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Chapterr  II 

Effectt  of high fluorid e concentration on bovine dentin demineralization in 

narroww grooves in vitro 

Thiss chapter has been published as: 

ZAURA-ARITEE E, EXTERKATE RAM, TENCATEJM (1999). Effect of high fluoride 

concentrationn on bovine dentin demineralization in narrow grooves in vitro. Eur J 

OralOral Sci 107:455-460. 





Fluoridee and dentin demineraligation 

ABSTRACT T 

Previously,, a dentin groove model was developed to investigate caries at plaque 
retentionn sites, such as marginal gaps, pits and fissures. The aim of the present study 
wass to investigate the in vitro effect of fluoride on the demineralization of dentin in the 
depthh of the grooves at various distances from a freshly prepared resin-modified glass 
ionomerr cement (RMGIC). which was used as the source of high fluoride release. Three 
parallell  grooves (280 //m wide x 500 pm deep) were cut in the labial surface of 20 
bovinee coronal dentin discs. In 10 discs, the surface area (approximately 6 mm2) 
betweenn the first groove and the edge of the disc was covered with RMGIC. The discs 
weree exposed to an acidified methyfcellulose gel system for 1 or 2 wks. Changes in 
minerall  content were obtained by transverse microradiographic analysis. The results 
showedd that integrated mineral loss (IML) was reduced up to 60% in the RMGIC 
groups,, although the lesion depth was not significantly influenced by RMGIC. The 
patternn of demineralization differed between groups: the subsurface lesions in RMGIC 
groupss did not decrease in IML towards the base of the groove to the same degree as in 
thee control groups. It is concluded that high amount of fluoride inhibits loss of mineral, 
whilee not affecting the lesion depth. The homogeneity of the lesions with depth in the 
RMGICC group may be explained by a fluoride-induced inhibition of demineralization at 
thee entrance of the grooves. 

INTRODUCTIO N N 

Numerouss clinical and laboratory studies conducted in the past decades have 

demonstratedd the caries preventive effect of fluoride. The prevalence of caries is 

reducedd in many developed countries. Nevertheless, at plaque retention sites, 

suchh as pits and fissures, and in the marginal gaps of restorations, caries 

preventionn has been shown to be not as effective as on smooth surfaces (Brunelle 

andd Carlos, 1990; Li etal., 1993; Blinkhom and Davies, 1996). 

Previously,, a dentin groove model (Lagerweij et al., 1996a) simulating 

plaquee retention sites was developed in our laboratory to study the concomitant 

diffusionn of acids and fluoride into narrow grooves and the resultant effects on 

dentinn demineralization. The results from these studies demonstrated restricted 

diffusionn of the acid into and of the mineral ions out of the grooves (Lagerweij et 

aL,aL, 1996a, 1996b, 1997). The question remained whether the transport of fluoride 

ionss into these stagnation sites is restricted as well. Thus, the aim of the present 
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studyy was to investigate the in vitro effect o\~ fluoride on the demineralization oi' 

dentinn in the depth of the grooves at various distances. A freshly prepared resin-

modifiedd glass ionomer cement (RMGIC) was used as the source of high fluoride 

release. . 

MATERIAL SS AND METHOD S 

Preparationn of specimens 
Cylinder-shapedd specimens with a diameter of 6 mm were cut perpendicularly to 

thee labial surface of bovine incisors by means of a water-cooled trephine burr. 

Fromm these specimens. 1.3-mm thick dentin discs were cut (Leitz microtome 

1600)) just below the dentin-enamel junction. The labial side of the disc (Fig. 1) 

wass covered with dentin-bonding agent (Scotchbond Multi Purpose (batch No 

19950329);; 3M. St. Paul. MN. USA) in order to protect this surface from 

demineralization.. The procedure was as follows: the dentin was etched with 10% 

maleicc acid for 10 sec, rinsed with water for 30 sec. gently dried with high-

pressuree air. lacquered with primer, and dried again. A thin, flat dentin-bonding 

layerr was obtained by applying the drop of bonding agent on the primed surface, 

coveringg it with polyester sheet and light-curing for 40 sec through the sheet. 

bondingbonding RMGIC 

Figur ee 1. Schematic drawing of a prepared 

dentinn specimen. The diameter of a 

specimenn was 6 mm. the width of the 

groovess was 0.28 mm. the distance 

betweenn grooves was 1.2 mm. and the 

surfacee covered with RMGIC was 6 mm2. 

Inn all discs, three grooves 2X0 //m wide and about 500 //m deep (mean 467 //m 

(SDD 68 /vm)). parallel to each other and perpendicular to the outer surface were 

cutt with a water-cooled diamond-coated wire saw (Well type 3242; Ebner. 

denim denim 
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Mannheim,, Germany). The distance between grooves was 1.2 mm, and the 

distancee between the first groove and the edge of the disc was 1.7 mm. In half the 

numberr of discs {n = 10, RMGIC group), the surface between the first groove and 

thee edge of the disc (6 mm2) was covered with RMGIC (Fuji II LC (batch No 

powderr 290261, batch No liquid 271251); GC Corporation, Tokyo. Japan) 

accordingg to the manufacturer's instructions. 

Dcmineralization n 
Thee specimens were fixed to the bottom of glass trays (two trays with 5 RMGIC 

discss each and two trays with 5 control discs each) and covered with 150 mL 8% 

methylcellulosee gel (Ingram and Silverstone, 1981). After 24 hrs, filter paper was 

placedd on top of the gel and 150 mL 0.1 M lactic acid at pH 4.6 poured over it. 

Twoo trays (one RMGIC and one control) were incubated at 37°C for 1 wk and the 

remainingg two trays for 2 wks. 

Assessmentt  of mineral loss 
Afterr demineralization, two 150-//m thick adjacent sections were cut from the 

centerr of each dentin disc with the diamond-coated wire saw perpendicularly to 

thee grooves and to the surface for transversal microradiography (TMR). The 

sectionss were placed on a perspex holder in a droplet of water and covered with a 

thinn polyester sheet to avoid shrinkage of the demineralized dentin (van Strijp et 

al.,al., 1995). Together with the aluminum stepwedge of 12 steps, the sections were 

radiographedd on a high-resolution film (Kodak High Resolution Film, SO-343) 

withh a nickel-filtered Cu-Ka source operated at 20 mA and 20 kV for 15 minutes. 

Thee radiographic image of the sections and the aluminum stepwedge were 

analyzedd with a microscope-videocamera-microcomputer set-up (Lagerweij et 

al.,al., 1994) and dedicated software (TMR 1.25e; Inspektor Research Systems, 

Amsterdam,, The Netherlands). Data obtained were the mineral content profiles of 

thee lesions, lesion depth (LD), the total amount of mineral removed, expressed as 

integratedd mineral loss (1ML) and the ratio of 1ML/LD, which characterizes the 

averagee mineral loss throughout the lesion (Arends et al., 1997). This analysis 

wass made at two scan sites (Fig. 2) on both walls of the grooves - at the entrance 

off  each groove (scan 1) and at 200 //m into the groove (scan II). Corresponding 

valuess obtained from both sections and both walls of each groove were averaged 

andd used as a single value for analysis. 
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RMGIC RMGIC 
rf&gj&v,rf&gj&v,  1 2 3 

Figur ee 2. Schematic section from the center of the specimen, showing scan-locations in the 

groovee 1 for TMR analysis. Scan I was made at the entrance and scan II at 0.2 mm into the 

groovee on both walls of each groove. The height of each scan was 0.1 mm. 

Statisticall  analysis 
Alll  statistical analyses were performed with SPSS (Version 7.5). Analysis of 

variancee (ANOVA) was used to determine the effect of time, fluoride, depth in 

thee groove and distance from the RMGIC on the demineralization. A paired 

sampless /-test was used to compare the differences within the same group 

betweenn scan I and scan II and between grooves. 

RESULTS S 

Thee microradiographs of the specimens after 1 (Fig. 3) and 2 wks of 

demineralizationn showed subsurface lesions both in the control group and in the 

RMGICC group, although only lesions in the RMGIC group had pronounced surface 

layerss (Fig. 4). Mean IML (SD) values, the ratio of mineral loss at the two scan 

locationss (IML scan I/IML scan II), and the ratio of mineral loss and lesion depth 

(IML/LD)(IML/LD) per groove and per scan location are shown in Table 1. 

Thee RMGIC restoration had a significant effect (pO.001) on mineral loss, 

inhibitingg IML up to 60%. The groove closest to the RMGIC (groove 1) 

benefitedd most, while a significant difference was found even between the third 

groovess (/?<().05) of the RMGIC and control specimens, respectively. 
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Figur ee 3. (A) Section from a specimen in the 1-wk control group showing lesions in the walls 

off the groove. (B) Section from a specimen in the 1-wk RMGIC group showing the lesions in 

thee walls of the groove and a part of the RMGIC. The dashed lines are indicating the bonding 

layer.. The bar indicates 0.2 mm. 

Nott only the amount of mineral lost, but also the pattern of 

demineralizationn was influenced by the RMGIC. In both control groups (I and 2 

wks),, IML decreased considerably (by 43% at scan II) towards the bottom of the 

grooves.. The paired samples /-test showed significant difference (p=0.001) in 

IMLL between scan I and scan II for both demineralization periods. The 

demineralizationn pattern was different in the RMGIC group: lesions were more 

evenlyy spread along the depth of the groove. Mean IML from all grooves at both 

periodss in the RMGIC group was 18% less at scan II than at scan I. In this group 

inn the 1-wk experiment, there were significant differences (p=0.Q0\) between the 

scanss taken at different depth only in the 2nd and 3rd grooves. In the 2-wk 

experiment,, differences between scans I and II were significant (/K0.05) also in 

thee I st groove. 

Thee mean lesion depth (LD) did not differ significantly between the 

RMGICC and the control groups (p=0.558, ANOVA). There were significant 

differencess (/?<().05) in all groove pairs between scans I and II of the control 

groups,, but not of the RMGIC groups. Differences within the RMGIC groups 

weree found between grooves: groove 3 had significantly (y;<0.05) deeper lesions 

att scan 1 than groove 2 and groove 1 at the same scan-location. In scan II such 

differencee was only found between LD in the groove 2 and groove 3 in the 2-wk 

experiment. . 

25 5 



Depthh (/vm) 

Figuree 4. Mineral content profiles averaged from all three grooves and 

specimenss per group (control and RMGIC) at scan-locations I and II 

(A)) after 1 wk and (B) 2 wks of demineralization at pH 4.6 in a lactic 

acid-methylcellulosee gel system. 
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DISCUSSION N 

Thee results showed that a high concentration of fluoride inhibited the loss of 

minerall  but did not affect the mean lesion depth. In addition, it changed the 

patternn of demineralization of the dentin grooves; the mineral loss and lesion 

depthh were more homogeneous along the depth of the grooves in the RMGIC 

groupss than in the control samples, where lesions were more pronounced in the 

upperr part of the grooves. Even the groove farthest (about 3 mm) from the 

RMGICC showed inhibitory effects of the fluoride. 

Itt was the purpose of this study to limit the many uncontrollable 

parameterss of in vivo de- and remineralization to the single effect of fluoride, as it 

iss released from fresh RMGIC, on the mineral loss in narrow dentin grooves in an 

acidicc environment. The effects of sodium, calcium, strontium, aluminum ions 

andd of SiO: on demineralization at the level released from RMGIC (Forss, 1993) 

aree negligible. The main component affecting demineralization remains fluoride 

(Winter,, 1990). It has been shown (Forsten, 1991, 1995) that freshly prepared 

glass-ionomerr specimens (conventional and resin-modified) are able to raise the 

fluoridee content of 5 mL water, in which they were stored, up to 15-45 ppm. 

Also,, it has been shown that components released from GIC may enhance re- and 

hypermineralizationn in immediately adjacent dentine in situ lesions (ten Cate and 

vann Duinen, 1995). 

Resultss of this study confirm previously reported findings from in vitro 

(tenn Cate et £//.. 1998; Damen et at... 1998) as well as from in situ (Lagerweij et 

al.,al., 1996b: 1997) studies that fluoride in solution inhibits the loss of dentin 

mineral,, but does not affect the lesion depth at given demineralization conditions. 

AA new finding was the observed homogeneity of the lesions along the wall of the 

groovee in the presence of high fluoride concentration. 

AA comparable study without involvement of fluoride was performed by 

Lagerweijj  et al. (1996a), in which dentin grooves were exposed to an acidified 

gell  for I \vk. Lesions were largest at the entrance and decreased considerably 

towardss the bottom of the grooves. Similar patterns of demineralization were 

observedd when grooves with or without preformed (in vitro) dentin lesions were 

exposedd to the oral environment for 3 months and 6 wks, respectively (Lagerweij 

etet al., 1996b, 1997). Dijkman et al. (1994) examined the effect of fluoride-
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releasingg composite on secondary caries in vitro in dentin grooves made at the 

borderr of composite fillings. They found a 45% reduction in demineralization and 

aa small, though non-significant, effect on lesion depth, which is in agreement 

withh the results of the present study. An important difference between these two 

studiess is that Dijkman et al. (1994) simulated the gap directly between dentin 

andd fluoride-releasing restorative material, while the present study simulated gaps 

muchh further away from the fluoride source (RMGIC). 

Too explain our current findings, we propose the following mechanism. The 

inhibitionn of demineralization in the grooves is caused by the fluoride diffusing 

awayy from the RMGIC depot. This ambient fluoride inhibits the demineralization 

butt will also be absorbed by the dentinal crystallites which are exposed as a result 

off  the acid challenge. We thus assume that less fluoride will diffuse into the 

deeperr regions of the groove. In addition, as less mineral is dissolved at the 

groovee entrance (in the RMGIC groups), less penetrating acids are neutralized. 

Therefore,, the acids can reach the bottom of the groove at higher concentration or 

lowerr pH. The combination of these two effects explains why in the RMGIC 

groupp the lesions - though less demineralized than in the control group - extend 

deeperr into the grooves (see Fig. 3A, B). 

Withh respect to the model, it could be argued that it simulates only the gap 

betweenn restoration and dentin, but not the natural grooves (pits and fissures) in 

enamel.. Although chemically and histologically enamel and dentin differ 

substantially,, the main component of both is hydroxyapatite. To prepare the 

groovess for the present model, enamel is too brittle. Another advantage of using 

dentinn is the ease of cutting the specimens for TMR, as no grinding is necessary 

too obtain thin sections. Previous studies with the dentin groove model in the 

acidifiedd gel system {Lagerweij et al, 1996a; Dijkman et ai, 1994) have shown 

thatt this model can be used to simulate natural caries in marginal gaps and 

fissures.fissures. Bovine dentin was preferred in order to avoid wide variation in the 

dentinn composition present in human dentin. The chemical composition of bovine 

teethh is more constant, as they are obtained from animals with a narrow age span, 

thuss with the same stage of dentin maturation, and with no caries or fluoride 

history.. Wider tubules and more porous structure of bovine dentin facilitate a 

fasterr mineral exchange, but demineralization patterns of bovine and human 

dentinn are similar (ten Cate and van Duinen, 1995; Mellberg, 1992). 

InIn vivo, multiple factors are involved in the caries process, including the 
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interactionn of the micro-organisms colonizing the gaps and producing acids with 

ann antimicrobial effect of fluoride. It has been reported that fluoride 

concentrationn of the dental plaque may be up to 50 ppm {Geddes and Rolla, 

1988)) and be present mainly in the form of calcium fluoride, serving as a pH-

dependentt fluoride source. In situ studies with the groove model might reveal if 

thee observed changes in the lesion pattern occur also intra-orally. This would 

explainn the lower effect of fluoride on inhibition of pit and fissure caries and 

secondaryy caries in contrast to the smooth surface caries. This could also give an 

explanationn for the clinically sound enamel at the entrance of the fissures with 

radiologicallyy visible lesions in dentin underneath, the phenomenon known as 

"hiddenn caries" (Ricketts et aL, 1997). In vivo, enamel accumulates fluoride and 

thuss becomes less soluble, and consequently lesions could develop as shown in 

thee present study. 

Inn conclusion, a high concentration of fluoride was able to protect bovine 

dentinn in the narrow grooves against severe demineralization in vitro as far as 3 

mmm away from the fluoride source, while shifting the loss of mineral to deeper 

regionss of the grooves. The clinical relevance of these findings should be 

evaluatedd in further in situ studies. 
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