have a high caries rate (55% of 5-year-olds with decay and 16% 

having experienced extractions). Their treatment need is not being met with 

successful restorative management in general dental practice (GDP). In 2003, only 

9% of these cavities were restored. The Hall technique is a simplified method of 

managing carious primary molars, using preformed metal crowns (PMCs), cemented 

with no local analgesia, caries removal or tooth preparation. The aim was to compare 

the longevity of PMCs placed using the Hall technique with conventional restorations 

for carious primary molars in the GDP setting. The study was a GDP-based, split 

mouth, randomised control clinical trial (132 children, aged 3–10), in carious primary 

molars with lesions matched clinically and radiographically. Dentists used their 

choice of conventional restorative technique on the control tooth. A PMC (3M/ESPE) 

was cemented onto the study tooth using glass-ionomer cement (Aquacem, 

3M/ESPE) with the Hall technique. The teeth were followed up clinically and 

radiographically for 2 years. 94% of patients (124 paired restorations) were available 

for 2 year follow-up. For control teeth with conventional restorations, 39 experienced 

at least one failure of the restoration requiring an intervention (filling 

loss/fracture/loose/worn/secondary caries). Average time to first failure was 14.5 

months (range 11-24). An additional 5 teeth became carious on a separate tooth site. 

For the intervention (Hall) teeth, 4 PMCs suffered restoration failure. Average time to 

failure was 12 months (range 6–15). In conclusion, the Hall technique PMCs survived 

longer and required less maintenance at 2 years than the conventional restorations 

that GDPs in the trial were placing in this high caries risk group. Supported by CSO 

Scottish Executive and 3M/ESPE. 
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Therapeutic Sealing of Proximal Tooth Surfaces: 6-month follow-up  

M. Alkilzya*, C. Heyducka, C. Mellera, M. Schidlowskia, C.H. Splietha

*alkilzy@hotmail.com; aDepartment of Preventive and Pediatric Dentistry, University 

of Greifswald, Germany 

The purpose of this investigation was to test the clinical effect of a new treatment 

procedure for proximal caries. In 43 patients (21 m, 22 f) with two proximal caries 

(D1, D2, or D3 without cavitation, bitewing X-ray) orthodontic rubber rings were 

applied to gain access to the interproximal space. One of the lesions was sealed with 

a thin polyurethane-dimethacrylate foil using a bonding agent (Heliobond); the other 

lesion received oral home-care with dental floss and fluoridated toothpaste and was 

left as control. In a clinical follow-up after 6 months of application, retention of 

proximal tape and the underlying sealant, marginal adaptation, discoloration, tooth 

vitality, plaque and gingivitis were checked. The sealants showed excellent retention 

(41/43), good marginal adaptation (41/42) and colour (42/42). After 6 months, all 

teeth were still positive to a vitality test and no differences in plaque accumulation or 

gingival status were found between sealed and control teeth. One sealant was lost, 

which indicates incomplete bonding probably due to moisture during application. 

Eight sealants showed sharp-edged margins (evaluation with a probe). All other 

sealants were hardly detectable. In conclusion, proximal sealants placed with this 

method presented few clinical problems at the 6-month follow-up. Sponsored by 

Ivoclar Vivadent AG. 
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The Effect of Miswak Extract on Plaque pH: An In Vivo Study 

A. Sofrataa*, P. Lingströmb, M. Baljoona, A. Gustafssona

*abier.sofrata@ki.se; aKarolinska Institutet, Stockholm, Sweden; bSahlgrenska 

Academy, Göteborg, Sweden 

The aim of this in vivo study was to document changes in plaque pH when an acidic 

challenge was followed by rinsing with extract of miswak (Salvadora persica). Plaque 

pH was measured in 3-day-old plaque in the maxillary canine-premolar area, by 

inserting a microtouch electrode interproximally, just under the contact area. Ten 

subjects (mean age 35.2) with normal salivary flow and past caries experience rinsed 

with 5% (w/w) sucrose solution in three different sessions. Nine min after the sucrose 

rinse, the subjects were given a) a rinse with 20% miswak extract, or b) a rinse with 

water, or c) no rinse. Rinsing with miswak extract or water raised the plaque pH 

immediately. In contrast to rinsing with water, rinsing with miswak extract resulted in 

protracted elevation of plaque pH (> 6.1), lasting through to the end of the session (1 

h later). The difference was statistically significant at 30 (p < 0.001), 45 and 60 min (p 

< 0.05). In a pilot laboratory test of whether miswak extract per se had any buffering 

capacity, 30 ml of 20% (w/w) freshly prepared miswak extract, pH 4.50, was titrated 

with 0.02% HCl, pH 2.30. The results showed that miswak extract was not able to 

buffer HCl; thus the observed rise in plaque pH may be attributable to salivary 

stimulation, because of the strong taste of the miswak extract, or to its antibacterial 

effect. It is concluded that the protracted elevation of plaque pH achieved by rinsing 

with miswak extract after a sucrose challenge suggests a potential role for miswak 

extract in caries prevention. Further studies are warranted to explore the underlying 

mechanisms.  
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The Effect of a 40% Chlorhexidine Varnish on Lesion Progression in Enamel and 

Acidogenicity of Dental Plaque  

V.A.M. Gerardu*, A.J.P. van Strijp, M.J. Buijs, J.M. ten Cate, C.van Loveren 

*v.gerardu@acta.nl; Academic Centre for Dentistry Amsterdam, The Netherlands 

Our aim was to study the effects of 40% chlorhexidine varnish (CV: EC40) on enamel 

demineralization and acidogenicity of in situ and in vivo plaque. Bovine enamel 

specimens were demineralized and partly covered by a light curing bonding agent to 

preserve the in vitro lesions. Subsequently they were treated with CV for 15 min. The 

varnish was removed from the specimens. Each specimen was then covered by 

Dacron gauze and two (identically treated) slabs were placed in situ (partial 

prosthesis). At the start of the experimental period, the natural and artificial teeth of 

all 15 participants were treated with varnish. A placebo varnish was used as control 

in a crossover set-up with a 2-week wash-out period. During the 6-week in situ 

period, the participants used fluoridated toothpaste. At 3 and 6 weeks after treatment, 

2 plaque samples were collected after sucrose rinsing: in situ plaque from the enamel 

specimen and in vivo plaque from the lower buccal incisors, 18 h after tooth brushing. 

The specimens were assessed for integrated mineral loss (IML) by transversal 

microradiography. CV did not cause significantly lower acid concentrations in in situ 

or in vivo plaque compared to placebo varnish. CV did not protect enamel against 

demineralization significantly better than placebo varnish (paired t-test). Significant 

differences were observed in IML values between 3 and 6 weeks after CV application 

(p = 0.042). A significant correlation was found for IML and lactic acid concentrations 

after 6 weeks in the control group (Spearman; r = 0.52, p = 0.04). It is concluded that 

chlorhexidine varnish neither prevented lesion progression in enamel nor affected 

plaque acidogenicity. 
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Comparison of Caries Removal with Polymer and Carbide Burs 

C. Meller*, T. Zeligowski, C. Heyduck, C.H. Splieth 

*meller@uni-greifswald.de; Department of Preventive and Pediatric Dentistry, Ernst-

Moritz-Arndt University, Greifswald, Germany 

In order to provide more conservative carious removal that avoids excessive 

excavation, special rotary polymer burs have been developed, intended to selectively 

remove softened infected dentin. The aim of this study was to compare the 

effectiveness of removing dentin caries with SmartPrep polymer burs (SS White, 

Lakewood, USA) and with conventional carbide burs (Komet, Gebr. Brassler, Lemgo, 

Germany). 30 extracted permanent teeth were assigned to two groups according to 

caries removal technique. One experienced dentist carried out all excavation 

procedures, monitoring the caries removal by checking the hardness of the dentin 

with a dental explorer. The excavation working time was documented and stopped in 

each group when a leather-hard texture was reached. After embedding and 

sectioning (400 µm), the caries in the remaining dentin was assessed using a caries 

detector (Caries finder, Danville Materials, San Remo, USA). On microscope images 

(7x) of the samples, the mean stain depth of the remaining carious tissue per tooth 

was measured by AnalySIS software. Mean carious surface areas differed minimally 

between polymer (31.5 mm2 ± SD 0.18) and carbide burs (38.1mm2 ± 0.15) without 

statistical significance. The mean carious surface length using carbide burs (0.26 mm 

± 1.38) was slightly smaller than with the polymer bur (0.40 mm ± 1.15). The Mean-

Quartile Test for the total carious surface (p = 0.363) and for the carious margin (p = 

0.681) showed no statistical significant differences. 84.5% of the carbide bur-treated 

samples were caries free and 93.0% in the polymer bur group. The results showed 

also that there was no significant difference between the mean working time of the 

polymer (5.11min) and carbide burs (4.99 min). In conclusion, under these 

experimental conditions, both procedures were similarly effective for caries removal.  
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Cavity Size after Caries Removal by a Fluorescence-controlled Er:YAG Laser or by 

Bur Treatment 

J. Eberhard*a, K. Bodea, S. Jepsenb  

*Eberhard@konspar.uni-kiel.de; aDepartment of Operative Dentistry and 

Periodontology, University Hospital Schleswig-Holstein, Kiel; bDepartment of 

Periodontology and Operative Dentistry, University Hospital Bonn, Germany 

The aim was to determine the sizes of cavities prepared conventionally by bur or by a 

fluorescence-controlled Er:YAG laser equipped with two different laser tips. Sixty 

extracted human teeth with dentine caries were bisected through the caries lesion 

and treated by an Er:YAG laser equipped with a laser fluorescence feedback system 

in a non-contact or contact mode or by a conventional rotary bur. After treatment the 

teeth were stained according to the Brown-Brenn method. Cavity area (mm²) in the 

specimens was measured quantitatively by computer-assisted alignment. Differences 

of the cavity size after caries removal with the three modalities were calculated and 

differences between threshold levels were evaluated by the Kruskal-Wallis-test (α = 

0.05). 21 out of 27 cavities were smaller after caries removal with the non-contact 

laser handpiece compared to bur treatment. For a threshold level of 6 1.8 ± 4.7 mm2, 

for a threshold of 7 3.1 ± 4.0 mm2 and for a threshold of 8 3.0 ± 5.9 mm2 less dentine 

was removed by the laser compared to the bur. For 21 out of 29 cases the non-

contact laser handpiece removed less dentine than caries removal with the laser 

used in the contact mode. For a threshold of 6 1.7 ± 4.7 mm2, a threshold of 7 1.7 ± 

4.5 mm2 and a threshold of 8 0.5 ± 2.8 mm2 less dentine was removed by the non-

contact laser compared to the contact laser. No significant differences were observed 

between individual threshold levels (p = 0.723). Residual bacteria within the cavity 

floor were found only in low numbers following all treatment modalities. This in vitro 

study indicates that caries treatment by a fluorescence-controlled Er:YAG laser 

required less dentine removal than treatment by a conventional rotary bur.  
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Molar-Incisor Hypomineralisation in Children Exposed to Polychlorinated Biphenyls 

J. Jana*, E. Sovcikovab, A. Kočanb, L. Wsolovab, T. Trnovecb  

*janja.jan@mf.uni-lj.si; aMedical Faculty, University of Ljubljana, Slovenia; bSlovak 

Medical University, Bratislava, Slovakia 

Environmental pollutants polychlorinated aromatic hydrocarbons have been shown to 

disturb tooth development. In this study we aimed to evaluate the effects of long-term 

exposure to polychlorinated biphenyls (PCBs) on molar-incisor hypomineralisation in 

children in eastern Slovakia, where PCBs from a chemical plant manufacturing 

Delors contaminated the surrounding district. 432 children, lifelong residents, aged 8-

9 years were examined. Developmental defects of enamel were assessed using the 

modified Developmental Defects of Enamel Index on buccal, occlusal, and lingual 

surfaces of permanent first molars and buccal surfaces of incisors. Demarcated 

opacities, hypoplasia, posteruptive enamel breakdown, and atypical fillings were 

recorded. Criteria for atypical fillings were opacities remaining next to the filling and 

an unusual location and shape of the restoration often including cusp capping. 

Analyses of serum samples for PCBs were made by high resolution gas 

chromatography using electron capture detection. 22.4% children had at least one 

molar affected. Number of children with at least two molars affected was significantly 

higher in higher exposed children (χ2 = 7.009; p = 0.03) according to their serum total 

PCB concentration categorized in 3 groups (group 1: < 200; group 2: 200-600; group 

3: > 600 ng PCBs g-1 serum lipids). The difference was mostly due to demarcated 

opacities (χ2 = 9.537; p = 0.008). The extent of the defects was also greater in higher 

exposed children (χ2 = 6.543; p = 0.038). 30.4% children had defects in their incisors. 

Number of children with at least one incisor affected was higher in higher exposed 

groups (χ2 = 7.969; p = 0.019). In conclusion, our results showed a dose-response 

relationship between childhood PCB exposure and molar-incisor hypomineralisation, 

indicating that enamel development is one of the sensitive endpoints of PCB toxicity 

in man. Supported by the Slovenian Ministry of Science, Education and Sport (No. 

J3-8713-0381-99) and European Union project (PCBRISK) (No. QLK4-CT-2000-

00488). 
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Caries in 3-Year-Olds Depending on Breast-Feeding, Night-Feeding and Home Oral 

Hygiene 

E.E. Maslaka*, N.V. Kuyumdjidia, T.K. Berdikovab, V.E. Lomovskihb, N.A. Lunevaa, 

E.V. Alatortsevaa

*eemaslak@yandex.ru; aVolgograd State Medical University, bHealth Care 

Department of Volgograd Regional Administration, Volgograd, Russia 

The WHO/UNICEF program of prolonged breast-feeding has been applied in 

Volgograd from 1998. The aim of our research was to study caries prevalence in 

children of age 3 years depending on breast-feeding, night-feeding and home oral 

hygiene. Six kindergardens located in different districts of Volgograd were randomly 

selected for the investigation and informed parents consent was obtained. Mothers 

were interviewed about breast-feeding, night-feeding and home oral hygiene. 3 

groups of children were formed: Group 1 (n = 36) were breast-fed for not more then 3 

months, Group 2 (n = 18) were breast-fed up to 12 months, and Group 3 (n = 32) 

were breast-fed for 24-30 months. Children (n = 86) were examined by a trained and 

calibrated dentist, and d3-4mft index (± m) was calculated. The caries prevalence in 3-

year-olds was 60.5%, d3-4mft index 3.76 ± 0.23; in Group1 69.4% and 3.81 ± 0.70, in 

Group 2 33.3% and 1.00 ± 0.41, in Group 3 68.8%, and 3.97 ± 1.29 respectively. 

There were significant differences (p < 0.05) between indexes of Groups 1 and 2, 

between Groups 2 and 3, but not between Groups 1 and 3 (p > 0.05). The d3-4mft 

index depended significantly on the amount of night feeds in all groups. It was lowest 

in children who did not have night-feeding and highest in those who had 3 or more 

night-feeding (0.94 ± 0.35 versus 6.13 ± 1.58; p < 0.01). The difference between d3-

4mft in children with and without home oral hygiene was not significant. In conclusion, 

(1) the best oral health was in children breast-fed up to 12 months; (2) children with 

short or prolonged breast-feeding period have high level of caries; (3) children with 3 

or more night feeds have the highest d3-4mft index, children without night-feeding 

have the lowest index. 
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Caries Experience in Pre-school Italian Children. 

P. Castigliaa, G. Campusb, A. Sennac*, G. Solinasa, L. Strohmengerc, The Italian 

Study Group on Children Oral Health  

*andreasenna75@hotmail.com; aHygiene Institute, University of Sassari, Italy; 
bDental Institute, University of Sassari, Italy; cWHO Collaboration Centre; University 

of Milan, Italy 

The aim of the present study was to assess the prevalence and severity of dental 

caries in Italian preschool children (4-year-olds). In 2004 the WHO collaborating 

Centre of Milan in cooperation with the Italian Society of Public Health designed and 

carried out the National Pathfinder on children oral health in Italy. From the four-year-

old population residing in the 17 areas into which we divided the country a sample of 

5384 children was calculated via cluster sampling (each maternal class as a cluster) 

for the study. However a small variability in children’s number was present among 

classes, so 5649 (51.3% males and 48.7% females) subjects were visited. Dental 

caries experience (dmft) was recorded with decay at the dentinal lesion level [Pitts 

and Longbottom: Community Dent Oral Epidemiol 1995;23:55-59]. Every subject was 

examined by one of the 7 raters, ad hoc calibrated under standard clinical conditions 

using good standard light with a plain mirror and the WHO CPI probe. Variance 

analysis and z test were applied to compare mean values and proportion The 

proportion of children with caries experience was 21.9% (95%CI: 20.8%, 22.9%), 

females were slightly more affected 22.4% vs 21.1% (p = 0.26). The dmft and sub-

indices (dt and ft) means ± SD were respectively: 0.82 ± 2.31; 0.64 ± 1.87; 0.14 ± 

1.31. Among the different Italian areas, statistically significant differences were 

observed in dmft mean values (p < 0.001) that ranged from 0.49 to 1.50. In 

conclusion, caries experience and severity of caries disease in 4-year olds in Italy 

can be considered low but the large range in caries prevalence between different 

Italian areas shows that it is unevenly distributed and remains an important disease 

for risk groups and in certain areas. The situation requires changes to the dental care 

provision system. 
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Caries Experience in 12-year-olds: The Italian National Pathfinder on Children’s Oral 

Health 

G. Campus*, G. Solinasb, M. Mattic, P. Castigliab, L. Strohmengerc, Italian Study 

Group on Children Oral Health  

*gcampus@uniss.it. aDental Institute, University of Sassari, Italy; bHygiene Institute, 

University of Sassari, Italy; cWHO Collaboration Centre; University of Milan, Italy 

In 2004 the WHO collaboration Centre of Milan in cooperation with the Italian Society 

of Public Health designed and carried out the National Pathfinder on children oral 

health in Italy. The aim of the present study was to report the prevalence and severity 

of dental caries in 12-years-old Italian children. A representative sample of 5347 

(49.5% males and 50.5% females) schoolchildren was randomly selected from the 

twelve-years-old Italian population residing in 17 selected areas of the country. All 

subjects were clinically evaluated according to WHO criteria: dental caries 

experience (DMFT) was recorded with decay at the dentinal lesion level by seven ad 

hoc calibrated raters under standard lighting conditions and using a plain mirror and 

the WHO-CPI probe. Univariate analysis was performed to evaluate caries 

experience. Significant Caries Index (SIC) was also calculated. Variance analysis 

was applied to evaluate the differences among index mean values of caries in 

different areas and z test to compare differences in proportions. Caries experience 

was 43.8% (95%CI: 42.5%-45.1%), females were more affected 45.7% vs 41.9% (z 

= 2.83 p = 0.005). The DMFT and sub-indices (DT, MT and FT) means ± SD were 

respectively: 1.13 ± 1.76; 0.69 ± 1.37; 0.08 ± 0.64; 0.36 ± 0.96. The SIC index was 

3.08 ± 1.83. Significant differences were observed among Italian areas for DT (p < 

0.001) and DMFT (p < 0.001). We conclude that in the twelve-year-old Italian 

population caries experience and severity of caries can be still considered an 

unbalanced disease for several population strata, especially in certain areas where 

caries indices were three fold higher than the overall mean value. These results 

suggest a need for dental prevention programmes aimed at reducing caries 

experience and at promoting better oral health levels. 
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Caries Prevalence among 12-year-old German Children in 2004. Results from a 

National Survey 

K. Piepera, A. G. Schulteb* 

*Andreas.Schulte@med.uni-heidelberg.de; aDental School, University of Marburg, 

Germany, bDental School, University of Heidelberg, Germany  

Since 1994 cross-sectional caries epidemiological surveys have been performed 

every 3-4 years among German children and adolescents. Objective of the present 

investigation was to determine in 2004 caries prevalence and caries experience 

among 12-year-old children from Germany. In all 16 states of the Federal Republic of 

Germany representative samples were drawn. The children were examined in 

schools by calibrated public health dentists. The dental examinations were performed 

with the aid of dental mirrors, dental explorers and artificial light. Radiographs were 

not taken, nor was fibre optic transillumination of teeth performed. According to WHO 

criteria (1987) DMFT was recorded at the caries into dentin (D3) threshold. In 

addition, teeth with fissure sealants were noted. 43,950 children were examined. The 

proportion of children with caries experience was 39.3%. The mean DMFT score was 

0.98 and the Significant Caries Index (SiC) was calculated to be 2.72. Furthermore, 

mean DMFT scores were computed for all federal states resulting in values between 

0.71 and 1.41. All these values were lower than the corresponding ones found 

between 1994 and 2000 [Pieper and Schulte: Community Dent Health 2004;21:199-

206]. Between 2000 and 2004 the mean number of fissure sealed teeth increased 

slightly from 2.4 to 2.5. In addition, the market share of fluoridated salt increased 

from 40% to 60%. The following conclusions are drawn: Although caries prevalence 

and caries experience among 12-year-old German children decreased since 2000, it 

has not been possible to eliminate the respective distinct regional differences.  
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Dental Caries in South African Children 1924-2005, a Systematic Review  

P. Cleaton-Jones*, L.P. Fatti 

*cleatonjonesp@dentistry.wits.ac.za; Dental Research Institute, University of the 

Witwatersrand, Johannesburg, South Africa 

Systematic reviews of the Cochrane Collaboration type have enabled objective 

evaluation of changes in disease rates. Our published systematic reviews of caries 

trends since 1970 in developing countries indicate a reduction in caries rates with 

time contrary to the conventional perspective of increasing rates in such countries 

[Cleaton-Jones et al.: J Israel Dent Ass 2001;18:11-22; Bönecker et al.: Community 

Dent Oral Epidemiol 2003;31:152-157]. The aim of this study was to do a systematic 

review of caries rates reported in children up to 18 years in South Africa. Publications 

were sought online using PubMed and Scirus together with a manual search through 

early issues of the Index to Dental Literature and Index Medicus. The search terms 

used were dental caries and South Africa. 79 epidemiology publications were found 

from 1910 to 2005 and scrutinized as recommended for meta-analyses [Moher et al.: 

Lancet 1999;354:1896-1900]. After application of inclusion criteria, including 

diagnostic methods used over the period, there were 45 studies 1924-2005 for 

analysis. Percentage prevalence rates and caries severity scores were plotted on x-

y-z plots and analysed statistically with multiple regression for the effects of age, time 

and race (as a proxy for background factors). The expected strong effect of age was 

confirmed; the effect of time and race on the variations seen in caries prevalence and 

severity is complicated. 
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Dental Treatment Needs in Lithuanian Adolescents 

V. Brukienea*, J. Aleksejunieneb, I. Balciunienea
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Dental treatment needs of 15-16-year-olds in Lithuania were clinically estimated and 

related to gender, urbanization and residency in a total of 885 adolescents in 22 

randomly pre-selected areas. The criteria of dental treatment needs were: tooth with 

primary caries; tooth with secondary caries; tooth needing a non-operative treatment; 

tooth with trauma, needing a restorative treatment; and tooth needing either an 

endodontic treatment, a crown or an extraction. Only 7.7% of all participants had all 

their teeth sound. The treatment due to primary caries was the most required dental 

treatment modality among Lithuanian adolescents (73.7%). Significantly fewer 

participants required treatment due to secondary caries (36.2 %), non-operative 

caries treatment (8.4 %), endodontic treatment (6.9 %), crown (4.7%) and extraction 

(4.2 %). The lowest percentage of 15-16-year-olds needed a restorative treatment 

due to trauma (2.0 %). In conclusion: 1) Lithuanian adolescents have high level of 

unmet dental treatment needs; 2) the highest dental treatment need in Lithuanian 

adolescents is due to primary caries; 3) the results indicate inadequate accessibility 

of dental service, especially in rural areas; 4) gender differences in dental treatment 

needs were observed; 5) rural children compared to urban children have more teeth 

with primary caries and more teeth which need to be extracted and there were 

differences among different geographical regions regarding secondary caries and 

need for a non-operative treatment. 
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Oral Health in University Students in Taiwan and Japan 

C-S. Changa,b, F.M. Changb, H. Nakagakia*, I. Moritaa, S. Tsuboia, Y. Sakakibaraa, T. 

Yanagiharaa, K. Watanabec, C. Robinsond

*nakagaki@dpc.aichi-gakuin.ac.jp;aAichi-Gakuin University, Nagoya, Japan; Taiwan 

Society of Oral Health, Keelung, Taiwan; cAichi University of Education, Aichi-ken, 

Japan; dDental Institute, Leeds, U.K. 

The aim of this study was to compare oral health in Taiwanese and Japanese 

university students as part of an international comparative study. We examined one 

national university and one private university from each country. Social images of 

general (Medical Outcome Study:MOS) and oral health were investigated using a 

questionnaire for all students. Oral health conditions were examined by 10 dentists in 

Taiwan and Japan after doing a calibration on private university students for each 

country. Students were aged between 18 and 25 years. with 674 (M 371, F 303) from 

Taiwan and 1,117 (M 506, F 611) from Japan. To questions concerning general 

health, 20% of Japanese university students answered ‘excellent’, compared with 

only 5-10% of Taiwanese university students. DMFT indices among Japanese 

students were 4.8 for males, 5.0 for females, and among Taiwanese students 5.9 for 

males, 8.0 for females. DMFT indices for the first permanent molar among Japanese 

were 2.1 for males, 2.3 for females, and among Taiwanese 2.3 for males, 2.9 for 

females. The proportion missing the first permanent molar was higher mong 

Taiwanese than among Japanese (adjusted odds ratio 13.1; 95% CI 3.9, 44.3). The 

proportion who had gum swelling was higher among Taiwanese than among 

Japanese (adjusted odds ratio 5.3; 95% CI 4.1, 6.7). The proportion of students who 

had access to a family dentist was lower among Taiwanese than among Japanese 

(adjusted odds ratio 5.3; 95% CI 4.1, 6.7). Indices of health perception in MOS were 

lower among Taiwanese (51.8-58.2%) than among Japanese (69.3-72.3%). It was 

concluded that generally Taiwanese students showed poorer oral health than their 

Japanese counterparts. This may be because of differences in accessibility to family 

dental services and perhaps health perceptions.  
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Constant Low DMFT Averages in School-age Children after 32 Years of Caries 

Decline in the Swiss Canton of Zürich 

G. Menghini, M. Steiner, E. Thomet, T.M. Marthaler*, T. Imfeld 

menghini@zzmk.unizh.ch; Center for Dentistry, University of Zürich, Switzerland 

In the Swiss Canton of Zürich, caries prevalence declined consistently from 1964 to 

1996 while no uniform trend was observed for the period 1996 to 2000 [Marthaler et 

al.: Comm Dent Oral Epidemiol 2005;33:159-166]. The aim of this study was to 

identify trends in the years 1996 until 2004. Examinations of schoolchildren in the 

communities which have been surveyed since 1964 were again carried out in 2004. 

The methodology of examining the children and recording of caries lesions was 

identical in 1996, 2000 and 2004. DMFT-averages were 0.84, 0.90 and 0.86 in the 

12-year-old children in 1996, 2000 and 2004, respectively (1.53, 1.27 and 1.52 at age 

14). Regarding DFS-counts, the corresponding averages were 1.05, 1.22 and 1.09 

(1.95, 1.66 and 1.99 at age 14). Analyses of variance revealed no significant 

differences between corresponding averages from 1996, 2000 and 2004. At age 12, 

radiological findings in the buccal segment (including only dentinal radiolucencies) 

ranged between 0.14 to 0.16 at age 12 and from 0.33 to 0.45 at age 14. At age 12, 

radiological findings made up 16-17% of the total DFS. The corresponding range at 

age 14 was 21-32%. The radiolucencies limited to the enamel (not included in the 

DFS-counts) remained also on the same level, on average between 0.66 to 0.72 at 

age 12 and between 1.37 and 1.52 at age 14. The school-based prevention 

programs, with 6 visits by preventive workers at kindergarten and schools (age 6 to 

12), have remained largely unchanged since the 1970s. It is concluded that in the 

Canton of Zürich, where DMF-averages of children began to decrease after 1964, the 

decline of caries prevalence ended around 1996. 
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Oral Health and Social Level among 12-year-old Schoolchildren in Montpellier and 

Heidelberg 

P. Traminia*, J.C. Chazela, B. Klemmeb, A.G. Schulteb

*paul.tramini@wanadoo.fr; aFaculty of Dentistry, University of Montpellier, France; 
bUniversity of Heidelberg Dental School, Germany 

In most economically developed countries, the decline of caries prevalence is now 

well established since the last twenty years. However, changes in dental and gingival 

health among people with low socio-economic status have been less investigated. 

The aim of this study was to compare the change in oral health of 12-year-old 

children between two periods (1999 and 2002), according to the type of school and 

the social level. Then, it would be possible to check if this by-group evolution is 

consistent with the changes for the whole population. Two cross-sectional surveys 

were conducted in two towns of similar size: Heidelberg (Germany) and Montpellier 

(France). DMFT, DMFS and CPI scores were recorded among 12-year-old 

schoolchildren. In Montpellier, 828 and 815 children, respectively in 1999 and 2002, 

were examined. All schools of Montpellier were assigned to two different social strata 

(low and high). In Heidelberg, 864 and 838 children were examined, and belonged to 

three educational strata (low, medium and high). In Heidelberg, DMFT (-29.6%), 

DMFS (-22.4%) and CPI (-38.2%) globally decreased since 1999. These scores also 

decreased significantly in each educational levels, except for DMFS in the lowest 

level (p = 0.07). In Montpellier, DMFT (-9.2%), DMFS (-5.6%) and CPI (-38.2%) 

slightly decreased. In the lower social level, the decrease was statistically significant 

only for the D/DMFT component and the CPI score. In the higher social level, there 

were no statistical differences between the two periods. It was concluded that, 

although the oral health among 12-year-old children was significantly different 

between each social strata, the improvement of the oral health was not statistically 

correlated with the social strata. 
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Caries Decline in Schoolchildren with Low Socio-eEconomic Status in Hamburg 

During 10 Years 

S. Effenberger*, G. Schütze, U. Schiffner 

*schiffner@uke.uni-hamburg.de; aUniversity of Hamburg Dental School, Germany  

There is a distinct caries decline in children and adolescents in Germany, but data 

reveal a polarization, with high caries experience in about 20-25% of the children. 

The aim of the study was to evaluate the changes in caries prevalence in the group 

with the lowest socio-economic status (SES) in Hamburg. In 1994 and 2004 6/7-year-

old (primary dentition) and 12-year-old (permanent dentition) schoolchildren 

attending randomly chosen public schools were examined for caries in 

epidemiological field studies by calibrated dentists according to WHO criteria. In 

addition, the socio-economic level was recorded by social self-classification based on 

the children’s fathers’ professions. Caries decline was calculated in relation to SES. 

In 6/7-year-olds, there has been a caries decline in the deciduous dentition by 33% 

from dmft 2.7 to 1.8 (p ≤ 0.001, U-test). The high risk group with more than 5 dmf-

teeth has been reduced significantly to 13% of the study population. However, in this 

group the percentage of children with low SES has increased from 5 to 19%. In 12-

year-olds, there has been a caries decline by 64% from DMFT 2.5 to 0.9 (p ≤ 0.001, 

U-test). The high risk group with more than 2 dmf-teeth is reduced significantly to 

13%. In this group the percentage of children with low SES has increased from 3 to 

19%. The analysis showed similar changes for the deciduous and permanent 

dentitions. In both age groups there has also been a significant caries decline in 

children with low SES, and in both groups the risk group has decreased. However, 

the percentage of children with low SES in this risk group has increased. In 

conclusion, the evaluation indicates the need for special preventive measures in 

children with low socio-economic background.  
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Urban/Rural differences in Obvious Caries Experience (d3mft) in 5-year old Children 

in Scotland, 2002-03 

K.A. Levin*, G.V.A. Topping, N.B. Pitts 
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Unit, Dundee, U.K. 

The proportion of 5-year-old children in Scotland with no obvious caries experience 

(d3mft = 0) was 49.3% in 2004. Previous research suggests that there are significant 

differences between urban and rural areas for health outcomes, including heart 

disease, cancer and self reported health. The aim of this study was to describe the 

contemporary urban/rural variation in obvious decay experience amongst 5-year-olds 

in Scotland. Scotland was split into 5 geographical areas. Data derived from the 

2002/03 National Dental Inspection Programme were modelled using Multilevel 

Binomial and Poisson modelling, adjusting for age, sex and deprivation. Adjusting for 

age and sex, the odds of a remote rural resident having d3mft > 0 was 0.58 (95% CI 

[0.41,0.82]) that of a city dweller. However, when deprivation was included in the 

model, the odds of having d3mft > 0 were not significantly different between city and 

remote towns and rural areas. The odds of d3mft > 0 in accessible rural areas 

remained significantly lower than in the four cities after adjustment for deprivation 

with OR 0.77 (0.63,0.94). For those with d3mft > 0, the relative risk of additional d3mft 

was also significantly higher in accessible rural areas. The odds of having ft in 

remote areas were higher than in the four cities and significantly higher in remote 

towns (OR 1.44 [1.02,2.05]). The odds of having mt were lower in remote areas (OR 

0.50 [0.40,0.79]) in remote rural areas. In conclusion, deprivation accounts for much 

of the geographical difference in d3mft which exists in Scotland. However, after 

adjustment for deprivation, accessible rural Scotland appears to have lower levels of 

d3mft, in line with research on other health outcomes. Supported by the Chief 

Scientist Office and Scottish Health Boards 
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Follow-up Study on Caries Pattern and Risk Factors in Children of Ouro Preto, Brazil 

V.L. de Moura Siebera*, R.L.R. de Mouraa, S. Hufnaglc, A. Boruttaa, S. Kneistb

*vldms@ilhabela.net; Friedrich Schiller University Jena, aDept. of Preventive 

Dentistry, bBiological Laboratory and cInstitute of Economic and Social Statistics 

The ‘Fundação Projeto Sorria’ was established in 1994 in Ouro Preto. 5000 deprived 

children (0-7 years old) are involved in the oral health program of the foundation. 

Mothers and pregnant women receive advice on caries prevention at least four times 

a year. The aim of this study was to evaluate the efficiency of the preventive 

program. 83 randomly selected toddlers (mean age 29 months, 47 males, 36 

females) were included in the study. Caries status (d3-4mft), initial caries lesions (d1-

2mft) and visible plaque on upper incisors were registered. Salivary mutans 

streptococci (MS) were estimated by the spatula method. Mothers answered a 

validated questionnaire concerning child’s oral health behaviour and social aspects. 

Follow-up examination was done two years later. For statistics χ2 tests for differences 

in caries prevalence and continuous variables were used (α = 5%). At baseline 82% 

of the toddlers were caries free. 26% of them showed initial caries lesions. Caries 

prevalence was 1.36 d3-4mft. 72% of toddlers harboured high salivary counts of MS. 

Two years later 79 children were re-examined. Caries prevalence was 2.3 d3,4mft. 

Percentage of caries free children (d3-4mft = 0) diminished from 82% to 63%. Visible 

plaque increased from 19% to 22%. At baseline three main meals (MM), two 

additional meals (AM), several beverages, sweets and snacks were given daily (d). 

Foods and drinks were predominantly cariogenic. Two years later children got mainly 

cariogenic meals (MM: 1.6 ± 0.5 per day, AM: 1.4 ± 0.6 per day, snacks: 1.3 ± 05 per 

day, beverages: 1.3 ± 0.6 per day). Only 5% of the parents supervised tooth brushing 

of their children. It must be concluded that the oral health advice was not effective in 

improving oral health and oral health behaviour. The authors thank Dr. A. 

Drummond, Brazil, for his professional assistance. 
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Does Pregnancy Influence the Caries Status of Women in South-East Hungary? 

M. Radnai*a, I. Gorzóa, N. Hefftera, E. Urbánb, J. Ellerc, T. Novákd, A. Páld

*radnai@stoma.szote.u-szeged.hu; aDept of Dentistry & Oral Surgery; bInstitute of 

Clinical Microbiology; cDept of Medical Informatics; dDept of Obstetrics & 
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The oral health of pregnant women has received little attention until recently, when 

links between their periodontal status and pre-term births; and cross-infection with 

mutans streptococci from mother to child, were proposed. Hence, the oral health 

status of a representative sample of healthy post-partum women in South-East 

Hungary was examined, and the effects of socioeconomic status and number of 

pregnancies on their caries levels, were assessed. The demographic and 

socioeconomic data of 271 healthy women were collected via a questionnaire, 

participants being examined, according to standardized WHO guidelines, in the 

University of Szeged, Department of Obstetrics and Gynecology. DMFT and DMFS 

indices were calculated. To compare demographic, socio-economic and clinical data, 

Spearman correlation, analysis of variance and regression analysis were employed. 

The mean age of those examined was 27.8. The mean DMFT was 12.33, and the 

DMFS was 25.15. However, overall, it was shown that the DMFT values of older 

women (35-40 yrs was 15.83, cf < 20 years old 7.06), with least education (13.50, cf 

higher levels 11.92), being multiparous (16.67, cf 1 child 11.20), working in physical 

occupations (12.64 cf non-physical 11.92), and living in rural areas (12.82 cf urban 

11.97), were greatest. Regression analysis showed the DMFS index of these post-

partum women was related mainly to age (p < 0.001), less to education level (p = 

0.004) and to number of children (P = 0.008). In conclusion, the results did not 

provide evidence for the belief that pregnancy influences, negatively, the caries 

status of women who have had children. In this Hungarian study group, age and 

education levels were the most important factors influencing caries status, which for 

pregnant women, has not improved over the last 20 years. 
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Tooth-brushing Behaviour of Deprived Schoolchildren Assessed with Videotaped 

Sessions at School and a Questionnaire 

S. Martignon*, M.C. González, A. Guzmán, V. Sáenz, M. Martínez, A. Mora, I. 

Quintero 

*martignonstefania@unbosque.edu.co; Universidad El Bosque, Bogotá, Colombia 

The aim of this study was to investigate the tooth-brushing behaviour of 

schoolchildren by analysis of tooth-brushing (videotaped at school) and a 

questionnaire. 150 5-8 year-old schoolchildren (78%) from an ongoing preventive-

intervention programme in two low-SES schools in Bogotá participated. Children had 

a mean number of 22.73 (SD 12.23) surfaces with carious lesions according to the 

ICDAS Index [Pitts: Community Dental Health 2004;21:193-198]. With the Cariogram 

caries risk assessment [Bratthall et al.: Eur J Oral Sci 1996;104:486-491], 32% of 

subjects were scored as high and 42% as very high. The median length of tooth-

brushing was 115 s (25th percentile 83 s; 75th percentile 178 s) of which most of the 

time (median 90s; 25th percentile 62 s; 75th percentile 143 s) the toothbrush was in 

the child’s mouth. Almost all children brushed their anterior (94.6%) and posterior 

teeth (93.3%), of which 92% the lower and 86.6% the upper. There was no difference 

between right and left sides. The majority brushed the occlusal (lower 81%; upper 

teeth 67%) and the buccal surfaces (anterior 91%; posterior lower 74%; and posterior 

upper teeth 71%), as opposed to the lingual/palatal surfaces (12%; 12%; and 15%, 

respectively). Most children used the mirror (78.7%), spat out (86.7%) and rinsed 

their mouth (72%). Finally, the majority (85%) was confident that the tooth-brushing 

session was effective. The questionnaire disclosed the following: none of the children 

brush their teeth at school; at home only 1/5 (20.5%) of the children are supervised 

by an adult; and not everybody brushes their teeth twice a day (78%). The overall 

positive findings of the tooth-brushing, put into context with the high caries status and 

the poor tooth-brushing habits at home, lead to a strong recommendation to 

incorporate daily supervised school-based tooth-brushing sessions. Partially 

supported by Colgate-Palmolive, Colombia.  
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Oral-health Related Attitudinal Constructs of Czech Preschool Children’s Parents – 

Questionnaire Survey 

E. Lenčováa*, Z. Broukala, J. Skibovab, J. Duskovaa

*lencova@vus.cz; Institute of Dental Research - 1st Faculty of Medicine of the 

Charles University and Teaching Hospital; bInstitute for Clinical and Experimental 

Medicine; Prague, Czech Republic 

The aim was to analyse oral-health attitudes of pre-school children’s parents, using 

factor analytic procedures to identify optimum number of underlying constructs 

explaining greatest proportion of attitudinal data. In 2005, parents of 240 kindergarten 

children from 29 Czech sites filled in a standardized questionnaire [Adair et al.: 

Community Dental Health 21;2004:102-111] containing 49 oral-health attitudinal 

items (response rate 82.7%). Using factor analysis, a correlation matrix of items 

concerning tooth brushing, sugar snacking and caries prevention grouped into 

factors. The optimum number of factors explaining the greatest proportion of data 

variance was found. Factor scores (FS): a) Tooth brushing: BF1 (FS 0.24) Tooth-

brushing twice-a-day is important; BF2 (FS -0.26) Inefficient tooth-brushing; BF3 (FS 

0.22) Tooth-brushing prevents dental caries; BF4 (FS 0.61) Helping child with tooth-

brushing is important; b) Sugar snacking: SF1 (FS -0.30) ‘Socially modified’ sugar 

snacking; SF2 (FS -0.10) Sugar snacking causes caries; SF3 (0.03) Parents can 

choose healthy snacks for children; c) Caries prevention: DF1 (FS -0.26) Dentist 

should manage caries; DF2 (FS 0.16) Caries is a serious condition; DF3 (FS 0.05) 

Caries should be prevented; DF4 (FS 0.19) Regular dentist attendance best prevents 

caries. In conclusion, parents perceived caries as a serious condition and they knew 

how to control it, but in practice their tooth brushing and sugar snacking control was 

poor and with caries prevention they rather relied on dentists. Supported by IGA of 

the Czech Ministry of Health (Project NR/8331-3) 
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Caries Status in Colombian Patients with Cleft Lip-Palate: Visual Examination using 

the ICDAS Criteria 

M.C. González*, S. Martignon, A.M Gaona, L.F. Gamboa 

*gonzalezmaria@unbosque.edu.co; Universidad El Bosque, Bogotá, Colombia 

The aim of this study was to assess the caries status in a cleft lip-palate Colombian 

population. Eighty-five 2-25 year-old subjects (85% from our Faculty’s craniofacial 

programme) participated. The sample was distributed according to dentition: primary, 

mixed and permanent (n = 19, 27 and 39, respectively), with age ranges of: 2-5 

(mean 5); 6-11 (mean 9); and 12-25 (mean 17). Two examiners assessed dental 

caries using the ICDAS-visual criteria [Pitts: Community Dental Health 2004;21:193-

198]. Filled surfaces or surfaces missing due to caries were also scored. Inter- and 

intra-examiner reproducibilities for caries scoring were substantial (κ > 0.80). The 

traditional mean dmf-s/DMF-S (d/D-component cavitated lesions) was for the 

primary-dentition group 9.3 ± 10.4, of which 5.1 ± 7.8 were filled and 2.6 ± 6.4 

missing. Corresponding figures for the mixed-dentition group were 9.6 ± 9.1; 5.1 ± 

6.1 and 1.7 ± 4.0, respectively; and for the permanent-dentition group 9.6 ± 10.6, 6.1 

± 8.0 and 1.8 ± 5.1, respectively. When adding non-cavitated lesions, values 

increased to 20.2 ± 12.8, 21.9 ± 10.7 and 25.0 ± 10.3, respectively. All participants in 

the primary dentition had ≥ 1 caries lesion (ICDAS-criteria); in the mixed-dentition 

and permanent dentition groups ≥ 5. These were followed by 9-12 lesions (42%); 9-

12 (33%); and 13-16 (28%), respectively. The teeth most affected with caries lesions 

were: primary dentition: second lower left primary molar (1.4 ± 0.95); mixed dentition: 

first lower left permanent molar (1.18 ± 0.76); and permanent dentition: second lower 

left permanent molar (1.0 ± 0.89). Regarding the anterior superior teeth, in the 

primary dentition group the lateral right superior incisor was the fourth most affected 

tooth (0.95 ± 1.35): in the mixed dentition group the left superior central incisor was 

the third most affected tooth (0.81 ± 0.96); and in the permanent dentition group the 

right upper canine was the fourth most affected tooth (0.85 ± 0.85). The results 

showed a high caries experience, with an apparently normal distribution among the 

teeth, with the anterior superior teeth not being the most affected, as one could 

expect. There is an urgent need to implement preventive programmes. 
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Potential Role of Glycemic Index of Breakfast in Caries Aetiology in Preschool 
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S. Petti*, G. Cairella 
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University, Rome, Italy 

High Glycemic Index (GI) foods show high glucose bioavailability, which tends to 

increase post-prandial glycemia, so are possibly fermented by human intra-oral 

enzymes and could be cariogenic [Lingström et al.: Crit Rev Oral Biol Med 

2000;11:366-380]. We investigated whether breakfast GI (bGI) is associated with 

caries in a case-control study among 3-to-5-year-old kindergarten children residing 

near the centre of Rome. Cases were children with d3fs > 0, controls were age-, 

gender-, immigrant background-matched peers with d3fs = 0. Caries-related 

anamnestic variables, breakfast composition of the examination day, and a non-

quantitative 24-hour food frequency recall of dietary intake were collected from 

caregivers. Complete data were obtained from 129 pairs. bGI and daily fermentable 

carbohydrate intake frequency were computed. Explanatory variables, excluding bGI, 

were dichotomised by assigning score ‘1’ to the supposed risk exposure [low 

maternal education (LowEdu), non-optimal fluoride exposure (LowF), 

irregular/unsupervised toothbrushing (IrrTBr) >2 carbohydrate intake (HiCHO)]. 

Preliminary analysis of matched pairs [crude OR (cOR); McNemar’s χ2 test] showed 

that HiCHO was the only statistically significant predictor (cOR 2.2; 95%CI 1.1-3.3). 

The best fitting conditional regression model (likelihood ratio χ2
6df 18.2; p = 0.005) 

showed HiCHO (adjusted OR 2.3; 95%CI 1.4-3.8), IrrTBr (aOR 6.9; 95%CI 1.0-52.1) 

significantly and LowEdu (aOR 1.5), LowF (aOR 1.1), bGI (aOR 1.0) non-significantly 

associated with probability of d3fs > 0. Interestingly, the interaction term between 

LowEdu/IrrTBr/bGI was statistically significant (aOR 1.1; 95%CI 1.0-1.1), suggesting 

that bGI is a potential risk factor among children with low maternal education and 

irregular toothbrushing. This could be due to cariogenicity of a high GI breakfast and 

to its short satiety [Warren et al.: Pediatrics 2003;112:414-419], which increases 

children’s demand for food, which is possibly, but not necessarily, cariogenic. 
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Outcome and Limitations of an Oral Health Care Program in The Philippines 

R. Heinrich-Weltzien*, B. Monse-Schneiderb
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Aim of this study was to compare the dental status of children with and without 

access to a school based dental program in rural areas in Northern Mindanao, 

Philippines. Cornerstones of this program were daily toothbrushing, application of 

fluoride varnish (Fluorprotector) three times a year, MRT [Manual Restorative 

Treatment; Monse-Schneider et al.: Community Dent Oral Epidemiol 2003;31:129-

35] restorations in the permanent dentition and extraction of non restorable teeth. 

966 students (mean age 11.5) were examined after 5 years of the program. 314 

children (mean age 11.5) coming from the same socioeconomic background and 

region served as control. Dentition status was scored using WHO standard (1997) at 

DMFT level. A subsample of children (intervention group n = 247, control group n = 

129) was additionally scored on DMFS level. Severity of decay was determined by 

assessing the number of teeth with pulp exposure (TPE). The Kolmogorov-Smirnov 

test was used (α = 5%). The oral health outcome for the whole intervention group 

was 2.3 DMFT and for the subsample 2.0 DMFT, 2.9 DMFS, significant caries index 

(SiC) 4.3 and 0.0 TPE, respectively. Caries experience of the whole control group was 

2.5 DMFT and of the subsample 2.5 DMFT, 6.2 DMFS, SiC 5.5 and 1.2 TPE, 

respectively. While the DMFT is not the appropriate index to demonstrate significant 

differences in the oral health status of children with and without the program the 

DMFS, the SiC index and the mean TPE reflect the effectiveness of the program. We 

suggest that the effectiveness of the program was limited by the insufficient fluoride 

content of the toothpaste. Fluoride varnish with an average of 11 applications was 

the only reliable fluoride source. Supported by IvoclarVivadent, Schaan, 

Liechtenstein 



102 

Session 6. De- and Re-mineralization II 



103 

97. 

Effect of Nd:Yag Irradiation and Fluoride Application on Enamel Microstructure and 

its Resistance to Demineralization 
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Brazil; dFaculdade de Filosofia, Ciências e Letras de Ribeirão Preto, Brazil; 
eFaculdade de Odontologia de Piracicaba, Brazil 

The effect of Nd:YAG laser and fluoride application on enamel microstructure and its 

resistance to demineralization was evaluated in vitro. Fifty human 3x3 mm enamel 

blocks were randomly divided into five groups: G1 untreated (control); G2 treated 

with acidulated phosphate fluoride (APF ≡ 1.23% F) for 4 min; G3 irradiated with 

Nd:YAG laser (84.9 J/cm2, 60 mJ/pulse, 5 Hz, 300 µm pulsewidth, without coolant); 

G4 application of APF following laser irradiation; G5 application of APF prior to laser 

irradiation. Calcium and phosphorus contents of the samples were analysed by 

energy dispersive X-ray fluorescence spectrometric analysis (EDX). The specimens 

were also evaluated by Fourier Transform Raman Spectroscopy between 400 cm-1 

and 4000 cm-1. These analyses were made before and after the treatments with 

laser-fluoride, and after a cariogenic challenge. The cariogenic challenge was 

simulated using a 10-day pH-cycling regimen model. Data were analyzed by ANOVA 

and t-test (p < 0.05). The EDX analysis revealed a significant increase in the Ca/P 

weight ratio in samples which APF was applied before and after Nd:YAG laser. 

However, no significant changes in Ca/P weight ratio were shown in lased-only 

samples. The FT-Raman spectra shows inorganic bands at 440, 590, 870, 960, 1045 

and 1070 cm-1; and organic bands at 1270, 1450, 1670 and 2945 cm-1. Both 

carbonate and organic matrix were reduced after demineralization of control samples 

but after APF application only the organic matrix was reduced. Nd:YAG irradiation 

reduced carbonate and preserved organic matrix; whereas the association of fluoride 

with Nd:YAG irradiation reduced organic matrix. These results suggest that Nd:YAG 

irradiation associated with APF induces a crystallographic phase transformation of 

the irradiated enamel which may enhance the resistance of enamel to 

demineralization. Supported by FAPESP, CAPES, Shimadzu. 
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This in vitro study evaluated the effect of Er,Cr:YSGG laser irradiation and fluoride 

application on enamel composition and its resistance to demineralization. Fifty 

human enamel blocks were randomly divided into five groups: G1 untreated (control); 

G2 treated with acidulated phosphate fluoride (APF ≡ 1.23% F) during 4 min; G3 

irradiated with Er,Cr:YSGG laser (0.25 W, 12.5 mJ/pulse, 2.8 J/cm2, 20 Hz, 750 µm 

pulsewidth, without water cooling); G4 application of APF following laser irradiation; 

G5 application of APF prior to laser irradiation. The samples were submitted to an 

energy dispersive X-ray fluorescence spectrometric analysis, for quantitative 

microanalysis of calcium and phosphorus, and evaluated by Fourier Transform 

Raman Spectroscopy between 400 cm-1 and 4000 cm-1, before and after treatments, 

and after a cariogenic challenge. Also, after the cariogenic challenge, enamel 

demineralization was evaluated by cross-sectional microhardness and polarized light 

microscopy. The cariogenic challenge was simulated subjecting the samples to a 10-

day pH-cycling model. Data were analyzed by ANOVA (α = 0.05). The Ca/P weight 

ratio increased significantly in APF + laser group, but it did not change (p > 0.05) in 

lased samples without APF application. A reduction in carbonate and organic matrix 

was detected after demineralization in G1 and G2 groups. Er,Cr:YSGG irradiation 

preserved both inorganic and organic matrixes. Enamel mineral loss decreased in 

groups Er,Cr:YSGG laser associated with APF treatments compared to the control (p 

< 0.05). The caries lesion depth in control group was up to 83.3 ± 20.7 µm, while in 

laser + APF samples was lower (55.2 ± 7.1 µm). In conclusion, Er,Cr:YSGG 

irradiation + APF was able to promote chemical changes on enamel and to reduce 

the effects of cariogenic challenge on enamel structure. Supported by: FAPESP 

(Proc. 04/02229-6), SHIMADZU. 
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Studies have shown that enamel can be made more acid-resistant by pulsed CO2 

laser. The aim of this study was to establish the lowest energy fluence of a pulsed 

10.6 µm CO  laser that, when applied on enamel surface, is able to cause chemical 

and morphological changes and to reduce its acid solubility, without causing pulpal 

harm. 

2

Thermal analysis through a thermocouple was performed during irradiation of 

75 human teeth with 1.5, 3.0, 6.0, 10.0 or 11.5 J/cm2. Another ten teeth were kept as 

controls. Enamel chemical composition was assessed, through FT-Raman 

spectroscopy, in 5 teeth of each experimental group both before and after irradiation 

procedures. Afterwards, morphological changes in irradiated enamel were observed 

by SEM. Then, the remaining 10 teeth of each group along with the control group 

were submitted to a pH-cycling model and the enamel mineral loss was determined 

by cross-sectional microhardness. For all irradiated groups, intrapulpal temperature 

changes were below 3.0°C. FT-Raman spectroscopy and scanning electron 

microscopy indicated that fluences as low as 6.0 J/cm2 were sufficient to induce 

chemical and morphological changes in enamel (p < 0.05). Laser-induced inhibitory 

effects on enamel demineralization were observed with fluences of 10.0 and 11.5 

J/cm2 (p < 0.05). In conclusion, the results of this study showed that the lowest laser 

fluence capable of producing chemical and morphological changes to reduce acid 

reactivity of enamel without exposing pulp vitality to danger is 10.0 J/cm2. Supported 

by FAPESP, grant 03/10713-2.  
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Previous in vitro studies have shown that CO2 laser combined with fluoride inhibits 

enamel demineralization. However, the intra-oral effects of this association have not 

been tested. This study aimed to evaluate the physical changes promoted by a TEA 

(transversely excited atmospheric-pressure) CO2 laser (λ = 9.6 µm) and the 

combined effects of this laser and fluoridated dentifrice use on in situ enamel 

demineralization. Enamel surface changes after irradiation were monitored using 

SEM. In this cross-over study, 17 volunteers wore palatal appliances during two 

phases of 14 days each, which were submitted to 4 treatment groups, as follows: 

Control - non-fluoride dentifrice; Laser - CO2 laser irradiation plus non-fluoride 

dentifrice; Fluoride - fluoride dentifrice; Laser+Fluoride - CO2 laser irradiation plus 

fluoride dentifrice. A 20% sucrose solution was dripped onto the slabs 8x/day and the 

dentifrices were used 3x/day. SEM showed fusion and melting on irradiated enamel 

surfaces. After the experimental period, mineral loss was assessed by cross-

sectional microhardness. Based on the mineral loss data, statistically significantly 

less demineralization was observed in the Laser, Fluoride and Laser+Fluoride groups 

compared to the Control group (p < 0.05). Similarly, statistically significantly less 

demineralization was observed in the Laser+Fluoride group as compared to the 

Laser or Fluoride groups (p < 0.05). However, differences in mineral loss between 

the Laser and Fluoride groups were not statistically significant. Demineralization 

inhibition for Laser, Fluoride and Laser+Fluoride groups was 32 ± 25%b, 45 ± 31%b 

and 76 ± 27%a, respectively. The results suggested that CO2 laser treatment inhibits 

enamel demineralization in the human mouth, being more effective when associated 

with fluoride use. Supported by FAPESP, grant 00/09702-8 and NIH/NIDCR grant 

RO1-DE09958. 
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In a series of experiments exploring the effect of fluoride released from glass-

ionomer cement (GIC), this study was undertaken to investigate the role of strontium 

(Sr) which is also highly contained in GIC and Sr combined with F in enamel 

remineralising process. Eighty enamel specimens obtained from caries free human 

premolars were demineralized to produce caries-like lesions. Half of each specimen 

then was covered with nail varnish to as an untreated control. The enamel specimens 

were then divided into two groups (Sr and FSr groups). Sr subgroups were exposed 

to remineralising solutions (1.5 M CaCl2, 0.9 M KH2PO4) containing Sr with 

concentrations of 0, 5, 10, 20 ppm Sr respectively. FSr subgroups were treated with 

the same solutions with the addition of 1 ppm F. After two weeks, the level of 

remineralization was determined using contact microradiography. The results 

showed that (1) There was a significant decrease in lesion depth in solutions 

containing Sr and Sr combined F after 2 weeks (paired Student’s t-test; Sr5: p = 

0.004, Sr10: p = 0.009, Sr20: p = 0.01; FSr5: p = 0.024, FSr10: p = 0.004, FSr20: p = 

0.011); (2) The solution containing 10 ppm Sr alone produced the highest rate of 

remineralization (Sr0: %R = 35, Sr5: %R = 23.5, Sr10: %R = 35.2, Sr20: %R = 29.9, 

FSr0: %R = 17.2, FSr5: %R = 20, FSr10: %R = 23.8, FSr20: %R = 26.9) along with a 

decrease in lesion depth; (3) There was an enhancement of remineralisation when 

strontium was used in conjunction with fluoride (ANOVA, p = 0.066), but no 

synergistic effect was observed, showing that further study is needed. It was 

concluded that while Sr might have a capacity for enhancing remineralisation there 

was no synergistic effect when used with fluoride. 
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Remineralization might be hampered by various polymers used in saliva substitutes. 

Therefore, the aim of this study was to evaluate the effects of various calcium and 

phosphate concentrations of carboxymethylcellulose (CMC) based solutions on the 

mineral loss of predemineralized bovine enamel in vitro. Bovine enamel specimens 

were prepared, embedded and polished. Prior to (control sound enamel) and after 

(control demineralized enamel) demineralization (37°C; pH 4.95; 14 d) one third of 

each specimen’s surface was covered with nail varnish. Subsequently, the 

specimens (n = 16) were exposed to six CMC-based solutions (calcium addition 0-

12.2 mM; phosphate addition 0-19.5 mM) at pH 6.5 as well as to one commercially 

available saliva substitute (Glandosane) for 5 weeks (37°C). Aqueous solutions either 

without or with calcium (0.78 mM) and phosphate (1.25 mM) served as controls. The 

degree of saturation with respect to octacalcium phosphate and hydroxyapatite was 

obtained by software calculation. The differences in mineral loss between the values 

prior to and after the storage in the various solutions were evaluated from 

microradiographs of 100 µm thick sections. Glandosane induced a significantly 

increased mineral loss compared to the equivalently saturated solutions based on 

CMC or water (p < 0.05; ANOVA, Bonferroni post hoc test). After exposure to the 

CMC-based solution with an octacalcium phosphate saturation of 2 a significantly 

decreased mineral loss could be observed (p = 0.018; adjusted paired t-test). With an 

adequate calcium and phosphate addition CMC-based saliva substitutes are capable 

of remineralizing predemineralized bovine enamel in vitro. 
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This investigation was devised to evaluate whether, and to what extent, root dentin 

caries-like lesions would be rehardened by artificial saliva preparations. Root dentin 

slabs (3x3x2 mm) were cut from bovine incisors, ground flat, polished and pretested 

for Knoop microhardness number (KHN) at five locations 500 μm apart, 500 μm from 

the left edge of each slab. After 75 out of the 100 slabs had been selected on the 

basis of KHN, specimens were coated with wax except for their outer surface. 

Specimens were cycled through a highly cariogenic challenge model to induce 

caries-like lesions, formation being confirmed by KHN measurements located 500 

μm from the right edge of the specimen. According to a randomized complete block 

design, the specimens (n = 15) were exposed to one of the following artificial saliva 

preparations: 1) BK [Krasse: Risco de Cáries, Quintessence, 1988, 2nd ed, p. 61] ; 2) 

BR [Birkeland: Caries Res 1973;7:11-18]; 3) mucin-based (Orthana - MB) and 4) 

carboxymethylcellulose-based (Salivan - CMC) or to 100% relative humidity (control), 

over 21 days. Rehardening was verified by KHN 1,000 μm from the right edge of the 

specimen. ANOVA indicated differences (p < 0.001) among the KHN values attained 

by the carious root dentin after exposure to the artificial salivas or control. Tukey’s 

test established that, except for SL, all artificial saliva preparations provided greater 

rehardening than the control. Microhardnesses were highest with BR, intermediate 

with BK and least with MB. None of the preparations tested provided rehardening 

values that approached those observed at the pre-caries lesion formation phase. 

Artificial salivas may provide partial rehardening to preformed caries-like lesions in 

root dentin, but this effect is preparation-dependent. Supported by FAPESP (grant 

#03/08997-2). 
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It is essential to compare the effect of dental agents or food ingredients on 

remineralization with that of human whole saliva. The aim of this study was to 

examine the effects of a xylitol gum containing a highly soluble calcium source 

(phosphoryl-oligosaccharides calcium; POs-Ca) on enamel remineralization in a 

human saliva immersion (HSI) test, measured by quantitative light-induced 

fluorescence (QLF) in vitro. Enamel slabs were prepared from bovine incisors and 

demineralized in 0.1 M lactic acid (pH 4.5) at 37oC for 2 days. Demineralized enamel 

samples were then exposed to one of the following stimulated whole human saliva 

(WS) treatments (6 per group) for 24 h at 37oC: Group A paraffin-stimulated whole 

saliva; Group B POs-Ca gum stimulated WS; Group C POs-Ca gum stimulated WS 

plus 1 ppm F as NaF. The saliva samples were collected from 6 healthy adults (3 

males and 3 females, mean age 32.8) by chewing paraffin film or the POs-Ca gum 

up to 10 mL and immediately centrifuged at 3,000 rpm for 20 min to remove 

precipitates. The samples were assessed by QLF to quantify mineral changes before 

and after the HSI test. The recoveries of the ΔF (ΔΔF) values after the HSI test in 

Group B (10.5 ± 3.6%) and Group C (17.3 ± 3.3%) were significantly greater than in 

Group A (5.3 ± 4.1%) (p < 0.05; Student-Newman-Keuls). There was also a 

significant difference in the ΔΔF values between Groups B and C. In conclusion, it 

was suggested that the HSI test combined with QLF can be used as a rapid 

measurement to screen the remineralization effects of a chewing gum, and that 

chewing gum containing soluble calcium would enhance remineralization of enamel, 

especially in the presence of low concentration of fluoride in human saliva. 
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The fact that dentifrice use by young children might increase the risk of dental 

fluorosis has stimulated the development of dentifrices with low fluoride 

concentration. The aim of this study was to evaluate the ability of dentifrices with 

fluoride (450 μg/g), calcium (0.525 μg/g) and phosphate (0.760 μg/g) to promote 

remineralization of artificial carious lesion using a pH-cycling model. Early carious 

lesions were produced in 120 bovine enamel blocks. The blocks were then submitted 

individually for 6 days to a pH-cycling model to evaluate fluoride effect on enamel 

remineralization [Vieira et al.: Caries Res 2005;39:514-520]. The treatment was 

performed twice daily for 1 min with NaF dentifrices: placebo; a ‘Gold Standard’ (GS) 

dentifrice; three pastes not supplemented with calcium and phosphate (275, 550 and 

1,100 ppm F); and a 450-ppm F paste supplemented with calcium and phosphate. 

The pastes were diluted in deionized water or artificial saliva. Surface microhardness 

changes (%SMH) and integrated mineral loss (∆Z) were then calculated. Parametric 

and non-parametric tests and Pearson’s correlation analysis were used to test 

differences (α = 0.05) and dose-response relationships between treatments. The 450 

ppm F paste supplemented with calcium and phosphate showed a higher mineral 

gain (p < 0.05) when compared to the 550 ppm F dentifrice (it was similar to 1,100 

ppm F and GS; p > 0.05). Dilution in saliva led to a higher mineral gain when 

compared to dilution in water (p < 0.05), except for dentifrices with 450 μg/g F and 

GS (p > 0.05). There was correlation (p < 0.05) between fluoride concentration in 

dentifrices and %SMH and ∆Z. It was concluded that in our model the low-fluoride 

concentration dentifrice supplemented with calcium and phosphate was as effective 

as a ‘Gold Standard’ dentifrice. 



112 

106. 

Dose Response to Sodium Monofluorophosphate Using an Established Cycling 

Model 

A.M. Pfarrer*, M.A. Kaminski, C.M. McQueen 

*pfarrer.am@pg.com; Procter & Gamble Co, Mason OH, USA 

Nearly all cycling models being utilized today exhibit concentration-dependant 

responses to fluoride from sodium fluoride or stannous fluoride. For a model to have 

universal applicability it should demonstrate a response to sodium 

monofluorophosphate (SMFP) as well, as this fluoride salt is used extensively around 

the world. The primary aim of this study was to compare relative performance of 

three concentrations of SMFP using an established laboratory performance test. The 

secondary aim was to determine if utilization of a salivary slurry, as an additional 

hydrolysis step, would increase model response. Caries-free human molar crowns 

were cleaned, polished then treated twice/day with dentifrice slurry that had been 

mixed for 4-5 min at 23°C. Between treatments, crowns were demineralized for 6 h 

(pH 4.6, Ca/P/acetate solution) and remineralized overnight (17 h, pH 7, Ca/P). A 

single batch of SMFP dentifrice was diluted to simulate a) 1000 ppm, b) 100 ppm and 

c) 10 ppm F. Three additional samples were treated as above followed by a second 

10 min exposure to a salivary slurry treatment (premixed for 60 min. at 37°C) and 

represented as d) 1000 ppm plus additional treatment, e) 100 ppm plus additional 

treatment and f) 10 ppm F plus additional treatment. Integrated mineral losses (ΔZ) 

were determined by cross-sectional microhardness. Mean ΔZ values (vol%.µm) ± SE 

were: a) 2710 ± 123, b) 3120 ± 123, c) 3350 ± 130 and d) 1590 ± 123, e) 2100 ± 123, 

f) 2280 ± 123, with c > b > a and f > e > d by Tukey-Kramer HSD test. In conclusion, 

the well-established cycling model is capable of showing a response to SMFP 

concentrations. Additional treatment with a warm salivary slurry resulted in significant 

increase in model response at each fluoride concentration. 
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Although the mechanism of action of fluoride is multifaceted, research suggests that 

mineral reactivity of the teeth (viz. remin/demin balance) is of primary importance and 

is accounted for in numerous performance tests. Performance tests for fluoride 

activity can be broadly categorized as Tier 1 (assessments of fluoride availability), 

Tier 2 (cycling studies, assessments of tooth fluoridation and mineral balance) and 

Tier 3 (studies including biological components such as dental plaque, diet, etc.). In 

the light of recent regulatory and legislative actions it is prudent to consider the full 

utility of laboratory performance tests for the development of fluoride-containing 

dentifrice. The aim of this research was to retrospectively examine Tier 1-3 

performance test results of fluoride-containing dentifrice to determine if biological 

tests provide any added insight into the anticaries effectiveness. Results from Tier 1-

3 performance tests for dentifrice containing SnF2 or NaF were compared to assess 

the ability of the test to differentiate product from placebo and demonstrate 

equivalence to a positive control. Included were formulations for which fluoride 

anticaries efficacy was compromised (e.g. binding with abrasive etc.) and a broad 

sample of formulations from the market. Formulations with significantly attenuated 

fluoride failed all Tiers of testing. Positive results in Tier 1 or 2 always translated into 

a positive result in Tier 3 testing. Conversely, negative results in Tier 3 were always 

predicted by negative results in Tier 1 or 2. It can be concluded that for the fluoride-

containing products investigated, Tier 3 biological testing provided no additional 

insight (beyond laboratory tests) into the products’ anticaries-effectiveness. This 

review suggests that over a broad range of formulations Tier 1 and 2 mechanistic 

studies alone have been adequate to ensure the effectiveness of fluoride-containing 

dentifrice. 
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Dentin hypersensitivity is closely related to the exposure and patency of dentinal 

tubules. The aim of this study was to assess the potential of a novel desensitizing 

toothpaste to occlude dentin tubules versus a positive control. SOS Sensitive (AP) 

which contains the apatite-protein-composite Nanit active and a commercially 

available desensitizing toothpaste containing hydroxyapatite (CP) have been 

employed. An adapted in vitro dentin disc test has been performed including the 

technique of environmental electron microscopy (ESEM), a method that avoids 

drying and sputtering of the dentine specimen. Before/after scans at defined 

locations helped to improve the significance of the data. Bovine dentin was cut and 

polished to yield 10 dentin slabs. The slabs were marked, examined for patent 

tubules by ESEM and divided into 2 groups. 5 were immersed (twice daily, 5 min, 10 

days) into a 1:3 slurry of AP in water. In between treatments the slabs were stored in 

artificial saliva at 37°C. The remaining slabs received analogous treatment with CP. 

The specimens were then re examined at previously marked sites. Subsequently, 

mechanical stress was applied to the surface followed by a third microscopic 

examination. Both AP and CP led to the precipitation of calcium phosphates on the 

dentin surface. With the control group the material was rough and had low 

mechanical adherence. In contrast, AP formed a smooth layer totally occluding the 

tubules. The layer (AP group) was both intimately connected to the underlying dentin 

and very resistant towards mechanical stress. It can be concluded, that a different 

mineralization mechanism appears to be operating for AP, pointing towards a 

potential also for the protection of dentin. 
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The aim of this study was to evaluate the effects of calcium-containing mouthwash 

after using fluoridated toothpaste on remineralization using an in vitro pH-cycling 

procedure. Bovine enamel specimens were demineralized in lactic buffer (pH 5.0) for 

4 days. The 12-day pH cycling procedure consisted of demineralization for 2 h and 

remineralization for 22 h. The remineralization solution contained 1.5 mM CaCl2, 0.9 

mM KH2PO4, 130 mM KCl and 20 mM HEPES (pH 7.0) and the demineralization 

solution contained 1.5 mM CaCl2, 0.9 mM KH2PO4 and 50 mM acetic acid (pH 5.0). 

Four experimental groups were: control (I), fluoridated toothpaste (II), calcium 

mouthwash (III) and the combination of fluoridated toothpaste and calcium 

mouthwash (IV) treatment. The fluoridated toothpaste contained 0.2% sodium 

fluoride and the calcium mouthwash contained 37.5 mM calcium. For the single 

treatment groups (II, III), the specimens were applied with the toothpaste or the 

mouthwash for 5 min 4 times per day. For the combination treatment group (IV), the 

specimens were applied with the toothpaste first and followed by the mouthwash. 

The lesion depth (LD) and integrated mineral loss (IML) were determined by 

transversal microradiography. Statistical differences were tested for significance by 

ANOVA and Duncan’s test (α = 0.05). The LD for Group I, II, III and IV were 

respectively 73.4 ± 8.7bc, 67.4 ± 6.3b, 80.1 ± 6.7c and 59.8 ± 9.3a µm, and for IML 

were 2470 ± 562b, 2477 ± 396b, 2950 ± 404c and 1949 ± 405a vol%.µm, respectively. 

The treatment with calcium mouthwash did not enhance remineralization by itself. 

However, the combination of fluoridated toothpaste followed by calcium mouthwash 

showed significantly higher efficacy on remineralization than treatment with single 

fluoridated toothpaste. The combination seems to show promise of caries preventive 

effect. 
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Opportunities exist in developing novel biomaterials that can expeditiously and 

efficiently mineralize dentin and enamel damaged by dental caries or erosion. We 

propose a self-assembled ceramic exhibiting extraordinary primary nucleation 

behavior as a promising mineralizing agent for the repair of the dentition. The 

ceramic is formed through rapid oxidation of niobium metal in an electrolyte to 

produce polycrystalline Nb2O5, which is known to encourage cell adhesion, to be 

thermally stable,and resistant to acid attack. Here we report on the bioactivity of a 

specific arrangement of Nb2O5 crystals when immersed in several supersaturated 

solutions including two simulated saliva formulations and pooled human saliva at 

37°C. The simulated saliva formulations had a molar Ca/P ratio of 1.45:5.4 to mimic 

that of stimulated human saliva, with one containing porcine mucin and the other 

without. 21-hour immersion periods produced substantial mineral deposits 100 to 150 

µm in diameter and 90 µm in height on the ceramic microstructures. The mineral 

morphology varied from polycrystalline when immersed in protein-free simulated 

saliva to amorphous when immersed in mucin-containing simulated saliva and 

pooled human saliva, as shown in scanning electron micrographs and x-ray 

diffraction patterns. X-ray energy dispersive analyses revealed Ca-P mineral 

composition. The mineral phases were probed with x-ray diffraction, Raman 

spectroscopy and electron microprobe spectroscopy and were identified as 

hydroxyapatite (HAP), amorphous calcium phosphate, and calcium-deficient and 

poorly crystalline apatite, depending on the nature of the saliva. The presence of 

large glycoproteins (e.g. mucin) and HAP inhibitors in human saliva (e.g. histatin-1 

and statherin) most likely accounts for the contrasting mineral morphologies. In 

conclusion, these preliminary results indicate the self-assembled ceramic is an 

efficient heterogeneous nucleator of apatite and Ca-P mineral, and therefore is a 

biomaterial candidate for mineralizing applications in preventive and restorative 

dentistry.  
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The aim was to use wavelength dispersive microprobe spectrometry to analyse the 

fluoride content of enamel subsurface lesions after remineralisation with a 2% casein 

phosphopeptide stabilised calcium fluoride phosphate (CPP-ACFP) solution in vitro. 

The buccal or lingual surfaces of extracted human 3rd molars were sectioned from the 

tooth and subsurface lesions created using the Carbopol method. The lesions were 

exposed to a 2% (w/v) solution of CPP-ACFP at pH 5.5 for 10 days with daily solution 

changes. After exposure, digital macro photographs were taken, the slabs embedded 

in resin, sectioned then lapped. Lesions were analysed by transverse 

microradiography to determine change in mineral content and mounted, polished, 

carbon coated and analysed on a JEOL 8900 SuperProbe Microprobe by wavelength 

dispersive spectrometry. Elemental maps and quantitative line scans for calcium, 

phosphorous, fluoride, oxygen and chlorine were collected across the lesions. 

Enamel subsurface lesions exposed to the 2% CPP-ACFP solution resulted in 44.2 ± 

13.3% remineralisation. Fluoride was found evenly throughout the entire body of the 

remineralised lesion. Approximately 2 wt% fluoride was found across the body of the 

lesion. A 2% CPP-ACFP solution at pH 5.5 resulted in 44.2 ± 13.3% remineralisation 

and microprobe analysis detected the uptake of fluoride throughout the entire lesion. 

Supported by CRC for Oral Health Science and the National Health and Medical 

Research Council of Australia. 
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Rehardening of Dentine after Glass-Ionomer Cement Application with or without a 

Conditioner 

A.Mentes*, S.Susal 

*amentes@superonline.com; Marmara University, Dental Faculty, Istanbul, Turkey 

The aim of this study was to evaluate the rehardening of dentine after applications of 

conventional glass ionomer cement (GIC) used as lining material in vitro. 20 

extracted caries-free human third molars were used. Class V cavities (5x3x4 mm) 

were prepared on the buccal and lingual sides of each specimen using a diamond 

bur. Each cavity was divided into two and four groups were designed for each tooth. 

In Group 1 GIC (KetacBond, 3M ESPE) was directly applied to dentine. In Groups 2 

and 3 dentine was conditioned with 37% phosphoric acid or 10% polyacrylic acid 

respectively. Group 4 was left without GIC base material as a control. All cavities 

were then covered with a dentine bonding agent (Single Bond™, 3M ESPE) and a 

hybrid composite (Filtek™Z250 Universal Composite, 3M ESPE). Ten specimens 

were stored in de-ionized water for one month and the other ten for three months. 

The cavities were then sectioned bucco-lingually. The Vickers microhardness of the 

dentine was measured adjacent to GIC. For each zone 9 indentations were made at 

20, 300 and 600 µm from the GIC. In the first and third months, Groups 1-3 showed 

significantly increased microhardness in the 20 µm zone compared to control (p < 

0.01 and p < 0.05 respectively). Vickers microhardnesses for month 1 were 99.1, 

100.2, 98.0, 69.3 and for month 3 94.5, 97.1, 93.7, 78.2 for Groups 1-4 in the 20 µm 

zone respectively. In the 300 µm zone at month 1 microhardnesses for Groups 1-4 

were non-significantly higher than in Group 4, whereas no differences were noted in 

the 600 µm zone. No difference was seen between GIC groups in any zone. In 

conclusion, an increased hardening in dentine adjacent to GIC base material was 

observed in vitro. 
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Sugar Content and pH of Contemporary Soft Drinks in Japan 

J. Inukaiab*, M. Itohc, M. Tsunekawac, H. Nakagakib, K. Watanabec, C. Robinsond

*junko@dpc.aichi-gakuin.ac.jp; aDepartment of Dental Hygiene, Aichi-Gakuin 

University Junior College, Nagoya, Japan; bDepartment of Preventive Dentistry and 

Dental Public Health, Aichi-Gakuin University, Nagoya, Japan; cAichi University of 

Education, Aichi-ken, Japan; dDental Institute, Leeds, U.K. 

Over recent years, there has been a considerable increase in the sale and 

consumption of a variety of soft beverages, but little has been reported with regard to 

their range of sugar content. The aim of the study was to determine the 

concentrations of sucrose, glucose, total sugar and pH in a range of contemporary 

Japanese beverages. Nine types of beverages were studied. These were 9 

carbonated drinks, 3 carbonated diet drinks, 11 sports drinks, 4 juice drinks, 4 100% 

juice, 3 energy drinks, 3 coffee drinks, 5 tea and 3 lactic acid drinks. Carbonate in the 

carbonated drinks was removed 1 h prior to analysis. The concentrations of sucrose 

and glucose were then determined using a biochemistry analyzer, total sugar content 

was measured using a refractometer and pH was also measured. The differences 

between groups were evaluated by ANOVA and Scheffé test. The tea drinks showed 

highest concentration of sucrose (4.35 g/dL ± 1.07 g/dL SE), and the carbonated diet 

drinks none. The energy drinks showed the highest concentration of glucose (4.22 ± 

0.57g/dL) and the carbonated diet drinks showed the lowest (0.01 ± 0.00 g/dL). The 

energy drinks also showed the highest concentration of total sugar (15.1 ± 1.63 

g/dL), and the carbonated diet drinks the lowest (0.60 ± 0.21 g/dL). The tea drinks 

showed the highest pH (5.53 ± 0.35 SE), and the carbonated diet drinks the lowest 

(2.84 ± 0.335). It was concluded that all of the drinks showed pH values below 7 with 

a very wide variety of sugar contents. Further studies are needed in regard to soft 

drink intake and tooth erosion in Japan. 
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Reproducibility of a Commonly Used Method of Validation of Caries Diagnosis 

L.M.P. Moreira, D.F. Cortes* 

*denise.cortes@uol.com.br; a,b Veiga de Almeida University, Rio de Janeiro, Brazil 

This study aimed to evaluate the reproducibility of the histological examination 

traditionally used as validation method for caries diagnostic methods. Previously 

prepared histological sections (350 μm) of 123 occlusal sites of 89 extracted 

permanent molars were examined independently by 3 persons using 

stereomicroscope (4). One examiner (A) was an experienced histologist and the 

other two (B and C) were dentists, who had no previous experience in histological 

examination. Pre- and post-calibration examination were performed. For both, the 

second evaluation was carried out one week after the first one. The pre-calibration 

assessment included only written instructions. Another trained examiner conducted a 

calibration session with the three examiners using 40 histological sections. Results of 

intra-examiner reproducibility using weighted and unweighted Kappa tests for 

examiners A, B, and C were respectively 0.85, 0.85, 0.71 and 0.56, 0.54, 0.45 before 

calibration and 0.74, 0.85, 0.56 and 0.60, 0.53, 0.46 after calibration. Results for 

inter-examiner reproducibility by weighted and unweighted Kappa for examiners A-B, 

A-C, and B-C were 0.63, 0.30, 0.50 and 0.29, 0.16, 0.27 before calibration and 0.68, 

0.52, 0.55 and 0.38, 0.29, 0.40 after calibration. This represents reproducibility 

ranging from weak to very good. However, only few assessments were recorded as 

very good reproducibility (Kappa > 0.80). In conclusion, unacceptable intra- and inter-

examiner reproducibilities were often observed. Examiner experience and the 

calibration exercise did not improve the examiner reproducibility. The traditional 

assumption that histological examination is the ‘gold standard’ for evaluation of caries 

diagnostic methods should be considered with caution. Future studies should report 

the reproducibility of the validation methods.  
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In Vitro Comparison of Visual and Micro-CT Examination to Detect Natural Caries in 

Extracted Teeth 

A. F. Halla,b*, C. Longbottoma,b, I. Youngc, N. B. Pittsa,b

*andy.hall@idmos.com; aDundee University Centre for Clinical Innovations, U.K.; 
bIDMoS Dental Systems Ltd., Dundee, U.K.;cSIMBIOS, University of Abertay, 

Dundee, U.K. 

The aim of this work was to determine the agreement between clinical visual and 

micro-CT evaluation in detecting natural caries lesions in 40 extracted human teeth, 

stored at all times in physiological saline saturated with thymol. The teeth comprised 

10 deciduous molars and a total of 30 permanent molars and premolars. All tooth 

surfaces were photographed at 10x magnification using a dissecting microscope and 

digital camera. All teeth were exposed to X-radiation to create micro-tomographic 

slices at approximately 40 µm intervals in three axes: apical-to-coronal, mesial-to-

distal and buccal-to-palatal/lingual. Image stacks were collated and manipulated 

using computer software to facilitate demarcation of the enamel-dentine junction and 

the presence of any stage of dental caries. Images were then viewed by two authors 

to determine the presence and site of any caries lesions (lesion site was marked on 

images of the teeth stored on a PC). Separately, and without knowledge of the micro-

CT evaluation, the teeth were dried for 5 s using compressed air and examined 

under a halogen light source by one author. The presence of caries was marked on 

print-outs of pictures of the teeth taken earlier. The agreement between the two 

methods was measured by Cohen’s kappa. The the kappa score for all surfaces was 

0.48, while individual surfaces demonstrated higher kappa scores: 0.85 occlusal, 

0.55 approximal and 0.71 free smooth surfaces. It is concluded that, for these teeth 

and these examiners new to the method, moderate to good agreement can be 

obtained between caries detection using visual and micro-CT evaluation. Supported 

by IDMoS. 
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Utility of Micro-CT Examination as a Caries Validating Method with Reference to 

Serial Histological Sections 

C. Longbottoma,b*, N.B. Pittsa,b, A.F. Halla,b I. Youngc

*c.longbottom@dundee.ac.uk; aDundee University Centre for Clinical Innovations, 

U.K.; bIDMoS Dental Systems Ltd, Dundee, UK; cSIMBIOS, University of Abertay, 

Dundee, U.K. 

The aim of this work was to compare the depth of caries as determined by a) 

conventional histology and b) micro-CT evaluation at approximal sites in deciduous 

molar teeth. Ten extracted deciduous molars, stored in thymolised physiological 

saline, were subjected to micro-CT (XCT) imaging. XCT images were produced in 

the mesio-distal plane of the teeth in 40 µm ‘steps’ and the sequential images viewed 

on a PC by two independent observers, to determine the presence and depth of any 

caries present on the approximal surfaces. The scoring codes for caries were: 1 

sound; 2 uncertain if sound or enamel caries present; 3 caries in outer third enamel; 

4 caries in middle third enamel; 5 caries in inner third enamel including EDJ; 6 caries 

in outer half of dentine; 7 caries inner half of dentine. Three months later the teeth 

were serially sectioned in the mesio-distal plane to produce 250 µm sections, then 

examined (by the same observers) using transmitted light-microscopy at 10x and 

scored for caries using the same scale as for XCT. The level of agreement of the 

scores for XCT and histology was determined using a Spearman correlation 

coefficient. Prevalence by histology scores were: sound 7; uncertain 1; enamel caries 

5; dentine caries 7. The correlation coefficient between XCT and histology was r = 

0.93. Cross-tabulation of the XCT and histology scores revealed that: 15/20 sites 

were in total agreement in relation to sound status or lesion depth; for 3/20 histology 

score > XCT; 1/20 XCT > histology. In 1/20 sites histology scored a caries lesion 

scored sound by XCT. In conclusion, for approximal sites on deciduous molar teeth 

XCT shows promise as a non-destructive method of validation for the presence and 

depth of caries lesions. Supported by IDMoS  
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Preliminary Study to Establish a Relationship between Visual Assessment/Tactile 

Sensations and Surface Roughness 

M. Andoa*, G. Eckertb, D.T. Zeroa

*mando@iupui.edu; aIndiana University School of Dentistry; bIndiana University 

School of Medicine, Indianapolis, USA 

We performed a study establishing a relationship between visual assessment 

(VA)/tactile sensations (TS) and surface roughness using standard metal references. 

Five examiners experienced with visual examination (having trained with Ekstrand 

and/or Nyvad examinations) participated. In order to define a ‘surface,’ two surfaces 

[Average roughness (Ra): 0.13 and 2.04 µm] were used for training. VA and TS were 

performed independently with three standard references [Ra 0.49, 0.92, and 1.54 

µm]. Examiners evaluated the roughness using two different ends of explorers (TU 

17 SE, and 23 SE, Hu-Friedy, USA) with two different handles [Standard Handle, and 

#6 Handle-Satin Steel (larger diameter), Hu-Friedy, USA: a total of four explorers] 

and one WHO periodontal probe (Hu-Friedy, USA). A 5-point scale was used to 

evaluate both appearance and roughness. Examiners performed three evaluations to 

establish repeatability. For VA, examiners scored Ra 0.49 significantly lower than 

both Ra 0.92 and Ra 1.54, and Ra 0.92 significantly lower than Ra 1.54 (all p < 0.05). 

Overall, examiners could distinguish among three roughnesses visually. For TS, 

overall examiners did not score Ra: 0.49 differently than Ra 0.92 (p = 0.19). Ra 0.49 

and Ra 0.92 were scored lower than Ra 1.54 (both p < 0.05). Some examiners could 

not differentiate between Ra 0.49 and Ra 0.92 with any explorer or probe. Overall 

intra-examiner intraclass correlations were 0.85 for VA and 0.93 for TS, and no 

differences were found between handles except for one of the thicker handled 

explorers. There are positive associations between VA/TS and roughness. VA may 

be more sensitive in distinguishing different roughnesses than TS. With a thicker 

handle explorer examiners may be able to distinguish small ranges of surface 

roughness. 
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Detection of Occlusal Caries Lesions Using a Portable Spectrometer and Laser 

Fluorescence In Vivo 

R.M. Rocha-Cabrala*, A.S.L. Gomesb, G.E.C. Nogueiraa, D.M. Zezella

*remaciel@usp.br; aInstituto de Pesquisas Energéticas e Nucleares, São Paulo, 

Brazil; bUniversidade Federal de Pernambuco, Recife, Brazil 

The aim was to compare the performance of two devices in detecting early caries in 

vivo, both based on enamel emission. Carious and sound areas of 25 occlusal 

fissures permanent teeth were measured pior to extraction, using laser fluorescence 

(LF: DIAGNOdent; KaVo), and a portable spectrometer (PS: USB2000; 

OceanOptics). Emission spectra were recorded when teeth were laser excited at 650 

nm. Extracted teeth were sectioned in 100 µm slices and histologically examined with 

a polarizing microscope at 20x. The reading points were classified according to their 

depth into: no lesion (D0); lesion in outer half of enamel (D1); lesion in inner half of 

enamel (D2) and lesion in dentin (D3/D4). Kruskal-Wallis and Dunn’s tests were used 

to compare the LF readings as well as the ratios of the area under the curves 

(RAUC) of the obtained spectra, with the depth of the lesions. LF was able to 

differentiate D0 and D3/D4 depths (p < 0.05), but did not show a good correlation 

between readings and depth of the lesions, according to the cut-off points used. For 

PS, after normalization, sound and carious tissues spectra were clearly differentiated. 

There was no significant difference between the groups (p < 0.05), but USB2000 

showed a positive correlation between readings and lesion depth. Higher sensitivity 

was observed for LF than PS, 0.88 and 0.69, respectively, for D2 threshold. 

Sensitivities were equal for D3/D4 threshold in both devices. The specificity was 

statistically significantly higher (p < 0.05) for PS, 0.69 (D2) and 1.00 (D3/D4) than for 

LF, 0.31 (D2) and 0.67 (D3/D4). The portable spectrometer showed better 

performance and a positive correlation between RAUC and lesion, and might provide 

an alternative reliable system for early diagnosis of caries lesions in vivo. Supported 

by FAPESP, Procad/Capes. 
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Use of Laser Fluorescence for Monitoring White Spot Lesions in Smooth Surfaces 

under Fluoride Therapy  

J.M.S. Ferreiraa, A.C.R. Mendesa, M.F.A. Silvab, A.F.B. Oliveiraa, F.C. Sampaioa* 

*fabio.sampa@uol.com.br; aFederal University of Paraiba, João Pessoa, Brazil; 
bFederal University of Alagoas, Maceió, Brazil 

The aim of this work was to evaluate laser fluorescence (LF; DIAGNOdent) for 

monitoring alterations in incipient caries lesions exposed to fluoride. 36 patients with 

111 active smooth-surface white-spot lesions (roughness and opacity) on anterior 

permanent teeth were given 8 weekly applications of fluoride varnish. The lesions 

were evaluated at the beginning of the study (W1), in the 5th (W5) and 9th (W9) 

weeks. Nyvad’s method for activity [Caries Res 1999;33:252-260] was used together 

with a measurement of maximum dimension (D). LF readings were recorded as real 

scores (L) and also following a scale proposed by Lussi et al. [Caries Res 

1999;33:261-266] (L'). Evaluations were carried out by one calibrated examiner who 

selected patients randomly and performed exams in a blinded way. The intra-

examiner agreement Kappa was > 0.60 for all methods. In W1, the 111 active lesions 

showed an L mean score (SD) of 7.4 (5.1). L values for the same sites in W5 and W9 

were 5.6 (3.8) and 4.5 (3.3), and significantly different from the score in W1 (p < 0.05; 

paired t-test) . In W5 the mean L (SD) categorized by activity as sound surfaces (n = 

3), inactive (n = 16), and active lesions (n = 92) were 2.6a (0.5), 3.6a (1.8) and 6.1b 

(4.0), respectively. In W9 these values were 2.3a (0.9), 3.6b (1.8) and 5.7c (4.3) for 

sound surfaces (n = 11), inactive (n = 45) and active lesions (n = 55), respectively, 

with significant differences between the groups (p < 0.05, Student's t-test). Only 3 

lesions increased L' scores during the study. There was a positive correlation 

between D and L in W5 (r = 0.25) and W9 (r = 0.36), (p < 0.05). The data suggest 

that LF may be useful for monitoring alterations in incipient caries lesions in smooth 

surfaces under fluoride therapy. Supported by CNPq (132599/2004-0). 
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Location of Fluorophores in Dentine and Enamel as Viewed under QLF Conditions 

A. Murray1, R.P. Ellwood2, D. Graham3, R. Jarvis4, M. Dickinson1, I.A. Pretty*2, H. 

Carter2

* iain.pretty@manchester.ac.uk; aPhoton Physics Group;, bDental School, cSchool of 

Chemistry; all of The University Of Manchester, U.K. 

This study aimed to determine whether the auto-fluorescence at 405 nm was due to 

fluorophores located in either the organic or mineral components of dentine or 

enamel. 46 1-mm-thick slices were prepared from 10 extracted molars, of which 20% 

had lesions into enamel, 20% had lesions into dentine and 60% were sound. The 

specimens were randomly assigned to one of three groups: Group I, control; Group II 

(20% EDTA, pH 7.0, 7 days exposure); Group III (5% sodium hypochlorite 7 days 

exposure). Specimens underwent three investigations. All were imaged with 

fluorescent microscopy (FM), both prior to and following chemical preparation to 

identify any changes in fluorescence intensity. Automatic optimised exposure time 

was used as a measure of intensity. Following chemical preparation, fluorescence 

and Raman spectroscopy (FS, RS) were carried out on a subset of six specimens 

from each group. FM images for Groups II and III required a significantly longer 

exposure time than Group I (p < 0.001, p = 0.001 respectively). Lower fluorescence 

was observed in enamel than dentine. FS indicated that the fluorophore in both 

enamel and dentine is the same, but differed significantly (p = 0.001) from carious 

tissue which exhibited a longer wavelength peak, either because of modification of 

the fluorophore or because of an additional fluorophore being introduced during the 

caries process. RS indicated that Group I samples contained both organic and 

mineral components, that Group II had a significant reduction in mineral but not 

organic components and that Group III still contained both organic and mineral 

components Since a similar decrease in fluorescence (FM) was seen for both Groups 

II and III mineral components cannot be the fluorophore, otherwise Group II would 

have undergone a much higher loss of fluorescence than Group III. We therefore 

conclude that fluorescence is due to the organic components: hence the lower 

fluorescent intensity of enamel compared to dentine.  
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Predictive Value of Red Fluorescence for Lesion Activity in Caries Clinical Trials 

D. Borczyka*, E. Senekolab, Z. Bendikab, D. Romaneb, I.A. Prettya, R.P. Ellwoodc

*Dariusz.Borczyk@manchester.ac.uk; aUniversity of Manchester Dental School, UK; 
bRiga Stradins University, Latvia; cColgate Palmolive Dental Health Unit 

Using QLF, red fluorescence (RF) can be observed both on and within carious 

lesions and it has been suggested that the presence of RF might be related to lesion 

activity, as indicated by progression. This is based on the assumption that RF is an 

indicator of microbial metabolism. Using a subset of 100 randomly selected subjects 

from a clinical trial, the aim of the study was to determine whether changes in green 

fluorescence (ΔQ) during 1 year could be predicted by the RF area and intensity at 

baseline. Following supervised brushing, 946 images of 108 smooth-surface and 838 

occlusal lesions were captured at baseline and after 12 months. They were analysed 

using QLFPro software to yield metrics for both green (GF) and red fluorescence: 

intensity (ΔF, ΔR), area (GF, RF mm2) and ΔQ. Lesions were classified as 

progressing (active) if baseline green fluorescence (ΔQ) increased by more than 10% 

between baseline and 12 months. A logistic regression model using baseline 

measures of green and red fluorescence loss and area was employed to predict the 

change in ΔQ. Both increases in red fluorescence area and intensity were statistically 

significant (p < 0.05) but weak indicators of lesion progression (odds ratios: red area 

1.39, red intensity 1.03, green fluorescence 0.69). Green fluorescence loss was 

inversely associated with lesion activity (p < 0.001) . Lesions with high baseline 

green fluorescence loss were less likely to progress. It might be concluded that either 

red fluorescence is a poor indicator of lesion activity or that lesion staining has 

confounded the outcome variable used to determine change (ΔQ).  
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Repeatability of Early Caries Detection Methods in a Clinical Study 

H. Eggertssona*, A. Ferreira-Zandonáa, M. Andoa, C.A. Krushinskia, T. Doia, S.A. 

Kellya, G.J. Eckertb, S. Ofnerb, J.S. Wefelc, G.K. Stookeya

*heggerts@iupui.edu; aIndiana University School of Dentistry, bIndiana University 

School of Medicine; cUniversity of Iowa; USA 

Several new methods for early caries detection have been recently introduced. One 

aspect of the performance of those methods is how reliable they are in a clinical 

setting. As a part of testing the validity of early caries detection method, the 

repeatability was assessed during clinical examinations. Primary molars of 119 

subjects, initially aged 8-13, were examined at 6-month intervals for 2 years. Different 

examiners performed independently visual examination (VE), quantitative light-

induced fluorescence (QLF), digital fiber-optic trans-illumination (DiFOTI), fiber-optic 

trans-illumination (FOTI), and laser fluorescence (LF). Radiographs were taken once 

a year. Because of the differences in how the data were collected the analysis was 

different. For VE, DiFOTI, FOTI, and radiographs ordinal scale of 5 or 6 steps were 

used, and those were analysed for repeatability using weighted kappa (WK). QLF 

determination for lesion presence was analyzed using kappa statistics, and LF data 

using intra-class correlation coefficient (ICC). Repeatability for all surfaces was good 

for all methods (range 0.71 to 0.89). The ordinal methods VE, DiFOTI and FOTI had 

higher repeatability for occlusal surfaces (WK = 0.86, 0.71, and 0.81, respectively) 

than for smooth surfaces (WK = 0.65, 0.67, and 0.71, buccal pits and lingual grooves 

excluded) or approximal surfaces (WK = 0.79, 0.62, 0.77). A similar pattern was 

noted for QLF (κ = 0.79, and 0.67 for occlusal and smooth surfaces) and for LF (ICC 

= 0.76 for occlusal, and 0.65 for smooth surfaces. Radiographic repeatability was WK 

= 0.88 for occlusal and 0.89 for approximal lesions. There were slight differences 

within each method for each visit during the study. In conclusion, the level of 

repeatability found for each of the early caries methods during clinical use was within 

acceptable levels. Supported by NIH/NIDCR P01 DE013540. 
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The Role of Subjectivity and Experience in Diagnosis of Residual Caries 

Á.M. Lennona,b*, W. Buchallaa,b, A. Wieganda,b, H. Betkeb, T. Rödigb, B. Wahlb, C. 

Wernerc, C. Hannigb,d, T. Attina,b
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Cariology, University of Zürich, Switzerland; bDept. of Conservative and Preventive 

Dentistry and Periodontology; cDepartment of Medical Statistics, University of 

Göttingen; dUniversity of Freiburg, Germany 

Residual caries diagnosis using visual tactile (VT) criteria is thought to be subjective, 

the use of caries detector dye (CD) less so. The aim was to evaluate subjectivity 

(using inter- and intra-examiner repeatability), the effect of examiner experience, and 

accuracy in residual caries diagnosis with these methods. Thirty extracted teeth with 

occlusal dentin caries were excavated by a single operator not involved in the 

diagnostic part of the study. The teeth were randomly numbered and a test area in 

the cavity was marked for each sample. Four dentists with > 5 and five with < 5 years 

experience independently rated the marked area twice (a week apart) using VT 

criteria. After another week the samples were stained using Caries Detector dye 

(Kuraray, Osaka, Japan). The same examiners rated the presence or absence of 

stain in the marked area twice (a week apart). Undecalcified thin slices were 

prepared, stained with Giemsa and examined for presence of bacteria using light 

microscopy. Overall kappa for inter-examiner repeatability was higher for CD (0.45) 

than VT (0.31). In the less experienced group the kappa value was higher for CD 

(0.41) than for VT (0.23). In the experienced group kappa was lower for CD (0.43) 

than for VT (0.46). Median Kappa for intra-examiner repeatability was higher for 

caries detector (0.77 and 0.53) than for visual tactile (0.52 and 0.34) for the more and 

less experienced examiners respectively. There was no significant difference 

between the experienced and inexperienced groups in combined sensitivity and 

specificity (unweighted mean) for VT (0.52 and 0.53) or CD (0.60 and 0.58). In 

conclusion, experience may be more important than method subjectivity in more 

experienced examiners and experience has no significant effect on sensitivity and 

specificity. 
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Intra-examiner Consistency of Caries Diagnosis on Bitewing Radiographs 

M.A. van ’t Hof a, H. Kalsbeek b* 

*huib.kalsbeek@planet.nl; aDepartment of Preventive and Restorative Dentistry, 

Radboud University, Nijmegen, the Netherlands; bTNO Quality of Life, Leiden, the 
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The aim of the study was to estimate the ‘degree of difficulty’ in scoring caries lesions 

of different severity, using bitewing radiographs. Bitewing radiographs of 60 15-year-

old children were observed 8 times by one observer during a period of 6 years. 

Excluding tooth surfaces with a filling, surfaces not imaged on the radiograph and 

surfaces overlapped by an adjacent tooth, 1577 surfaces could be scored. The scale 

was: sound (0); lesion only in the outer half of the enamel (1); lesion in the inner half 

of the enamel (2); lesion in the outer half of the dentine (3); lesion in the inner half of 

the dentine (4). Separately for the four possible turnover points, the number of ‘high’ 

and ‘low’ scores was counted for each surface (range 0-8). Beta-distributions were 

fitted on the counted distributions and ‘degree of difficulty’ was estimated for the 

scores ‘high’ and ‘low’ at each turnover point. At the turnover point 0/1 the diagnose 

‘sound’ was easy in 81.2 % of the surfaces while the diagnosis ‘lesion’ was easy in 

92.8% of the surfaces. At the turnover point 2/3 the diagnosis ‘no dentinal lesion’ was 

easy in 95.3 % of the surfaces and the diagnosis ‘dentinal lesion’ was easy in 84.0 % 

of the surfaces. The results of this study suggest that the intra-observer agreement in 

caries diagnosis is subjected to differentiation. The degree of difficulty of the 

diagnoses ‘lesion’ and ‘no lesion’ is not equal and is different for separate tooth 

surfaces and turnover points. 
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Diagnostic Accuracy of Different Digital Radiographic Systems In Vitro 

P. Bottenberga*, W. Jacqueta, V. Stachnissb, A. Wittchenb, A. Schultec

apbottenb@vub.ac.be; Vrije Universiteit Brussel, Belgium, bUniversität Marburg, 
cUniversität Heidelberg, Germany  

The need for compatibility between different digital radiography systems will increase 

in the future. The aim of this study was to compare the accuracy of diagnosis of 

approximal caries of different types of digital radiography programs to a histological 

gold standard. 30 extracted human premolars showing different degrees of 

approximal caries were mounted in silicone with 2 neighbouring teeth. Digital 

radiographs were taken using the Digora (DIG), Sidexis (SID) and Vistascan (VIS) 

systems. Radiographs were processed using the original software and exported as 

TIFF files. Four operators scored caries (0 to 5) on the radiographs using the Digora 

software. Teeth were serially sectioned and histological scores were attributed by 

four raters in consensus. Agreement between the gold standard and each technique 

was calculated using ROC statistics (cutoff at caries beyond the dentino-enamel 

junction). The areas under ROC curves were 0.78-0.83 (DIG), 0.78-84 (SID), and 

0.83-0.85 (VIS). No significant differences were found between the systems. The 

mean sensitivities were for DIG 0.47 (range 0.41-0.53), for SID 0.51 (range 0.46-

0.53) and for VIS 0.41 (range 0.27-0.53). Specificity ranged from 0.93 to 1.0 for DIG, 

0.96 to 1.0 for SID, and 0.96 to 1.0 for VIS. When the scores obtained with the 

original Digora software were taken as a reference value in the ROC analysis, the 

AUC values for SID were 0.95 and for VIS 0.92. When judged by a histological gold 

standard, digital radiographs obtained with different programs do not yield differences 

in diagnostic accuracy after being imported compared to images obtained and 

observed with one program. However, average sensitivity of digital radiography never 

exceeded 0.51. 
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The purpose of this study was to evaluate the accuracy of detecting cavities of 

approximal carious lesions judged from cone beam computed tomographs. 56 

extracted human premolars and molars with 72 approximal carious lesions ranging 

from initial carious affection to cavitation with dentine exposure were scanned by 

cone beam computed tomography (Sirona, Germany; 90 kV, 56mAs). The 

reconstructed 3D volumes (edge length 3.7 cm; voxel size 0.3 x 0.3 x 0.3 mm) 

visualized as continuous sectional images were scored twice by 4 dentists 

experienced in radiographic caries detection using the following definitions: sound, 

questionable surface discontinuity, cavitation. Validity of the observations was 

confirmed by the surface state derived from consensus agreement on the results of 

direct visual inspection. If questionable judgments were defined as test-negative, 

maximum specificity (1.0) with a sensitivity of 0.76 (95% CI 0.73,0.79) was achieved. 

Only minor shifting of sensitivity (0.80, CI 0.67,0.85) and specificity (0.96, CI 

0.93,0.99) was observed when questionable decisions were deemed to be test-

positive. The outcome of intra- and interexaminer reproducibility defined by Cohen’s 

kappa (κ) showed good to very good agreement (κintra: 0.80, CI 0.74,0.87 ; κinter: 0.77, 

CI: 0.73-0.81). In conclusion, as a new source of three-dimensional radiographic 

information cone beam CT facilitates the reproducible detection of cavitated 

approximal carious lesions. Small surface discontinuities limited to enamel were still 

difficult to differentiate whereas the rating of sound surfaces and non-cavitated 

carious lesions as well as cavitations with dentine exposure seems to be almost 

completely accurate.  
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Reassessing Whole Tooth Electrical Impedance Spectroscopy Measurements 
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Electrical Impedance Spectroscopy (EIS) has been demonstrated experimentally to 

be a remarkably sensitive tool for revealing the presence and extent of caries decay 

in whole tooth samples. This study sought to reassess previously reported results 

[Huysmans et al.: J Dent Res 1996;75:1871-1878; Longbottom et al.: Nature 

Medicine 1996;2:235-237] using an optimized experimental procedure and more 

accurate measurement equipment. Results are reported for 5 unrestored extracted 

posterior teeth stored in KCl solution. For each tooth, one proximal measurement site 

without clinical signs of caries was selected. To exclude lateral surface conduction 

pathways between measurement and counter electrode, an insulating acrylic resin 

collar was cast around each tooth, allowing its distal part to hermetically engage in 

the sample holder. The measurement electrode consisted of a dental explorer tip. 

Unlike previous studies, a calibrated electrode pressure (0.5 N) was ensured 

throughout the experiment. Measurements over a frequency range between 100 kHz 

and 10 Hz were acquired using a Solartron 1260 Impedance Analyzer (Solartron 

Analytical, Farnborough, U.K.). A surprising consistency was found among the 

measurements. Rdc values calculated from fitting an equivalent circuit to the spectral 

impedance data were in the range of 13.1 MΩ ± 1%. Without removing the tooth from 

its sample holder, each measurement was replicated using a Solartron 1294A high-

impedance interface, yielding Rdc values of 1.6·1011 Ω ± 4%. This is almost 3 

magnitudes higher than reported earlier, and is to be contrasted with the open circuit 

Rdc of 13.2 MΩ ± 1%, respectively 3.1·1011 Ω ± 5%, as measured with and without 

Solartron 1294A. The deviating outcomes of this study raise serious concerns 

regarding the application of EIS to the diagnosis of incipient caries, and may to some 

extent explain the inability of existing methods to discriminate between lesion depths 

in enamel. 



135 

128. 

Development of AC Impedance Models to Evaluate Extracted Human Teeth 

S. Kochan*a, P. Losa, N.B. Pittsa,b, C. Longbottoma,b, A. Czajczynska-Waszkiewiczb
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The aims of this study weres to demonstrate the ability of ac impedance 

spectroscopy to discriminate sound and carious tooth surfaces and to investigate the 

future potential for using this technique for the internal analysis of tooth surfaces to 

generate data which could constitute three-dimensional impedance images of 

individual teeth. Sixteen extracted human teeth with a combination of sound 

surfaces, incipient caries lesions and cavitated caries lesions were selected. The 

teeth were stored in thymolised physiological saline and blotted dry prior to 

evaluation. Evaluation of the specimens involved wrapping a purpose-built 16-point 

sensor around the free smooth and approximal surfaces of each tooth to make ac-

impedance measurements between all combinations of electrodes. Curves were 

fitted to plotted data to determine an Rb value for the tooth surface immediately 

below each electrode. Ranges of Rb values for sound surfaces, incipient lesions and 

cavitated lesions were developed and these data were interpolated to develop a 

three dimensional representation for each tooth. Following impedance 

measurements teeth were serially sectioned horizontally for histological evaluation. 

Results demonstrated Rb values in the range of 5.12-30.65 MOhm for sound 

surfaces, 2.00-4.94 MOhm for incipient lesions and 0.70-1.99 MOhm for cavitated 

lesions. The observation of 3D representations based on ac impedance values 

compared favourably with subjective histological evaluation of sectioned teeth. For 

these teeth, the ability of an ac impedance method to discriminate sound and carious 

tooth surfaces in 3D was demonstrated. Furthermore, the method may have 

application in determining enamel thickness. It is concluded that ac impedance 

models have been developed which enable the internal analysis of tooth surfaces 

and open the way to generating 3D impedance images of teeth. Supported by 

IDMoS. 
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The aim of this study was to explore the application of fitting methods and 

classification algorithms based on neural network applications to caries detection by 

the ac impedance method. 51 extracted human teeth, with lesions representing a 

range of different stages in the development of the caries process were studied. The 

teeth were stored in thymolised physiological saline. During measurement, teeth 

were in correct anatomical relationships and were kept moist. Measurements were 

made at room temperature in vitro using a prototype caries detection device (IDMoS 

Dental Systems Ltd., UK). More than 600 ac impedance curves were measured and 

fitted to determine values for both the Rb (dc resistivity) and φ (phase angle) 

parameters. Rb and φ values were then used to build a neural network to enable the 

evaluation of caries stages in a clinically meaningful way. Following impedance 

measurements, teeth were studied using the microCT method to obtain validating 

information as to the true status of each tooth surface. The Rb values were classified 

initially for sound surfaces, incipient lesions and cavitated lesions. Clinical 

classification of Rb and φ values was then carried out using a Learning Vector 

Quantization neural network. The network consists of neurons that are represented 

by a vector of parameters. In this experiment each neuron is a triplet (Rb, φ, class). 

The neural network classifies the measurement result as a class of a neuron on the 

basis of the lowest distance from a certain neuron defining a clinical class. It is 

concluded that, as the values produced to date with the network gave improved 

caries detection, the application of such neural networks in the clinical evaluation of 

caries by the ac impedance method should be explored further. Supported by IDMoS  



137 

130. 

Statistical Analysis of the Effectiveness of AC Impedance in Detection of Early Caries 

In Vitro 
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The aim of study was to develop a new method of ac impedance spectra analysis to 

improve still further the resolution of the measurements of the early caries lesion. 

Whereas in most previous studies on electrical properties of teeth the values of the 

resistance parameters were used directly for clinical applications, in the present work 

capacitance parameters were also analysed to help differentiate between the 

different stages of caries. The measurements were carried out using a small radius 

microelectrode in a simulation of oral cavity conditions. Radiographic, photographic 

and SEM methods were used to evaluate the true caries status of each of 20 

unrestored human premolar teeth. The smooth surfaces of the samples were 

assigned to one of two groups according to their macroscopic condition by the 

consensus of four examiners by visual inspection: S (sound) and L (lesion), if a white 

or brown spot carious lesion. Student’s t-tests for the differences between the means 

of capacitance parameters T and ϕ at different variances were used to estimate the 

absence of differences between the means. The level of confidence was 0.05. The 

differences between means for the couples of data SB (sound buccal)–L (lesion) (T 

0.0044 and ϕ 0.0000), and SD (sound distal)-L (lesion) (T 0.0000 and ϕ 0.0000) were 

lower than the assumed level of confidence and, in these experimental conditions, it 

was statistically impossible to make an error in caries detection. Consequently, 100% 

sensitivity and specificity of early caries detection on smooth surfaces are reported in 

vitro by using a combination of resistance and capacitance parameters. Supported by 

IDMoS. 
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Dental enamel demineralization is very difficult to detect or monitor with either x-rays 

or visual examination. In this study, Dental Photothermal Radiomety (DPTR), a 

biothermophotonic approach developed at the University of Toronto, was applied to 

safe, non-destructive detection of early enamel demineralization. Mesial and distal 

enamel surfaces of human molars were sequentially etched for up to 20 s with 37% 

phosphoric acid gel. A semiconductor laser (659 nm, 80 mW) was the source of the 

PTR signal. The laser beam was focused on the sample to a spot size 121 ± 8 μm. 

Modulated laser light in the visible range generated infrared blackbody radiation from 

the tooth surface upon absorption and nonradiative energy conversion. The infrared 

flux emitted by the etched region was focused by two off-axis paraboloidal mirrors 

and monitored with an infrared detector twice: before and after etching. The samples 

were mounted on LEGO bricks and controlled by precision micro-stages. The output 

signal was acquired automatically using developed instrument control software, so no 

operator input influenced the results. Based on the averaged values for 4 samples, 5 

s etching reduced the PTR amplitude by 16.5% and PTR phase by 4.3%, 10 s 

etching by 33.8% and 11.3%, and 20 s etching by 40% and 12.8% respectively. The 

results showed that DPTR can detect early mineral loss even after 5 s of etching; 

dental bitewing radiographs did not indicate any changes on these surfaces even 

after 1 min etching. A coupled diffuse-photon-density-wave and thermal-wave 

theoretical model was developed to describe the biothermophotonic phenomena in a 

two-layer turbid medium. As a result, the DPTR technique was shown to be a 

powerful tool for the detection of early demineralization of the enamel surface. The 

next stage is to apply the technique to detection of incipient artificial caries lesions. 

Supported by Stephen H. Abrams (Four Cell Consulting, Toronto, Canada). 
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Frequency-domain photothermal radiometry (FD-PTR, PTR) has been used with 670 

nm (450 mW) and 659 nm (80 mW) semiconductor lasers to detect mechanical and 

chemical defects in the interproximal area of extracted human teeth. 14 pairs of teeth 

were mounted on LEGO bricks which allowed the teeth to be separated and 

remounted precisely. All sample pairs were controlled by precision micro-stages and 

data were acquired and stored by a computer, so the measurement system was free 

from operator bias. Preliminary tests on mechanical holes generated by ¼-round 

dental burs and 37% phosphoric acid etching (20 s) on the interproximal contact 

spots showed apparent differences in the PTR signal. Interproximal caries was 

simulated on areas 2~3 mm diameter, located at the contact point, by two methods: 

(1) a partially saturated acidic buffer system [ten Cate and Dujjsters: Caries 

Res.1983;17:193-199]; (2) an acidified gel system [Amaechi et al.: Arch Oral Biol 

1998;43:619-628] to demineralize the enamel, followed by the remineralization 

solution which is the same as solution (1) without acetic acid and at neutral pH. Each 

sample pair was examined with PTR before and after treatment at times from 6 h to 

30 days. Bitewing radiographs showed no sign of lesion even for samples treated for 

30 days. After completing all the experiments, micro-CT, TMR and SEM analyses 

were performed to compare and correlate the PTR signals to depth of lesions and 

density changes. PTR amplitude increased by more than 300% in 80-h acidic buffer 

lesions and 30% in 3-day gel lesions. PTR phase also changed by 5~13 degrees for 

both buffer and gel. Therefore, PTR has been shown to have the potential to be a 

reliable tool for detection of early interproximal carious lesions. Modulated 

luminescence showed lower sensitivity to these interproximal lesions than PTR. 

Supported by Stephen H. Abrams (Four Cell Consulting, Toronto, Canada). 
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In multibacterial diseases, such as caries and periodontitis, presentation of antigens 

to the immune system is essential for an adequate host defence. Dental caries is a 

process in which cytokine involvement is not likely since it is merely a chemical 

process. In an advanced dentinal lesion, however, bacterial products such as 

lipoteichoic acid may migrate to the pulp. These are recognized by CD14 and toll-like 

receptors resulting in a NF-κB-based inflammatory response. This will induce the 

production of cytokines which in turn recruits inflammatory cells, thereby evoking a 

local inflammation. We hypothesised that individuals who produce more CD14 due to 

a genetic variation in the CD14-260 promoter region of the gene would produce 

abscesses or fistulae more frequently than controls in response to a bacterial 

infection of the dentin. To test our hypothesis, we clinically examined 380 6-year-old 

Surinam children, as a part of a longitudinal study, for the presence of a T-allele at 

position CD14-260, causing an up-regulation in CD14 production, and correlated this 

with the presence of abscesses or fistulae one year after the initial measurement. 

The T-allele polymorphism was determined from DNA isolated from blood cells using 

a PCR based technique. The CD14-260T genotype was found in 45% of the 

population. From the individuals with dmft > 7 and the presence of abscesses or 

fistulae, 78% carried the CD14-260T-allele, while in the no-abscess group 41% 

carried the T-allele (Fisher exact test p = 0.02, OR 3.8, 95% CI 1.1,11.9). From these 

results we conclude that carriers of a CD14 -260T-allele are more susceptible to 

inflammation as a result of a carious lesion. 
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Identification and Quantification of Streptococci in Dental Biofilms In Situ 

I. Digea*, J.R. Nyengaardb, H. Nilssonc, M. Kiliand, B. Nyvada 
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New methodologies such as confocal laser scanning microscopy (CLSM) in 

combination with fluorescent in situ hybridization (FISH) may help increase our 

knowledge about biofilm formation. The purpose of the study was to visualize and 

quantify the proportion of streptococci relative to other bacteria in initial in situ grown 

dental biofilms as a function of time. Ten healthy volunteers were recruited according 

to the rules of the Ethical Committee. Biofilms were collected on custom-made glass 

slabs with a surface roughness of 1200 grit. Two slabs were mounted in intra-oral 

appliances and worn for 6, 12, 24 and 48 h, respectively. After intra-oral exposure the 

biofilms were labelled with 16S rRNA-targeted oligonucleotide probes EUB338 

(detection of all bacteria) and STR405 (detection of streptococci). Specimens were 

analysed by CLSM. Quantification of EUB338-labelled and STR405-labelled bacteria 

was performed by stereological tools; an unbiased counting frame and the 2D 

fractionator. The results showed an increase in the total number of bacteria including 

streptococci, with a considerable intra- and inter-individual variation in the bacterial 

populations at each time interval. After 48 h there was a 6.0-fold difference between 

individuals in total number of bacteria and a 5.6-fold difference in number of 

streptococci. Over the examination period there was a constant relationship between 

the number of streptococci and other bacteria, but in all persons the number of 

streptococci far exceeded that of other bacteria. The number of streptococci was a 

factor 2-63 higher than the number of other bacteria, though mainly centred round 

factor 7. These studies have shown that it is possible to visualize and quantify 

specific bacterial populations over a range of time intervals in in-situ dental biofilms 

by the use of FISH-techniques and stereological tools.  
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The study aimed to compare the heterogeneity of S. mutans in saliva and on the 

cavity floor of carious deciduous molars by intact cell matrix-assisted laser-

desorption/ionization time-of-flight mass spectrometry (ICM). 123 S. mutans strains 

were isolated from saliva of 13 donors and a further 150 strains from carious lesions 

of 16 patients. Nine reference strains formed a frame for subspecies differentiation. 

Bacteria were grown anaerobically under identical conditions for 24 h at 35°C in 10 

mL of Balmelli´s broth. Cultures were centrifuged and peptide spectra were obtained 

by ICM. Based on a combined genotypic (AP-, Rep-PCR) and phenotypic 

(biochemical) analysis between different reference and clinical strains the resolution 

limit of the ICM method was determined. By hierarchical clustering and ‘shrunken 

centroids’ algorithm phenotypes were compared and classified. 44 phenotypes were 

identified in saliva and 57 phenotypes in carious dentin samples respectively. Only 

occasionally were similar phenotypes found in different donors. A comparison of 

phenotypes of saliva and carious dentin with reference strains by hierarchical 

clustering showed a separation of the reference strains and different but not clearly 

separated clusters for isolates of saliva and carious dentin. The ‘shrunken centroids’ 

classification algorithm in contrast enabled a clearer separation of the three groups. 

The presence of ‘patient-related’ phenotypes supports the hypothesis, that the 

heterogeneity of S. mutans in humans results from the interaction of the bacteria with 

the immune system of the host. 
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MLST is a tool for the determination of the population structure of bacterial species 

with many epidemiological applications. The aim of this study was to assess a range 

of genes for their suitability for MLST. 22 independent S. mutans strains from the UK, 

Turkey, Hong Kong, South Africa and the USA were tested. The identity of each was 

confirmed by 16S rRNA gene sequencing and partial sequences for six genes were 

obtained: three housekeeping genes [gki (glucokinase), recP (transketolase) and 

sodA (superoxide dismutase)] and three extracellular virulence genes [dexA 

(dextranase), spaP (surface protein antigen I/II) and gtfB (glucosyltransferase B)]. 

Cells were cultured on Columbia agar and DNA was extracted by boiling. The partial 

gene sequences were amplified by PCR and both strands were sequenced using 

internal primers and standard protocols. Mean genetic distances between pairs of 

strains, estimated using the Jukes-Cantor coefficient, ranged from 0.004 for gki, sodA 

and spaP, to 0.014 for dexA. We found 10, 9 and 11 alleles amongst the 

housekeeping genes gki, recP, sodA, respectively and 18, 8 and 9 alleles amongst 

the virulence genes dexA, spaP and gtfB. The extremely low sequence variation and 

our understanding of the ecology and physiology of S. mutans suggests that it may 

only recently have been subjected to significant environmental pressures or it may be 

a recently evolved species, perhaps due to the introduction of refined carbohydrates 

to the human diet. Further genes, showing greater variability between strains will 

need to be identified, for the establishment of an MLST scheme and more strains 

from caries-free and caries-active subjects need to be examined before virulent 

lineages can be identified: if in fact hyper-virulent strains exist. 
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Different isolates of Streptococcus mutans are known to vary in a range of properties 

including the ability to utilise sugars, produce mutacins and bind macromolecules. In 

a number of instances, the genetic basis for variation has been characterised as 

being due to the presence or absence of particular genes or groups of genes. In 

addition, insertion sequence (IS) elements show a variable distribution amongst 

isolates and the S. mutans UA159 genome sequencing contains several putative 

genomic islands indicative of foreign DNA obtained by horizontal transfer. In order to 

explore the distribution of genetic insertion and deletion events in a collection of 

strains of S. mutans isolated in various parts of the world over the last 40 years, PCR 

primers flanking regions suspected of having inserted DNA were designed on the 

basis of the S. mutans UA159 genome sequence and used to detect the presence of 

specific genetic regions. In parallel, biochemical properties, mutacin production and 

ability to bind macromolecules were investigated. Extensive differences between 

strains were detected, and similar insertion/deletion events appear to be present in 

the genomes of strains with very different origins. The results indicate that S. mutans 

has a highly variable dispensable genome in addition to a conserved core genome 

and that dispensable genes have become widely distributed through horizontal 

transfer.  
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Sucrose, through acid production and extracellular polysaccharide synthesis, might 

induce shifts in the microbiota of dental biofilm, but its effect on the genotypic 

diversity of Streptococcus mutans is unclear. The aim of this crossover study was to 

compare S. mutans genotypic diversity found in saliva with that in dental biofilm 

formed in vivo and in situ in the presence of sucrose. Saliva of 7 volunteers was 

collected and the volunteers were further subjected, during 3 days, to the following 

treatments: distilled and deionised water (negative control); 10% glucose + 10% 

fructose (active control); or 20% sucrose solution. Biofilms formed in vivo (on upper 

posterior teeth) and in situ (on enamel blocks in palatal appliances) were collected. 

DNA extracted from S. mutans isolates was genotyped by AP-PCR with OPA-02 

primer and molecular identities were confirmed with specific primers for gtfB and 

gbpB genes. 315 isolates from saliva and biofilm were genotyped and a total of 31 

distinct genotypes were identified among all volunteers. Only one genotype was 

present in saliva from 85.7% of the volunteers, but others were found in the biofilms 

formed either in vivo or in situ, in addition to this salivary genotype. Similar genotypic 

diversity was found in both in vivo biofilm and in situ biofilm. Genotypic diversity in 

biofilm formed in the presence of sucrose was higher than in that formed in the 

presence of glucose + fructose, both in vivo and in situ. In addition, the genotypes 

found in in vivo and in situ biofilm treated with sucrose were distinct from those 

treated with glucose+fructose. The results suggest that sucrose increases the 

genotypic diversity of S. mutans in both in vivo and in situ dental biofilm. Supported 

by CNPq, FAPESP and FUNCAMP. 
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Dental biofilm exposed to sucrose for 13 days or longer presents high concentration 

of extracellular polysaccharide (EPS) and low concentration of calcium (Ca), 

inorganic phosphate (Pi) and fluoride (F) in its matrix, but it is unknown what happens 

in earlier stages. In this in situ crossover study, 12 volunteers subjected enamel 

blocks, placed in palatal appliances, to the following treatments: water (C, negative 

control), 10% glucose + 10% fructose (GF) and 20% sucrose (S) solution. The 

biofilms formed and accumulated during 3, 7 and 14 days were collected for 

microbiological (counts of total microorganisms, total streptococci, mutans 

streptococci and lactobacilli) and biochemical analyses (Ca, Pi, F, insoluble EPS and 

intracellular polysaccharide concentration). Integrated mineral loss (ΔZ) was 

determined on enamel by cross-sectional microhardness. The ΔZ values (vol%.µm: 

mean ± SD) were 401 ± 152, 362 ± 130 and 451 ± 195; 360 ± 226, 494 ± 195 and 

672 ± 324; 519 ± 175, 820 ± 302 and 1359 ± 394, respectively for the groups 

exposed to C, GF and S, during 3, 7 and 14 days. The highest value of ΔZ was found 

for the group treated with sucrose after 14 days (P < 0.05), but the three groups did 

not differ statistically (P > 0.05) at the 3rd day. On the 3rd day, sucrose was able to 

provoke significant change (P < 0.05) in biofilm composition, increasing lactobacilli 

percentage, insoluble EPS, intracellular polysaccharide and decreasing Ca, Pi and F 

concentration compared with the control; however, the only significant difference with 

regard to the GF group was a higher concentration of EPS. The data suggest that 

although sucrose provokes significant enamel demineralization only after 14 days of 

biofilm accumulation, changes in the biofilm composition are found earlier. 

(Supported by CNPq 131323/2004-0). 
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Effect of Sucrose Exposure on Dental Biofilm Composition and on Enamel 

Demineralization in the Presence of Fluoride In Situ 

J.A. Cury*, R.A. Ccahuana-Vásquez, G.C. Vale, A.A. Del Bel Cury, L.M.A. Tenuta, 

C.P.M. Tabchoury 

*jcury@fop.unicamp.br; Faculty of Dentistry of Piracicaba, UNICAMP, Piracicaba, 

São Paulo, Brazil 

It has been suggested that the frequency of sugar consumption could be increased if 

fluoride (F) from water or dentifrice is used but its effect on dental biofilm formed has 

not been explored. This in situ study evaluated enamel demineralization and the 

composition of dental biofilm formed under various frequencies of sucrose exposure 

when F dentifrice was used. Ten volunteers, living in a fluoridated area (0.7 mg F/L), 

wore palatal appliances during 14 days, exposed human enamel blocks to 20% 

sucrose solution 0 (control), 2, 4, 6, 8 or 10 times/day and used F dentifrice (NaF, 

1100 µg/g F) 3 times/day. The biofilm formed on the blocks was collected, weighed 

and analyzed microbiologically with regard to total microbiota, total streptococci, 

lactobacilli and mutans streptococci, and biochemically regarding intracellular and 

extracellular polysaccharide (EPS), and calcium (Ca), inorganic phosphate (Pi) and F 

in the whole and biofilm fluid. Integrated mineral loss (ΔZ) was determined on enamel 

by cross-sectional microhardness. The ΔZ values (vol%.µm: mean ± SD) were 498 ± 

191, 474 ± 216, 631 ± 376, 645 ± 281, 790 ± 435 and 812 ± 290, respectively for the 

groups exposed to sucrose 0-10x/day, and significant differences from control were 

observed for sucrose frequencies higher than 6/day (P < 0.05). However, biofilm 

mass, total microbiota, total streptococci, lactobacilli counts, insoluble EPS increased 

while Ca, Pi and F concentration in whole biofilm decreased significantly with 

frequencies of sucrose lower than 6/day (P < 0.05). The findings confirm that F is 

able to reduce enamel demineralization if sucrose consumption frequency is not 

higher than 8/day but changes in the microbiological and biochemical composition of 

the biofilm are observed with lower frequencies of use. Supported by FAPESP 

2004/13963-2 and CNPq 131322/2004-4. 
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Influence of Yogurt Products Containing Lactobacillus reuteri on Distributions of 

Mutans Streptococci within Dental Plaque 

K. Katoa*, K. Tamuraa, M. Shibataa, T. Satob, H. Nakagakia

*kazkato@dpc.aichi-gakuin.ac.jp; Aichi-Gakuin University, Nagoya, Japan; Tohoku 

University Graduate School of Dentistry, Sendai, Japan 

This study was carried out to estimate the influence of yogurt products containing L. 

reuteri on the presence of S. mutans and S. sobrinus from the outer to the inner 

plaque. 18 consenting female subjects (age 18-39) consumed a 90 g pack of yogurt 

with L. reuteri or placebo containing other lactobacilli once a day for 2 weeks, 

respectively. On both occasions, they were asked to form plaque by abstaining from 

tooth-brushing for 5 days and two in situ plaque-generating devices were set up in 

the upper molars. Samples taken with no yogurt products consumed served as 

negative control. The sample was separated into 6-10 layered fractions (100 μm 

thick) using the method reported elsewhere by the authors. Genomic DNA was 

extracted from each fraction using the commercial DNA purification matrix. The 16S 

rRNA gene sequences were amplified by the PCR with universal primers and then 

with S. mutans- or S. sobrinus-specific primers, respectively. The final products were 

separated on agarose gels and stained to confirm the existence of cariogenic 

bacteria. The results showed that the distribution patterns of fractions positive for 

each strain varied among the subjects. Frequencies of layer containing S. mutans 

and S. sobrinus were 64% and 18% in the experimental, 88% and 31% in the 

placebo and 59% and 11% in the control, respectively, indicating that the placebo 

sample was significantly higher than both the experimental and control for S. mutans 

and than the control for S. sobrinus. The results demonstrated that consuming yogurt 

with L. reuteri did not significantly reduce the habitat of mutans streptococci within 

plaque, suggesting that sucrose added to the yogurt products made the habitat for 

mutans streptococci in plaque significantly wider. Supported by KAKENHI (C) No. 

17592192, Japan. 
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A Comparison of the Microflora of Hidden and Open Caries Lesions.  

N. Arif*, D. Beighton, E.C. Sheehy 

*nausheen.arif@kcl.ac.uk; The Infection Research Group, King’s College London 

Dental Institute, UK. 

The detection of hidden carious lesions requires careful clinical visual examination as 

they may be missed by the clinician to the detriment of the patient. Conventional 

microbiological methods were used to compare the level of infection and proportional 

microbiological composition of infected dentine in hidden caries lesions (HCL) 

(Ekstrand score 3) and open caries lesions (OCL) (Ekstrand score 4). 17 HCL and 35 

OCL were examined in freshly extracted primary molars and 7 HCL and 10 OCL in 

permanent molars. A laser fluorescence (LF) score was recorded at one selected site 

per tooth. The teeth were carefully opened to determine the clinical status (soft/hard 

and wet/dry) of the underlying dentine and samples of infected dentine were 

collected using a sterile burr. The microflora of the dentine samples were 

enumerated and identified using standardised protocols. The mean LF scores for the 

HCL in primary and permanent teeth were 36.5 (range 14-61) and 41.7 (range 19-

88), respectively, the mean LF scores for the OCL in primary and permanent teeth 

were 67.3 (range 26-99) and 85.9 (range 47-99), respectively. There was a 

significantly higher level of infection [log10(cfu per sample+1) ± SE] in dentine 

(primary teeth; 5.65 ± 0.11, permanent teeth; 4.97 ± 0.35) of the OCL when 

compared to the HCL (primary teeth; 2.19 ± 0.50, permanent teeth; 2.75 ± 0.70) (P < 

0.05). This indicates that the demineralisation associated with HCL was not as 

advanced as that of OCL. No differences in composition of the dentine microflora 

were found between the OCL and HCL. Although a lower level of infection was found 

in the HCL, these lesions still yielded a high number of bacteria in both primary and 

permanent teeth indicating a requirement for clinical intervention.  
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Bacterial Composition of Red and Green Fluorescing Plaque Seen Under 

Quantitative Light-Induced Fluorescence Conditions. 

L.Coulthwaitea*, P.W. Smithb, S.M. Highamb, J.Verrana

*L.coulthwaite@mmu.ac.uk; aManchester Metropolitan University, UK; bUniversity of 

Liverpool, UK. 

Dental and denture plaque have been shown to fluoresce red, orange and green 

under Quantitative Light-Induced Fluorescence (QLF) conditions. The aim of this 

study was to investigate the differences in the bacterial composition between red and 

green fluorescing denture plaque. Denture plaque samples that exhibited red or 

green fluorescence under QLF conditions were cultured on Fastidious Anaerobe 

Agar supplemented with 5% blood for 72 h in anaerobic conditions. Colonies 

fluorescing red or green during QLF analysis were subcultured and identified. Total 

genomic DNA was extracted from the plaque samples and amplified by PCR using 

universal primers for the 16S rRNA gene. Denaturing gradient gel electrophoresis 

produced community profiles 'fingerprints' representing the different bacterial species 

present within each plaque sample. This technique allowed direct comparison of the 

bacterial species in each sample and showed the presence of different species 

between the red and green fluorescing plaque sites. Red fluorescing bacteria were 

only cultured from red fluorescing plaque samples but green fluorescing bacteria 

were cultured from both red and green fluorescing samples. This work supplements 

earlier studies which have shown the presence of certain anaerobic bacteria within 

red plaque that are at least partly responsible for the red fluorescence of the plaque 

observed in vivo. Red fluorescing bacteria are not always recovered from red 

fluorescing plaque sites. The organisms responsible for the fluorescence observed in 

vivo may be dependent upon the presence of other species or may be viable but 

non-culturable. Red fluorescent plaque may harbour cariogenic organisms including 

green fluorescing streptococci, but red fluorescing bacteria such as the black-

pigmented Prevotella spp. have not been isolated from green fluorescing plaque. 

Partially funded by Reckitt Benckiser, U.K. 
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Lipids in Parotid Saliva with Regard to Caries Risk 

Y. Tomitaa*, N. Miyakea, S. Yamanakaa, H. Nakagakib

*yutomita@tdc.ac.jp; aTokyo Dental College, Chiba, Japan and bSchool of Dentistry, 

Aichi-Gakuin University, Nagoya Japan 

It has been reported that saliva may play an important role in the prevention and  

development of enamel caries and that both lipids and proteins in saliva may be 

involved in this role. This study examined the lipid and protein contents in saliva from 

individuals with different caries experience. Sixteen female subjects aged 18-20 were 

divided into caries-susceptible group (CSG; DMFT 10 ± 2) and caries-resistant group 

(CRG; DMFT 3 ± 2). Stimulated parotid saliva was collected by Curby cup method 

after dropping citric acid solution (5, 10, 20%) on the lingual surface, and stimulated 

whole saliva was collected by chewing gum base. After centrifugation, each saliva 

sample was analyzed for the concentrations of lipids and proteins and for the 

compositions of lipids and fatty acids. Total lipid and protein concentrations were 

higher in the samples of parotid saliva from CSG (5.6 ± 0.5 mg/dL, 245 ± 65 mg/dL) 

than those from CRG (4.3 ± 0.4 mg/dL ,165 ± 52 mg/dL). The lipid and protein 

concentrations were significantly correlated (r = 0.33). The lipid composition was 

similar in the samples from two groups; more than half was occupied by neutral 

lipids, followed by glycolipids and phospholipids. Neutral lipid and free fatty acid 

concentrations in CSG (4.4 ± 0.4 mg/dL, 2.3 ± 0.1 mg/dL) were significantly higher 

than those in CRG (3.1 ± 0.2 mg/dL, 1.3 ± 0.2 mg/dL) (p < 0.01 for both). Also, the 

stearic and linoleic acid concentrations in the CSG (34.6 ± 3.6％, 14.9 ± 1.7%) were 

significantly higher than in the CRG (25.5 ± 1.7%, 6.0 ± 0.3%) (p < 0.01, p < 0.05). In 

conclusion, the lipid concentrations in parotid saliva in CSG were higher than in 

CRG, and differences in fatty acid composition were detected between them. 

Differences of concentrations of lipids and fatty acids may reflect differences in caries 

experience.  
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Comparison of a New Chair-side Test for Caries-risk Assessment with Established 

Clinical and Subclinical Methods 

B. Azrak*, A. Callaway, S. Ebadi, B. Willershausen, C. Gleissner 

*azrak@uni-mainz.de; Department of Restorative Dentistry, Johannes Gutenberg 

University, Mainz, Germany 

The aim of the study was to analyse various methods for caries risk assessment in 

children and adults, and compare the results with a new method, lactic acid 

production on the tongue (Clinpro Cario™ L-Pop™, 3M Espe: LAP). 119 dental 

assistants (females; age 27.6 ± 7) and 119 children (65 girls, 54 boys; age 9 ± 3) 

participated. Data included: number of carious lesions; filled teeth; fillings placed 

within the last 12 months; Approximal Plaque Index; buffer capacity of stimulated 

saliva; counts of mutans streptococci (MS) and lactobacilli (LB) in saliva; LAP score. 

Lesions were defined as carious when opacity or discoloration in enamel or from 

underlying dentin, localized enamel breakdown or cavitation exposing dentin was 

visible. Sensitivity and specificity for LAP [LAP 1-6: no or moderate caries risk; LAP 

7-9: high caries risk (manufacturer)] were calculated according to presence of carious 

lesions (DT = 0 and DT > 0). Statistical analysis used Spearman’s test for 

nonparametric correlations and chi-square test, Student’s t-test or Mann-Whitney U-

test for categorical data. Several differences between children (1.5 ± 2.5 SD carious 

lesions, 1.1 ± 1.8 filled teeth, 41% API, 53% LB counts > 105, LAP 4.8 ± 2.7) and 

adults (0.5 ± 1.0 carious lesions, 8.5 ± 5.3 filled teeth, 30% API, 33% LB counts > 

105, LAP 3.9 ± 2.5) were statistically significant (p < 0.05). Subjects with and without 

caries showed significant differences in MS counts, in children also for LB counts and 

in adults for LAP scores. In adults LAP score correlated with the number of lesions 

and in children with the number of filled teeth. The sensitivity of LAP was 39% in 

children, 34% in adults and the specificity was 76% in children, 84% in adults. In 

conclusion, LAP correlated only with some clinical caries indicators. Therefore, it 

might be useful as a supplementary screening tool for caries-risk assessment, but it 

should not be used as a sole predictor. 
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Local Passive Immunization by Humanized Diabodies against Streptococccal 

Antigen I/II 

M. Frentzena*, S. Vogelb, M. Ribbertb, Reinscheidc, D.J., S. Barthb

*frentzen@uni-bonn.de; aDental Clinic, University of Bonn, Germany; bFraunhofer 

Institut IME, Aachen, Germany, cUniversity of Applied Sciences Bonn-Rhine-Sieg, 

Germany 

Local passive immunization by recently engineered humanized antibody fragments 

against Streptococcus mutans SA I/II to reduce colonization in dental biofilms could 

have a substantial impact on caries development. The generated diabodies are 

based on the binding characteristics of the murine monoclonal antibody Guy’s 13 

[Kupper et al: BMC Biotechnology 2005;5:4]. The objective of the current study was 

to analyse the capability of these derivatives to aggregate S. mutans and to modify 

adherence to synthetic carriers, simulating the dental surface. Plastic coverslips were 

placed into 24-well TC plates. Before doing so, one half of the coverslips was 

conditioned with saliva to generate a pellicle coating. The discs were incubated in 

sterile whole saliva for 4 h at 37°C. 100 µL of the newly developed diabody-solution 

was added to a standardized suspension of 300 µl S. mutans. The original diabody 

preparation (approx. 0.4 mg.mL-1) and dilutions of this sample (1:10, 1:50, 1:100 and 

1:200) were used. 40 µL of each mixture and control samples containing only the 

bacterial suspension were placed onto conditioned and unconditioned coverslips and 

incubated for 1 h at 37°C. The samples were Gram-stained and evaluated using 

water immersion microscopy (magnification x1000). The humanized diabodies 

caused aggregation of S. mutans up to a dilution of 1:200 (concentration of 2 µg/mL). 

The degree of aggregation was dependent on the concentration of diabody 

derivatives. The presence of a salivary pellicle structure at the discs reduced the 

density of the adherent bacterial layer. The aggregation of S. mutans by a humanized 

diabody may suppress colonization in dental biofilms. These biotechnologically 

engineered anti-microbial proteins may provide a potent alternative tool for future 

caries prevention. Supported by Center of Molecular Biotechnology, University of 

Bonn. 
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Influence of Diterpenes from Mikania Plants on Virulence and Formation of 

Streptococcus mutans Biofilms 

P.L. Rosalena*, R. Yatsudaa, R.M. Murataa, J.A. Curya, V.G. Rehderb, R.E. Marquisc, 

W.H. Bowenc, H. Kooc

*rosalen@fop.unicamp.br; aFaculty of Dentistry of Piracicaba, UNICAMP, Brazil; 
bPluridisciplinary Center of Chemistry, Biological and Agricultural Researches, 

UNICAMP, Brazil; cCenter for Oral Biology and Eastman Department of Dentistry, 

University of Rochester, NY, USA. 

The aim of the present study was to examine the influence of isolated compounds 

from Mikania plants on mutans streptococci biofilms, and on glucosyltransferase 

(GTF) activities, which are critical virulence factors associated with the pathogenesis 

of cariogenic biofilm development. Diterpenic, cupressenic and kaurenoic acids were 

identified and isolated from M. laevigata and M. glomerata by gas chromatography-

mass spectrometry and flash chromatography column. The ability of these 

compounds (at 500 µg/mL) to inhibit Streptococcus mutans UA159 biofilm formation 

on saliva-coated hydroxyapatite discs, and the activity of GTF B (on surface and in 

solution) was evaluated. An aqueous solution containing 20% ethanol (v/v) was used 

as negative control. Six replicates were used in each of the assays. Each biofilm was 

exposed for 1 min twice daily to each of the compounds. At the end of the 

experimental period, the biofilms were analyzed for: (i) dry-weight (biomass), (ii) 

bacterial viability, (iii) polysaccharide composition (extracellular soluble and insoluble, 

and intracellular iodophilic polysaccharides). GTF B activity was measured by the 

incorporation of [14C]-glucose from labeled sucrose into glucans. The diterpenic, 

cupressenic and kaurenoic acids reduced the biomass and viability of the biofilms, 

and diminished both extracellular glucans and intracellular iodophilic polysaccharides 

by more than 50% compared to those treated with negative control. The test 

compounds reduced the activity of GTFs B in solution (50 to 60% inhibition) and on a 

surface (50 to 80% inhibition). In conclusion, cupressenic, kaurenoic and diterpenic 

acids reduced the formation of S. mutans biofilms by disrupting the bacterial viability 

and the synthesis of glucans. Supported by FAPESP/CAPES. 
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Ozone Gas Significantly Reduces Micro-organisms within Carious Dentine Sampled 

from Deciduous Molars 

M. J. Wichta*, R. Haaka , S. Kneistb, M. J. Noacka

*michael.wicht@uk-koeln.de; aDepartment of Operative Dentistry and 

Periodontology, University of Cologne, Germany; bCentre of Dentistry, Biological 

Laboratory, FS University Jena, Germany 

Aim of this study was to investigate whether the application of ozone gas on 

incompletely excavated primary molars has an antibacterial effect on the microflora 

of dentine samples and whether this effect is time-dependent. 25 freshly extracted 

primary molars exhibiting extended carious lesions were enrolled. Where necessary, 

enamel was removed using conventional rotary instruments prior to removing the 

infected central biomass using a round bur in a torque control motor. A sample from 

the wet and soft dentine was taken from the cavity floor and transferred into 3 ml 

Ringer’s lactate. 10 teeth each were treated with ozone (Healozone, KaVo, 

Germany) for either 20 s (O20) or 60 s (O60) and 5 teeth, serving as negative 

control, received no ozone treatment (CO). Subsequently a second dentine sample 

was taken from all specimens for microbiological analyses. Diluted aliquots were 

plated on blood agar (total viable counts), Rogosa agar (lactobacilli) and MSB agar 

(mutans streptococci). Quantitative analyses (expressed as log10 CFU) of the total 

viable counts revealed a significant (p < 0.05; t-test) reduction in both treatment 

groups (O20 from 5.6 to 3.5, O60 from 5.6 to 4.3), whereas levels remained identical 

in the CO group. Lactobacilli were significantly reduced in all groups (O20 from 5.0 to 

2.8, O60 from 4.2 to 2.7, CO from 5.1 to 4.9). Mutans streptococci decreased from 

3.4 to 1.4 (p = 0.06) in the O20 and from 2.7 to 0.1 (p = 0.03) in the O60 group, while 

no changes were observed in the CO group. A single application of ozone gas onto 

incompletely excavated primary molars significantly decreases the number of micro-

organisms within the dentine, but does not eliminate them. Prolonging application 

time from 20 to 60 s probably does not enhance the antibacterial effectiveness. 
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The Effect of Ozone on Streptococcus mutans In Vitro 

S. Kneista*, C. Diezb, E. Glockmannb

*Susanne.Kneist@med.uni-jena.de, aBiological Laboratory and bDept. of 

Conservative Dentistry, Friedrich Schiller University Jena, Germany 

Ozone (O3) destroys microorganisms by rupturing cell walls and membranes. The 

aim of this study was to evaluate O3 for reducing S. mutans NCTC 10449 (SM) on 

occlusal molar surfaces (OMS). Freshly extracted caries free molars were set up in 

silicone, sterilized by autoclaving, stored in a moistened chamber for 5 days at 35 ± 

2°C and inoculated with 0.05 mL of standardized SM suspensions (mean cfu/mL 1.7 

x 107). After anaerobic incubation for 48 h, 12 teeth were given a professional tooth 

cleaning (PTC). Furthermore, 12 teeth were treated with placebo (PL), by O3 

(HealOzone typ 2130 C, KaVo GmbH), and by PTC/O3 for 30, 60 or 90 s. Before 

(right OMS) and after treatment (left OMS) the cfu were determined by standardized 

sampling with a sterile brush, which was diluted in 1 mL NaCl up to 10-8 and 0.1 ml 

was plated in triplicate on MSB agar and incubated for 7 days. Bacterial counts were 

transformed to log10 (cfu +1). Statistical analyses conducted using paired t-test (α = 

0.05). SM was established on 120 OMS before treatment, with a mean cfu of 1.7 x 

102. After PTC lower counts were found (p = 0.004). After 30 s PL and O3 higher 

counts could be estimated in comparison to counts before treatment (p < 0.001; p = 

0.001); after PTC/OZ the counts were equal (p = 0.716). After 60 s PL, O3 and 

PTC/O3 resulted in equal counts before and after treatment (p = 0.079; p = 0.249; p = 

0.146). A treatment of 90 s underlined that PTC/OZ reduced SM on OMS and from 

deep fissures as well. PTC/O3 (30 s) could have resulted in caries reversal in teeth 

with non-cavitated fissure caries. After PTC the O3 delivery system might initially 

increase bacterial counts on OMS by a vacuum-pump effect bringing bacteria from 

deep fissures to the OMS and subsequently O3 might reduce the bacteria. 
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Assessment of the Ozone-mediated Killing of Bacteria in Infected Dentine Associated 

with Non-cavitated Occlusal Carious Lesions 

A. Baysan*, D. Beighton 

*aylin.baysan@kcl.ac.uk; King's College London Dental Institute at Guy's Hospital, 

London, U.K. 

The aim of this study was to assess the anti-microbial effect of ozone (HealOzone, 

USA) on the microflora of infected dentine associated with non-cavitated occlusal 

carious lesions. Overlying plaque and surface stain were removed from the occlusal 

surface of freshly extracted permanent teeth using a sterile polishing brush and 

prophylaxis paste. Each tooth was dried with sterile cotton wool rolls and a dental 3-

in-1 air syringe. Subsequently, laser fluorescence (LF) was employed to identify an 

individual discrete, non-cavitated, carious site on each occlusal surface for microbial 

sampling and analysis. The non-cavitated occlusal caries sites had LF scores of 13-

30 (20.7 ± 0.9) and were randomly allocated into two groups. A visual caries 

classification of the selected sites was also recorded [Ekstrand: J Dent Res 

2004;83:C67-71]. The occlusal surfaces were treated with either ozone or air for 40 s 

before access to the underlying dentine. Access to the infected dentine at the pre-

selected sites was gained using a sterile bur to remove enamel. The clinical status of 

the exposed dentine was recorded and a standardised sample of infected carious 

dentine was taken from each tooth for microbial analysis using a sterile number 3 

round bur [Kidd et al.:Caries Res 1993;27:402-8] dampened with transport fluid. 

Microbiological analyses were employed to determine the total number of cultivable 

bacteria per sample [as log10(cfu per sample + 1)]. There was no significant 

difference between the numbers (mean ± SE) of bacteria recovered from the ozone-

treated (2.88 ± 0.26) and the control sites (2.58 ± 0.38) (Student t-test; p > 0.5). In 

conclusion, ozone treatment for 40 s failed to significantly reduce the numbers of 

viable bacteria in infected dentine associated with non-cavitated occlusal carious 

lesions.  
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