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ABSTRACT

OBJECTIVES: To evaluate in vitro, the effect of nano-hydroxyapatite (NHA) toothpaste in comparison with a fluoridated toothpaste on

remineralization of caries like lesion in the enamel of primary teeth.

MATERIALS AND METHODS: sixty sound primary anterior teeth were coated with nail varnish; leaving squares of 3x3 mm on facial
surface uncovered. Forty teeth were divided into two groups where group (1) n=20 treated by NHA toothpaste and group (1) n=20 treated
by fluoridated toothpaste containing sodium monofluorophosphate (1450 ppm F). They were examined with Vickers Microhardness
device. The remaining 20 teeth were divided into two groups (I11 and 1V). They were sectioned longitudinally in a labiolingual direction
into two equal halves, mesial half not treated (sub group 111A) and distal half treated by NHA (sub group I11B). Mesial half not treated (sub
group IVA) and distal half treated by fluoridated toothpaste (sub group 1VVB). Specimens were evaluated quantitatively and qualitatively

with Polarized Light Microscope.

RESULTS: The microhardness of teeth significantly decreased following acid exposure but increased again in both groups after exposure
to toothpastes. The NHA toothpaste non-significantly increased the percent change of microhardness by 1.65 times than fluoridated
toothpaste (p = 0.06). The percent differences in lesion depth between test group 111B and its control group I11A was -58.96 + 9.04, whereas
between test group 1VB and its control VA was -56.26 + 17.43. There was no statistically significant difference between the two values

(P=0.67).

CONCLUSION: NHA and fluoridated toothpastes are equally effective as remineralizing materials for the enamel.
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INTRODUCTION

Dental caries is a chronic, slowly progressing disease,
which is considered a significant problem across the
world. It occurs as an interaction between the tooth
surface, dental biofilm and fermentable carbohydrates (1).
It is a dynamically alternating process of demineralization
and remineralization. The remineralization process (the
replacement of lost minerals in hard dental tissues) can
halt, slow down, and, in some cases, reverse the caries
process (2).

Fluoride has been widely recommended as an
agent for preventing early enamel carious lesions (3). The
process by which fluoride improves caries resistance may
result from both systemic and topical fluoride applications
and may be categorized into: increasing enamel resistance,
increasing maturation rate, remineralization of incipient
caries, interfering with microorganism and improving
morphology of the tooth. Such cariostatic therapeutic
effects are inadequate to deal with high caries risk patients
(4). But promising remineralization effects are possible
using high fluoride concentration agents (5).
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The mineral-crystalline type of calcium and phosphorus
present in enamel, dentin, cement, and bone is
hydroxyapatite. Due to its optimal properties, such as
similarity to the mineral composition of hard tissues,
biocompatibility, and low solubility, it is commonly used
in biology, medicine, and dentistry. When added to tooth
enamel, it has remineralizing effects (6). Advances in
nanotechnology have allowed for smaller particle size and
shape modifications hence producing bioactive calcium
phosphate compounds with high potential for penetration
into the demineralized surface porosities (7). Nano
hydroxyapatite (NHA) has a higher surface/volume ratio
and is more effective than large hydroxyapatite particles

(8).

Previous studies evaluated the influence of NHA
solution on erosive enamel lesions of permanent human
teeth and confirmed that these lesions may be repaired by
NHA (9). Nanohydroxyapatite toothpastes and
mouthwashes have also been shown to be able to
remineralize initial enamel caries (10).

Thus, the present study aimed at assessing and
comparing the remineralizing effects of NHA and
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fluoridated toothpaste on artificially created carious
lesions in primary anterior teeth by measuring surface
microhardness and lesion depth using the polarized light
microscope. The null hypothesis is that a toothpaste
containing NHA will have similar effect of
remineralization as that of fluoridated toothpaste.

MATERIALS AND METHODS

This in vitro experimental study was approved by the
ethics committee in the Faculty of Dentistry Alexandria
University. The minimal sample size was calculated based
on a previous study (10). A sample size of 20 teeth per
group (number of groups =2) (total sample size = 40
teeth) is the enough required sample size (11) as
statistically significant with 80% power (f=20%) and at a
significance level of 95% (0=0.05) (12). Sample size per
group does not need to be increased to control for attrition
bias (13). Twenty teeth will be included in the study for
histological part of the study. The sample power size was
calculated using GPower version 3.1.9.2 (14).

Sixty human sound primary anterior teeth (sound,
exfoliated or extracted for orthodontic purpose) were
collected from the clinic of the Department of Pediatric
Dentistry and Dental Public Health in Faculty of
Dentistry, Alexandria University and examined visually
to ensure they meet the inclusion criteria of having no
caries or previous fillings and no developmental
anomalies and by a magnifying lens for the absence of
any cracks. The teeth were stored in saline solution at
room temperature till required for use (10). The teeth
were randomly allocated using a computer-generated list
of random numbers to one of the two treatment groups
(15). A flow chart of the study design is shown in (Figure
1).

Sample preparation

The teeth were cleaned with fluoride free pumice then
washed with distilled water and air-dried. A 3x3 mm
square of self-adhesive tape was stuck above the CEJ of
the labial surface of each tooth. All the teeth surfaces
were coated with acid-proof nail varnish (10). When the
nail varnish dried the self-adhesive tapes were removed
leaving only a window of 3x3 mm exposed enamel on
labial surface of the anterior primary teeth (16). Each tooth
was mounted in a self-cure acrylic resin inside a cylindrical
plastic mold with its labial surface facing upwards (17).
Twenty blocks were longitudinally sectioned (after
demineralization and caries lesion formation) in a
labiolingual direction through the center of the window of
tooth with a diamond disc mounted on a straight hand piece
to obtain two equal halves where each half was considered as
a specimen. Each two halves were kept together in a separate
container,_as distal half was treated with the specific
anticariogenic agent (subgroup 111B and 1\VVB) and the mesial
half remained untreated and served as control (group 1A
and IVA) (18). All the specimens were re-coated with nail
varnish to cover any surface that has been exposed due to
sectioning as well as the cut surface (15).

Grouping and Methods

Group I: Consisted of 20 primary teeth labeled from (1-20)
were treated with NHA toothpaste (Carefree CTx3 gel,
Canada). Group I1: Consisted of 20 primary teeth labeled
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from (21-40) were treated with fluoridated toothpaste (Signal
toothpaste cavity fighter which contained sodium
monofluorophosphate 1450 ppm F).

The remaining twenty primary teeth were randomly assigned
into two groups. Group I11: Consisted of 10 teeth which
were longitudinally sectioned into two halves. Subgroup I11A
(n=10) the mesial half was not treated with toothpaste and
subgroup 1B (n=10) the distal half was treated with NHA
toothpaste. Group 1V: Consisted of 10 teeth which were
longitudinally sectioned into two halves. Subgroup IVA
(n=10) the mesial half was not treated with toothpaste and
subgroup VB (n=10) the distal half was treated with
fluoridated toothpaste.

Artificial carious lesion formation

The teeth in groups (I, I1) (after the baseline microhardness
was measured) and all the specimens of groups (111, IV) were
immersed in a demineralizing solution before sectioning (50
mM (CHsCOOH), 2.2 mM (Ca(NO3)2.2H,0), 2.2 mM
(KH2PQ4), 0.1 ppm(NaF) and (NaOH) was used to adjust
the pH to 4.2) 10ml/tooth at 37°C for 96 hours without
stirring (19). Demineralizing solution was prepared at the
lab of Faculty of Pharmacy, Alexandria University.
Application of toothpastes

All the teeth were brushed manually using a soft tooth-brush
with the toothpaste applied for 30 cycles using a pea-sized
amount of toothpaste. Each brushing cycle lasted for 15
seconds during which the teeth were immersed in slurry
water made of the respective toothpaste (10). The slurry was
prepared daily before application by mixing toothpaste
and deionized water in the ratio of 1:3 (20). The teeth
were brushed twice daily and stored in artificial saliva
until the following day for 15 days (10).

Microhardness test evaluation

Teeth in groups (I, 1) were examined with Vickers
Microhardness Device (Wilson microhardness tester,
Japan) with a load of 25gm for 5 seconds. Three
indentations were made in the enamel surface of each
specimen then the mean was calculated and considered as
the hardness number of the tooth (21). Microhardness
testing was done before any cariogenic challenge (initial
base line assessment), after initial caries formation
(second assessment) and at the end of the study (final
assessment).

Polarized light microscopic evaluation

The specimens from each test group (I11B, 1VB) and their
corresponding controls (I11A, IVA) (n=40) were prepared
for analysis by polarized light microscope (Olympus
America Inc.). Longitudinal ground sections of about 15
um thickness were prepared, and then mounted using
Canada balsam to hold the specimen in place between the
slip cover and the glass slide. Depth measurements were
done using (image J.46) software (22). The mean depth of
the enamel lesion of each specimen was measured by
averaging of three lines: one at each side and one at the
center of the lesion within the subsurface of the lesion body,
perpendicular to the outer layer of the enamel surface and
extending to the translucent band (Figure 2).

Statistical analysis

Data were analyzed by the use of IBM SPSS for Windows
version 23.0 (IBM Corp., Armonk, N.Y., USA). Data
were reviewed to check for any errors during data entry.
Normality was checked using tests of normality. All
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variables showed normal distribution, so means and
standard deviations (SD) were calculated. Percent change
in  microhardness was  calculated using the
following equation:

Microhardness after tooth paste use — Microhardness after demineralization

- — X100
Microhardness after demineralization

(23).
Simple linear regression was used for determining the
effect of toothpaste type on percent change in
microhardness adjusted for baseline microhardness
values. Paired t-test was used for comparing lesion depth
in the treated and untreated parts of the same tooth in each
group.

Percent change in lesion depth was calculated for each
group using the following
Depth in treated side — Depth in untreated side

lesion depth in untreated side

(23) and compared in the 2 groups using independent
samples t-test. Significance was set at P<0.05.

equation

[ Sample size estimation ]

40 teeth for
microhardness testing

20 reeth for
Polarized light micrascopy

[ Randomization \grouping ] [ Randomization \grouping ]
Group 1 Group I1 Group 1 Group IV
20 teeth will be 20 teeth will be n=10 n=10
e oy treated by To study effect of To study effect of
NHA fluoridated NHA |5mhpaslc fluoridated toothpaste
toothpaste toothpaste
hd Y

[ Measuring baseline microhardness ] [ Demineralization ]

|

Demineralization

[ Measuring surface microhardness ]

[ Teeth will be longitudinally sectioned into two halves ]

Sub o
Sub ron 2ub group Fer s Sub group
- mA s /]
[ Toothpaste application for 15 days ] T o VA B
Mesial half | Distal half Distal half

! not treated | treated by Mes
ey not treated

treated by
[ ing final surface microhard ]

fluoridated
toothaste

kﬁ_d'

[ Examined by polarized light microscopy ]

[ Data management and analysis I

Figure 1: A flow chart of study design

Figure 2: Transmitted light photomicrographs showing
the use of (image J) software to measure the lesion depth,
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magnification X40.The mean depth of the 3 points of
enamel lesion.

RESULTS

Surface microhardness (mean+SD) values of the teeth are
shown in (Table 1). The mean microhardness at baseline
in group | and Il were 286.47 + 29.12 and 285.78 + 27.55
respectively which decreased to 257.85 + 29.01 and
257.13 + 29.77 after demineralization and increased again
to 277.45 + 27.85 and 272.43 + 26.53 after toothpaste
application for 15 days. Percent change in microhardness
after toothpaste application and demineralization in group
I and Il after adjusting baseline microhardness values
showed that group I (NHA toothpaste) is 1.65 times
higher than that of group Il (fluoridated toothpaste) and
the difference was not significant (P= 0.06). Adjusted
mean for percent change in microhardness in group |
(NHA toothpaste) was 7.80 and for group Il (Fluoridated
toothpaste) was 6.16, which was higher for NHA
toothpaste (Table 2).

The mean lesion depth of subgroup A
(control) was 191.70 + 50.87 um, whereas in subgroup
I11B (test) was 77.30 £ 22.61 um. There was a decrease in
lesion depth in subgroup IlIB and the difference was
statistically significant (P<0.001). The mean lesion depth
of subgroup IVA was 172.30 + 57.28 um, whereas in
subgroup IVB was 78.50 + 45.96 pm. There was a
statistically significant difference between the two
subgroups, with a decrease in lesion depth in subgroup
IVB (P<0.001). Percent difference between NHA test
group (111B) and its control group (Il1A) was -58.96 +
9.04, whereas the percent difference between fluoridated
toothpaste test group (IVB) and its control (IVA) was -
56.26 + 17.43. There was no statistically significant
difference between the two values (P=0.67) (Table 3).

Qualitative results of polarized light microscope
showed improvement of the caries-like lesions after
application of toothpastes. This was observed in the
enamel of both subgroups I11B and IVB specimens. Most
of the representative lesions showed marked reduction in
the depth of the carious lesion compared to subgroups
I1IA and IVA. Other specimens showed noticeable degree
of remineralization. This was observed through the
restoration of Hunter-Schreger bands emphasizing the
effect of these toothpastes in remineralization (Figure 3).
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Figure 3:Polarized light photomicrograph of longitudinal
ground sections of one of each group showing (A): a
specimen of the NHA control group (subgroup II1A)
showing a well-developed dark demineralized band of
enamel, magnification X40, (B): a specimen treated with
NHA (subgroup I1IB) showing complete homogenous
extensive remineralization of the caries like lesion, (c):
fluoridated toothpaste control specimen (subgroup IVA)
showing a well-developed dark demineralized band of
enamel, (D): a specimen treated with fluoridated toothpaste
(subgroup IVB) showing decrease in the extent of the
lesion

Table 1: Vickers microhardness values of studied groups
across the time.

Mean + SD

Microhardness

NHA Toothpaste | Fluoridated
Toothpaste

across Time

Baseline 286.47 +29.12 285.78 + 27.55

After 257.85 +29.01
demineralization

257.13 +29.77

After toothpaste use | 277.45 £ 27.85 272.43 +26.53

Table (2): Effect of toothpaste type on percent change in
microhardness and adjusted means for percent change

NHA Fluoridated
toothpaste | toothpaste

B (95% CI) 1.65 (-0.06,3.35)

P Value 0.06

Adjusted mean 7.80 6.16

Standard error 0.59 0.59

95% ClI 6.60,9.01 | 4.96, 7.36

B: Regression coefficient

Cl: Confidence interval

*statistically significant at p value <0.05

Adjusted R2=0.37, F=12.59, P value <0.001*

Model was adjusted for baseline microhardness values

Table (3): Lesion depth values of all studied groups and
percent difference between each test and its control group
NHA Toothpaste Fluoridated

(group 111) n=20 Toothpaste
(group 111) n=20

Lesion depth

Subgrou | Subgroup | Subgrou
Subgroup p B IVA p VB
IIA | (treated) | (untreate | (treated)
(untreate n=10 d) n=10 n=10
d) n=10

Mean+SD 191.70+ | 7730+ | 17230+ | 7850%
50.87 pm 2261 | 57.28um | 4596 um
um

Paired t 9.19 7.80

P value <0.001* <0.001*

-58.96 +9.04 -56.26 + 17.43

Percent

differenc

0.44

e

0.67 (NS)
Statistically non-significant (NS)
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DISCUSSION

In this study, nano hydroxyapatite toothpaste was compared
to fluoridated toothpaste (1450 ppm) to evaluate their
remineralizing effect on pre-cavitated carious lesion. The
results were in favor of the null hypothesis, where NHA
toothpaste and fluoridated one had a similar positive effect
on enamel remineralization when applied to the teeth after
the acidic challenge. Thus proving their therapeutic effect on
lesion formed after demineralization in which surface
microhardness increased and lesion depth decreased when
compared to before application of toothpastes.

In recent years NHA has been generally accepted in

dentistry and medicine as it is recognized among the most
bioactive and biocompatible materials (24).
Nanohydroxyapatite shows strong affinity to the tooth, and
can be strongly adsorbed on enamel surface.
Nanohydroxyapatite toothpaste is used as a new technique
for prevention and remineralization of caries (25).
Teeth were soaked in a standardized demineralizing solution
to mimic the demineralized stage that could typically occur
in the structure of the tooth and create a generalized baseline
for the various specimens instead of using carious teeth that
would have varying demineralization levels. So an
intermediate pH solution (4.2) was used for 96 hours (19).

In the present study, the effect of NHA on enamel
remineralization was assessed by evaluating its effect on
surface microhardness using Vickers microhardness tester.
Vickers microhardness tester was chosen in the present study
because measurement is more accurate and easier (26). The
teeth after treatment showed a higher surface microhardness
values by about 8% in comparison to after demineralization.
Likewise, the results of lesion depth revealed the ability of
NHA toothpaste to enhance enamel remineralization in the
treated teeth in which lesion depth was about 60% lower
than that of untreated specimens. In line with these results,
Huang et al (2009) (27), evaluated the impact of
nanohydroxyapatite-containing toothpastes on initial enamel
lesions under complex pH cycling conditions in which the
study results have concluded that NHA has the ability to
remineralize initial enamel lesions.

Fluoridated toothpaste was regarded as a control
because it is among the most studied preparations. In
addition, it is recommended by the WHO and the American
Academy of Pediatric Dentistry (AAPD) (28, 29) for
children younger than 6 years due to its proved efficacy in
remineralizing dental caries in high caries risk children.
Fluoridated toothpaste was also tested in the current study
and the results showed its ability in remineralization. Mean
microhardness value of the teeth after treatment was about
6% higher than that after demineralization and the depth of
the lesion in treated specimens was 54% lower than that of
untreated specimens.

Qualitative evaluation was performed by polarized
light microscope to evaluate the zones of caries like lesions.
It was noted in all treated specimens in both groups that the
lesions had less depth in comparison with the negative
control specimens, and that the quality of the lesions
appeared different in the treated specimens, as most of the
treated specimens showed a highly mineralized surface layer
that wasn't evident in the non-treated specimens. This is
mostly attributed to the effect of the remineralizing agents
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provided by both treatment materials on the specimens’
surface.

Despite the fluoride's global cariostatic therapeutic
effect (30), a long debate was observed in the literature
regarding the anticaries effect of low-fluoride toothpastes
(e.g. 500 ppm F) prescribed for children (31). Some may
recommend increasing the dosage of fluoride as its
effectiveness is dosage-dependent (32), however, there is a
limit to the dose of fluoride permitted in oral care products to
avoid the risk of fluorosis in children (33).

The NHA toothpaste showed a therapeutic capacity
that is comparable to the fluoridated toothpaste. This is
evident by the study results, which proved both NHA and
fluoridated toothpaste were effective in increasing
remineralization of primary enamel with no significant
difference even though the NHA showed a higher percentage
of microhardness variation and difference in lesion depth.
Similarly, Schlagenhauf et al (2019) (34) showed that the
effect of the daily usage of a NHA dentifrice on the
development of caries in extremely caries-active patients
does not differ significantly from the use of 1400 ppm of
fluoride toothpaste. On the other hand, Ebadifar et al (2017)
(10) compared effect of toothpaste containing NHA and
fluoride and toothpaste containing fluoride alone on
remineralization using Vickers microhardness tester to
measure microhardness. It was concluded that the toothpaste
containing NHA was more effective in remineralization than
the NHA free toothpaste.

The limitations of this study were the difficulty in

reproducing the oral environment including the biofilm and
oral flora, different salivary components, individuals eating
habits and oral hygiene practices. In addition, the present
study was limited to a period of 15 days of toothpaste
application after 4 days of demineralization, while the
de/remineralization processes are long-term processes.
In conclusion, the present results support the
remineralizing effect of NHA toothpaste; however,
further studies are recommended to evaluate the oral
factors and the anti-microbial potential of the toothpaste.

CONCLUSIONS

Based on the results of this in vitro study, it was concluded
that:

Both nano hydroxyapatite and fluoridated toothpastes are
equally effective as remineralizing materials that can
remineralize pre-cavitated lesions caused by cariogenic
challenge in primary teeth.

Both tested materials were not able to return to surface
microhardness before demineralization.

Nano hydroxyapatite toothpaste could be used as an
alternative to fluoridated toothpaste in children with high
caries risk.
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