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ABSTRACT: Dental bleaching may cause alterations in the mineral composition of
enamel. This in vitro study aimed to evaluate and compare the effects of NovaMin and
BioMin-containing toothpastes on the calcium and phosphorus content of enamel
following bleaching with 35% hydrogen peroxide and 35% carbamide peroxide.

Materials and Methods: Forty-eight extracted human maxillary anterior teeth were
allocated to two groups according to the bleaching agent used: 35% hydrogen peroxide
and 35% carbamide peroxide. Each group was further divided into three subgroups (n =
8): bleaching alone, bleaching followed by NovaMin toothpaste, and bleaching followed
by BioMin toothpaste. Enamel mineral deposition was assessed by scanning electron
microscopy coupled with energy-dispersive X-ray spectroscopy (SEM-EDS). Calcium and
phosphorus contents were analysed using analysis of variance followed by the Tukey's
honestly significant difference (HSD) test. Statistical significance was set at p < 0.05.

Results: Bleaching alone resulted in lower calcium and phosphorus contents compared
with the remineralisation groups. Following 35% hydrogen peroxide bleaching, the mean
calcium content was 14.51% in the control group, compared with 31.46% and 32.53%
following NovaMin and BioMin application, respectively. Corresponding phosphorus
values were 7.08%, 15.74%, and 15.51%. Following 35% carbamide peroxide bleaching,
mean calcium content was 14.93% in the control group, compared with 29.57% and
29.64% following NovaMin and BioMin application, respectively, while phosphorus
content was 7.41%, 15.09%, and 15.85%. Both remineralisation groups showed
significantly greater calcium and phosphorus contents than the respective control groups
(p < 0.001). However, no significant differences were found between NovaMin and
BioMin for either mineral.

Conclusions: Within the limitations inherent to in-vitro studies, it can be concluded that
application of remineralising agents produces a significant increase in enamel calcium and
phosphate content following bleaching with 35% hydrogen peroxide and 35% carbamide
peroxide. No statistically significant difference was detected between NovaMin and
BioMin in this remineralising effect; however, given the limited power of these specific
comparisons, this finding should not be interpreted as evidence that the two bioactive
glass—containing toothpastes perform equivalently. Further studies with larger, adequately
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powered sample sizes, or a formally designed equivalence trial, are needed to draw
definitive conclusions regarding their comparative efficacy.

1. INTRODUCTION

Tooth colour is an important component of dental aesthetics, and the increasing emphasis on white smiles has led to a growing
demand for tooth whitening procedures.! Tooth discoloration may be intrinsic or extrinsic, resulting from factors such as
developmental disturbances, medications, excessive fluoride exposure, smoking, and consumption of chromogenic foods and
beverages.?

Dental bleaching is a conservative and effective method for improving tooth colour. Hydrogen peroxide (HP) and carbamide
peroxide (CP) are the most commonly used bleaching agents. Carbamide peroxide decomposes to release hydrogen peroxide,
which diffuses through enamel and dentin and generates reactive oxygen species that break down pigmented chromophores
responsible for tooth discoloration.¥*> However, bleaching may also cause alterations in enamel morphology and mineral
composition,  including loss  of  calcium and  phosphorus and  increased  mineral  solubility.6-19
Remineralising agents have therefore been investigated to counteract mineral alterations following bleaching. Fluoride and
casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) have traditionally been used for enamel remineralization.!!
More recently, bioactive glasses have gained attention because of their ability to release calcium and phosphate ions and promote

the formation of an appetite-like layer on dental hard tissues12

NovaMin is a calcium sodium phosphosilicate bioactive glass that releases calcium and phosphate ions in an aqueous
environment, promoting formation of a hydroxyapatite-like layer on the tooth surface.’> BioMin F® is a fluoride-containing
bioactive glass that releases calcium, phosphate, and fluoride ions and may promote formation of fluoridated apatite, thereby

enhancing enamel remineralization. 13

Although both materials have demonstrated remineralising potential, limited evidence is available regarding the comparative
evidence of remineralising potential of NovaMin and BioMin F® after bleaching with hydrogen peroxide and carbamide
peroxide .
Therefore, this in vitro study aimed to compare the ability of two bioactive glass-containing toothpastes, NovaMin and BioMin
F®, to restore mineral alterations in enamel following bleaching with 35% hydrogen peroxide and 35% carbamide peroxide
using scanning electron microscopy coupled with energy-dispersive X-ray spectroscopy (SEM-EDS).

2. MATERIALS AND METHODS
2.1 Source of Data

Human teeth (maxillary incisors and canines) extracted for different therapeutic reasons were used for the study. The teeth
were examined carefully, discarding those with cracks, caries or structural enamel defects. The final study sample consisted of

48 teeth which were cleaned and stored in thymol for 5 days.
2.2 Inclusion criteria:

Teeth indicated for extraction due to poor periodontal Health
Maxillary anterior teeth with intact coronal structure

Teeth without attrition and abrasion

2.3 Exclusion criteria:

Teeth with cracks

Teeth with caries

Teeth with structural enamel defects

Teeth with severe erosion
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2.4 Materials and equipment’s used in the study:

Contra-angle hand piece

Carborundum discs

EDTA

Artificial saliva

Deionized water

Bleaching agents 35% hydrogen peroxide and 35% carbamide peroxide

Remineralising agents Biomin I containing fluoro-calcium-phosphosilicate bioactive glass as the active remineralising
component, along with glycerine, polyethylene glycol 400, sodium laural sulfate, Tioz, and 530 ppm of fluoride.

Novamin containing toothpaste (vantaj) containing 5% w/w calcium sodium phosphosilicate along with silicin dioxide, calcium

oxide, sodium oxide, phosphorus pentoxide and sodium fluoride 1450 ppm.
Scanning electron microscope with energy dispersive spectroscopy

2.5 Methodology

Sample Preparation:

A total of 48 extracted human anterior teeth (n = 8 per group across 6 groups) were included in this study. This sample size is
consistent with comparable studies evaluating remineralisation of enamel after application of remineralising agents'¢. The Teeth
Were Sectioned from The Cemento-Enamel Junction Using Water Refrigerated Diamond Disc. The Roots Were Discarded.
The Crowns Were Divided into 2 Groups (Group 1 & Group 2), each group into 3 subgroups and Crowns Were Embedded
into Acrylic Resin Leaving a Window to Explore Enamel. The Samples Were Stored in commercially available Saliva substitute
(salivary spray; torion lifesciences,india) at 4 degree centigrade until initiation of the procedure. All Samples Were Washed with
Deionised Water for 30 Seconds Before Bleaching Treatment.

Application of the Bleaching and Remineralising Agents: The samples belonging to groups 1a,1b,1c underwent three 15
minute treatments with 35% hydrogen peroxide (pola office) to a thickness of about 1 mm between applications the material
was removed with an aspirator, followed by washing for 30 seconds with deionised water. Then in groups 1b and 1c¢ novamin
paste and biomin paste was applied to a thickness of about Imm for 5 minutes, followed by removal with deionised water.
Then groups 2a,2b,2c underwent 30 minute treatments with 35% carbamide peroxide gel to a thickness of about 1mm and then
removed by aspiration, followed by washing with deionised water for 30 seconds. In groups 2a and 2b novamin paste and
biomin paste was applied for 5 minutes to a thickness of about 1mm followed by removal with deionised water. Following each
application, the specimens were immersed in saliva substitute and stored at 4 degrees centigrade until next treatment cycle. This

procedure was performed twice daily for a period of 2 weeks 7.

Table 1 summarises treatment protocol used in each group

la 35% hydrogen peroxide

1b 35% hydrogen peroxide followed by application of novamin
1c 35% hydrogen peroxide followed by application of biomin
2a 35% carbamide peroxide

2b 35% carbamide peroxide followed by application of novamin
2c 35% carbamide peroxide followed by application of biomin
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Scanning electron microscope with EDS analysis

The samples were first dried and then gold sputtered in mini sputter coating machine. Then proportions of calcium and
phosphorus were determined on a semi quantitative basis with a microanalytical system —EDX.the operating parameters used
were: acceleration voltage 20 kv Resolution of 127.1 Ev. For microanalysis, we located the central zone of the sample and
performed three measurements: one of the central zone and another two at two points equidistant to the first, along the diagonal
of each sample. The proportions of calcium and phosphorus in the enamel were recorded and the mean value of the weight

percentage of calcium and phosphorus was calculated and results were tabulated.
3. RESULTS AND DISCUSSION

The Present Study Was Carried Out to Compare Two Bioactive Glass Incorporated Toothpastes for Restoring Mineral Loss
After Dental Bleaching With Hydrogen Peroxide 35% And Carbamide Peroxide 35% by using SEM with EDS

Statistical Methods: The recorded data were compiled in Microsoft Excel and analyzed using SPSS software (version 20.0;
SPSS Inc., Chicago, IL, USA). Data normality was assessed using the Kolmogorov—Smirnov test. A two-way analysis of variance
(ANOVA) was performed with bleaching agent (35% hydrogen peroxide vs. 35% carbamide peroxide) and remineralising agent
(control, NovaMin, BioMin) as fixed factors, including their interaction term, to evaluate the main and interaction effects on
enamel calcium and phosphorus content. Post hoc pairwise comparisons were performed using Tukey's honestly significant
difference (HSD) test to control the family-wise error rate across multiple comparisons. Effect sizes (Cohen's d) and 95%

confidence intervals were calculated for all pairwise comparisons. A p-value < 0.05 was considered statistically significant.

Group Wise Distribution of Samples:

Group Description No. of Samples
la 35% hydrogen peroxide 8
1b 35% hydrogen peroxide followed by application of novamin 8
1c 35% hydrogen peroxide followed by application of biomin 8
2a 35% carbamide peroxide 8
2b 35% carbamide peroxide followed by application of novamin 8
2c 35% carbamide peroxide followed by application of biomin 8

Evaluation of Enamel Remineralisation by SEM with EDS:

Remineralisation after bleaching was not done in control samples of both groups, so the degree of remineralisation could not
be evaluated in control groups. The mean proportion of calcium and phosphorus in both groups are given in tables 1-4 &
Graphs 1-4.

Table 1: Proportion of Phosphorus in the enamel in vatious subgroups of Group 1 (Hydrogen Peroxide
Group)

Group N Mean SD 95% CI Comparison P-value
Group la 8 7.08 0.337 6.79-7.36 lavs1b <0.001*
Group 1b 8 15.74 0.916 14.97-16.50 1bvs 1c 0.678
Group 1c 8 15.51 1.287 14.43-16.58 lcvs la <0.001*

Natural Resources for Human Health (NRFHH)
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*Statistically Significant Difference (P-value<0.05); CI: Confidence Interval
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Graph 1
Proportion of Phosphorus in the enamel in
various subgroups of Group 1 (Hydrogen
Peroxide Group)
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Table 1 represents the mean amount of phosphorus in Group 1. As evident from the Table, there is a significant difference
between subgroups 1a, 1b & 1a,1c but insignificant difference between subgroups 1b&1c. same is illustrated in Graph 1

Table 2: Proportion of Calcium in the enamel in various subgroups of Group 1 (Hydrogen Peroxide
group)

Group N Mean SD 95% CI Comparison P-value
Group la 8 14.51 0.781 13.84-15.14 lavs 1b <0.001*
Group 1b 8 31.46 2.015 29.78-33.14 1b vs 1c 0.326
Group 1c 8 32.53 2.215 30.69-34.38 lcvs 1a <0.001*

*Statistically Significant Difference (P-value<0.05); CI: Confidence Interval

Graph 2
Proportion of Calcium in the enamel in various
subgroups of Group 1 (Hydrogen Peroxide
group)
31.46 32.53
30 A
E
g 20 14.51
<
N
0
Group la Group 1b Group lc

Table 2 represents the mean amount of calcium in Groupl. As evident from the table, there is a significant difference
between subgroups 1a, 1b & 1a,1c but insignificant difference between subgroups 1b&1c. same is illustrated in Graph 2

Table 3: Proportion of Phosphorus in the enamel in vatious subgroups of Group 2 (carbamide peroxide

group)

Group N Mean SD 95% CI Comparison P-value
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Group 2a 8 7.41 0.501 6.98-7.82 2avs 2b <0.001*
Group 2b 8 15.09 0.771 14.45-15.73 2b vs 2¢ 0.141
Group 2¢ 8 15.85 1.148 14.89-16.81 2cvs 2a <0.001*

*Statistically Significant Difference (P-value<0.05); CI: Confidence Interval

Graph 3
Proportion of Phosphorus in the enamel in
various subgroups of Group 2 (carbamide
peroxide group)
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Table 3 represents the mean amount of phosphorus in Group 3. As evident from the table, there is a significant difference
between subgroups 2a, 2b & 2a,2c but insignificant difference between subgroups 2b&2c. same is illustrated in Graph 3.

Table 4: Proportion of Calcium in the enamel in various subgroups of Group 2 (carbamide

peroxide group)

Group N Mean SD 95% CI Comparison P-value
14.53-

Group2a | 8 14.93 0.483 2avs 2b <0.001*
15.34
29.14-

2 29. 521 2 2 .

Group2b | 8 9.57 0.5 30.02 b vs 2c 0.905
28.51-

Group2c | 8 29.64 1.353 3076 2cvs2a <0.001*

*Statistically Significant Difference
(P-value<0.05); CI: Confidence Interval
Graph 4
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Proportion of Calcium in the enamel in
various subgroups of Group 2
(carbamide peroxide group)

29.57 29.64

14.93

Calcium

Group 2a Group 2b Group 2¢

Table 4 represents the mean amount of calcium in Group2. As evident from the table, there is a significant difference
between subgroups 2a, 2b & 2a,2c but insignificant difference between subgroups 2b&2c. same is illustrated in Graph 4

3.4 Discussion

Dental bleaching is commonly used to improve the colour of teeth affected by intrinsic and extrinsic stains. Although it is an
effective aesthetic procedure, bleaching may cause mineral loss and changes in the enamel surface, including a reduction in
micro hardness and elastic modulus. Mild tooth sensitivity has also been reported after bleaching.!82°. Although both agents
release hydrogen peroxide, 35% H,O; provides a direct and rapid peroxide source, whereas 35% carbamide peroxide gradually
releases H,O; (~12.6% theoretical equivalent). Thus, they are not chemically equivalent. Their inclusion allowed evaluation of
remineralisation following bleaching systems with different peroxide-release profiles. The subsequent remineralising treatment
and saliva-like storage simulated the clinical sequence of bleaching-induced mineral alteration followed by post-bleaching

mineral recovery.

Therefore, the use of remineralising agents following bleaching may help to reduce these changes and restore the mineral
content of enamel?!.Several remineralising agents have been used after dental bleaching. Fluoride was one of the carlier materials
used for this purpose and has been shown to reduce mineral loss by promoting the formation of fluorapatite??. Casein
phosphopeptide-amorphous calcium phosphate with fluoride (CPP-ACPF) has also been used to restore mineral loss after
bleaching??. More recently, bioactive glasses have gained attention because they interact with dental hard tissues and promote

the formation of a hydroxyapatite layer on the tooth surface.!>?*

NovaMin is a bioactive glass that has been used for enamel remineralisation. In the presence of water, it releases calcium and
phosphate ions and increases the local pH, which favours the formation of a calcium phosphate layer. This layer subsequently
develops into a hydroxyapatite-like layer on the enamel surface.?

BioMin F is another bioactive glass containing calcium, phosphate and fluoride. It releases these ions gradually and promotes
the formation of Fluor apatite on the tooth surface. Previous studies have reported its remineralising potential on demineralised
enamel.?0 However, studies comparing BioMin and NovaMin after dental bleaching, particularly using SEM-EDS, are limited.
Therefore, the present study compared the remineralising potential of NovaMin and BioMin following bleaching with hydrogen
peroxide and carbamide peroxide.

Human anterior teeth extracted for periodontal reasons were used in the present study. The teeth were selected from the 40—
50-year age group to reduce variation in the initial mineral composition of enamel. The crown portions were sectioned and
prepared for analysis. The initial mineral composition of the enamel was not assessed before treatment, which is a limitation of
the study, But the levels of phosphate and calcium were analysed after application of bleaching agents and then after applying

remineralising agents.

The specimens were bleached with 35% hydrogen peroxide and 35% carbamide peroxide. Hydrogen peroxide was applied for
15 minutes according to the protocol described by de Arruda et al.?’ while carbamide peroxide was applied for 30 minutes.
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Following bleaching, the specimens were treated with NovaMin and BioMin toothpastes and evaluated using SEM-EDS.
Calcium and phosphorus levels were recorded to assess changes in the mineral composition of enamel. Fluoride peaks were
not detected in the EDS analysis, which may be related to the low photon energy of fluoride.

SEM-EDS is useful for evaluating the elemental composition of enamel. Calcium and phosphorus levels can provide an
indication of changes associated with demineralisation and remineralisation. In the present study, both NovaMin and BioMin

groups showed higher calcium and phosphorus values than their respective control groups.

In Group 1, the mean phosphorus content was 15.74% in the NovaMin group, 15.51% in the BioMin group and 7.08% in the
control group. The difference between the NovaMin and BioMin groups was not statistically significant. The mean calcium
content was 31.46% in the NovaMin group, 32.53% in the BioMin group and 14.51% in the control group. Although the
BioMin group showed a slightly higher calcium value, the difference between the two remineralising agents was not statistically
significant.

A similar pattern was observed in Group 2. The mean phosphorus content was 15.09% in the NovaMin group, 15.85% in the
BioMin group and 7.42% in the control group. The mean calcium content was 29.57% in the NovaMin group, 29.64% in the
BioMin group and 14.93% in the control group. No statistically significant difference was observed between the NovaMin and
BioMin groups.

The calcium and phosphorus content in the control groups was lower than the reported normal enamel values of 33.9 = 6.9%
and 16.7 £ 2.3%, respectively. This reduction suggests mineral loss following bleaching and is in agreement with the findings

of Llena et al.?!

In the present study, the null hypothesis was rejected as the use of remineralising agents resulted in an increase in the calcium
and phosphate content of bleached enamel. These findings are in agreement with previous studies by Ismail B et al, Fallahzadeh
etal which reported the beneficial effects of remineralising agents following bleaching.?8

Compared with NovaMin, fewer studies have evaluated the enamel remineralising potential of BioMin. Most available studies
on BioMin have focused on dentinal tubule occlusion and the management of dentinal hypersensitivity. In the present study,
BioMin increased the calcium and phosphorus content of enamel after bleaching. This finding is similar to previous research

in which the remineralising effect of BioMin was evaluated using EDS.15

Only limited studies have directly compared NovaMin and BioMin for enamel remineralisation. Most comparative studies have
focused on dentinal tubule occlusion, where BioMin has shown better occluding ability. This may be related to its smaller

particle size, which could allow better penetration into dentinal tubules.

In the present study, no statistically significant difference was found between NovaMin and BioMin in restoring calcium and
phosphate content lost during bleaching, consistent with the findings of Imran Farooq et al. 2> who similarly reported no
significant difference in remineralization capacity between the two agents. However, group sizes in the present study were not
determined by a priori power calculation for these head-to-head comparisons; effect sizes ranged from negligible to moderate
(Cohen's d = 0.07-0.78), with a cortespondingly limited achieved power of 5-31%. This finding should therefore be interpreted
as an absence of detected difference rather than evidence that the two agents perform equivalently, and a study specifically
powered to detect small-to-moderate differences, or a formally designed equivalence trial with a pre-specified margin, would

be required to support a true equivalence claim.
4. CONCLUSION

Within the limitations inherent to in-vitro studies, it can be concluded that application of remineralising agents produces a
significant increase in enamel calcium and phosphate content following bleaching with 35% hydrogen peroxide and 35%
carbamide peroxide. No statistically significant difference was detected between NovaMin and BioMin in this remineralising
effect; however, given the limited power of these specific comparisons (5-31%), this finding should not be interpreted as
evidence that the two bioactive glass—containing toothpastes perform equivalently. Further studies with larger, adequately
powered sample sizes, or a formally designed equivalence trial, are needed to draw definitive conclusions regarding their

comparative efficacy.
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