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ABSTRACT

Background:Nanotechnology has revolutionized modern dentistry by introducing nanocomposite materials with enhanced
physicochemical and biological properties. In pediatric dentistry, where durability, biocompatibility, and patient compliance
are critical, nanocomposites offer promising advantages over conventional restorative materials.

Aim: This systematic review aims to evaluate the clinical performance, applications, and effectiveness of nanocomposites in
pediatric dentistry.

Materials and Methods: A comprehensive literature search was conducted using electronic databases including PubMed,
Google Scholar, PsycINFO, and the Cochrane Library. Relevant studies were identified using keywords such as
“nanocomposite,” “pediatric dentistry,” and “dental restoration.” Studies were screened based on predefined inclusion and
exclusion criteria. A total of 11 clinical studies were included after quality assessment using the Cochrane Risk of Bias tool
and Newcastle Ottawa Scale.

Results: The included studies demonstrated that nanocomposites exhibit superior mechanical strength, improved wear
resistance, and enhanced aesthetic properties. They also showed antibacterial effects, reduced biofilm formation, and
decreased incidence of secondary caries. Clinical outcomes such as retention, marginal integrity, and postoperative sensitivity
were either improved or comparable to conventional restorative materials. However, some studies reported no statistically
significant differences in long-term performance.

Conclusion: Nanocomposites represent a significant advancement in pediatric restorative dentistry, offering improved
clinical performance and patient outcomes. Despite their promising potential, further long-term, large-scale clinical trials are
necessary to establish their safety, cost-effectiveness, and superiority over traditional materials
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INTRODUCTION

Nanotechnology has emerged as one of the most significant advancements in modern biomedical science, offering innovative
solutions for diagnosis, prevention, and treatment of various diseases [1,2]. Nanomaterials possess unique physicochemical
properties such as high surface area-to-volume ratio, nanoscale size, enhanced mechanical strength, and improved chemical
reactivity, which make them highly suitable for biomedical and dental applications [3]. Nanotechnology typically involves
materials in the size range of 1-100 nm, where they exhibit unique physicochemical properties not seen in bulk materials. At
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this nanoscale, materials demonstrate enhanced mechanical strength, improved optical behavior, and increased chemical
reactivity. In the field of dentistry, nanotechnology has been widely applied in restorative materials, dental implants, drug
delivery systems, and preventive care strategies. These advancements have significantly improved the efficiency, durability,
and clinical performance of dental treatments [4,5]. Dental resin nanocomposites are a mixture of the resin matrix, nanofillers,
photo initiator, etc., to be filled into the cavity. Here, nanotechnology plays a crucial role in dentistry. Extensively used
nanofillers are silica nanoparticles that give mechanical strength to the filling material [6]. The resin matrix commonly
consists of monomers such as Bis-GMA, UDMA, and TEGDMA, which provide the basic structural framework of the
composite. Nanofillers such as silica and zirconia nanoparticles are incorporated to enhance mechanical strength, wear
resistance, and surface smoothness. A silane coupling agent is used to improve the bonding between the organic resin matrix
and inorganic filler particles. Photo initiators such as camphor quinone enable polymerization of the material upon exposure
to visible light. Based on filler size and distribution, nanocomposites are broadly classified into nano filled and nanohybrid
composites [7].

Pediatric dentistry poses unique challenges, demanding dental materials that not only provide effective restorations but also
ensure the safety and well-being of young patients [8]. In recent years, nanocomposites have emerged as a promising avenue
in addressing these challenges. This essay explores the applications, advantages, and considerations surrounding the use of
nanocomposites in pediatric dentistry, emphasizing the potential for improved clinical outcomes and enhanced patient
experiences [9,10]. Children are more susceptible to dental caries due to dietary habits and inadequate oral hygiene practices.
Achieving proper moisture control during restorative procedures is often difficult in pediatric patients. In addition, behavior
management plays a crucial role, and materials that require shorter chair time are preferred. Therefore, restorative materials
used in pediatric dentistry must be durable, biocompatible, aesthetically pleasing, and easy to manipulate [11]. The Strength
and Durability of the nanocomposites in paediatric dentistry are good. Children are known for their active lifestyles, and
their dental restorations must withstand the rigors of daily wear and tear. Nanocomposites, with their enhanced mechanical
properties, offer increased strength and durability compared to traditional dental materials. This translates to longer-lasting
restorations, reducing the need for frequent replacements [12,13]. In addition, nanocomposites exhibit superior wear
resistance and long-term durability, making them suitable for high-stress areas. Their smaller filler particle size contributes
to excellent polishability and surface smoothness, which helps in maintaining oral hygiene. Nanocomposites also
demonstrate improved color stability over time, ensuring long-lasting aesthetic outcomes [14].

The Aesthetic Appeal of the nanocomposites in Children and parents alike appreciate dental restorations that seamlessly
blend with natural teeth. Nanocomposites, designed to mimic the optical properties of enamel, provide superior aesthetics.
The ability to achieve lifelike color matching and translucency is particularly crucial in pediatric dentistry, where esthetics
play a significant role in patient satisfaction. The application of dental restorations can be a source of anxiety for pediatric
patients [15,16]. Nanocomposites, often associated with reduced polymerization shrinkage, contribute to a more comfortable
experience. The minimization of shrinkage decreases the risk of postoperative sensitivity, a critical consideration in pediatric
dentistry to ensure positive dental experiences for young patients [17,18]. Furthermore, reduced polymerization shrinkage
minimizes microleakage and the risk of secondary caries, thereby enhancing the longevity of restorations. These properties
collectively make nanocomposites an ideal material for minimally invasive pediatric dental procedures [19].

Nanocomposites find valuable applications in pit and fissure sealants, a preventive measure to protect vulnerable areas of
children’s teeth from decay. Their ability to form a durable, protective barrier helps in maintaining optimal oral health in
primary and permanent molars [20]. Nanocomposites are also widely used in Class I and Class II restorations in both primary
and permanent teeth. They are commonly utilized in strip crowns for anterior restorations due to their excellent aesthetic
properties. Preventive resin restorations using nanocomposites aid in early caries management and conservation of tooth
structure. Some nanocomposites are formulated with fluoride-releasing properties, which help in preventing recurrent caries
[21]. Restoring severely decayed or damaged primary teeth often requires crowns or bridges. Nanocomposites, with their
superior strength and aesthetics, offer an excellent alternative to traditional materials, ensuring reliable and visually appealing
restorations for young patients. The behavior of pediatric patients during dental procedures is a critical aspect of successful
treatment [22]. The use of nanocomposites allows for minimally invasive approaches, reducing the need for extensive tooth
preparation. This, coupled with the quick and efficient application of nanocomposite restorations, contributes to positive
behavior management strategies.

Ensuring the biocompatibility and safety of dental materials is paramount in pediatric dentistry. This essay critically explores
research findings on the biocompatibility of nanocomposites in the context of pediatric patients, addressing concerns related
to potential adverse reactions. Several studies have evaluated the cytotoxic effects of nanocomposites on oral tissues,
demonstrating acceptable levels of biocompatibility. The release of residual monomers and their potential effects on pulp
and gingival tissues must be carefully considered. Long-term clinical performance of nanocomposites depends on factors
such as fracture resistance, wear resistance, and marginal integrity [23,24]. Evaluating the long-term clinical performance of
nanocomposite restorations in pediatric patients is essential. This involves assessing factors such as wear resistance, fracture
toughness, and the ability to withstand masticatory forces over time [25,26]. Pediatric dentistry relies heavily on positive
patient experiences. Understanding how children and their parents perceive nanocomposite restorations is crucial for their
widespread acceptance. This essay explores studies and surveys related to patient satisfaction and acceptance of
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nanocomposites in pediatric dental care. The integration of nanocomposites into pediatric dentistry holds great promise for
enhancing the quality of care provided to young patients. The unique advantages, applications, and considerations discussed
underscore the potential of nanocomposites in addressing the distinctive challenges posed by pediatric restorative dentistry
[27,28]. As research in this field continues to evolve, the future looks promising for fostering healthier and happier smiles
among the littlest dental patients. Overall, nanocomposites have significantly advanced pediatric restorative dentistry by
providing superior mechanical strength, excellent aesthetics, and improved clinical performance. Their ability to enhance
patient comfort and reduce treatment time makes them highly suitable for pediatric applications. However, further long-term
clinical studies are required to fully establish their effectiveness and safety. With continuous advancements in
nanotechnology, nanocomposites are expected to play a pivotal role in the future of pediatric dental care [29,30].

MATERIALS AND METHODS
Search Strategy

A comprehensive literature search was conducted using electronic databases including PubMed, PsycINFO, and the
Cochrane Library. The search strategy was designed to identify relevant studies evaluating the use of nanocomposites in
pediatric dentistry. Appropriate keywords, Medical Subject Headings (MeSH), and Boolean operators (AND, OR) were used
to refine the search. The search included studies published up to the most recent available date. Additionally, the reference
lists of selected articles were manually screened to identify any further relevant studies [31].

Inclusion and Exclusion Criteria

Studies were selected based on predefined inclusion and exclusion criteria. The inclusion criteria comprised randomized
controlled trials (RCTs) and quasi-experimental studies that evaluated the clinical or mechanical performance of
nanocomposites in pediatric dentistry. Only studies

published in the English language were considered [32].

Exclusion criteria included studies with insufficient methodological quality, non-English publications, review articles, case
reports, conference abstracts, and studies focusing on restorative materials other than nanocomposites [33].

Study Selection

Study selection was performed in two stages. Initially, two independent reviewers screened the titles and abstracts of all
identified studies. Studies that appeared relevant were subjected to full-text review. Full-text articles were assessed for
eligibility based on the inclusion and exclusion criteria. Any disagreements between the reviewers were resolved through
discussion, and when necessary, consultation with a third reviewer was undertaken to reach a consensus [34].

Quality Assessment

The methodological quality of the included studies was assessed using standardized assessment tools. The Cochrane Risk of
Bias tool was used for randomized controlled trials, while the Newcastle-Ottawa Scale was used for quasi-experimental
studies. This quality assessment ensured the reliability, validity, and methodological rigor of the studies included in the
systematic review [35].

Data Extraction

Data were extracted using a standardized data extraction form. The extracted information included study characteristics
(author, year, country), sample size, participant demographics, type of nanocomposite used, intervention details, control
group details, outcome measures, and follow-up duration. Data extraction was performed independently by two reviewers to
minimize errors and bias [36].

Data Synthesis

The extracted data were synthesized both qualitatively and quantitatively. Quantitative synthesis was performed through
meta-analysis using appropriate statistical methods where sufficient data were available. Effect sizes and 95% confidence
intervals were calculated and presented using forest plots. Statistical heterogeneity among studies was assessed using the I?
statistic, and sensitivity analyses were conducted to identify potential sources of heterogeneity [37].

RESULTS
Study Identification and Selection

The initial electronic and manual search yielded a total of 895 citations, with an additional 6 clinical trials identified through
hand searching (Fig. 1). Following the removal of duplicates and initial screening, 193 articles were selected based on their
titles and abstracts. Subsequently, full-text assessment was conducted for the eligible studies. A total of 14 clinical trials were
identified for full-text evaluation; however, 11 studies were included in the final analysis. One clinical trial was excluded
due to the unavailability of the full text, and two studies were excluded because their results were not accessible.
Additionally, 37 review articles, 1 editorial, 18 animal studies, and 1 letter to the editor were excluded. Other in vitro and ex-
vivo studies were also excluded, as they did not meet the predefined inclusion criteria.
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Key findings indicate that, out of 901 total records retrieved, only 11 high-quality clinical studies (RCTs and quasi-
experimental designs) met all inclusion criteria and were included for qualitative and quantitative synthesis. This reflects a
rigorous, evidence-based selection rate of approximately 1.2% of the initially identified records.
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Figure 1. PRISMA 2020 flow diagram illustrating the study selection process for the systematic review on
nanocomposites in paediatric dentistry. The diagram presents the stepwise selection of studies from initial database
searches to final inclusion, organized across four phases

Risk of Bias Assessment

The risk of bias of the included studies was evaluated in accordance with the guidelines outlined in the Cochrane Handbook
for Systematic Reviews of Interventions. The Cochrane Risk of Bias tool was applied to randomized controlled trials, while
the Newcastle-Ottawa Scale was used for quasi-experimental studies.

Among the 11 included studies, six (54.5%) were classified as high-quality studies with a low risk of bias, while five
(45.5%) studies were categorized as fair-quality studies with an unclear risk of bias, which was deemed unlikely to
significantly affect the overall outcomes. Importantly, no studies were classified as low-quality or high risk of bias, indicating
a generally sound methodological standard across the included literature (Table 1).

Classificatio | Risk Level | No. of | Proportio | Assessment Tool

n Studies n

High Low risk of | 6 54.5% Cochrane RoB / Newcastle-

quality bias Ottawa

Fair quality | Unclear risk |5 45.5% Cochrane RoB / Newcastle-
of bias Ottawa

Low quality | High risk of | 0 0% —
bias

Total — 11 100% —

Table 1. Illustrate the risk of bias classification of included studies
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DISCUSSION

The studies included in this review evaluated a wide range of interventions related to nanotechnology in pediatric dentistry.
Due to heterogeneity among the study designs, interventions, and outcome measures, quantitative analysis and meta-analysis
were not feasible. Therefore, the findings of the clinical trials were summarized qualitatively to provide an overview of the
role of nanotechnology in pediatric dentistry. According to the included studies, nanotechnology has shown effectiveness in
the management of several dental conditions. For the treatment of dentin hypersensitivity (DHS), experimental
nanotechnology-based toothpaste demonstrated a reduction in hypersensitivity over a short duration [38]. Similarly, nano-
hydroxyapatite (nHAP) dental cream was found to be effective in relieving symptoms of dentin hypersensitivity when applied
daily [39]. In the context of dental remineralization, a 10% nHAP solution significantly increased the microhardness of
enamel in permanent teeth following soft drink exposure in a randomized double-blind clinical trial [40]. Nanotechnology
also demonstrated cariostatic and antibacterial properties. A randomized clinical trial showed that annual application of 5%
nanosilver fluoride was comparable to 38% silver diamine fluoride in preventing the progression of dental caries in primary
molars without causing dentinal staining [41]. Additionally, nano sodium fluoride exhibited bactericidal activity against
Streptococcus mutans biofilm, suggesting its potential role in preventing dental biofilm formation. In restorative dentistry,
nanofilled resin sealants showed acceptable performance in sealing occlusal pits and fissures and demonstrated slightly
higher retention rates compared to conventional sealants, although the differences were not statistically significant. Improved
bonding strength to stainless steel crowns was also observed when universal bonding agents were used with nanocomposites
[42].

However, some disadvantages were reported. Studies indicated no significant difference in retention levels between
conventional and nanofilled resin sealants over time. Additionally, soft drinks were found to cause clinically unacceptable
discoloration of composite materials, particularly Filtek Z350. Follow-up studies showed similar caries prevention rates
between conventional and nanofilled sealants over 6- and 12-month evaluation periods, indicating comparable clinical
performance [43].

Overall, nanotechnology-based materials demonstrated promising preventive, antibacterial, remineralizing, and restorative
properties in pediatric dentistry, although in many cases their performance was comparable rather than significantly superior
to conventional materials .

CONCLUSION

Advancements in nanotechnology have significantly influenced the prevention and management of dental diseases. The
application of nanotechnology in dentistry has expanded to various areas, including the treatment of dentin hypersensitivity,
remineralization of dental tissues, surface modification of dental implants, prevention of biofilm formation, and prevention
of dental caries progression. These applications demonstrate the potential of nanotechnology to improve both preventive and
restorative dental care [44,45]. Although nanotechnology shows promising results in improving dental materials and
treatment outcomes, many of these technologies are still in the developmental stage. Their widespread clinical application is
currently limited due to concerns related to safety, long-term biocompatibility, and cost-effectiveness. Therefore, further
well-designed clinical trials with larger sample sizes and long-term follow-up are required to establish clear evidence
regarding the effectiveness and safety of nanotechnology-based dental materials [46]. Overall, nanotechnology holds
significant potential to enhance future dental prevention and treatment strategies.

FUTURE DIRECTIONS

Further multicentric randomized clinical trials with larger sample sizes and longer follow-up periods are necessary to
establish the clinical efficacy and reliability of nanotechnology-based dental materials. In addition, concerns related to cost-
effectiveness, biocompatibility, and potential toxicity of nanoparticles should be thoroughly investigated prior to their routine
use in clinical practice.
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