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Abstract

Dental caries has been the most common disease in childhood. The World Health
Organization (WHO) emphasizes that dental caries affects about 60 to 90% of
schoolchildren and the majority of adults. The patterns of dental caries globally
and regionally reflect the risk profiles of countries relate to social structure, living
conditions, and existence of preventive oral health systems. However, dental caries
is a preventable disease and can be potentially reversed in its early stages. The
importance of primary prevention has been emphasized in young children. The use of
fluoride to increase resistance of teeth to caries development has been widely used.
Mechanisms of fluoride are both topical and systemic, but the topical effect is the
most important over the life span. A great amount of time had been dedicated to the
studies of enamel Remineralization. The modern approach has been suggested that
“non-invasive treatment of early caries lesion by Remineralization has the potential
to be the major advance in the clinical management of the disease”. The introduction
of nanotechnology in dentistry allowed developing materials ranging in the size 100
nanometers or smaller in at least one dimension. The use of nanotechnology simulated
the natural biomineralization process to create the dental enamel. Hydroxyapatite is
the principal inorganic constituent of bones and teeth. It is suggested that extensive
research be performed to improve full capacity of nano-hydroxyapatite in a clinical
setting, which has a great potential in providing preventive and therapeutic approach
to dental caries for children worldwide.

ABBREVIATIONS

Nano-HA: Nano-Hydroxyapatite; ICDAS: International Caries
Detection and Assessment System; ICCMS™: International Caries
Classification and Management System

INTRODUCTION

The National Health and Nutrition Examination Survey 2011-
2012 in the United States showed approximately 37% had dental
caries experience among 2 to 8 years of age, and 23% in children
2 to 5 years of age had dental caries in primary teeth whereas,
children 6 to 8 years of age had 55.7% dental caries experience.
Among the races, the Hispanic of origin at 45.7% had the highest
prevalence of dental caries followed by Non-Hispanic Black
(43.6%), Non-Hispanic Asian (35.9%), and Non-Hispanic White
children (30.5%). A total of 14.3% had untreated dental caries,

highest burden, but their level of care is in the lowest. In addition,
children who had earlier caries experience, low exposure to
fluoride, poor oral hygiene, poor oral health knowledge and
children with special health care needs had a higher risk to
experience dental caries [3].

Etiology

Dental caries described as a complex process, involve
numerous risk factors such as environmental, behavioral,
socioeconomic, and biological factors (Figure 1) [3-5]. In general,
the higher number of risk factors an individual, the greater
probability the individual will have caries experience [4,6].

Streptococcus mutans

The human body is composed of approximately 10%* cells
and majority of organisms consists of the resident microflora

10% in 2 to 5 years of age and 20.1 % among children 6 to 8 years
of age [1]. Caries prevalence rates are distinct in different age
groups and populations [2]. Children from low-income families
or minority groups are more likely to have caries. They have the

of the host, which is a natural process and acquired from birth.
Streptococcus mutans is a major group in initiation of dental
caries, gram-positive cocci, non-motile facultative anaerobic
microorganism that can metabolize carbohydrates.
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Figure 1 Schematic illustration of different factors involved in caries
development (Adapted and Modified from Brambilla et al) [66].

S. mutans are able to adhere to the tooth surface through the
dental plaque that is a highly structured, spatially organized, and
metabolically integrated community of bacteria. Dental plaque
creates a complex matrix, largely composed of glucan [5]. S.
mutans produces high amounts of lactic acid that can survive
at pH, and can cause demineralization of tooth enamel and the
polysaccharides contribute to the process by providing sugars
in low sugar intake [7]. The S. mutans generally only appear in
the mouth following tooth eruption and vertical transmission of
S. mutans from caregiver to child has been reported [6,8-12]. An
initial colonization of the S. mutans acquired from the primary
caregiver to the child occur in the “window of infectivity”, which
may begin at 10 to 14 months of age [13].

Substrate

Sucrose is a common naturally occurring carbohydrate; used
as a sweetening agent and promotes selectively S. mutans with
other acidogenic and acid tolerating species. Major biochemical
and physiological changes in process of biofilm formation are
caused by sucrose [14]. The adherence of bacteria to the teeth
increases the number and level of virulence of bacteria as the
sucrose consumption increases.[10,12] It serves as substrate for
the synthesis of extracellular and intracellular polysaccharides
in dental plaque. The pH levels drop rapidly after ingestion
of sucrose, glucose and fructose due to the acid production
of acidogenic and acid-tolerant bacteria that leads to the
demineralized tooth structure [15]. The formed biofilm in the
presence of sucrose has low concentrations of critical ions such
as calcium, phosphate and fluoride that involved in the process of
demineralization and Remineralization [16].

Host factors

Saliva: Saliva composed of more than 99% water and less
than 1% solids, mostly electrolytes and proteins gives the

viscosity characteristic of saliva. It is the main defense against
caries in protecting the teeth also acts as a dilute and buffer the
acids formed by the S. mutans by oversaturation with calcium
and phosphate ions. Furthermore, It is composed of secretory
immunoglobulin A (sIgA), which responds by binding selectively
to the surface of S. mutans where it exhibits its influence [4].

The concentration of calcium increases slightly from
unstimulated to stimulated state of secretion. Calcium, binds
to proteins such as proline-rich proteins and statherin called
as ionized calcium, then combines with free form calcium at
given pH [17]. On the other hand, non-ionized calcium does
not bind to proteins, but to inorganic ions such as bicarbonate
and phosphate. More calcium is in the non-ionized form, when
there is an increase of saliva pH and ionic strength at high flow
rates [18]. Salivary flow rate is considered to be an important
protective factor. The pH of saliva is strongly dependent on the
section rate. In a healthy individual it varies between about 6.0
and 7.5, where the stimulated flow rate is the most alkaline [3].

Enamel: Enamel is the external hard surface of the tooth,
mainly composed of hydroxyapatite contains other organic and
inorganic components. It is composed of numerous needle-like,
prismatic crystals ranging from 3 to 5 pm in diameter, which are
bundled in an orderly manner to ensure the mechanical strength
and biological protection (Figure 2) [19,20]. The degree of
saturation of oral fluids in relation to apatite minerals, influences
the process of de- and Remineralization [21]. Demineralization
occurs when the pH value falls below the critical value and the
endogenous bacteria in the dental plaque produce weak organic
acids, which creates an imbalance of calcium and phosphate ions
from the tooth enamel, as minerals are lost [22,23]. On the other
hand, remineralization occurs when dental plaque pH is restored
by saliva through uptake of calcium, phosphate and fluoride on
the demineralized area (Figure 3,4) [24].

Paradigm shift of pediatric dental caries prevention
and treatment

Paradigm has been defined as “a set of assumptions, concepts,
values, and practices that constitutes a way of viewing reality for
the community that shares them, especially in an intellectual
discipline” [25]. Caries can progress if pathological factors are

Figure 2 Scanning Electron Microscopy enamel images of needle like
HA crystallites [67].
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Figure 3 Early stages of tooth decay caused by bacterial biofilm [68].
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Figure 4 Diagram of the caries process as regular flux of
demineralization and remineralization [69].

dominant and can reverse if protective factors become superior
[5]. Through appropriate treatment, early lesions can be arrested
and be remineralized. Though there is a present variability in
caries detection, caries activity and risk assessment, treatment
options, and decision-making on when and how to treat teeth
and what is the best method for monitoring disease. Recognition
of patients who are at high-risk of developing dental caries will

allow dentists to develop strategies for prevention and treatment
of the disease. Early detection of caries lesions and assessment
of disease activity is critical and widely recognized in limiting
the extent of demineralization [26]. First popularized in Thomas
Kuhn'’s classic work, “The Structure of Scientific Revolution”, a true
paradigm shift may consider as changing emphasis from surgical
model of corrective and reparative interventions to more focused
on diagnosis, early intervention, and prevention. Prevention
has become a foundational principle of modern dentistry
practice, where non-operative treatment is given emphasis
and minimal intervention dentistry has been widely accepted
[27,28]. Evidence-based dentistry provides dental practitioners
the current best scientific evidence and incorporates into their
clinical decision-making, however it is yet to be successfully
disseminated and fully implemented [27].

International caries detection and assessment system
- ICDAS: ICDAS concept is used to provide information to plan,
manage and improve long-term caries outcomes. The system
has been designed for education, research, clinical practice and
public health [29]. The goal of the caries management system is to
improve oral health through implementation of new paradigms
in managing dental caries [29,30].

Seven caries categories of visual criteria have been designed
and designated by numbers 0-6 based on the histological extent
of lesions. They are as follows:

0. Sound tooth surface
1. First visual change in dried enamel
2. Distinct visual changes in wet enamel

3. Localized enamel breakdown due to caries with no visible
dentin

4. Underlying dark shadows from dentin (with or without
enamel breakdown)

5. Distinct cavity with visible dentin
6. Extensive distinct cavity with visible dentin

International caries classification and management
system - ICCMS™: The ICCMS™ is a system developed based
on the best biological and clinical evidence. ICCMS™ in a holistic
approach provides a standardized method for caries assessment
and individualized caries management. Designed to accommodate
the needs of different users across the ICDAS domains.
Preservation of tooth structure and restoration only when
indicated is the central and fundamental guidance on operative
intervention of ICCMS™, which is evidence-based and patient-
centered. Following the principles of ICCMS™, four elements are
involved. The first element is collecting the patient’s past and
present dental and medical history, and caries assessment level
of risk factors. The second element is the caries classification
stage, which starts with plaque assessment followed by clinical
examination, and then caries stage determination, assessment
and evaluation of each tooth. The third element is decision-
making, diagnosis of each caries lesion, and risk of acquiring new
lesions. The fourth element includes the individualized caries
prevention and caries control management care (Figure 5) [30].

Ann Pediatr Child Health 5(2): 1127 (2017)

3/8



@SCiMedCentra]

Juntavee et al. (2017)
Email: apa.edu@hotmail.com

Management of each lesion will depend on the caries
classification of the surface. For sound teeth, risk-based
prevention is recommended and aims to lower the risk of the
patient, addresses homecare, and clinical approaches adjusted
to status of patient. During primary dentition of the active initial
caries lesion, non-operative care is recommended includes
application of topical fluoride, dental sealants on pit and fissures,
oral hygiene instruction, and supervision until the age of 8 years
while in initial inactive lesion, no lesion specific treatment. In
moderate and extensive active or inactive lesion, non-operative
care and tooth-preserving operative care is suggested. The same
management is recommended for permanent dentition [30]. The
implementation of ICCMS™ will increase the comfort level among
dentists with the introduction of decision tools and education
programs. This will also help the dentistry in management of
early childhood caries that can result in positive outcomes [30].

Minimal intervention

Minimal intervention dentistry has been introduced into
the management of caries, and has evolved from caries removal
methods to early prevention and intervention of disease; all are
integrated into the patient caries management. From a biological
standpoint, restorations are not the ‘final solution’, and the
major benefit of minimal intervention is the prevention of the
inevitable failure of restorations because of unending cycles of
recurrent caries [31]. Minimum intervention aims to decrease the
unnecessary destruction of tooth structure and gives emphasis
on prevention of the disease to continue the caries process [17].
It is important to note, while there is an urgent need to address
current disease, the long-term of outcomes should be expected
[31].

Remineralizing agents: Remineralization is the delivery of
minerals into the caries lesion, mostly calcium and phosphate to

ICCMS™

Comprehensive Assessment &
Personalised Caries Care Plan

~ isk-baved
Recall interval
with moniter
and revlew

reverse or arrest caries progression [32]. In addition, changing
the chemistry of tooth surface and reducing tooth susceptibility
to acid attack makes it less vulnerable to demineralization [5].
There has been an increased interest in emphasizing prevention
and intervention in high caries risk individuals, enhancing the
remineralizing agents to arrest caries progression, and improving
the reversal of the condition [33].

Fluoride is the best-established remineralization strategy
compared to the other remineralization system [34]. Fluoride
being the main active ingredient of remineralizing agent is most
effective in reversing early lesion at the tooth surface [35,36]. In
forming one-unit of fluorapatite (Ca,,(PO,),F,), every 2 fluoride
ions, 10 calcium ions and 6 phosphate ions are required to
consequently limiting the net remineralization to occur due to the
availability of calcium and phosphate [37]. The remineralization
effect of topical fluorides only attempt to reduce apatite
dissolution than to promote mineralization of lost minerals and
apatite crystals [20]. Moreover, the fluoride dosage in children
still raises a concern in the occurrence of dental fluorosis due to
fluoride ingestion, which may exceed the maximum allowable
dosage and intake recommended for children under the six years
of age [34].

CPP-ACP technology also demonstrates its anti-cariogenic
potential and enhances Remineralization [37, 38]. The high
concentrations of calcium and phosphate ions will maintain the
concentration gradient during the remineralization, and diffusion
of the ions into lesions [39]. ACP precipitates from a highly
supersaturated calcium phosphate solution [40]. It has been
widely used in biomedical field due to the excellent bioactivity,
adjustable biodegradation rate, high cell adhesion and good
osteoconductivity [41]. CPP through multiple phosphoseryl
residues has the ability to stabilize ACP into CPP-ACP complex.
The product is primarily used as abrasive paste and a treatment

Figure 5 Detailed overview of [ICCMS™ elements and their components [30].
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for tooth sensitivity. CPP-ACP binds well to plaque, provides a
large calcium reservoir and diffuses free calcium slowly [40].
Similar with fluoride, CPP-ACP has shown additive effects in
reducing dental caries experience [42].

Tricalcium Phosphate (TCP) also enhances remineralization
with better formulations, in addition of calcium to complement
fluoride. When TCP reaches the tooth surface, the saliva will
activate the calcium complex, which is carried by TCP and
protected by fluoride ions. When released at the tooth surface,
high fluoride and calcium levels concentrates on the lesion, thus
promote Remineralization [43].

Arginine is a semi-essential amino acid found in salivary
peptides and proteins, demonstrates inhibiting caries in children
to have significant effects [44]. The arginine technology produces
ammonia and has highly alkaline that causes a rise in pH,
presenting an ideal condition for Remineralization [45]. Arginine
is found free in saliva in micromolar concentrations [46].
Using arginine formulations, modulating the alkali-generating
potential of dental plaque may promote an ecologically healthy
oral environment, which could have a potential to suppress
the emergence of acid-tolerant, caries-associated pathogenic
organisms [47].

Silver Diamine Fluoride (SDF) is used in dentistry when a child
is too young for the carious teeth to be restored by conventional
methods [48]. It allows to kill cariogenic bacteria, precipitates
on carious dentine and provides instant caries arrest, and does
not require an injection and drilling. On the other hand, the
disadvantage of using SDF is that the lesions were stained black,
results from the impermeable layer on the tooth surface resistant
to caries [49].

Most recently, theobromine is added as an active ingredient
to toothpaste, which is from the xanthine family. It is an
alkaloid available in cocoa and chocolate discovered to enhance
crystallinity and the resistance of the remineralized surface to
subsequent acid challenge. It is attributed to the crystallite size
increase, as it is one of the major factors that control the rate of
apatite dissolution [50].

Nano-hydroxyapatite

Hydroxyapatite (HA) the main inorganic component of
enamel is 95% by weight of the total weight of enamel. The
enamel’s basic building block is generally composed of 20 to
40 nm particles of HA [19]. However, when the maturation of
enamel is reached, proteins are removed in which controls the
crystallization and contains no cell, hence the enamel cannot
be biologically remodeled [19,20,51]. Thus, the use of synthetic
apatite or HA is found to be beneficial in remineralizing enamel
minerals. Hydroxyapatite is able to absorb glucan, produced
by S. mutans in combination of the salivary proteins which will
inhibit plaque formation, and an important source of calcium and
phosphate responsible for the remineralization of demineralized
enamel area [20,52].

Improving the repairing effect of enamel, the dimensions of
enamel are reduced to nano-scale, where the smaller dimension
exhibit a larger surface area; A smaller HA is found to be closer
to a biological apatite compared to a larger HA particle [19,51].

Moreover, the recent increased interest in nanotechnology
introduced the nano-hydroxyapatite (nano-HA) been widely used
in medicine and dentistry [53]. It is used in Japan as toothpaste
since 1980 and tested the apatite-containing dentifrices in
a clinical trial in Japanese schoolchildren, and found to be
significant in inhibiting new caries [52,54]. Synthetic nano-HA
has the same chemical-physical properties of apatite found on
enamel. Although the structure of the enamel is too complex to
be remodeled, it is suggested that a biomimetic technique can
be used to repair enamel surface and possess a strong affinity
to the tooth [19,51,55]. A 20 nm size HA layer revealed similar
to the subunits of a biological apatite and is resistant to acidic
solution [19]. The nano-HA due to its higher pH value increased
its remineralizing effect compared to amine fluoride. It was
observed in the latter a hyper mineralization of the surface layer
that may have obstructed the diffusion of ions into deeper lesion
depth, thus inhibit the Remineralization process [21]. Nano-HA
while may have observed minor toxicity in human cells, it is also
found to be non-allergenic, non-mutagenic, non-carcinogenic
[56,57], and has no accumulative toxicity found in animal cell
[58]. Its non-toxicity and non-inflammatory property makes it
ideal to be used as bone substitute and dental implant [59].

Mechanism of action: Nano-hydroxyapatite can repair and
can prevent initial lesions in enamel due to its size and high
availability of calcium and phosphate ions that plays a key role
in demineralization and remineralization process [60,61]. The
concentration of calcium is observed to have greater effect than
the phosphate concentration in inhibiting demineralization.
Low levels of calcium in plaque are found to be an indicative
of caries incidence while none for the phosphate ions [62]. The
pH level affects the concentration of calcium and phosphate in
nano-HA pH study where highest degree of remineralization is
observed at pH 4.0 than at pH 7.0, and as pH the value decreases,
the concentration of calcium and phosphate increases. More
minerals are also deposited in the body of the lesion, and depth
was significantly reduced as pH value of nano-HA decreased.
Under acidic conditions, nano-HA can significantly accelerate the
rate, depth of penetration and extent of Remineralization [61].
In SEM analysis, nano-HA is observed to adhere to pores created
by demineralization, and aggregate into micro clusters then form
a uniform apatite layer on demineralized surface covering the
prismatic and interprismatic enamel structure. Furthermore, the
analysis of Ca/P ratio showed nano-HA significant increase in
mineral content compared to 2% sodium fluoride [55].

Clinical applications of nano-HA: In recent years, a
considerable attention is received on application of nano-HA in
repair of early caries lesion. In search for alternatives to fluoride,
nano-HA with high concentrations of calcium and phosphate
ions has been incorporated to toothpaste. A 10% Nano-HA
toothpaste was able to reduce the demineralization and enhance
the remineralization of the artificial caries lesion and produce
similar results like in fluoride containing toothpaste [63]. In a
similar study, the effects of daily treatment with different nano-
HA toothpastes evaluate the remineralization of bovine enamel
and dentine subsurface compared amine fluoride toothpaste. A
hypermineralization accompanied by increased lesion depth was
observed in amine fluoride whereas, no hypermineralization
observed on nano-HA toothpastes. Furthermore, higher
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remineralization on the dentin surface was also achieved with
nano-HA or ZnCO,/n-HA toothpaste when compared to amine
fluoride dentifrice [21].

However, a different result was obtained in another study on
remineralization potential of nano-HA. The nano-HA would only
promote preferential remineralization on the surface unable to
achieve full remineralization. This restriction leads to an idea that
to combine nano-HA with another effective anti-caries agent-like
fluoride or other elements. This may enhance the remineralization
effect and possible to achieve the full remineralization effect
[64]. Nano-HA found to achieve higher surface area due to its
size, and provide dental enamel a good mechanical strength that
can assist in improving the remineralization of NaF. Different
concentrations of nano-HA (0%, 1%, 5% and 10%) were added
to NaF and distilled water for comparison. The results showed
a higher degree of remineralization obtained in NaF than in the
distilled water group. In addition, increasing remineralization
was observed as the concentration of nano-HA increased [59].

A possible combination of other elements with nano-HA can
also be accomplished. The addition of natural products may have
a potential in enhancing nano-HA remineralization effect [64]. In
search for new bioactive anti-caries compound, a Chinese herbal
medicine called Galla chinensis (GCE) showed an ability to inhibit
demineralization and enhance remineralization in vitro [65-
69]. In addition, GCE has been proven to possess antibacterial
properties, which would supplement the nano-HA deficiency
on its bacteriostatic ability and may have better effects in anti-
caries [64]. The combination of Nano-HA and GCE showed a
shallower lesion depth and comparable to the NaF group. Also
the combination showed higher volume percent mineral at
surface layer and deposited at depth 40 to 140 um indicating
more mineral is deposited in the body of the lesion [64].

DISCUSSION

Modern approaches to early childhood caries have been
advocated in the shift from surgical to early intervention and
preventive measures and showed increased interest in recent
years. Minimal intervention dentistry has been widely accepted
and through appropriate treatment, early lesions can be arrested
or remineralized. Different types of remineralizing agents
such as fluoride, casein phosphopeptide amorphous calcium
phosphate, tricalcium phosphate, arginine, silver diamine
fluoride, and theobromine which are only of the few studied
agents available in the market that have been proven to either
arrest caries progression or reduce the tooth susceptibility to
demineralization.

Nanotechnology has been widely used in the field of medicine
and showed potential improvement in the field of dentistry in
the use on dental implants, restorative materials, and dental
materials yet not much studied its potential as a remineralizing
agent. The application of nanotechnology on remineralization
could provide an alternative and superior approach particularly
in the treatment intervention of dental caries in children. The
production of synthetic hydroxyapatite on a nano-scale have
shown from previous studies have the potential and more
effective to repair enamel surface due to the same chemical-
physical properties of the apatite found on the enamel. Nano-

hydroxyapatite due to its size and high availability of calcium
and phosphate ions plays a role in the demineralization and
Remineralization process. Numerous studies presented the
benefits and effects on the use of nano-hydroxyapatite however
there are still barriers and challenges in the establishing nano-
hydroxyapatite as effective remineralizing agent.

CONCLUSION

It has been suggested that extensive research be performed
to prove a modern approach to pediatric dental caries prevention
and treatment in a clinical setting, which has a great potential to
improve oral health for children in providing effective preventive,
diagnostic and therapeutic measures. In addition, the clinical
application of nanotechnology can bring advancement into the
practice of pediatric dentistry.
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