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Abstract

To review current information and technology for tooth remineralisation. Searches in the "Scopus"” and "Web of
Knowledge" databases, which date back to 1970s. English was the only language allowed. The study incorporated
both original research and previously published reviews. Tooth remineralisation agents, products, and treatments
have progressively increased in recent years due to the growing awareness of the significance of good dental
health among patients and general community. Both in vitro and in vivo tooth remineralisation and
demineralization research have been published regularly. Theobromine has been proposed as an effective
remineralising agent and a viable alternative to fluorides in recent years. According to research, fluoride treatments
can prevent dental enamel demineralization and remineralisation. An increasing number of products containing
calcium salts or calcium-based compounds have been added to oral care products to boost the delivery and
retentiveness of fluoride into teeth. Calcium salts or materials, which provide an additional source of calcium,
may aid in accelerating enamel remineralisation or hinder demineralization processes. These effects are possible
because calcium is a mineral. A new area of research inspired by bioactive materials for bone repair and
regeneration, bioglass, in particular calcium silicates, shows promise for improving enamel health and is one type
of bioglass that contains calcium silicate.
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result of tooth demineralization. Early identification
and prevention of dental demineralization disorders,
such as tooth remineralisation, have been advised as a
clinical care strategy before resorting to restorative
measures (5).

Saliva contains significant quantities of calcium and
phosphate ions. An acid-blocking buffer is possible
since it slows the dissolving process and mitigates the
acid's effects. During high calcium/phosphate ion
concentrations and high pH, the equilibrium can shift

1. Introduction

In terms of tensile strength, human tooth enamel tops
all other tissues. The primary component of mature
enamel is hydroxyapatite (HAP) in the form of
crystallites, Caio(PO4)s(OH)2. About 3% of the enamel
is water, while the remaining 1% is organic matter,
such as proteins and lipids (1). The crystallites are
typically 50nm in width and 25 nm thick, and many
microns long. A range of physical and chemical

stressors are put on enamel, the outermost layer of the
tooth. Acidic challenges from plaque and food, as well
as high pressures (up to 700N), are all variables that
contribute to tooth decay (2). HAP crystals, found at
the outermost layer of tooth enamel, have a dynamic
relationship with saliva and plaque fluid (3). The rate
and amount of dissolution are influenced by the
solution's calcium and phosphate ion content in
addition to pH. The easiest way to describe the process
is with the following equation. In a process known as
demineralization, HAP can be dissolved at pH 5.5 (4).
The demineralization of teeth is most frequently
brought on by secreted acids.

When bacteria or acidic foods release acids during
demineralization. Caries and erosion can occur as a
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in favour of calcium phosphate re-precipitation and
remineralisation of demineralized tooth tissues.

Studies on the remineralisation process of teeth have
been conducted over many decades. Because of these
investigations, techniques have been introduced to help
either promote or prevent enamel demineralization,
potentially improving oral health. The objective of this
article is to provide a summary of the literature on
enamel  remineralisation  methods and  their
mechanisms of action. Only original English-language
research and reviews listed in the "Scopus" and "Web
of Knowledge" databases were included in this study

(6).
2. Efficacy of Theobromine
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Theobromine is the main alkaloid that comes from the
cacao plant. Its chemical name is 3,7-
dimethylxanthine. Chocolate, tea, and other foods
contain this water-soluble, crystalline, bitter powder.
Chocolate, a food made from cacao beans, has been
linked to an increased risk of dental caries (7).
However, in recent years, there have been arguments
made for the use of theobromine as an efficient
remineralising agent and as a feasible alternative to
fluorides (8). These reasons have been advanced in
support of the use of theobromine. Calcium and
phosphate are thought to create larger crystallites of the
mineral hydroxyapatite in the presence of theobromine.
These crystallites are thought to reinforce the enamel
and prevent acid assault, which finally leads to
cavitation. In addition, research indicates that cocoa
bean husk is excellent at reducing mutant streptococci
and has less toxicity than fluoride (9,10).
Theobromine-containing toothpaste are commercially
accessible and frequently used in the United States,
although they are less popular internationally than
other remineralising agents. Manufacturers' statements
about the effectiveness of theobromine-containing
dentifrices are based on scant research, and nothing is
known about how theobromine compares to other
conventional remineralisation agents. According to
research by Parvathy et al., a substantial reduction in
lesion depth was detected in all groups, with the highest
reduction (increased remineralisation) reported for
specimens treated in Group A with theobromine.

3. Efficacy of Fluoride as
remineralising agent

Remineralisation substances are abundant, with
fluoride being the most common and extensively
utilised. The increased utilisation of fluoride-
containing dentifrices can be credited with contributing
to the declining prevalence of dental caries in a number
of nations in today's world (11). The current
hypotheses of mechanism show fluorides function
mostly via topical processes by preventing
demineralization and magnifying remineralisation via
the formation of fluorapatite crystals in the presence of
calcium and phosphate ions (12). Various amounts of
fluoride-containing dentifrices have also been shown to
have considerable remineralising effectiveness in
preventing caries (13).

A lengthy history of research shows that fluoride is an
excellent caries-prevention agent because it slows
down enamel breakdown and speeds up enamel
remineralisation. Brushing one's teeth consistently
with toothpaste that contains fluoride can lessen the
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risk of developing cavities in one's teeth, which is a
vital benefit for one's oral health (14). Early research
into how fluoride might protect, and repair enamel
showed that it could make enamel and dentine less
acid-soluble (15). By reacting with HAP, fluoride can
create fluorapatite (FA) and assist the transition of
other calcium phosphate phases to fluorapatite. The
solubility of HAP can be decreased by the formation of
fluorapatite. The inorganic components of enamel are
more reactive than HAP in its pure form because of
non-stoichiometric effects and carbonate impurities.
Therefore, it is not particularly difficult for FA or FHA
to form on the enamel surface (16). Moreno et al.
looked at how HAP dissolved in water at different
levels of fluoride substitution. To get the best results,
just half of the hydroxyl groups had to be replaced with
fluoride, which resulted in the greatest lattice stability
and minimum lattice-free energy. In these conditions,
lattice ions have a lower inclination to dissolve and, on
the other hand, a higher tendency to join the lattice.
Ingram and Nash examined the Ca:P ratio alteration of
three calcium-deficient HAP materials following
incubation in 1, 2.5 or 5 ppm fluoride solutions.

An analysis of the holes in the crystal lattice caused by
the acid attack showed that the developed FHA was the
perfect place for calcium ions to move back into the
holes in the crystal lattice. But the average fluoride
concentrations in enamel are ineffective in protecting
teeth against caries. The fluoride concentrations
observed near the surface are normally about 2000 ppm
in places where the water is not fluoridated, and they
are typically around 3000 ppm in locations where the
water is fluoridated. This means that between 6% and
8% of the OH" in HAP is being replaced by F.
Calculations demonstrate that concentrations of
fluoride decline fast beyond the first 10-20 microns,
and these values are much below those capable of
reducing HAP's solubility (16). It was discovered in the
1980s that fluoride inhibits caries lesion formation
through a topical action on demineralization and
remineralisation processes at the tooth-oral fluid
interface (17). Enamel demineralization can be
prevented by low amounts of fluoride solution (18) and
by increasing apatite precipitation (19). For example,
fluoride concentrations up to 4 ppm accelerated the
deposition of apatite minerals from mineralization
solutions into surface softened enamel, after which the
accelerating effect levelled off. This occurred because
fluoride concentrations caused apatite to be deposited
at a faster rate (20).

While brushing with fluoride-containing toothpaste,
fluoride can be supplied to the tooth surface, saliva,
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soft tissues, and any leftover plaque biofilm in the oral
cavity. Fluoride may be applied to teeth using a CaF;
like substance synthesised in a lab. This deposit has the
potential to serve as a fluoride reservoir, which will
enable it to defend the underlying mineral from any
future acidic threats. When the pH is low, free fluoride
can be liberated from the CaF; like deposit, inhibiting
demineralization in the immediate microenvironment.
Fluoride works as an inhibitor of acid-mediated
demineralization and a promoter of remineralisation
when the pH rises, so the presence of free fluoride
serves to accelerate mineral production (21). The
fluoride levels in saliva will be at their greatest during
brushing, followed by a quick decline owing to oral
clearance after brushing has been completed. But
fluoride levels in saliva can be higher than normal for
a long time, which could slow down the
demineralisation process and speed up the process of
remineralisation (22). Fluoride can be put into the
biofilm and kept there, where bacteria or pieces of
bacteria can hold it through calcium-fluoride bonds.
Fluoride may be stored in these deposits because they
can be involved in the remineralisation and
demineralization processes just where they are required
most, making them an essential source of fluoride for
protecting teeth from caries (23). Fluoride
concentrations in plaque have been shown to have an
inverse correlation with the occurrence of dental caries
in clinical investigations (24). Abrasion
and erosion resistance and the development of erosion
in the enamel can be improved by using high fluoride
concentrations. The use of fluoride in high
concentrations has been established in this context
(25). Fluoride toothpaste and mouth rinses have been
shown to prevent dental erosion compared to placebo
(26). Toothpaste containing 1426ppm F as sodium
fluoride or 1400ppm F as amine fluoride was found to
preserve enamel from erosive acid challenges
compared to placebo toothpaste. So, fluoride kinds of
toothpaste have also been found to improve the
remineralisation of citric acid softened enamel in vitro,
in contrast with placebos. Only a few fluoride
compounds and agents are readily available to the
general public and healthcare professionals, including
stannous fluoride, sodium monofluorophosphate,
titanium tetrafluoride and ammonium fluoride. There is
significant evidence that fluoride, in various
applications and formulations, is effective in
preventing dental caries (27).

4. Efficacy of Calcium

Journal of Women Medical & Dental College

To maintain healthy teeth, calcium and phosphate must
be present in sufficient amounts in saliva and plaque to
influence the demineralisation and remineralisation
processes. An increase in the calcium and phosphate
content in saliva may protect against dental caries since
it is inversely linked with caries occurrence (28).
According to findings from epidemiological research,
caries incidence appears to be inversely associated with
the salivary calcium content (29). Solubility of enamel
may have decreased due to an increase in calcium and
phosphate concentration in saliva, which may explain
this  correlation.  According to  theoretical
considerations, the combination of calcium and
phosphate ions has a stronger impact on enamel
saturation than the concentration of either ion alone
(30). In vitro mechanistic investigations have
confirmed this, demonstrating that calcium has a
twenty-fold greater inhibitory effect on enamel
disintegration than phosphate (31). At the same amount
of super saturation, enamel remineralisation can be
performed optimally with a calcium/phosphate ratio of
1.6 (32). Despite this, the Ca/P ratio in plaque fluid is
approximately 0.3 (33). Calcium ion concentration has
been suggested as the most important mineral element
to promote enamel remineralisation and avoid
demineralization (34). Many investigations, both in
vitro and clinical, have looked into the possibility that
calcium delivery through dental care products
incorporating calcium salts would help enamel health.
Calcium chloride mouth rinse, for example, has been
proven to increase plaque calcium levels. As a result of
this elevation in plaque calcium concentration, acid-
softened enamel surfaces coated with a plaque in situ
became less porous and harder (35). Enamel
remineralisation is influenced by calcium levels, as
shown in in vitro testing. Subsurface enamel lesions
can be remineralised by increasing the calcium
concentration in the remineralisation solution while
maintaining the fluoride level (36). Other calcium-
based remineralisation strategies have been identified.
An in-situ investigation by Kitasako et al (37). for
example, indicated that phosphoryl oligosaccharides of
calcium  (POs-Ca) could promote  enamel
remineralisation. Thirty-six patients wore implants
with subsurface bovine enamel flaws inlay inlays.
Chewing gum with POs-Ca had a higher mineral
content recovery than placebo or control inserts,
according to the research. Tricalcium phosphate-type
materials can be used to remineralize acid-softened
tooth enamel. -tricalcium (TCP) has been shown to
release calcium ions and remineralise early enamel
defects, for example, through an in vitro experiment.
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Researchers have discovered that the milk protein
derivative CPP-ACP acts as a potent anticariogenic
agent (38). Ensuring that dental enamel remains
saturated with ACP in plaque and on the surface of
teeth reduces demineralization and encourages the
regeneration of lost minerals. Effectiveness has been
proven (26). hydroxyapatite nanoparticles are being
studied to see if they might replace the mineral loss in
tooth enamel caused by acid degradation (39). A
toothpaste containing nano-HAP remineralised enamel
subsurface lesions far more than an amine fluoride
toothpaste control, for example, in an in vitro
investigation. The repair was indistinguishable
between groups that received nano-HAP toothpaste
and those that received no treatment at all. In vitro
studies have recently shown that nano-HAP may be
effective at reversing the progression of early caries
lesions, but only in the outer surface area of the lesions
(40).

5. Efficacy of Fluoride and Calcium

Calcium and fluoride levels in plaque have been shown
in several studies to be linearly related. Researchers
believe plaque calcium concentration affects how long
it can hold onto fluoride in the mouth. In reference (26)
As, a result of this logic, efforts to boost the cariostatic
efficiency of fluoride have centred on techniques of
increasing calcium concentrations in the tooth biofilm.
If you use a 150 mM calcium-lactate pre-rinse before a
228ppm fluoride rinse, for example, the fluoride levels
in your saliva and plaque are higher an hour later than
if you only use a sodium fluoride control mouth rinse.
Calcium salts and calcium-containing compounds have
been studied as a possible strategy to enhance the
health benefits of fluoride toothpaste (41). As an
example, calcium glycerophosphate (CaGP) added to a
toothpaste containing calcium carbonate and silica has
been documented (42). One hour before, during, or one
hour after the sucrose challenge in an in vitro biofilm
flow cell model established on bovine enamel, CaGP
was pulsed. According to the findings of the study,
pulsing before the sucrose challenge provided the
highest protection from demineralization (43). CaGP-
containing toothpastes have been shown to reduce
caries in clinical trials, and the increase in calcium
levels in plaque from CaGP has been related to this
reduction in caries (44). A calcium carbonate/SMFP
toothpaste with calcium glycerophosphate and micro-
calcium carbonate has been described. According to
studies, the toothpaste significantly increased calcium
levels in plaque biofilms both in vitro and in vivo, as
well as the remineralisation of demineralized enamel
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(45). Fluoridated toothpaste containing silica and HAP
has been proven to raise calcium levels on the tooth
surface and in saliva 10 minutes after brushing (46).
Citric acid treatments reduced enamel demineralization
significantly in vitro trials with the same toothpaste
compared to controls (47). TCP plus fluoride has been
demonstrated in several research to improve enamel
remineralisation and create more acid-resistant
minerals than fluoride alone. This is a promising
finding (48).

6. Efficacy of bioactive materials

Even though fluoride has been shown to reduce caries
levels in the clinical setting, it appears to be insufficient
in some patients, such as those with a high prevalence
of caries or those frequently exposed to acidic foods or
drinks. For example, bioactive materials may be a
potential new lead in the search for innovative ways
that might help remineralise the enamel or minimise
demineralization (49). Materials that induce favourable
responses from the body, such as attaching to bone
tissue and creating calcium phosphate layers on a
material's surface, are known as bioactive materials
(BAM) (50). These materials, including bioactive
glasses, glass-ceramics, and bio-materials, have been
explored as artificial bone grafting materials (51).
Bioactive materials have been studied for dental
applications since the tooth is a kind of bone tissue
(52). It’s true that different bioactive technologies have
been written about. They could be used to remineralise
teeth because they boost calcium phosphate
production.

7. Use of Bioglass for enamel
remineralisation

While many studies on the possibilities of bone-
substituting materials have been conducted since 1969,
the discovery of bioglass and bioactive glass-ceramics
has received much attention. Calcium, sodium,
phosphate, and silicate are the main components of
bioglass, which is a type of bioactive substance. When
in contact with bodily fluids, they react by forming
calcium phosphate on their surface. As with ordinary
glass corrosion, the production of calcium phosphate
on bioglass has been examined, and it is thought
bioglass undergoes solution-mediated dissolution (53).
The chemical composition and pH of the solution alter
as dissolution products accumulate, resulting in surface
locations and a pH favourable for calcium phosphate
nucleation. Na* and H* ions in the bioglass particles
interact in saliva, and the pH of the solution rises as a
result of this exchange (54) Ca?* and PO*" are liberated
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from the particle structure due to this ion exchange, and
a silica-rich layer forms on the bioglass surface as a
result of silanol (Si-OH) synthesis. This silica-rich
layer allows the precipitation of calcium phosphate
onto the bioglass surface through increased calcium
and phosphate concentration and pH value in the
solution. Dentinal tubule occlusion by bioglass has
been demonstrated (55). It has been demonstrated in
both in vitro and in vivo investigations that bioglass
particles may be deposited on dentinal surfaces and
then occlude dentinal tubules by causing a carbonated
HAP-like substance to develop (56). In terms of dental
enamel de- and re-mineralization applications, there
have been few documented investigations. In vitro,
Burwell looked into the possibility that bioglass may
aid in the restoration of enamel white-spot lesions (57).
Results demonstrated that after 10 days, the bioglass
and 5000ppm F combination generated much better
remineralisation than the 5000ppm F alone treatment.
However, SEM methods still clearly noted the loss of
prismatic enamel structure with demineralization. In
vitro research found no significant protection from the
surface softening effects of orange juice challenges
when compared to a control group that received no
treatment at all. Bioglass-containing toothpaste was
shown to have no significant remineralisation of
orange juice degraded surfaces compared to the control
group (58).

8. Calcium silicate glass

As indicated in the study, wollastonite (-CaSiOs),
pseudo-wollastonite (-CaSiOs), Ca;SiO4 and CasSiOs
have been shown to stimulate the fast synthesis of HAP
in simulated body fluid (SBF) and chemically integrate
into the structure of real bone tissue following
implantation, as indicated in the study.

It has been determined how HAP forms on a calcium
silicate surface. Surface layers of calcium silicate are
formed after immersion in simulated body fluid (SBF),
where calcium ions interact with H+ to generate the
silanol groups (Si—OH) in the surface layer. For
example, this leads to a rise in the concentration of the
acidic group Si—O-, which finally forms a negatively
charged surface. Because of this, calcium ions in SBF
solution are drawn to the interface of calcium silicate
and the solution. Because of this, HAP is precipitated
on the calcium silicate surface due to the high
concentration of Ca?* ions at the interface, together
with PO4* ions from SBF. Root canal filling products
based on calcium silicate have been employed.
Calcium silicate-based restorative materials like
mineral trioxide aggregate (MTA) have been reported.
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MTA includes dicalcium and tricalcium sulphate
silicates and bismuth oxide, with traces of calcium
sulphate. 138-140 Root canal filling materials that have
been demonstrated to cause HAP development in SBF
include CasSiOs/CaCl, and CaCl,/SiO,. Studies have
revealed that calcium silicates may be used to reduce
the sensitivity of dentine. Cement made of calcium
silicate was proven in vitro by Gandolfi et al (59).
Studies have revealed that calcium silicates may be
used to reduce the sensitivity of dentine. It has been
shown that calcium silicate cements may significantly
lower the permeability of dentine specimens in vitro,
and the effectiveness persists for one week in artificial
saliva following application. Dentine tubules can be
occluded by CasSiOs, the major component of calcium
silicate cement. In vitro studies have demonstrated a
direct correlation between CasSiOs deposition on the
dentine surface and CasSiOs penetration into the
dentine tubules. After one week of incubation in
artificial saliva, HAP was produced on the dentine by
the deposited CasSiOs particles. This dense surface
layer was around three microns thick. Calcium silicate
materials have also been examined for remineralising
tooth enamel. As shown by their results, on acid-etched
enamel surfaces with an initial thickness of 250-350
nm, Dong et al. showed that a CasSiOs treatment could
efficiently promote fresh HAP development after 1 day
of incubation in SOF. After 7 days of SOF incubation,
the layer thickness grew to 1.7-1.9 microns. Also,
human saliva was treated with CasSiOs to see if it
would cause HAP production. In a pH-cycling in vitro
model, Wang et al. (60) studied the impact of CasSiOs
on decreasing enamel demineralization. It was shown
that a CasSiOs treatment had the same effect on
decreasing enamel demineralization as 1000 ppm
fluoride. Enamel demineralization was significantly
reduced by using CasSiOs in conjunction with 1000
ppm fluoride, as opposed to the other treatments.

9. Conclusions

With the growing awareness of the importance of good
dental health, the number of teeth remineralisation
agents, products, and treatments have steadily
increased in recent years. Both in vitro and in vivo
tooth remineralisation and demineralization research
have been published regularly. Dental enamel
demineralization and remineralisation can be
prevented with typically successful fluoride
treatments. Efforts to increase fluoride's efficacy have
been attempted by incorporating calcium salts or
calcium-containing components into dental care
products that may boost the delivery and retention of
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fluoride into the oral cavity. As an extra source of
calcium, calcium salts or materials may help the teeth
and gums remineralise or slow down the
demineralisation process. Bioglass, particularly
calcium silicate type materials, shows potential for
enamel health benefits and is an emerging study topic
inspired by the notion of bioactive materials for bone
repair and regeneration.
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