®Operative Dentistry, 2008, 33-6, 658-665

pH-cycling Model to

Verify the Efficacy of
Fluoride-releasing Materials
in Enamel Demineralization

E Rodrigues ®* ACB Delbem
D Pedrini ® MSR Oliveira

Clinical Relevance

Due to the commercial availability of many fluoride-releasing materials, it is necessary to devel-
op methods to analyze their cariostatic action, mainly as a per dose of fluoride for effect of

response.

SUMMARY

The current study proposes a pH-cycling model
to verify the dose-response relationship of fluo-
ride-releasing materials in their ability to reduce
in vitro demineralization. Sixty bovine enamel
blocks (4 x 3 x 3 mm) were selected, using base-
line surface microhardness (SMH;) evaluations
at different distances from the enamel sectioned
border (150, 300, 450 and 600 pum). Specimens
(n=48) were prepared with Z100, Fluroshield and
Vitremer at the standard powder/liquid ratio and
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at a Y diluted-powder/liquid ratio. The 12
remaining specimens were used as a control
group. The specimens were submitted to a pH-
cycling model with high cariogenic challenge.
After pH-cycling, final surface microhardness
(SMH,) was assessed to calculate the percentage
change of surface microhardness (%SMH,,). Next,
the fluoride present in enamel (ug F/mm?®) and in
pH-cycling solutions (ng F) was measured. Cross-
sectional microhardness was done to calculate
the mineral content (AZ). Data from %SMH,, AZ
and ng F were analyzed by analysis of variance
(p<0.05), while ng F/mm?® analysis was done using
the Kruskal-Wallis test. The results showed a cor-
relation between %SMH., and pg F/mm’®
(r’=0.4129; p<0.0001), %2SMH, and png F (r’=0.4932;
p<0.0001), AZ and ng F/mm?® (r*=0.4573; p<0.0001),
ng F/mm?® and pg F (r*=0.3029; p<0.0001) and
between AZ and ng F (1*=0.5276; p<0.0001). The
pH-cycling model allowed the in vitro verifica-
tion of the dose-response relationship of fluoride-
releasing materials in the demineralization of
enamel.

INTRODUCTION

In vitro studies indicate that fluoride-containing mate-
rials are associated with a reduction in secondary caries
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through anticariogenic action by the
inhibition of tooth demineralization and
an increase in the potential for tooth
structure remineralization."?

Fluoride-releasing materials have been
evaluated in conditions that do not sim-
ulate the oral environment, caries
dynamic or the real concept of the action
of the fluoride mechanism.? When dis-
cussing the models utilized for testing
dental materials, the critical issues are
related to dose-response. It is important
to understand the F~ concentrations
required to reduce and/or prevent lesions
localized near the material (secondary
caries) and the influence of the release

rate vs the pattern of release’ (any alter-

ation in the model will affect the Figure 1. Schematic presentation. A-Section of the block (1. block 3 x 4 mm used in the research;

response of the material examined).

2. Piece of the block 1 x 4 mm discarded), B—Four rows of five indentations each—150, 300, 450

. . . and 600 um from the enamel sectioned border (3), C—Polymerization of sample, D-Samples,
Several in vitro studies have shown flu- E—Samples adapted onto the enamel blocks (1), F—Samples fixed with wax.

oride release from materials placed in

bovine enamel.”” Bovine teeth are com-

monly used, because these teeth are easy to obtain
(slaughterhouse), have a greater area of usable enamel
and present a decreased variability in composition
when compared to human enamel.® Bovine teeth are
easy to use and promote a uniform methodology, espe-
cially with assessment methods that are simple, such as
surface microhardness and enamel uptake of fluoride.’

The laboratory models that analyze various applica-
tions of fluoride should simulate the balance between
demineralization and remineralization using pH-
cycling (alternated cycles). Remineralization occurs not
only during periods of neutral pH, when minerals pre-
cipitate from oral fluids into enamel defects, but also
during caries development.' It is important to repro-
duce the in vitro conditions of high cariogenic challenge
in order to analyze the capacity of fluoride-releasing
materials that might interfere with this dynamic
process. The pH-cycling model developed by Vieira and
others determined a dose-response relationship for
fluoride solutions in different concentrations. However,
this model was not utilized for fluoride-releasing mate-
rials. This is important, because the literature shows
several pH-cycling models, but few that demonstrate a
dose-response relationship. Thus, the aim of the cur-
rent study was to use a pH-cycling model proposed in
the literature,” adapting it to allow for verification of
the dose-response relationship of fluoride-releasing
materials in reducing in vitro demineralization.

METHODS AND MATERIALS
Preparation and Selection of Enamel Blocks

Enamel blocks (4 x 4 x 3 mm) obtained from bovine
incisors were stored in a 2% formaldehyde solution for

30 days at room temperature.”'* The enamel surface of
the blocks was ground flat with water-cooled carborun-
dum discs (600, 800 and 1,200 grit Carbimet Paper
Discs, 30-5108-320, Buehler, Lake Bluff, IL, USA) and
polished with a felt (Polishing Cloth Buehler 40-7618,
Buehler) that was dampened with a diamond spray (1
nm; Extec I Water Based Diamond Permanent
Polishing suspension, Enfield, CT, USA), resulting in
the removal of about 120 um of the enamel. Due to the
quantity of enamel removed during polishing proce-
dures and curvature of the block, only the central por-
tion of the specimens exhibited a flat surface.
Therefore, a 1 mm section of the enamel block (Figure
1A) was prepared to perform the surface microhard-
ness testing for the 150 ym of the enamel border
(Figure 1B). Next, baseline surface microhardness
(SMH;) analysis was performed on the enamel blocks
using a microhardness tester (Shimadzu Micro
Hardness Tester HMV-2000, Shimadzu Corp, Kyoto,
Japan) with a Knoop diamond under a 25g load for 10
seconds.” Five indentations spaced 100 pm from each
other were made at distances of 150, 300, 450 and 600
um from the enamel sectioned border, for a total of 20
indentations (Figure 1B). Enamel blocks with an aver-
age SMH; between 350 and 380 KHN were selected for
this study.

Sample Preparation and Enamel Block
Adaptation

Twelve samples were prepared for each group using
the following materials and a metal matrix (3 x 2 x 1
mm): resin composite—Z100 (3M ESPE, St Paul, MN,
USA), pit and fissure sealant—Fluroshield (Dentsply
Ind and Com, Rio de Janeiro, RJ, Brazil), resin-modi-
fied glass ionomer cement mixed at the standard pow-
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der/liquid ratio, Vitremer (3M ESPE) and a diluted
resin-modified glass ionomer cement—Vitremer Y
diluted—mixed at ¥ the powder/liquid ratio, with the
remaining 12 samples left untreated to serve as a con-
trol group. The materials were prepared and placed
following the manufacturer’s instructions, with the
exception of Vitremer % diluted, which had its pow-
der/liquid ratio altered as described. After sample
preparation, the materials were randomly attached to
the sectioned surfaces of the enamel blocks and fixed
with assistance wax (Kota Ind and Com Ltda, Sio
Paulo, SP, Brazil) (Figures 1C, D, E and F). The speci-
mens were then coated with an acid-resistant varnish,
except for 4 mm of the enamel block around the sam-
ple and the sample surfaces.

pH-cycling

The effect of fluoride in interfering with the dynamic
caries process was evaluated. The caries process occurs
when the cariogenic challenge is greater during dem-
ineralization than during the remineralization
process, a model based on Vieira and others." All spec-
imens were immersed in demineralizing solution for
six hours—DE (2.0 mmol/LL Ca and P, 0.075 mol/L
acetate buffer, 0.04 ppm F, 2.2 mL/mm? of enamel sur-
face, pH 4.7) and remineralizing solution for 18
hours—RE (1.5 mmol/L Ca, 0.9 mmol/L P, 0.15 mol/L
KCI, 0.02 mol/Li cacodylate buffer, 0.05 ppm F, 1.1
mL/mm? of enamel surface, pH 7.0) for five days at
37°C. The specimens were then submerged in the rem-
ineralizing solution for an additional two days prior to
surface microhardness analysis.

Microhardness Analysis

The surface microhardness (SMH) and cross-sectional
microhardness (CSMH) analyses were performed using
a Shimadzu HMV-2000 microhardness tester and a
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Knoop diamond under a 25g load for 10 seconds. After
pH-cycling, the final surface microhardness (SMHy)
was measured. Five indentations, spaced 100 um from
each other and at distances of 150, 300, 450 and 600 ym
from the enamel sectioned border, were made (Figure
2B). The percentage change of surface microhardness
[%SMH, = 100(SMH,, — SMH;)/SMH;)] was calculated.
After SMH analysis, all blocks were longitudinally sec-
tioned through the center of the exposed enamel
(Figure 2C). To measure CSMH, half of each block was
embedded in acrylic resin (Buehler Transoptic Powder,
Lake Bluff, IL, USA) and the cut surfaces were exposed
and polished (Figure 2D). Next, the cross-sectional
microhardness test was performed utilizing the same
load for SMH testing. Testing was performed on each
block, with 32 indentations distributed in four rows of
eight indentations at distances of 10, 30, 50, 70, 90, 110,
220 and 330 um (Figure 2E). The first row began 150
um from the enamel-sectioned border that remained in
contact with the material, with the other three rows
performed 300, 450 and 600 pum from the first. CSMH
values, up to the 90 um depth, were converted to min-
eral content (volume % mineral). The integrated area of
sound (Z;) and pH-cycled (Zy) enamel was calculated,
followed by calculating the mineral content [AZ=(Zg —
Z7)]. The depth of the lesion was measured as the dis-
tance from the surface where the mineral content was
95% of the sound enamel level.

Analysis of Fluoride in Enamel and pH-cycling
Solutions

The remaining half of each specimen was sectioned to
obtain 2 x 2 x 3 mm blocks of enamel (Figure 2F). The
blocks were then attached to mandrels using an ethyl
cyanoacrylate adhesive (Super Bonder, Loctite, Itapevi,
SP, Brazil) coupled to a handpiece (Dabi-Atlante,
Ribeirao Preto, SP, Brazil) that was fixed to the top of a
modified microscope (Figure 2G).

B‘T—/ C N ¢ 24 ) -

D

Fifty micrometers of enamel were
removed in crystal polystyrene
tubes (J-10, Injeplast, Sdo Paulo,
SP, Brazil) containing self-adhe-
sive polishing discs (13-mm diam-
eter) (400 grades of Carbimet
Paper Discs, Buehler), based on
Weatherell and others.™ The block
surfaces were then washed with
0.4 mL of deionized water inside
ErRTah the tubes and 0.4 mL HCIl 1 mol/L
I“L i was added to the tubes. The tubes
Sm——— were agitated for 30 minutes, then
E 0.8 mL NaOH 0.5 mol/L was

added.”” Fluoride measurements

Figure 2. Diagrammatic representation. A—Removing of the sample, B—Five indentations, spaced 100
um from each other—150, 300, 450 and 600 um from the enamel sectioned border (2), C—block longi-
tudinally sectioned, D—Half of each block embedded in acrylic resin, E—Cross-sectional microhardness
(4 rows of 8 indentations each), F—Half of each block sectioned again, G—Removing of the enamel in
crystal polystyrene tubes, H—Fluoride measurement.

were performed with an ion-selec-
tive electrode (Orion 9609-BN,
Orion Research, Inc, Beverly, MA,
USA) and a digital ion analyzer
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(Orion 720 A, Orion Research, Inc) calibrated with stan-
dards containing from 0.05 pg up to 0.8 ug F/mL in
TISAB III (“Total Ionic Strength Adjustment Buffer,”
Orion Research, Inc) (Figure 2H). The results were
expressed in pg F/mm?®. For analysis of fluoride in the
pH-cycling solutions, TISAB III at a 1:10 ratio
(TISAB/solution) and a pH of 5.0 were used. Calibration
was performed with standards containing

pH-cycling solutions (ug F) (Figure 4) at lower values
of %SMH,_, and these materials were all statistically
different among themselves (p<0.05).

There was a significant correlation between pg F and
pg F/mm® (r’=0.3029; p<0.0001 (Figure 5). With the
mineral content calculation up to 90 um of depth, sig-

from 0.0625 to 1.0 pg F/mL in TISAB III. The
results of the DE and RE solutions were
added. The results were expressed in pug F.

Statistical Analysis 20
For the statistical analysis, GMC version

2002 software was used at a significance limit =

of 5%. First, the normality and homogeneity z

of the samples were tested using the £ 60
Kolmogorov-Smirnov and Cochran tests, 1
respectively. Data from %SMH,, AZ and pg F 80

testing presented a normal and homogeneous
distribution and were submitted to ANOVA, Ly
followed by the Tukey’s test. The values of ng

A —

1.0 1.2 14 16 1.8 2.0

=3¥=Control
-=7 100

= Fluroshield
——\/itremer
=& \/itremer 1/4

pg F/mm? - enamel

F/mm?® in enamel were heterogeneous and

submitted to the Kruskal-Wallis test, followed Figure 3. Percentage change of surface microhardness (%SMH) (mean + se, n=12) per
by the Miller’s test. The %SMH,, AZ, ng F and  fluoride present in enamel (ug F/mm?), according to groups. Means followed by distinct
pg F/mm?® data were submitted to regression letters are significantly different (p<0.05).

analysis and adjusted according to tendency.

RESULTS

Table 1 demonstrates that there were no sig-
nificant differences between %SMH, and dis-
tances in the control and Z100 groups. Among
the fluoride-releasing materials at distances
of 300 and 450 um, there were statistically
significant differences for %SMH,. For the
total values mean, significant differences
were also found for %SMH, among fluoride-
releasing materials (p<0.05).

-20

%SMH,.

-60

Figure 3 demonstrates the correlation
between %SMH, and pg F/mm?® (r*=0.4129;
p<0.0001), while, Figure 4 shows the correla-

2 4 6 8 10
’d-i =33 Control
0 e e e e ——7 100
=& Fluroshield
T ——Vitremer

= \itremer 1/4

-80

-100 -

ug F - pH-cycling solutions

tion between %SMH, and ng F (r*=0.4932;

p<0.0001). For the fluoride-releasing materi- Figure 4. Percentage change of surface microhardness (%SMHc) (mean + se, n=12) per

als, greater values of fluoride were found in
the enamel (ng F/mm?®) (Figure 3) and in the

fluoride present in pH-cycling solutions (ug F), according to groups. Means followed by
distinct letters are significantly different (p<0.05).

Table 1: Percentage Change of Surface Microhardness (%SMH) (mean + sd, n=12) According to Distance and Group
Distance Group

(um) Control Z100 Fluroshield Vitremer Vitremer
150 -89.1 +7.8a" -86.4 +8.4a -43.4 £10.7b,d -23.3 £6.1e -20.6 £5.3e
300 -88.1 £10.7a -86.9 £6.9a -50.7 £10.0b,c -31.9 £8.9d -25.4 +8.6e
450 -87.9 £10.0a -89.0 +5.5a -56.8 £10.9¢ -39.9 £9.1d -28.6 £9.1e
600 -87.0 £12.4a -86.8 +6.4a -58.1 £11.4c -52.2 £13.7b,c -37.6 +8.0d
Total -88.0 £10.1A* -87.3 £6.7A -52.2 +11.9B -36.8 £14.4C -28.1 £9.9D

Means followed by distinct letters are significantly different (5%). “lower case letters: comparison of %SMH¢ between groups and distances. *capital letters: comparison of total values of

%SMHc among groups.
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Figure 5. Fluoride present in enamel (ug F/mm?) (mean + se, n=12) per fluoride present
in pH-cycling solutions (ug F), according to groups. Means followed by distinct letters are
significantly different (p<0.05).

0.8 1.0 12 1.4 16 1.8 2.0

e 500 +
E i

% 1000 4— —¥—Control

- 4 ——7100

- 1500 +— :

= =& F|uroshield
o AT R = Vitremer

rz‘ -2500 ~=-Vitremer 1/4

-3000 o a2

pg F/mm?- enamel

Figure 6. Mineral content (AZ) (mean + se, n=12) per fluoride present in enamel (ug
F/mm?’), according to groups. Means followed by distinct letters are significantly different
(0<0.05).

B LRy —¥—Control
-e—Z 100

=& Fluroshield
—&—\/itremer

=& Vitremer 1/4

-1000 +
-1500 4

2000, Tee=f

AZ(% vol.min. x pm)

2500 1

ug F - pH-cycling solutions

Figure 7. Mineral content (AZ) (mean + se, n=12) per fluoride present in pH-cycling solu-
tions (ug F), according to groups. Means followed by distinct letters are significantly dlif-
ferent (p<0.05).
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nificant correlation was observed between AZ
and pg F/mm?® (r*=0.4573; p<0.0001). In others
words, the greater amount of fluoride present
in enamel indicated a reduced mineral loss
(Figure 6). A significant correlation was found
between AZ and pg F (r>=0.5276; p<0.0001).
When there was a greater amount of fluoride
in the pH-cycling solutions, there was less
mineral loss (Figure 7). For materials that
released a greater quantity of fluoride
(Vitremer and Vitremer % diluted), there was
a reduction in AZ with greater distance. There
was a significant difference in AZ at distances
of 150 ym and 600 um for these materials
when analyzed individually with each materi-
al. Statistically similar AZ results were
observed for the control (without material) and
7100 (without fluoride) groups (Figure 8).

DISCUSSION

The establishment of a sensitive methodology
to assess the dose-response relationship for
fluoride-releasing materials is of interest to
the dental community. The initial studies that
evaluated the in vitro effects of fluoride on the
demineralization and remineralization of
enamel were performed with static models.*
ten Cate and Duijsters introduced the con-
cept of a dynamic model, with alternating
periods of demineralization and remineraliza-
tion. This in vitro model was extremely useful
for determining the effects of topical fluoride,
achieving results similar to studies performed
in vivo." Models that differ from pH-cycling
have been presented, with the suggestion that
those in vitro studies had an increased impor-
tance for studies on the progression or rem-
ineralization of dental caries.

The pH-cycling model, developed to deter-
mine the dose-response relationship of fluoride
products (solutions and dentifrices), uses
bovine teeth,” based on the advantages of
using bovine teeth in place of human teeth.?
These advantages include the fact that bovine
enamel responds quicker to a cariogenic chal-
lenge or remineralizing conditions than
human enamel,® enabling its use in in vitro
studies. Factors influencing in vitro lesions
produced in bovine enamel, such as time of
demineralization, pH of solution, time of rem-
ineralization, composition of the demineralized
and remineralized solutions and duration of
pH-cycling, were altered to establish the
methodology allowing the assessment of the
dose-response relationship of fluoride prod-
ucts.”
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In the current study, other changes T o TR
were necessary, in addition to the alter- ‘
ations defined by Vieira and others," to g 000 8]
establish a protocol for surface micro- E
hardness analysis (SMH). Knoop :
microhardness testing was performed | g 1500
at distances of 150, 300, 450 and 600 ‘g
pm inside the enamel-sectioned border 52
to define the distance where there was E’ -2500 1
a difference between fluoride-releasing
materials that was not related to out- ‘
side factors. For example, measure- i s
ments of 150 um were more susceptible 0
to trine and other alterations during

the process of block isolation, making

21000 e

500 YemeitSonan

-3000 j s S R

=¥ Control

7 100

= Fluroshield

=—f=—"\/itremer

—8=—\/itremer 1/4

150 300 450 600

Distances - um

differential evaluation

difficult. Figure 8. Mineral content (AZ) (mean + se, n=12) per distance of the material (um). Means

Therefore, in Table 1, the distances of followed by distinct letters are significantly different (p<0.05).

300 um and 450 um were great enough

that differences could be observed between fluoride-
releasing materials with a lower incidence of outside
factors, allowing for an improved precision of analysis.
Several in vitro studies™* demonstrated an increased
inhibition of demineralization from the enamel area
adjacent to the material. However, when trying to com-
pare materials that release much fluoride, it was diffi-
cult to determine the differences between fluoride-
releasing materials at a distance of 150 um. A similar
issue is observed when using a greater distance of
material (600 pm) where there is a decrease in the
effect of fluoride between the various materials, which
is hard to differentiate. Thus, the distances of 300 pm
and 450 pm are more favorable for discerning the dif-
ferences between the materials.

Some studies performed in vitro or in situ prepared
conventional cavities in enamel for tests involving den-
tal materials.®"****" Instead of placing the material in a
cavity in the current study, the material was attached
to the enamel blocks to allow surface microhardness
testing adjacent to the material. Placing the material
in a cavity leads to covering of the baseline impres-
sions. This would not allow final surface microhard-
ness to be implemented.

The surface microhardness test was used as a simple,
quick method of analysis, which also allowed for per-
formance of other tests. This test evaluated the alter-
ations of microhardness in each group to verify the
dose-response relationship in a pH-cycling model.
However, it is necessary that the control group pres-
ents a reduction in surface microhardness of approxi-
mately 80%."°* This parameter allows the accuracy of
the model utilized; whereas, if higher or lower mineral
loss occurred, the inhibition of demineralization and
the results of the study would not be significant. The
current study presented a mean change in surface
microhardness of 88% in the control group. For the
cross-sectional microhardness test, the highest fluo-

ride concentration was present in the pH-cycling solu-
tions and was incorporated into dental enamel, while
presenting the lowest mineral loss (AZ). Therefore, for
the current pH-cycling model, the surface and cross-
sectional microhardness tests were suitable to assess
the fluoride-releasing materials.

The release of fluoride from restorative materials
and the consequential alterations in fluoride content of
the enamel were assessed by Norman and others,®
showing that the materials did not always release
more fluoride for incorporation in enamel. A correla-
tion was observed between the fluoride present in
enamel and that released into the pH-cycling solu-
tions. The utilization of a pH-cycling model that simu-
lates a cariogenic challenge promotes the determina-
tion of a dose-response relationship similar to what is
found in a clinical setting. The incorporation of fluoride
into enamel is not uniform, so that the distribution of
fluoride into enamel does not remain limited to just
the area next to the material (where the indentations
of surface microhardness testing are performed).
However, for comparison purposes, the microabrasion
of enamel next to the material with an area of wear
approximating the 2 x 2 mm/block must be accom-
plished. Thus, standardizing the size of the area of
wear is important for reducing differences among
blocks of a same group.

There was a significant correlation between ug F and
pg F/mm?®, %SMH(, ng F/mm® and AZ and pg F/mm?®.
This fact can be linked to the appearance of a higher
level of fluoride in enamel that had been removed by
microabrasion (50 um), corresponding to an area of
greater mineral loss. While the analysis of fluoride
content in enamel cannot be accepted as a critical indi-
cator of the mechanism of action for fluoride, it is an
excellent measure and demonstrates that keeping the
fluoride uptake in enamel lesions was an important
part of the testing profile.*
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The result of the quantitative analysis of fluoride con-
tained in the pH-cycling solutions for this study was
expected (significant difference in values among fluo-
ride-releasing materials). The result was expected,
because of the composition of the pH-cycling solutions
(DE/RE) that simulated the clinical application involv-
ing the surface interactions, ionic strength, environ-
mental pH and degree of saturation, all of which con-
tributed to the release of fluoride ions.* The evaluation
of this pH-cycling model tested the dose-response rela-
tionship through surface microhardness analysis, cross-
sectional microhardness analysis, and fluoride uptake
in enamel and pH-cycling solutions. When the model
was used to compare the effectiveness of dental materi-
als, the surface microhardness test was found to be
more suitable with regard to equipment, ease of appli-
cation and inexpensive cost.

The effectiveness of fluoride-releasing materials in
reducing the demineralization process of enamel must
be tested in vitro, preceding in situ and in vivo studies.
For in vitro studies, the pH-cycling models must repro-
duce the natural caries process and allow for verifica-
tion of the dose-response relationship as the fluoride
concentration varies.**® Utilization of the pH-cycling
model, including the implemented alterations in the
current study, allowed the verification of a dose-
response relationship using cross-sectional surface
microhardness and by determining the fluoride present
in enamel and pH-cycling solution.

CONCLUSIONS

The pH-cycling model proposed in this study allowed
for the determination of a dose-response relationship of
fluoride-releasing materials in the demineralization of
enamel.

Acknowledgements

The authors thank CAPES for providing the scholarship and
Daniel Pirolla Rosselli for creating Figures 1 and 2.

(Received 1 January 2008)

References

1. ten Cate JM (1990) In vitro studies on the effects of fluoride on
de- and remineralization Journal of Dental Research
69(Special Issue) 614-619.

2. Dionysopoulos P, Kotsanos N, Koliniotou-Koubia E & Tolidis
K (2003) Inhibition of demineralization in vitro around fluo-
ride releasing materials Journal of Oral Rehabilitation 30(12)
1216-1222.

3. Carvalho AS & Cury JA (1999) Fluoride release from some
dental materials in different solutions Operative Dentistry
24(1) 14-19.

4. Cummins D (1995) Working Group Report 3: Role of models in

assessing new agents for caries prevention Advances in Dental
Research 9(3) 338-339.

Operative Dentistry

5. Arends J & van der Zee Y (1990) Fluoride uptake in bovine
enamel and dentin from a fluoride-releasing composite resin
Quintessence International 21(7) 541-544.

6. Pin ML, Abdo RC, Machado MA, da Silva SM, Pavarini A &
Marta SN (2005) In vitro evaluation of the cariostatic action of
esthetic restorative materials in bovine teeth under severe
cariogenic challenge Operative Dentistry 30(3) 368-375.

7. Exterkate RA, Damen JJ & ten Cate JM (2005) Effect of fluo-
ride-releasing filling materials on underlying dentinal lesions
in vitro Caries Research 39(6) 509-513.

8. Mellberg JR (1992) Hard-tissue substrates for evaluation of
cariogenic and anti-cariogenic activity in situ Journal of
Dental Research 71(Special Issue) 913-919.

9. Featherstone JD & Zero DT (1992) An in situ model for simul-
taneous assessment of inhibition of demineralization and
enhancement of remineralization Journal of Dental Research
71(Special Issue) 804-810.

10. Vieira AE, Delbem AC, Sassaki KT, Rodrigues E, Cunha RF &
Cury JA (2005) Fluoride dose response in pH-cycling models
using bovine enamel Caries Research 39(6) 514-520.

11. Cury JA, Rebello MA & Del Bel Cury AA (1997) In situ rela-
tionship between sucrose exposure and the composition of
dental plaque Caries Research 31(5) 356-360.

12.Delbem AC & Cury JA (2002) Effect of application time of APF
and NaF gels on microhardness and fluoride uptake of in vitro
enamel caries American Journal of Dentistry 15(3) 169-172.

13. Argenta RM, Tabchoury CP & Cury JA (2003) A modified pH-
cycling model to evaluate fluoride effect on enamel demineral-
ization Brazilian Oral Research 17(3) 241-246.

14. Weatherell JA, Robinson C, Strong M & Nakagaki H (1985)
Micro-sampling by abrasion Caries Research 19(2) 97-102.

15. Alves KM, Pessan JP, Brighenti FL, Franco KS, Oliveira FA,
Buzalaf MA, Sassaki KT & Delbem AC (2007) In vitro evalua-
tion of the effectiveness of acidic fluoride dentifrices Caries
Research 41(4) 263-267.

16.White DJ & Featherstone JD (1987) A longitudinal micro-
hardness analysis of fluoride dentifrice effects on lesion pro-
gression in vitro Caries Research 21(6) 502-512.

17.ten Cate JM & Duijsters PP (1982) Alternating demineraliza-
tion and remineralization of artificial enamel lesions Caries
Research 16(3) 201-210.

18.Clasen AB & Ogaard B (1999) Experimental intra-oral caries
models in fluoride research Acta Odontologica Scandinavica
57(6) 334-341.

19.Serra MC & Cury JA (1992) The in vitro effect of glass-
ionomer cement restoration on enamel subjected to a dem-
ineralization and remineralization model Quintessence
International 23(2) 143-147.

20. Creanor SL, Carruthers LM, Saunders WP, Strang R & Foye
RH (1994) Fluoride uptake and release characteristics of glass
ionomer cements Caries Research 28(5) 322-328.

21.Erickson RL & Glasspoole EA (1995) Model investigations of
caries inhibition by fluoride-releasing dental materials
Advances in Dental Research 9(3) 315-323.

22.Damen JJ, Buijs MdJ, van Strijp AJ & ten Cate JM (1999) In
vitro fluoride uptake by intra-orally aged and contaminated
glass ionomer cement Caries Research 33(1) 88-90.

$S8008 98] BIA 0£-80-GZ0Z 1B /woo Aiojoeignd-poid-swnd-yrewssiem-jpd-swiid//:sdny woll papeojumo(



Rodrigues & Others: pH-cycling Model for Fluoride-releasing Materials 665

23.Donly KdJ, Segura A, Wefel JS & Hogan MM (1999)
Evaluating the effects of fluoride-releasing dental materials
on adjacent interproximal caries Journal of the American
Dental Association 130(6) 817-825.

24.Lobo MM, Pecharki GD, Tengan C, da Silva DD, da
Tagliaferro EP & Napimoga MH (2005) Fluoride-releasing
capacity and cariostatic effect provided by sealants Journal of
Oral Science 47(1) 35-41.

25.Benelli EM, Serra MC, Rodrigues AL Jr & Cury JA (1993) In
situ anticariogenic potential of glass ionomer cement Caries
Research 27(4) 280-284.

26.Dionysopoulos P, Kotsanos N, Koliniotou-Koubia E &
Papagodiannis Y (1994) Secondary caries formation in vitro
around fluoride-releasing restorations Operative Dentistry
19(5) 183-188.

27.Hicks MJ, Flaitz CM & Garcia-Godoy F (2000) Fluoride-
releasing sealant and caries-like enamel lesion formation in
vitro The Journal of Clinical Pediatric Dentistry 24(3) 215-
219.

28. Brighenti FL, Delbem AC, Buzalaf MA, Oliveira FA, Ribeiro
DB & Sassaki KT (2006) In vitro evaluation of acidified tooth-
pastes with low fluoride content Caries Research 40(3) 239-
244,

29.Norman RD, Phillips RW & Swartz ML (1960) Fluoride
uptake by enamel from certain dental materials Journal of
Dental Research 39(1) 11-16.

30.ten Cate JM & Mundorff-Shrestha SA (1995) Working Group
Report 1: Laboratory models for caries (in vitro and animal
models) Advances in Dental Research 9(3) 332-334.

31.Dunipace AdJ, Zhang W, Beiswanger AJ & Stookey GK (1994)
An in vitro model for studying the efficacy of fluoride denti-
frices in preventing root caries Caries Research 28(5) 315-321.

$S8008 98] BIA 0£-80-GZ0Z 1B /woo Aiojoeignd-poid-swnd-yrewssiem-jpd-swiid//:sdny woll papeojumo(



