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Abstract. Fluoride dentifrice is effective in preventive dental caries but may cause
fluorosis, especially in young children. Reducing the concentration of fluoride from
the regular concentration of 1,000 parts per million (ppm) to 500 ppm can reduce
the risk for fluorosis but increases the risk of caries. Adding tricalcium phosphate
(TCP) to the dentifrices may improve the efficacy of remineralization possibly
allowing for a lower concentration of fluoride to reduce the risk of fluorosis. We
studied this to inform future caries prevention efforts in children. We immersed
40 sound primary incisors into demineralizing solution (pH=4.4) for 96 hours at
37°C to create demineralized lesions. The 40 teeth were then divided into 4 groups
of 10 teeth each. Group A: control (treated with deionized water only); Group B:
treated with fluoride dentifrice at a concentration of 1,000 ppm; Group C: treated
with fluoride dentifrice at a concentration of 500 ppm and 500 ppm TCP, and
Group D: treated with fluoride dentifrice at a concentration of 1,000 ppm and 500
ppm TCP. The teeth were each subjected to 7 days of pH-cycling and the studied
dentifrice was applied for one minute, 3 times daily during the 7 day period. After
the 7 day period the teeth were each sectioned and examined with polarized light
microscopy. The depths of demineralized areas were measured using Image-Pro
plus software. A pair t-test was used to compare lesion depths before and after
dentifrice treatment. Differences in mean lesion depths within each group were
analyzed using the One-way ANOVA and LSD tests; a 95% confidence intervals
were calculated. The mean lesion depths in all the groups before dentifrice treat-
ment were not significantly different (p=0.143). The mean demineralized lesion
depths after dentifrice treatment were significantly different by group (p=0.00).
The mean demineralized lesion depth in Group A significantly deeper than the
other groups (p=0.00). Group D had the shallowest depth, significantly shal-
lower than the other groups (p=0.006). There was no significant difference in the
mean demineralized lesion depth between Groups B and C (p=0.478). The mean
demineralized lesion depth changed significantly after dentifrice treatment in all
the groups (p=0.00). Group A was significantly deeper (p=0.00) and groups B, C
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and D were all significantly shallow. Group D had the greatest reduction in mean
demineralized lesion depth (p<0.05). The 1,000 ppm fluoride plus TCP dentifrice
gave superior remineralization than the 500 ppm fluoride plus TCP and the 1,000
ppm fluoride dentifrice. The 500 ppm fluoride plus TCP gave the same remineral-
izing effect as the 1,000 ppm fluoride dentifrice. TCP enhances remineralization
on primary enamel when added to fluoride dentifrice. Our results show if TCP is
added to fluoride dentifrice a lower concentration of fluoride is needed to provide
the same benefit as fluoride dentifrice with a higher concentration of fluoride,

reducing the risk of fluorosis in children.
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INTRODUCTION

Despite advances in dental technol-
ogy, public health preventive programs
and dental health accessibility, dental
caries still affect the Thai population
(Petersen et al, 2015). The prevention of
dental caries and the remineralization
of initial enamel lesions are the goal of
modern dentistry (Cochrane et al, 2010).
Various products have been developed
to promote remineralization and slowing
progression of demineralization. Fluoride
dentifrice is one of the most practical
methods of promoting remineralization
(Rao and Malhotra, 2011). However, the
risk of fluorosis is concerning, especially
among young children (Wright, 2014). In
order to reduce the risk of fluorosis from
fluoride dentifrice in young children, they
should be supervised by caregivers during
tooth-brushing to avoid swallowing the
dentifrice. The majority of Thai children
brush their teeth unsupervised. Sitthiset-
tapong et al (2012) found more than half of
children in their study brushed their teeth
unsupervised. A low-fluoride dentifrice
has been created for young children to
reduce the risk of fluorosis (Evans and
Dennison, 2009). Studies have found the
benefit of using fluoride dentifrice for
caries prevention among children and ado-
lescents compared to placebo, but the con-
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centration of fluoride should be 1,000 parts
per million (ppm) or higher (Walsh et al,
2010). However, fluoride concentrations
of 1,000 ppm or higher have been found
to increase the risk of fluorosis among
children aged less than 6 years (Wong et al,
2010). In Thailand, most commercial
brands of children’s dentifrice contain
fluoride concentrations of 500 ppm.

Several studies have reported the ben-
efit of combining fluoride with calcium
in dentifrice to enhance remineralization
(Pfarrer and Karlinsey, 2009; Amaechi
etal, 2010). Studies have shown combining
tricalcium phosphate(TCP) with fluoride
can enhance remineralization better than
fluoride alone (Karlinsey and Mackey,
2009; Karlinsey et al, 2009a). Several in
vitro studies have found this to be a satis-
factory method to evaluate dentifrices but
none have used this method to directly
compare the remineralizing properties of
fluoride dentifrices with and without TCP
on primary enamel lesion (Karlinsey et al,
2009b; Karlinsey et al, 2011).

The purpose of this in vitro study
was to compare the remineralizing effect
of fluoride dentifrice with and without
TCP for remineralizing caries-like lesions
in primary enamel at different concen-
trations of fluoride using a pH-cycling
method to reflect oral conditions.
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MATERIALS AND METHODS

Sample preparation

This study was approved by the Eth-
ics Committee of Mahidol University.
Forty human primary incisors were col-
lected and coated with two layers of acid
resistant nail varnish, leaving two square
windows approximately 1x1 mm each on
the sound, intact labial surface. The root
apices were sealed with sticky wax and
the teeth were immersed in deionized
water until used.

Demineralizing and remineralizing solu-
tion preparation

Two demineralizing solutions and
one remineralizing solution were pre-
pared for this study. The first demineral-
izing solution [Demineralizing solution I
(D1)] was used to create the demineralized
lesions prior to treatment and the second
demineralizing solution [Demineralizing
solution II (D2)] was used with pH cycling
to imitate oral conditions. These solutions
were prepared using the method of Rirat-
tanapong et al (2011). D1 consisted of 2.2
mM CaCl,, 2.2 mM NaH,PO, and 0.05 M
acetic acid at a pH adjusted to 4.4 using
1M KOH. D2 consisted of the same com-
ponents as D1, but the pH was adjusted
to 4.7 using 1M KOH. The remineralizing
solution consisted of 1.5 mM CaCl,, 0.9
mM NaH,PO, and 0.15 M KCI at a pH
adjusted to 7.0 using 1M KOH.

Artificial caries lesion formation

Each tooth was immersed in 5 ml D1
at 37°C (Sheldon manufacturing, model
1545, Cornelius, OR) for 4 days to produce
carious lesions 60-100 um deep (Riratta-
napong et al, 2011). Each tooth was then
rinsed with 15 ml deionized water and
dried with a piece of tissue paper. The
teeth were then kept in artificial saliva
modified from the technique of Amaechi
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et al (1999) until used.

Grouping and dentifrice preparation

After the initial artificial carious le-
sion formation, one of the two windows
in each tooth was randomly chosen as the
baseline demineralized lesion and coated
with acid resistant nail varnish. The other
window was used to evaluate the respec-
tive treatments. Forty demineralized
study teeth were then randomly assigned
to one of four groups of 10 teeth each.

The studied dentifrices were prepared
by suspending 1 gram of the product in
3 ml of deionized water to give a ratio of
1:3 and then stirred using a hotplate (50°C)
stirrer at 500 rpm until well mixed (Ekam-
baram et al, 2011). All dentifrice slurries
were freshly prepared daily during the
7-day pH-cycling process as follows:
Group A (control group) was comprised of
deionized water; Group B was comprised
of a 1 gram sample of fluoride at 1,000
ppm dentifrice; Group C was comprised
of a1 gram sample of fluoride at 500 ppm
and TCP at 500 ppm and Group D was
comprised of a 1 gram sample of fluoride
at 1,000 ppm and TCP at 500 ppm.
pH-cycling process

The experimental process aimed to
replicate the pH changes occurring in
the oral environment for 7 days (Rirat-
tanapong et al, 2011). Each cycle involved
3-hours in the D2 solution twice daily and
2 hours with remineralization solution
twice daily. Each tooth was then placed
in the respective studied dentifrice for
1 minute, three times daily; once before
the first demineralization per day in D2
and once before and once after the sec-
ond demineralization per day in D2. The
teeth were then placed in remineralizing
solution overnight. This twice daily de-
mineralization at thrice-daily treatment
with dentifrice was continued for 7 days.
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This was intended to stimulate the normal
oral environment with tooth brushing 3
times daily. The D2 and remineralization
solution were created daily at the pH of
the D2 and remineralizing solution were
checked and adjusted to the desired level
daily. After 7-day cycling process was
complete, the nail varnish was removed
with acetone and the teeth were cut into
thin sections and examined under a polar-
ized light microscope.

Thin specimen preparation

All specimens were cut longitudi-
nal through the treatment and baseline
windows in the labio-lingual axis using
a low speed saw under copious water
spray (BUEHLER IsoMet®, Lake Bluff, IL)
to create a section approximately 400 um
thick. The sections were then ground and
polished using wet 800, 1,000, 1,200, 2,000
and 2,500 grit silicon carbide paper. The
thickness of each sections was measured
using an electronic digital caliper (Mitu-
toyo model CD-6C, Kanagawa, Japan); all
sections were 100-150 um thick.

Polarized light microscopy measurement

All the sections were then immersed
in deionized water, mounted on glass
slides and photographed with a polarized
light microscope (Nikon model eclipse
E400 pol, Tokyo, Japan) at 10X magnifi-
cation. The depths of the demineralized
lesions on the photos were measured
using Image-Pro® Plus software (Media
Cybernatics, Rockville, MD). Three points
on each section were measured and the
average depth was calculated and used
for analysis. The depths were measured
by a single-blinded observer.
Intra-examination reliability

Eight sections (20% of all sections)
were randomly selected and re-examined

by the same examiner under the same con-
ditions using the same equipment. Intra-
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examination reliability was calculated
using the Pearson’s correlation coefficient.

Statistical analysis

The means and standard deviations
of the lesion depths were calculated for
each group. A paired t-test was used to
compare pre- and post-treatment lesion
depths. One-way analysis of variance
(ANOVA) and least significant differ-
ence (LSD) were used to test differences
in mean lesion depth among the studied
groups. SPSS, version 20.0 (IBM, Armonk,
NY), was used to make statistical calcula-
tions. Significance was set at p<0.05.

RESULTS

Intra-examiner reliability was good
with a Pearson’s correlation coefficient of
0.998. After initial demineralization with
D1 solution prior to pH-cycling, the de-
mineralization lesion depths ranged from
90 to 111 wm but there were no significant
differences among the groups (p=0.143).
After the pH-cycling treatment with the
studied dentifrice Group A treated teeth
had significantly deeper demineralized
lesions (p=0.00) than the other groups
and Group D had significantly shal-
lower demineralized lesions than the
other groups (p=0.006). There was no
differences in the mean demineralized
lesion depth between Groups B and C
(p=0.478). The mean demineralized lesion
depths after pH-cycling were signifi-
cantly different from before pH-cycling
in all groups (p=0.00). Group A had a
significantly deeper mean lesion depth
after pH-cycling (p=0.00). Group B, C
and D had significantly shallower lesion
depths after pH-cycling and dentifrice
treatment. Group D had the greatest im-
provement in mean demineralized lesion
depth with dentifrice treatment (p<0.05)
(Table 1, Fig 1).
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Table 1
The means and standard deviations for lesion depth among various treatment groups.

Group Treatment Mean+SD lesion depth (um)
Baseline lesion Experimental lesion

A Deionized water 100.25 £13.172 143.85 + 12.91%*

B 1,000 ppm F dentifrice 105.61 +7.33° 88.07 £ 6.38*

C 500 ppm F+TCP dentifrice 98.83 + 7.50° 84.59 +7.94¢

D 1,000 ppm F+TCP dentifrice 101.17 £ 8.15° 74.54 +12.86%*

*p<0.05 (t-test). Different superscript letters indicate significant differences (p<0.05, ANOVA, LSD

test).

Fig 1-Polarized light photomicrograph at 10X magnification of lesions after treatment in deionized
water (A), 1,000 ppm fluoride dentifrice (B), 500 ppm fluoride plus 500 ppm tricalcium phos-
phate dentifrice (C) and 1,000 ppm fluoride plus 500 ppm tricalcium phosphate (D).

DISCUSSION

Our lesion depths prior to pH-cycling
were similar to previous studies (~100 um)
(Yimcharoen et al, 2011; Rirattanapong
et al, 2015).

Our study results showed the combi-
nation of fluoride plus TCP gave greater
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remineralizing than fluoride alone, similar
to studies by Karlinsey et al (2009b) and
Karlinsey et al (2012). Based on our study
fluoride at 1,000 ppm plus TCP and 500
ppm gave the greatest remineralizing ef-
fect, better than fluoride at 500 ppm plus
TCP at 500 ppm, probably because of the
higher fluoride content (Kapoor et al, 2016).
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In our study, dentifrice containing
fluoride at 500 ppm plus TCP at 500 ppm
was significantly superior to the control
group and equivalent to dentifrice con-
taining only fluoride at 1,000 ppm, simi-
lar to a study by Mensinkai et al (2012).
Our results confirmed adding TCP can
improve remineraliztion of fluoride den-
tifrice. However, ours is the only study to
evaluate this efficiency using pH-cycling
and measurement of demineralized lesion
depths using polarized light microscopy.
Further studies are needed using other
methods to determine remineralization.
In vitro trials are also needed to confirm
the efficacy of this dentifrice.

In conclusion, dentifrice containing
fluoride at 1,000 ppm and TCP at 500
ppm gave the best remineralizing effect,
but fluoride at 1,000 pm can increase the
risk of fluorosis. Dentifrice with fluoride
500 ppm plus TCP at 500 ppm gave the
same remineralizing benefit as dentifrice
containing only fluoride at 1,000 ppm,
suggesting using this dentifrice contain-
ing fluoride at 500 ppm plus TCP at 500
ppm is as effective in remineralization as
dentifrice containing only fluoride at 1,000
ppm but has a lower risk of fluorosis in
children.
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