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Abstract

Dental caries is a most common disease that affects large number of
people. It is a worldwide public health problem, affecting numerous
urban and rural communities. White-spot lesions (WSL) are the earliest
macroscopic evidence of enamel caries. Typically, the enamel surface
layer stays intact during subsurface demineralization, but, without
treatment, will eventually collapse into a full cavity. Near-neutral pH of
saliva is endowed with a natural buffering capacity. Natural
demineralization of tooth at an early stage is reversed by saliva, which
contains calcium ions, phosphate ions, buffering agents, fluoride, and
other substances. The strategy for aided remineralisation is to have ions
directly delivered to where and when they are needed the most. Several
mechanisms are available for aided remineralisation. The most well
known is the delivery of topical and systemic fluoride, which has been
proven to be a highly effective measure for prevention of caries.
However limitations and risks associated with the use of fluoride as a
remineralising agent fuelled the need to develop newer non-toxic
techniques that deliver calcium and phosphate ions directly into
subsurface lesion and/or boost remineralising properties of saliva.
Encouraging microscopic changes in the demineralized enamel surface
following the treatment with different concentration of metal salts,
involving zinc, strontium, magnesium, in addition to stannous fluoride,
many metal salts are in use for the treatment of dental caries.
Microscopic examination was conducted on teeth samples before and
after pH-cycling procedure and following the treatment with the
selected metal salt under polarized microscope (100X). The best
obvious remineralisation was found following treatment with stannous
fluoride, followed by zinc chloride. The stannous fluoride was the best
in the remineralisation of initial caries, results for other metals seem to
be promising if used for prevention of dental caries. Mineralization of
teeth is determined by major inorganic elements as calcium,
phosphorous in addition to other elements that occur in traces within
tooth structure (Thylstrup and Fejerskov, 1996; Murry, 1996; Peter,
2004). Fluoride now a day is widely used either systemically or
topically to increase resistance of teeth surface, it has been well
documented as a major contributing factor in the decline of the
incidence and severity of dental caries in many countries (Murry, 1996;
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Curzon,1999).So far fluoride has been considered to play an almost
unique role in the prevention of dental caries; however there is no
reason to dismiss the role of other elements as being potential
cariostatic agents. Different concentrations of different metal ions as
zinc and copper have been tested for better effect on remineralisation in
vitro (Dedhiya, et al., 1974; Fang et al., 1980). However controversy is
present in the literature concerning their effectiveness in prevention of
dental caries when used topically at effective concentrations (Torredo
et al., 2004; Elzbieta et al., 2008; Curzon, 1983).
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Introduction:-

The primary prevention of dental caries involves the increase in the resistance of the outer enamel surface to acid
dissolution and enhancement of remineralization (Thylstrup and Fejerskov, 1996). The zinc and strontium chloride
were based in a study on the knowledge regarding their inverse relation to dental caries. Observational studies
showed that there is an inverse co-efficient correlation between the level of zinc and strontium ions in teeth and/or
saliva and severity of dental caries (Duggal et al. 1991; El -Samarrai et a., 2001). Experimental studies are also
present regarding the cariostatic effect of zinc ion when used alone or in combination with others on the increased
resistance of outer enamel surface to carious lesion (Torredo et al., 2004). Magnesium on the other hand was
reported to have a direct relation with dental caries. Observational studies showed a positive/or no correlation
between magnesium level in teeth and dental caries (El-Samarrai et al., 2001). It is well documented that stannous
fluoride is effective in the remineralisation of initial carious lesion and increase the resistance against caries attack
(Mellberg, 1990). Under polarized light microscope the ground section of carious enamel surface indicated a high
loss of minerals. The hypo mineralization was found to decrease from the outer to inner layers of enamel. However a
clear demarcation between different zones of the carious lesion was not obvious. For natural carious lesion four
zones are present starting from the translucent zone in the inner layer of enamel, dark zone, body lesion, and intact
layer. The microscopic changes of enamel surface following application of metal ions were observed. A various
degree of remineralisation was observed for different metal salts. A higher remineralisation was observed for
stannous fluoride followed by zinc chloride while samples treated by strontium chloride showed a relatively a thin
and poorly mineralized enamel layers. Enamel layers treated with magnesium chloride remained hypo mineralized
confirming the cariogenic effect of this element. The cariostatic potential of zinc chloride and strontium ions
chloride need to be confirmed by further studies, experimental as well as animal studies on an artificial as well as
natural carious lesion before considering them really as anti cariogenic element and before giving any
recommendation for them to be used topically in the dental clinical practice. The optical appearance of white spot
lesion was decreased after applying remineralizing products while Sodium Fluoride demonstrated better potency on
changing the white spot lesion. White spot lesion is one of undesirable complications, occurring on enamel surfaces
during fixed orthodontic treatment, especially in the poor oral hygiene patients.(Chang et al., 1997; Tufekci et al,,
2011). Orthodontic patients experience difficulty in brushing teeth from the beginning of treatment due to increasing
of plaque retention site. Acidogenic bacterium in plaque cause low pH and lead to imbalance between
demineralization and remineralization cycle. When remineralization is overcome, white spot lesions are
formed.(Chang et al., 1997; Lau and Wong, 2006; Bishara and Ostby, 2008). Optical appearance of the lesion comes
from changing of difference between refractive index of sound & abnormal enamel. When the light reflection
differs, the lesion can be seen as white spot and it may compromise the esthetics of patient’s smile (Benson,
2008).Now a days, various products claim to have remineralizing potential. (Lynch et al., 2000; Bergstrand and
Twetman, 2003; Azarpazhooh and Limebac,2008; Pulido, et al., 2008). Thus many evaluating processes come up to
measure white spot lesion both macroscopically and microscopically depend on purpose of application. Various
investigations in vitro and in vivo have shown effect of remineralizing agents on white spot lesion measured by
subsurface remineralisation, lesion depth, mineral content, surface micro-hardness and fluoride uptake, for
instance.(Brochner et al., 2010). However, few studies demonstrated optical properties change, which is a factor that
patient might concern about more than molecular change of the lesion. Fortunately, another interesting method in
defining enamel demineralization by using photographic technique with computerized image analysis, was
proposed. Researchers have shown that under controlled circumstances and appropriate camera angle, this method is
not only reproducible but also cheap and accessible.(Livas et al., 2008; Willmot, 2008).
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Review of literature:-
Remineralisation of white spot and carious lesions of teeth is possible with the use of many currently available non
fluoride metal salt formulations as follows.

Tri-calcium Phosphate (TCP) With Fluoride (Clinpro™)

Amorphous Calcium Phosphate With Fluoride (Enamelon™)

Calcium Carbonate Carrier (SensiStat™ )

Calcium hydroxide

Complex of Casein Phosphopeptide-Amorphous Calcium Phosphate CPP — ACP(Recaldent™ And MI Paste™)
CPP — ACPF (MI Paste Plus'™)

Nano Hydoxyapatite (Reminpro™ ™)

Sodium Calcium Phosphosilicate-Bioactive Glass (Novamin

PN B DD

TM)

Tricalcium Phosphate (TCP)( CLINPRO™):

Tricalcium phosphate has the chemical formula Ca; (PO4),, and exists in two forms, alpha and beta. Alpha TCP is
formed when human enamel is heated to high temperatures. It is a relatively insoluble material in aqueous
environments (2mg/100 mL in water) (Aminzadeh et al., 1999; Feuerstein et al., 2005). Crystalline beta TCP can be
formed by combining calcium carbonate and calcium hydrogen phosphate, and heating the mixture to over 1000
degrees Celsius for 1 day, to give a flaky, stiff powder (Laurence, 2009). Clinpro™™ is a new hybrid material created
with a milling technique that fuses beta TCP and sodium lauryl sulfate or fumaric acid with fluoride. This blending
results in “functionalized” calcium and a “free” phosphate, designed to increase the efficacy of fluoride
remineralisation. Beta TCP is similar to apatite structure and possesses unique calcium environments capable of
reacting with fluoride and enamel. When the phosphate floats freely, the exposed calcium environments are
protected by preventing the calcium from prematurely interacting with fluoride. TCP provides catalytic amounts of
calcium to boost fluoride efficacy and may be well designed to coexist with fluoride in a mouth rinse or dentifrice
because it will not react before reaching the tooth surface. When TCP finally comes into contact with the tooth
surface and is moistened by saliva, the protective barrier breaks down, making the calcium, phosphate and fluoride
ions available to the teeth. The fluoride and calcium then reacts with weakened enamel to provide a seed for
enhanced mineral growth relative to fluoride alone. A major problem with use of TCP is the formation of calcium
phosphate complexes, or if fluorides are present, formation of calcium fluoride occurs which inhibit remineralisation
by lowering the levels of bio-avaliable calcium and fluoride (Laurence, 2009). For this reason, TCP levels would
have to be kept very low, in the order of less than 1%. To overcome such problems, TCP can be combined with a
ceramic such as titanium dioxide, or other metal oxides (Nidhi and Kunwarjeet, 2012). It has been suggested that the
organic coating prevents undesirable interactions with fluoride, but may dissolves away when particles contact
saliva (Karlinsey et al., 2010). Products available with TCP include a 5000 ppm sodium fluoride dentifrice and a 5%
sodium fluoride varnish. Studies have concluded that TCP provided superior surface and sub-surface
remineralisation compared with a 5000 ppm fluoride and CPP-ACP (Sashi et al., 2013; Karlinsey et al., 2010).

The potential of TCP is promising, but more studies are needed, including clinical trials supporting its efficacy in
boosting remineralisation.

Amorphous Calcium Phosphate (ACP, ENAMELON™):

ACP was firstly described by Aaron S. Posner in the mid1960s (Boskey, 1997). It was obtained as an amorphous
precipitate by accident when mixing high concentrations (30 mm) of calcium chloride and sodium acid phosphate
(20 mm) in buffer (Eanes et al., 1965). It is also used as filler in ionomer cements to fill carious lesions or as a
colloidal suspension in toothpastes, chewing gums or mouthwashes to promote demineralization of carious lesions
and/or to prevent tooth demineralization (Zhao et al., 2011). The ACP technology was developed by Dr. Ming S.
Tung (Goswami et al., 2012). The ACP technology requires a two-phase delivery system to keep the calcium and
phosphorous components from reacting with each other before use. The current sources of calcium and phosphorous
are two salts, calcium sulfate and di-potassium phosphate. When the two salts are mixed, they rapidly form ACP that
can precipitate onto the tooth surface. This precipitated ACP can then readily dissolve into the saliva and can be
available for tooth remineralisation (Goswami et al., 2012; Tung and Eichmiller, 1999). ACP would act as a calcium
phosphate reservoir, buffering the activities of free Ca™ and PO,” ions in the plaque fluid, helping to maintain a
state of super-saturation of these ions , thereby depressing enamel demineralization and enhancing remineralisation
(Reynolds, 1991). In 1999, ACP was incorporated into toothpaste called Enamelon™ and later reintroduced in 2004
in Enamel Care toothpaste by Church and Dwight. It is also available as Discus Dental’s Nite White Bleaching Gel
and Premier Dental’s Enamel Pro Polishing Paste. It is also used in the Aegis product line, such as Aegis Pit and
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Fissure Sealant, produced by Bosworth (Goswami et al., 2012; Sullivan et al., 1997) . An inherent technical issue
with Enamelon™ is that calcium and phosphate are not stabilized, allowing the two ions to combine into insoluble
precipitates before they come into contact with saliva or enamel.

Calcium Carbonate Carrier (SensistatTM):

The sensiStat™ technology was developed by Dr. Israel Kleinberg of New York. The technology was first
incorporated into Ortek’s proClude™ desensitizing prophy paste and later in DenClude™. Sensistat'™ technology is
made of arginine bicarbonate, an amino acid complex, and calcium carbonate (Mcclure,1963). Arginine complex is
responsible for holding the calcium carbonate particles to the tooth surface and allows the calcium carbonate to
slowly dissolve and release calcium which is then available to remineralise the tooth surface.

Calcium Hydroxide:

Since the introduction of calcium hydroxide to dentistry by Hermann in 1936, it has been indicated to promote
healing in many clinical situations. However, the initial reference to its use has been attributed to Nygren (1838) for
the treatment of the “fistula dentalis', whilst Codman (1851) was the first to attempt to preserve the involved dental
pulp. According to Cvek (1989) calcium hydroxide became more widely known in the 1930s through the pioneering
work of Hermann (1936) and after the introduction of this material in the United States (Teuscher & Zander 1938,
Zander 1939). The first reports dealing with successful pulpal healing using calcium hydroxide appeared in the
literature between 1934 and 1941. Since then, and mainly after the Second World War, the clinical indications for its
use were expanded and now this chemical is considered the best medicament to induce hard tissue deposition and
promote healing of vital pulpal and periapical tissues (Garcia 1983).

Calcium hydroxide is a material which has been used for a variety of purposes since its introduction into dentistry in
the early part of the twentieth century. In its pure form, the substance has a high pH (12.5), only soluble in water
with a solubility of 1.2 g/l at a temperature of 25°C and its dental use relates chiefly to its ability to stimulate
mineralization, and also to its antibacterial properties (Foreman and Barnes, 1990). In 1912, Head was the first
author to suggest that carious dentin could be re-hardened in a similar manner as enamel (Head, 1912). Several
studies advocating the philosophy of leaving a layer of carious dentin capped with calcium hydroxide in deep
cavities where pulp exposure would be highly probable reported increased radiopacity after treatment and harder
dentin whereas other authors have shown evidence of carious dentin remineralisation of the same deep remaining
layer, by means of different methodologies and utilizing several materials, including calcium hydroxide (Palazzi,
1966; Kato and Fusayama, 1970; Gupta et al.,, 1998; Kardos et al., 1999). Ardeshna et al.(2002 ) reported that
aqueous calcium hydroxide paste was more effective than calcium hydroxide points at raising the pH on the external
root surface of extracted teeth. Herman demonstrated the formation of dental bridge in an exposed pulpal surface
and now it is considered as the “gold standard” for direct pulp capping agent (Hilton, 2009).

Mechanism of action calcium hydroxide is that it’s high pH causes irritation of the pulp tissue, which stimulates
repair of dentin by the release of bioactive molecules such as Bone Morphogenic Protein and Transforming Growth
Factor-Beta One (Hilton, 2009; Graham et al., 2006). Elevated pH of calcium hydroxide activates alkaline
phosphatase from the tissue. This is hydrolytic enzyme that liberates phosphate from esters of phosphates. This
phosphate ion, once free, reacts with calcium ion from the blood stream to form a precipitate, calcium phosphate, in
the organic matrix. This precipitate is the molecular unit of hydroxyapatite.

Antimicrobial activity of calcium hydroxide is due to the hydroxide ions which promote enzymatic inhibition of
microorganisms (Estrela, 1995). Drawbacks of calcium hydroxide as remineralisation agent are: Inadequate strength,
Long term solubility, lack of chemical and mechanical adhesion to the surrounding hard tissues, tunnel formation
seen in dentinal bridge, accelerated degradation after being acid etched during bonding procedures.(Mickenautsch
et al. 2010).

Casein Phosphopeptide-Amorphous Calcium Phosphate (CPP-ACP) GC Tooth Mousse™, MI Paste™,
RecaldentTM):

In the late 1950’s, dairy products were discovered as a food group that could be effective in preventing dental caries.
Studies were conducted using dairy products to verify the correlation with caries control. Epidemiological reports
suggested that children and adolescents with low incidence of dental caries drank more milk than those with high
caries incidence. More recently, studies have shown that children with high consumption of soft drinks relative to
consumption of milk and real fruit juice are at higher risk of developing dental caries. (Shaw, 1954).The theory
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behind this possible characteristic involved a high calcium and phosphate content and the presence of the phospho-
protein casein, although other fractions of milk could also play an important role of caseins account for roughly 80%
of the total protein in bovine milk, and exist primarily as calcium phosphate stabilized micellar complexes.This
protein, when incorporated into dental biofilm, is associated with an increase in the content of calcium and
phosphate inside this environment (Reynolds, 1997), which are the principal components of hydroxyapatite. From
insoluble acid casein to soluble sodium caseinate, many forms of this protein were evaluated since attention to its
apparent anticariogenic activity was initially observed (Reynolds, 1997; Reynolds et al, 1995). The problem
encountered in trying to add the protein to food was the required high levels at which the protein would impart its
anticariogenic properties. The levels found to be effective would fail to combine organoleptic properties and the
virtue of preventing enamel demineralization (Aimutis, 2004; Reynolds et al., 1995). Since adding casein in its
original form to products for public consumption was clearly not feasible, one probable solution was to break apart
the molecule in active peptides.

In order to verify the efficacy of the casein molecule when broken apart, it was found that the peptides released by
trypsin during a tryptic digestion of caseinate did not destroy the supposed ability to prevent enamel
demineralization in situ (Reynolds, 1987). Furthermore, elevated concentrations of these casein peptides,
phosphorous and calcium were found in plaque (Reynolds, 1987). This findings prompted investigators to focus
their work on casein peptides. In 1987, study demonstrated that the peptides responsible for caseinates
supposed anticariogenic activity were the calcium-phosphate stabilizing casein phosphopeptides (CPP) (Reynolds,
1987). The cluster of phosphoseryl residues contained in these peptides can greatly increase the solubility of calcium
phosphate (Reeves and Latour, 1958), by forming colloidal casein-phosphopeptide amorphous-calcium-phosphate
complexes (Schmidt, 2002). In summary, “CPP-ACP would act as a calcium phosphate reservoir, buffering the
activities of free Ca™ and PO, ions in the plaque fluid, helping to maintain a state of super-saturation of these ions,
thereby depressing enamel demineralization and enhancing mineralization” (Reynolds, 1991). The CPP-ACP
complex was patented by the University of Melbourne in Victoria, Australia, and the Victorian Dairy Industry
Authority in Abbotsford, Victoria, Australia by Eric C. Reynolds (Reynolds, 1991). Bonlac Foods Limited (an
Australian company owned by 2,300 dairy farmers in Victoria and Tasmania has retained exclusive manufacturing
and marketing rights for CPP-ACP and is the owner of the trademark Recaldent™. The U.S. Food and Drug
Administration (FDA) has approved products marketed in the United States containing the Recaldent™ technology
such as sugar-free gum, Trident Xtra Care™ , Cadbury, MI Paste™, and MI Paste Plus™ with 900 parts per million
fluoride. Outside of the United States, MI Paste™ and MI Paste Plus™ are marketed as Tooth Mousse™ and Tooth
Mousse Plus™ by GC Europe. MI Paste™ and MI Paste Plus™, marketed by GC America, is intended to be
primarily used as an abrasive prophylaxis paste and secondarily for the treatment of tooth sensitivity after bleaching
procedures, ultrasonic scaling, hand scaling, or root planning (Walsh et al, 2009). However, its use for
remineralising dentin and enamel and preventing dental caries is an off-label application (Azarpazhooh etal., 2008).
The thought behind this off-label use is that the Recaldent™ technology provides a delivery system for bio-
available calcium and phosphate ions, enhancing the remineralisation capabilities of fluoride in forming fluorapatite
(Reynolds, 2009). The proposed mechanism of anti-cariogenicity of CPP-ACP is that it acts as a calcium-phosphate
reservoir. It buffers the activities of free calcium and phosphate ions in the plaque fluid at the tooth surface helping
to maintain a state of super-saturation with respect to enamel mineral. The bioavailability of these remineralizing
ions safeguards the enamel surface from acidogenic attack, thereby depressing enamel demineralization during these
cariogenic challenges and enhancing the subsequent remineralisation of the enamel (Reynolds, 1997). Reynolds and
colleagues reported that CPP-ACP binds readily to the surface of the tooth, as well as to the bacteria in the plaque
surrounding the tooth. In this way, CPP-ACP deposits a high concentration of ACP in close proximity to the tooth
surface (Azarpazhooh et al., 2008). The results of a study by Reynolds (1997) suggest that the remineralisation
process involves diffusion of CaHPO, the neutral ion pair of calcium and phosphate ions that forms in the presence
of acid, and associated calcium and phosphate ions through the protein/HO-filled pores of carious surface enamel
into the body of the enamel lesion. Once in the body of the enamel lesion, these calcium and phosphate species, by
dissociation, would increase the activities of Ca*’and PO,>. The CPP facilitates high concentrations of calcium and
phosphate ions, including CaHPO, which can then diffuse into the enamel subsurface lesion and deposit into crystal
voids of the demineralized enamel (Cochrane et al ., 2008). The CPP will also maintain the high activities of the free
calcium and phosphate ions during remineralisation through the reserve of bound ACP. The bound ACP, by being in
dynamic equilibrium with free calcium and phosphate ions, will maintain the concentrations of the species involved
in diffusion into the lesion. Furthermore, dissociation of the CPP-bound ACP will be made possible by the acid
generated by dental plaque bacteria. This would explain why the CPP-supported metastable calcium phosphate
solutions are such efficient remineralizing solutions, since they would offset any fall in pH by generating more
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calcium and phosphate ions, including CaHPO, thus maintaining their high concentration gradients into the lesion
(Reynolds, 1997). It has been reported that CPP-ACP interacts with fluoride ions to produce novel nano-clusters of
calcium, fluoride, and phosphate ions. The identification of this novel CPP-stabilized form of calcium, fluoride, and
phosphate ions is consistent with the observed additive anticariogenic effects of the CPP-ACP nanocomplexes and
fluoride. The anticariogenic mechanism of fluoride is the localization of the fluoride ion at the tooth surface. This
localization promotes remineralisation of enamel with fluorapatite. It is clear that for the formation of fluorapatite,
calcium and phosphate ions must also be present with the fluoride ions. The reported additive anticariogenic e ffect
of CPP-ACP and fluoride may therefore be attributable to the localization of the novel calcium, fluoride, and
phosphate ion nanoclusters at the tooth surface by CPP, which co-localizes calcium, phosphate, and fluoride as
bioavailable ions in the correct molar ratio to form fluorapatite (Reynolds etal., 2008). CPP-ACP complexes have
been shown to exhibit anticariogenic activity in laboratory, animal, and human in situ caries models. Further, CPP-
ACP has been shown to slow the progression of caries significantly and to promote the regression of early lesions in
randomized, controlled clinical trials (Reynolds, 2009). One of the benefits of this peptide compound is that it has
been shown to incorporate well into the salivary pellicle thereby inhibiting the adhesion of cariogenic bacteria,
specifically S. Sobrinus and S. mutans, to the tooth surface (Schupbach, 1996). CPP-ACP has been tested as an
additive in a variety of foods and oral care products including: chocolates, sugar-free gums, sports drinks, lozenges,
glass ionomer cements, dentifrices, mouthwashes, and MI Paste™/Tooth Mousse™. Given that CPP-ACP can be
incorporated into foodstuffs, as well as therapeutic agents, and demonstrates none of the adverse effects of fluoride
overuse (i.e. fluorosis at moderate doses and toxicity at higher doses), it is possible that this product may become an
important anti-caries agent in the future (Rose, 2000). The ability of the CPP-ACP technology added to sugar-free
chewing gum to remineralize enamel subsurface lesions has been demonstrated in several randomized, controlled,
double-blind in situ clinical studies. A study done by Cai et al. (2007) examined the effects of sugar-free gums
(control and CPP-ACP-containing gums) chewed for either 20-minute periods four times daily or for 5-minute
periods seven times daily on the remineralisation of carious enamel. Microradiography and densitometric image
analysis demonstrated that, independent of gum type and chewing duration, the CPP-ACP nanocomplexes produced
a dose-related remineralization of enamel subsurface lesions in situ. Gum containing 18.8 mg and 56.4 mg of the
CPP-ACP nanocomplexes, chewed for 20-minute periods four times daily for 14 days, increased enamel subsurface
remineralisation by 102% and 152%, respectively, relative to the control sugar-free gum. Microradiographs of the
enamel lesions before and after remineralisation showed that the CPP-ACP promoted remineralisation throughout
the body of the lesion. Electron microprobe analyses of sections of the remineralized enamel indicated that the
mineral deposited was hydroxyapatite with a higher Ca:P ratio than normal apatite. Plus, this remineralized apatite
was more resistant to acid challenge than the normal tooth enamel (Cai et al., 2007). Mouth rinses have also been
shown to be effective in delivering CPP-ACP to the enamel surface. In a randomized, double-blind, cross-over study
Reynolds etal. (2003) observed an increase in supragingival plaque calcium and inorganic phosphate levels of 118%
and 57%, respectively, using a 2% CPP-ACP mouth rinse. The increase of calcium and phosphate ions within dental
plaque was consistent with the proposed anticariogenic mechanism of CPP-ACP by maintaining the supersaturated
state of remineralizing ions on the enamel surface. The investigators also reported that mouth rinses containing ACP
without CPP did not exhibit increased calcium and inorganic phosphate levels. This is significant in that it
demonstrates that CPP is essential in stabilizing and delivering ACP to the tooth surface. Although marked increases
in plaque calcium, phosphate, and fluoride were found, calculus was not observed in any of the study participants,
indicating that the calcium, fluoride, phosphate remained stabilized at the tooth surface by the CPP as bio-available
ions and did not transform into a crystalline phase (Reynolds et al ., 2003). Addition of various concentrations of
CPP-ACP into PowerAde ™ sports drink (Coco-Cola, Atlanta) has demonstrated a significant reduction in the
beverage’s erosivity without affecting the products taste. While several articles have been published on the
effectiveness of CPP-ACP in its pure form, studies involving commercially available MI Paste™ and MI Paste
Plus™ (or Tooth Mousse™ and Tooth Mousse Plus™) are limited, with the majority found in abstracts presented at
International Association for Dental Research (IADR) conferences and funded by GC Corporation (Paterson, 2008;
Sakaguchi, 2005, Sato, 2003). Although CPP-ACP is the main active ingredient in these products (10% w/v), it is
uncertain whether incorporation into the form of a water-based, sugar-free paste alters its effective ability. An IADR
abstract presented by Sato et al. (2003) confirmed the ability of Tooth Mousse™ to prevent the formation of caries
in a bovine tooth model. Using Knoop Hardness measurements to evaluate treatment groups, those treated with
Tooth Mousse™ displayed significantly less change in hardness reduction compared to a placebo paste and to a
fluoridated paste. In addition, Sakaguchi et al.(2005) reported the ability of MI Paste™ to prevent acid-induced
demineralization in bovine tooth enamel compared with a placebo paste, a 900 ppm fluoride paste, and water.
Samples were imaged using quantitative light-induced fluorescence (QLF) as well as x-ray CT. Researchers
concluded that there was a significant protective effect of MI Paste™ in preventing the demineralization of enamel.
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Sakaguchi et al. (2005) later described a synergistic effect of CPP-ACP and fluoride, as found in Tooth Mousse
Plus™ (MI Paste Plus™), in remineralizing subsurface enamel lesions in bovine teeth. The casein phosphopeptides
(CPPs) are produced from the tryptic digest of casein, aggregated with calcium phosphate and purified through ultra
filtration (Sashi et al., 2013). CPP—ACP is the acronym for a complex of casein phosphopeptides and amorphous
calcium phosphate (Goswami et al., 2012). This Recaldent technology was developed by Eric Reynolds, Australia.
The CPP containing the amino acid cluster sequence — Ser (P)-Ser (P)-Ser (P)-Glu-Glu- has the ability to bind and
stabilize calcium and phosphate in solution, as well as to bind dental plaque and tooth enamel. Through their
multiple phosphoryl residues, the CPPs bind to form clusters of ACP in metastable solution, preventing their growth
to the critical size required for nucleation and precipitation. The proposed mechanism of anticariogenicity for the
CPP-ACP is that it localizes ACP in dental plaque, which buffers the free calcium and phosphate ion activities,
thereby helping to maintain a state of super-saturation with respect to tooth enamel depressing demineralization and
enhancing remineralisation. The CPPs have been shown to keep fluoride ions in solution, thereby enhancing the
efficacy of the fluoride as a remineralizing agent (Goswami et al., 2012; Rose, 2000; Reynolds, 2008; Farooq et al.,
2013; Mazzaoui et al., 2003). It can be delivered via tooth mousse, chewing gum, mouth rinses, toothpastes and
reduction of tooth sensitivity (Farooq et al., 2013; Poitevin et al., 2004). CPP—ACP can be used to remineralise early
carious lesions (Walsh, 2009). It has the ability to counteract the action of acids in cases of erosion (Pickarz et al.,
2008). It has been proposed that CPP-ACP (Tooth-Mousse) has an edge over fluoride tooth paste when it comes to
neutralizing acids in the oral cavity (Kariya et al., 2004; Al- Batayneh, 2009). CPP—ACP alone or its combination
with fluoride can be utilized as a prophylactic agent before the bonding of orthodontic brackets (Tabrizi and Cakier,
2011). Recaldent™ influences the properties and behavior of dental plaque through binding to adhesion molecules
on mutans streptococci and thus impairing their incorporation into dental plaque, elevating plaque calcium ion levels
to inhibit plaque fermentation and providing protein and phosphate buffering of plaque fluid pH to suppress
overgrowth of aciduric species under conditions where fermentable carbohydrate is in excess (Nidhi and
Kunwarjeet, 2012; Morgan et al., 2008).

Casein Phosphopeptide-Amorphous Calcium Fluoride Phosphate (CPP-ACPF, GC Tooth Mousse Plus™, MI
paste Plus ™.

A dentifrice containing CPP-ACP with fluoride provides remineralization which is superior to both CPP-ACP alone
and to conventional and high fluoride dentifrices. This synergy between CPP-ACP and fluoride had been identified
in studies which showed that MI Paste (without fluoride) remineralized initial enamel lesions better when applied as
a topical coating after the use of a fluoride dentifrices (Nidhi and Kunwarjeet, 2012; Kumar et al., 2008). In the
absence of such “environmental” fluoride, the predominant mineral that will be formed in enamel subsurface lesions
during remineralization with CPP-ACP will be hydroxyapatite. It is now known that CPP can stabilize high
concentrations of calcium, phosphate and fluoride ions at all pH values from 4.5 up to 7.0, and is able to
remineralize enamel subsurface lesions observed at all pH values in this range, with a maximal effect at pH 5.5
(Nidhi and Kunwarjeet, 2012). In fact, at pH values below 5.5, CPP-ACFP produces greater remineralisation than
CPP-ACP, and the major product formed when remineralisation is undertaken with CPP-ACFP is fluorapatite,
which is highly resistant to acid dissolution. The remineralised mineral was more resistant to subsequent acid
challenge (Nidhi and Kunwarjeet, 2012; lijima et al., 2004).

Nano-Hydroxyapatite (Reminpro™™):

Hydroxyapatite (HA) is one of the most biocompatible and bioactive materials and is widely applied to coat artificial
joints and tooth roots (Zhao et al., 2008). Hydroxyapatite is the mineral crystalline form of calcium and phosphorus
found in the enamel, dentin, cementum, and bone. It is widely used in biology, medicine, and dentistry due to its
optimal characteristics, such as similarity to the mineral structure of hard tissues, biocompatibility, and low
solubility. It has remineralizing effects when applied to tooth enamel. Nano-hydroxyapatite (NHA), due to its higher
surface/ volume ratio, is more effective than large HA particles. With the recent advances in nanotechnology, the
size of particles has decreased and some modifications were made in their shape, yielding highly bioactive calcium
phosphate compounds that may have higher potential for penetration into the porosities of the demineralized area as
remineralising agents. The structure of enamel is too complex to be remodeled and the basic enamel building blocks
are generally 20-40 nm hydroxyl apatite nano particles. Hence the remineralization of enamel minerals by using
synthetic HA that resembles enamel HA may be beneficial (Swarup and Arathi, 2012). NovaMin™ is a synthetic
mineral compound composed of calcium, sodium, phosphorus, and silica. It releases crystalline hydroxyl-carbonate
apatite (HCA), which structurally resembles the minerals naturally found in the teeth. Nanohydroxyapatite (NHA) is
a biocompatible compound with high affinity for tooth enamel. NHA particles morphologically resemble dental
enamel apatite crystals and used rampantly now a days (Haghgoo et al., 2016) . Nano-sized particles have similarity
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to the apatite crystal of tooth enamel in morphology (Vandiver et al., 2005). In recent years, an increasing number of
reports have shown that nano-hydroxyapatite has the potential to remineralize artificial carious lesions following
addition to toothpastes, mouthwashes.(Lu et al., 2007; Kim et al., 2007; Yamagishi et al, 2005). Nano-
hydroxyapatite was directly selected as a remineralizing agent and an in vitro pH-cycling model was used to
evaluate the effect of four nano-HA concentrations on the initial enamel caries lesions. These results confirmed the
ability of nano-hydroxyapatite to aid in remineralizing enamel; at each time point in the pH-cycling, the different
concentrations were directly related to the distinct effects on remineralization. The most likely explanation of the
increased remineralization effect is that it was due to the ability of nanohydroxyapatite to promote remineralization.
Nano-hydroxyapatite had the potential to remineralize initial enamel caries lesions under dynamic pH-cycling
conditions. A suspension of 10% nano-hydroxyapatite appeared to be the optimal concentration for remineralisation
of early enamel caries. Nano-hydroxyapatite of proper concentration could therefore be beneficial in promoting
remineralisation with regular daily usage. Various research findings concluded that nano-hydroxyapatite had the
potential to remineralize initial enamel lesions. Given the small number of experiments and limitations of the in-
vitro studies comparing the re-mineralizing potential of nano-hydroxyapatite toothpaste on enamel, the effectiveness
of this toothpaste seems to be obvious in improving the initial enamel carious lesions. More research is needed to be
carried out with clinical studies to substantiate the effectiveness of nano-hydroxyapatite on enamel.

Bioactive Glass and Polyacrylic Acid-Modified Bio-active Glass Powder (Novamin™):

Bioactive glass was invented by Dr. Larry Hench in1960s (Shashi et al., 2013). NovaMin™ is a bioactive glass-
ceramic material, wherein the active ingredient is a calcium sodium phosphosilicate that reacts when exposed to
aqueous media and provides calcium and phosphate ions that form a hydroxy-carbonate apatite (HCA) with time
(Wefel, Js. 2009). NovMin"™ adheres to exposed dentin surface and forms a mineralized layer that is mechanically
strong and resistant to acid. There is continuous release of calcium over time, which maintains the protective effects
on dentin (Burwell et al, 2010). It has been demonstrated that fine particulate bioactive glasses (<90 pm)
incorporated into an aqueous dentifrice have the ability to clinically reduce the tooth hypersensitivity through the
occlusion of dentinal tubules by the formation of the CaP layer (Shashi et al., 2013). The NovaMin ™™ Technology
was developed for use in dentistry by Dr. Len Litkowski and Dr. Gary Hack. Currently available products in the
market are NovaMin™ SootheRx™, DenShield™, NuCare™-Root Conditioner with NovaMin'™, NuCare™-
Prophylaxis Paste with NovaMinTM, and Oravive™ (Goswami et al., 2010; Tai, 2006). In recent times, bioactive
glass materials have been known to many fields of dentistry. This material has several distinctive features; the most
significant among them is its ability to act as a biomimetic mineralizer, matching the body’s own mineralizing traits.
Bioactive glass was considered as a step forward in remineralization technology (Hassanein and El-Brolossy, 2006).
Bioactive glass consists of minerals that occur naturally in body fluids and it reacts when it comes in contact with
water, saliva or body fluid to release calcium, phosphorous, sodium and silicone ions in such a way that it results in
the formation of hydroxyapatite crystals (HAP) (Oguntebi, 1993). An important finding in the remineralization
concept was the effect of the concentration of calcium ions on the remineralisation process. Enamel white spot
lesions can remineralise using bio-active glass and polyacrylic acid-modified bio-active glass powders. Mechanical
properties of enamel were assessed using surface and cross-section Knoop microhardness. Micro- Raman
spectroscopy in StreamLine ™ scan mode was used to scan lesion cross-sections. The intensity of the Raman
phosphate peak at 959 cm_1 was fitted and measured producing depth profiles analysed using a double-step fitting
function. To obtain 3D images of surfaces using non-contact white light, profilometry permitting measurement of
lesion step height in relation to the sound enamel reference level, and to scan the lesion surface using scanning
electron microscopy (SEM). BAG (Bio active glass) and PAA-BAG (polyacrylic acid —bio active glass) surface
treatments enhance enamel WSL (white spot lesion) remineralisation, assessed by the resultant improved
mechanical properties, higher phosphate content and morphological changes within the artificial lesions. Minimally
invasive dentistry encompasses the philosophy of preservation of the maximum quantity of repairable dental tissues
and utilizing preventive, remineralisation approaches in incipient carious lesion management ((Banerjee, 2013;
Mount, 2007). The enamel white spot lesion (WSL) is the earliest clinically evident manifestation of the caries
process, exhibiting subsurface porosity caused by an imbalance between the biological dynamic processes of de- and
remineralisation. In the minimally invasive reparative dentistry paradigm, incipient enamel carious lesions should
not be managed with surgical intervention, but with non-invasive remineralisation strategies wherever possible
(Mount, 2007). Bio-active glass (BAG) can act as a source of a large amount of CaO and P,Os in a Na,0-SiO,
matrix with a rapid dissolution rate and high ionic concentration (Hench, 2006). The bioactivity index determines
the rate at which a bio-active material produces a chemical bond with a natural tissue. BAG 45S5 exhibits a high
bioactivity index (IB = 12.5) compared to other bio-active materials such as hydroxyapatite (IB = 3), Thompson,
(1998) and therefore it has the potential to remineralize enamel white spot lesions with an increased rate of HA
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(hydroxyapatite) formation. BAG has been introduced clinically as an air-abrasion abrasive powder to be used under
the auspices of minimally invasive dentistry and has showed promising results for the controlled, selective removal
of an enamel analogue substrate, demineralised enamel and resin composite restoration/cements, particularly using
specific operating parameters (Milly, 2013). Polyacrylic acid (PAA) has been added to bio-active materials in order
to mimic the functional role of non-collagenous proteins in binding the calcium and phosphate ions to form nano-
precursors, including amorphous calcium phosphate, small enough to penetrate the carious lesion more effectively
(Kamitakahara, 2001). Using BAG powder containing 40 wt% PAA to treat the dentin using air abrasion technology
reduced the micropermeability between the dentin and the adhesive layer in vitro, and might be a suitable strategy to
enhance bond durability. Micro-Raman spectroscopy is used as a quantitative chemical assessment methodology for
biological samples in conjunction with the fact that the Raman peak intensity is proportional to the number of
molecules within the volume of scanned area (Tsuda and Raman, 1997). The Raman phosphate peak at 959 cm 1
characterizes tetrahedral PO, group (P—O bond) within HA. Monitoring the intensity of this peak has been used to
assess the degree of demineralization within enamel caries (Mohanty et al., 2012). To date, the use of Raman
phosphate peak intensity measurement and high-speed line scanning to detect a potential increase in the phosphate
content within the incipient lesion as a result of a remineralisation treatment has not been reported in the dental
literature. Hardness measurements provide information about the mineral density and mechanical properties of hard
tissue surfaces and are a reliable, objective method to study demineralised enamel and dentin lesions (Banerjee et
al., 2010). The key approach in enamel WSL remineralisation is to utilize dissolvable materials containing ions
required to deposit minerals similar to those of enamel and at the same time which can diffuse through the lesion.
Biomimetic remineralisation of carious lesions has been reported using bio-active materials in the presence of
protein analogues such as PAA to promote remineralisation through the lesion depth. BAG may enhance the
remineralisation of demineralised dentine and inhibit the demineralisation of enamel (Sauro et al., 2011). Previous
studies reported an increase in the mechanical properties of acid etched enamel and demineralised dentin treated by
BAG paste (Burwell et al., 2009). This mechanical improvement could be caused as a result of ‘‘new’’ mineral
deposition within the lesion, resulting from BAG 45S5 bioactivity process that forms HA layers at the interface
level. The StreamLine™ Raman scanning is a high-speed line scanning system that allows faster and better
excitation intensity distribution across the sample surface as it utilizes the Raman microscope optics to illuminate a
moving line across the sample and to read the data continuously. The phosphate Raman peaks were observed within
Raman spectra at the same positions detected in the literature (Tsuda and Raman, 1997. Peak intensity evaluation
has been reported as a suitable parameter to detect a difference between sound and demineralised enamel regions.
Using BAG, PAA-BAG and remineralisation solution did not reduce the lesion depth. This result may be explained
as the calcium and phosphate ions’ diffusion/precipitation may be restricted to the superficial area of the lesion
inhibiting whole lesion remineralisation. This feature has been reported in the literature when different
remineralisation agents were applied to treat enamel carious lesions (Pliska et al, 2012). To overcome this
limitation, altering/modifying the lesion surface to improve mineral diffusion may still be required or even desirable
(Crombie et al., 2013). Treating BAG particles with an aqueous solution such as saliva causes a leaching and
exchanging of BAG ions with those in the solution and that in turn increases the interfacial pH followed by breaking
Si-O-Si—O—-Si-O bridges and forming a Si (OH), layer. Calcium and phosphate ions are released from BAG, at this
stage, to form an amorphous CaP layer, which is crystallized to a mixed hydroxyl-carbonate apatite layer (Hench et
al., 2013). Rama phosphate peak intensity percentages were significantly higher within BAG, PAA-BAG groups
compared to that of the negative control group implying that more phosphate ions were presented as a result of re-
mineralisation treatment.The bioactive process of BAG and the precipitation of minerals at the lesion surface,
observed within SEM images, may explain the higher Raman phosphate peak intensity monitored in the present
study. The beneficial effect of utilizing bio-active glass and polyacrylic acid-modified bio-active glass powders in
enamel white spot remineralisation paves the way for further investigation into the clinical application of such
materials in the remineralisation of enamel in vivo under the auspices of minimally invasive reparative dentistry
which advocates the preservation of repairable enamel structure and the use of remineralisation strategies to ‘‘heal’’
early lesions (Banerjee, 2013). The enamel treated with BAG and PAA-BAG exhibited improved mechanical
proprieties and higher phosphate content enhancing the mineral depositions at the lesion surface. Smaller particle
precipitations were detected within PAA-BAG compared to the BAG, and therefore this modification has a potential
to promote entire mineral gain of treated lesions.
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