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Abstract
Background. Remineralization potential of dentifrices with novel compositions that can restore minerals 
back into incipient carious lesions has not been extensively studied so far.

Objectives. The aim of this study was to assess the efficacy of a dentifrice based on novel fluoride incor-
porated bioactive glass in remineralizing artificial carious lesions in human enamel, and compare it with 
a standard fluoride-containing dentifrice.

Material and methods. Twenty-four human extracted teeth were sectioned at the cementoenamel 
junction to obtain enamel blocks. These blocks (n = 24) were randomly divided into 3 groups, with each 
group containing 8 specimens: group 1 (negative control group; distilled water), group 2 (positive control 
group; fluoride toothpaste) and group 3 (test group; BioMinTM F toothpaste). Artificial carious lesions were 
produced in the enamel surfaces by exposing them to a demineralization solution (6% citric acid, pH 2.2) 
for 96 h. After demineralization, the specimens were brushed with manual toothbrushes in a toothbrush 
simulation machine (each sample received 800 strokes). For brushing the specimens from group 1, 20 mL 
of distilled water was used, for group 2 – 20 mL of slurry of toothpaste mixed with artificial saliva, and for 
group 3 – 20 mL of slurry of toothpaste (BioMin F) mixed with artificial saliva. The micro-hardness data 
(VHN – Vickers hardness number) was collected at baseline (sound enamel), post-demineralization and 
post-remineralization.

Results. The biggest difference between the post-remineralization and post-demineralization values was 
observed in group 3 (mean VHN = 118.73), followed by group 2 (mean VHN = 60.54) and group 1 (mean 
VHN = 47.44). All the groups revealed significant differences (p < 0.05) when the post-demineralization 
and post-remineralization values were compared to baseline values within each group.

Conclusions. The BioMin F group outperformed the other 2 groups in terms of remineralizing the demi-
neralized enamel structure.
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Introduction
Dental caries initiates with demineralization of  the 

tooth structure caused by the acids produced by the 
cariogenic bacteria residing in dental plaque, after they 
ferment dietary carbohydrates.1 In the past, dental car-
ies was considered as an irreversible infectious bacterial 
disease, but recently, it has been established that caries 
is a complex multifactorial disease, which occurs when 
the equilibrium between demineralization and reminer-
alization is disturbed.2 A decrease in pH can cause a net 
loss of minerals from the tooth surface, also known as 
demineralization, whereas the process of  restoring lost 
mineral ions to the tooth structure (which usually oc-
curs at high pH) and strengthening the lattice network is 
known as remineralization.3

The most effective method described in the literature 
for the removal of plaque is mechanical tooth brushing 
with toothpaste.4 In 1969 there was a revolution in tis-
sue engineering, when Prof. Larry Hench introduced 
bioactive glass (BG) (sodium calcium phosphosilicate 
glass), as it was the first material that exhibited excep-
tional bone bonding ability.5,6 The use of BG in dentistry 
has been encouraged recently due to its compositional 
resemblance to bone and dental enamel.7 The other rea-
son for its recent extensive use is that it forms hydroxyl-
apatite (HAP), which repairs the structure of bone and 
enamel, and also makes them resilient.8 The traditional 
BG composition (Bioglass®) is deficient in fluoride.7 
Fluoride is an essential ion that helps in the formation 
of  fluorapatite (FAP), which is more resistant to caries 
and acid encounters as compared to HAP.9 Recently, 
a new toothpaste consisting of fluoride incorporated BG 
has been introduced, and claims have been made that it 
causes sustained release of calcium, phosphate and fluo-
ride ions, thus resulting in enhanced remineralization 
of the tooth structure.10

Therefore, the aim of this study was to assess the ef-
ficacy of  a dentifrice based on novel fluoride incorpo-
rated BG in remineralizing artificial carious lesions in 
human enamel, and compare it with a standard fluoride-
containing dentifrice.

Materials and methods
Ethical approval (Ref. No. 2018001) was obtained from 

the Scientific Research Unit of  the institution (College 
of Dentistry, Imam Abdulrahman Bin Faisal University, 
Dammam, Saudi Arabia) and all the ethical protocols 
were strictly followed.

Twenty-four extracted human teeth were obtained 
from the Department of  Oral Surgery of  the College 
of Dentistry at Imam Abdulrahman Bin Faisal Univer-
sity, Dammam, Saudi Arabia. Teeth which were free 
from caries, obvious white spot lesions, restorations, 

or other defects were included in this study. All the 
teeth were sectioned at the cementoenamel junction 
using a water-cooled diamond saw (Isomet® 5000 Lin-
ear Precision Saw; Buehler Ltd., Lake Bluff, USA) and 
their roots were discarded. The crowns of all the teeth 
were then embedded in self-cure acrylic resin in such 
a manner that the buccal/labial surface of tooth enam-
el was exposed. The enamel surfaces to be treated were 
then polished with 600-grit wet silicon-carbide paper. 
An enamel window of approx. 4 × 4 mm was created 
on the exposed enamel surface by a nail varnish to en-
sure that the analysis would be performed only in that 
particular area.

Artificial saliva preparation and grouping 
of specimens

Artificial saliva (AS) was prepared by mixing NaCl 
(0.400  g), KCl (0.400  g), NaH2PO4  •  H2O (0.690  g), 
CaCl2  •  H2O (0.795  g), and Na2S  •  9H2O (0.005  g) in 
1000 mL of  deionized water, as proposed by Fusaya-
ma et al.11 The pH of  freshly prepared AS was 5.5,  
which was adjusted by adding 1 M of sodium hydrox-
ide (NaOH) until neutral pH of 7.0 was achieved. The 
enamel blocks (n = 24) were randomly divided into 
3  groups, with each group containing 8 specimens: 
group 1 (negative control group; distilled water), 
group 2 (positive control group; fluoride toothpaste) 
and group 3 (test group; BioMinTM F toothpaste (BioMin  
Technologies Ltd., London, UK)). The details of active  
and other ingredients of  the tested toothpastes are 
shown in Table 1.

Artificial carious lesions

Artificial carious lesions were produced in the enam-
el surfaces by exposing them to a demineralization so-
lution (6% citric acid, pH = 2.2) for 96 h, as described 
earlier by Wang et al.12 The demineralizing solution 
was changed every day during this 96-hour period. 
The specimens were then washed with distilled water 
and air-dried for a day.

Remineralization procedure

The specimens were brushed with manual tooth-
brushes from the same manufacturer (TRISA AG, 
Triengen, Switzerland). For brushing specimens from 
group 1, 20 mL of distilled water was used, for group 2 
– 20 mL of  slurry of  toothpaste (Colgate®; Colgate-
Palmolive Arabia Ltd., Dammam, Saudi Arabia) mixed 
with AS in a  ratio of  1:3, and for group 3 – 20 mL 
of slurry of toothpaste (BioMin F) mixed with AS. The 
brushing experiments were carried out inside a tooth-
brush simulation machine (toothbrush simulator, 
model ZM-3.8; SD Mechatronik GmbH, Feldkirchen-
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Westerham, Germany), under a  continuous loading 
of 250 g, with 100 strokes/min for 4 days (each sample 
received 800 strokes, which is equivalent to 2 weeks 
of in vivo brushing). After every brushing cycle, all the 
specimens were thoroughly washed with distilled wa-
ter. After the 4th day of brushing, the specimens were 
washed with distilled water and left to air-dry, prior to 
the surface micro-hardness analysis.

Surface micro-hardness analysis

Eight specimens from each group were used to eval-
uate the changes in the surface micro-hardness val-
ues. The Vickers surface hardness was measured using 
a digital micro-hardness tester (FM-ARS 9000; Future-
Tech Corp, Kawasaki, Japan). Five indents were made 
on the polished surface of each specimen using a Vick-
ers diamond indenter under a load of 100 g, applied for 
10 s. An average of 5 indents was used for the analysis. 
The micro-hardness data (VHN – Vickers hardness 
number) was collected at baseline (sound enamel), 
post-demineralization and post-remineralization.

Statistical analysis

The results were analyzed statistically using the 
Kruskal–Wallis test, which was applied to compare the 
3 groups. For comparison within each group of the post-
demineralization and post-remineralization vs baseline 
values, the Wilcoxon signed-rank test was used. A p-value  
≤0.05 was considered statistically significant.

Results
The surface micro-hardness analysis was performed 

by means of  a Vickers tester (Fig.  1). The biggest dif-
ference between the post-remineralization and post-
demineralization values was observed in group 3 (mean 
VHN = 118.73), followed by group 2 (mean VHN = 60.54) 
and group 1 (mean VHN = 47.44) (Table 2). For all the 
groups, 800 strokes were not enough to restore the 
structure completely back to the baseline values; still, 
the BioMin F group outperformed the other 2  groups 
in terms of  remineralizing the demineralized enamel 
structure. All the groups revealed significant differences 
(p < 0.05) when the post-demineralization and post- 
remineralization values were compared to baseline values  
within each group (Table 2).

Table 1. Composition of the tested toothpastes

Toothpaste Manufacturer Composition Active ingredient

Colgate
Colgate-Palmolive Arabia Ltd.,  
Dammam, Saudi Arabia

dicalcium phosphate dihydrate, sodium lauryl sulfate, sodium 
saccharin, tetrasodium pyrophosphate, cellulose gum, 
glycerin, water, flavor  

sodium monofluorophosphate 1.1% w/w  
fluoride content: 1450 ppm F

BioMin F 
BioMin Technologies Ltd., 

London, UK

fluoro calcium silicate, sodium lauryl sulfate, titanium dioxide, 
acesulfame potassium, carbomer, polyethylene glycol 400 

(PEG 400), glycerin, silica, flavor, fluoride <600 ppm

BioMin F (fluoro calcium phosphosilicate)  
fluoride content: <600 ppm F 

Fig. 1. Vickers indentation performed to assess the micro-hardness of the 
enamel surface 

Table 2. Mean micro-hardness values (VHN – Vickers hardness number) for the 3 tested groups at baseline, post-demineralization and post-remineralization

Analysis time Group 1 
(distilled water)

Group 2 
(fluoride toothpaste)

Group 3 
(BioMin F  toothpaste) p-value

Baseline 569.98 ±29.41 482.04 ±66.13 497.56 ±71.28 0.015

Post-demin 122.75 ±56.03a 209.50 ±151.22a 164.93 ±171.20a 0.456

Post-remin 170.19 ±73.69a 270.04 ±136.67a 283.66 ±161.55a 0.184

Difference 
(post-remin – post-demin)

47.44 60.54 118.73 –

p-value 0.002 0.005 0.002 –

Data presented as mean ± standard deviation (SD); post-demin – post-demineralization; post-remin – post-remineralization; a significant difference of mean 
of the post-demin and post-remin values as compared to the baseline value within each group.
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Discussion
In this study, the BioMin F toothpaste showed more 

remineralizing capability as compared to the fluoride-
based toothpaste and distilled water, according to the 
surface micro-hardness analysis. The better reminer-
alization potential of  BioMin F could be ascribed to 
the difference in its composition with regard to a stan-
dard fluoride toothpaste. Conventionally, BG is com-
posed of calcium sodium phosphosilicate and contains 
no fluoride.7 The presence of  fluoride in toothpastes 
ensures enhanced remineralization and helps in the 
prevention of caries, as shown by the previous litera-
ture.13,14 The BioMin F toothpaste contains high-phos-
phate BG with fluoride within its BG composition.10 
When BG is placed in the oral cavity, ionic exchange 
reactions take place and the glass begins to dissolve, 
releasing calcium (Ca2+) and phosphate (PO4

3–) ions,15 
resulting in the formation of FAP, which is more acid-
resistant and is quite desirable for various dental ap-
plications. On the other hand, fluoride from a regular 
toothpaste can be washed quickly by the salivary flow 
and the amount of FAP thus formed is also question-
able.16 The high phosphate content of a BG toothpaste 
is also useful, as it helps to maintain the network con-
nectivity of the glass and ensures the formation of FAP, 
as shown previously by Brauer et al.17

The literature lacks studies which have analyzed and 
compared the remineralization potential of BG tooth-
pastes and fluoride toothpastes. A recent in vitro study 
reported more tubule occlusion on dentin specimens 
achieved by BioMin F as compared to NovaminTM (Sen-
sodyne Repair®, Group Pharmaceuticals Ltd., Mumbai, 
India) and a standard fluoride toothpaste.18 Our results 
also demonstrated a  better performance of  BioMin F 
toothpaste, but in terms of enamel remineralization. To 
achieve the maximum benefit of fluoride, it should be 
deposited and released slowly.19 Farooq et al. previously 
developed the composition of  fluoride-containing BG 
that formed apatite in Tris buffer solution within 6 h, 
which was much faster than in the case of 45S5 (Bio-
glass; 24 h).20 Therefore, the superior remineralization 
potential of BioMin F could be attributed to the pres-
ence of fluoride, in addition to BG, in its composition.

One limitation of our study is its in vitro nature. Ac-
tual in vivo conditions could be different and may offer 
more dynamic challenges to the tested materials. To 
the best of  the authors’ knowledge, this study is the 
first to compare the remineralization potential of Bio-
Min F and fluoride in a head-to-head trial. This study 
could prove useful and serve as a basis for future quan-
titative and clinical studies, which can be performed 
to analyze the effects of these dentifrices under more 
vigorous in vivo conditions.’

Conclusions
The BioMin F group outperformed the other 

2 groups in terms of remineralizing the demineralized 
enamel structure. Future in vivo studies are recom-
mended to evaluate its clinical efficacy.
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